
~ 
~ 7 25274 8929l 2 



' 

PROFESSIONAL DISK DUPLICATION 
CLONE, TEST OR REPAIR ANY 
HARD DRIVE $995! 

• SUPPORTS IDE, SCSI, SCA & NOTEBOOK DRIVES 
• COPIES AND SERVICES HARD DRIVES 
• PRINTS TEST REPORTS ON YOUR PRINTER 
• DATA RECOVERY MODE BUILT-IN 

Copy entire hard drives with this pro service station. Set up any SCSI or IDE 
drive with your original software. Attach a blank drive and press start. Make 
copies quickly and easily. 

Use the built-in drive service system to make used drives run like new! 
Eliminate defective sectors, and restore hard drives to error-free condition with 
the factory re-mapping system. Test hard drives for top reliability using the built· 
in test feature. Print analysis reports on any standard parallel printer. Get the 
technology used by drive repair services. Call today! 

25GB MP3 PLAYER $395! 
after mail·in rebate 

• PLAYS OVER 10,000 SONGS FROM HARD DISK! 
• PIAYS STANDARD AUDIO AND MP3 CDs AND CD·R 
• DOWNLOADS MP3 FROM CD-R TO HARD DRIVE 
• POWER AMPLIFIER DRIVES SPEAKERS DIRECTLY 

MP3 is here! Get high performance digital sound and store over 15,000 songs 
on hard disk. Download over 300 songs from a single CD! 
Grab new music from the net. Use your PC to create custom MP3 CDs with just 

the songs you like. Load them to the internal hard drive for realistic, 3-D theater 
sound. Patented digital signal processing gives you crystal clear sound. No PC 
connection is required. Connect any stereo system, or directly power external 
speakers. Get digital sound and room-filling bass. 
The hard drive organizes your music in folders. ID-3 tags display the title, 
album, and artist on a large LCD. Use the jukebox feature for an entire evening 
of great music. Play songs randomly or in sequence from the internal hard drive. 
Unlike CD changers, the NV certified 25 GB hard drive won't wear out, even 
under continuous use. Call now and try your MP3 player tomorrow! 

CORPORATE SYSTEMS CENTER 
3310 WOODWARD AVE.• SANTA ClARA, CA 95054 

WWW.DU PEil COM 

408 330·5524 

COPY ANY CD NOW 
NO PC REQUIRED from $995! 

CO OUPE STANO Al.ONE CO OUPLICAT~ 

.::::. J 5: 
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• 
• MULTI-FORMAT DUPLICATION ·FAST AND EASY! 
• DUAL 8X DRIVES MAKE TWO COPIES AT ONCE 
• INTERNAL 25GB HARD DRIVE STORES IMAGES 
• PRO AUDIO MODEL HAS SP/DIFF AND ANALOG l/O 

Instantly copy music and CD-ROM compact discs. Make backup copies of your 
favorite music and software on rugged, permanent CDs. Produce discs quickly 
and economically. Make custom audio CDs with just the songs you like. 

Use our dual drive units to copy two CDs simultaneously, or choose the Pro 
Audio modelto make crystal clear music CDs from any analog or digital source. 
Dupe-It copiers are totally self-contained. No additional software or hardware is 
required. Call today for more information! 

MULTI DRIVE IDE DUPLICATORS 
from $495! 

• COPIES EVERYTHING, PARTITIONS, O/S, THE WORKS! 
• BOTH STANDARD AND ULTRA, FOUR AND SEVEN DRIVE MODELS ARE 

AVAILABLE NOW! 
• THE ULTIMATE HIGH SPEED PRODUCTION TOOL FOR SYSTEM BUILDERS 

AND CORPORATE MIS 

Copy entire hard drives with ease. Multi-drive duplicators are an essential tool 
for dealers and system builders. Why spend hours installing and formatting 
drives when you can dupe them instantly? Work like the pros. Get your own 
multi-drive, stand-alone duplicators today. CSC offers a complete line of four and 
seven drive copiers in both standard and ultra versions. Ultra models transfer 
data faster than any hard drive! Rates of over lGB per minute are supported. 
Set up any IDE drive with all your original software. Attach blank target drives, 

and press "start". It's that easy! You can duplicate four drives in less time than it 
takes to copy one on a fast PC! Your duplicate drives will be identical, bit-for-bit 
perfect copies, with all the files, partitions, and information on the original drive. 
Building systems is tough enough. Why spend hours installing software? Save 
time. Save money. Call today and let us Fed-X your duplicator for a risk-free 
evaluation! 

Over 80% of the Fortune 500 depend on CSC products. Shouldn't you? Call today. Most orders ship within 24 hours! Call now for more information and a free price 
---==-==--=.J comparison guide. Quantity discounts are available for dealers and system builders. Copyright laws must be observed when duplicating CDs and hard drives. © 2000 CSC. 
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•sc Electronic 
Supply 

... brings you a potpourri of high-tech goodies for the tech no-tinkerer! 
For thirty years we have been your source for Silicon Valley exotica I 

Computer Cases! 
+ High quahty mid-tower ATX cabinet 

+ Three 5.25" & two 3.5" bays 

+ Standard ATX power supply bay 

+ Special -- buy with HSC#1 8665 200W power supply 

for $29.95 for the pair' 

+ 90-day HSC warranty 

HSC# 18663 $19.95 

+ High-quality AT-style desktop computer case 

+ Made for M icronics -- not a cheap knockoff! 

+ Two 3 5" & Three 5 25" bays, rails included 

+ Takes standard mini-tower supply 

+ Special !.. buy with HSC#1 8351 - 150W AT power 

supply for $19.95 for the pair " 

+ Brand new, 90-day warranty 

HSC# 18633 $14.95 
+ 200 Watt ATX Power supply (ti purchased separately) 

HSC# 18665 $17.50 
+ 150 Watt AT Power supply (if purchased separately 

HSC# 18351 $14.95 

Handy Metal Case! 
+ Steel box with hinged lid, hundreds of uses' 

+ Two sturdy spring-loaded handles. over-center latch 

+ Foam pads inside for cushioned protection 

+ Measures 1 O" x 13" x 13" high .and it's stackable! 

+ Blue textured finish 

HSC #18667 $19.95 

Tiny Color Camera! 
+ Camera-On-A-Board, measures 1.87"x 13"x1"thick 

+ Glass micro-lens element, not pinhole 

+ Std. NTSC composite video output 

+ 350 lines horiz. res . 7 lux sensitivity 

+ 4 · 5 VDC , only 150 mA' 3-AAA 

HSC#18209 

486DX4 Motherboard! 
+ For 486SX/DX/DX2 and DX4 CPUs 

+ 128KB ram on board. expandable to 512KB 

+ Three PCI bus slots. supports 3 master/slave 

+ Four ISA slots, std. AT power conn. 

+ DIN kybdconn, 4-72-pin SIMM skis 

+ On-board IDE controller&conn 

+ Manual, driver diskette incl. 

HSC#18529 

SCSI Drive Cases 
Just in. .. two new styles of SCSI drive case. Perfect for 
those RAID systems, server backup, or other mass 
storage systems! Both feature: Power and drive status 
LEDs, front panel off/on switch, SCSI ID switch, fan­
cooled switching power supply. Attractive beige color, 
curved front panels. Rear panel is punched for SCSl-1 
(ICN-50)daisy-chainconnectors, internalSCSlcablenot 
included. Brand new in box, 90-day warranty 

+ Two-bay case 

+ RCA Jacks/ Sound Cable incl . 

• • 
Measures 6.3" x 7.0" x 11 .25" 

80-wall power supply 

HSC# 18267 $32.50 

+ Four-bay case (similar styling to 

two-bay case above), no sound cable 

+ Measures 10.3" x 7.125" x 14.3" 

+ 200-watt power supply 

HSC#18268 $39.95 
... and two more cases! 

+ 3 5" compact SCSI cabinet 

+ Ideal for 1" high SCSI drives 

+ Buill-1n fan-cooled power supply 

+ Two 50-pin Centronics daisy-
chain connectors & SCSI switch 
on rear panel 

+ New, with IEC power cord, 90 day warranty 

HSC# 80545 $9.95 

I 
+ CD-ROM drive tower case, made 

for Compaq Computer Systems 

+ Can handle 7 5125" SCSI-I/II 
CD-ROM drives 

+ Includes 200W power supply, 
slides for drives 

+ Removable front and side panels 

+ Solid, heavy gauge construction 

+ Seven-position daisy-chain ribbon cable included 

+ New. 90-day warranty 

HSC# 80544 Now · lower price! $42.50 

SCSI Adapters for PC's 
+ lnitio INl-9100AS high-pertormance PCI host 

adapter 

+ Supports 32-bit data transfers up to 133MB/sec, 

10MB/sec. sync transfers 

+ PNP compatible, includes manual & driver disk 

+ PCI 2. 1 compltant auto-termination on board 

+ Compatible with CD & CD-Rs . optical & tape drives, 
scanners , 'Zip' & 'Jaz' drives. NON-bootable 

HSC#18218 

Gamer1s Joystick! 
+ 'FX2000' THE joystick for IBM and compatibles 

+ Switchable fire buttons, on-command auto-fire 

+ High performance cursor control , throttle control 

+ Left or right-handed gnp position! 

+ Advanced ergonomic grip design, suction cups 

+ New ... 90-day warranty 

HSC#18772 $4.95 

Electronic 
Supply [e8I 

Toll Free (Orders Only) 1-800-4 HAL TED (1-800-442-5833) 
World Wide Web: http://www.halted.com 
3500 Ryder St , Santa Clara, CA 95051 (408) 732-1573 
4837 Amber Ln ., Sacramento, CA 95841 (916) 338-2545 
5681 Redwood Dr , Rohnert Park, CA 94928 (707) 585-7344 

FAX your orders to: 

(408) 732-6428 

1111 
liii 

Fashion Mouse! 
+ Qtronix 'Lnnx 3D Net' translucent color mouse' 

+ Two-button design, includes 

thumb button, scroll wheel 

+ Driver disk has features 
control panel 

+ PS/2 connector 

+ Available in cherry. orange and grape color' 

+ New, 90-day warranty 

HSC#18831 $9.50 

Quality Enclosure! 
+ Desktop "AT" style case, made for Micronics 

+ High quality assembly for standard AT motherboards 

+ Uses standard mini-tower power supply (not incl.) 

+ Includes one set of dnve rails 

+ Measures 16.5"wide, 6" high, 17" deep 

+ Two 3.5", three 5.25" drive bays, all with front access 

+ Brand new in box. 90-day warranty 

HSC#18633 $14.95 

Hack this Camera! 
+ Logitech Videoman Video-conference camera 

+ Camera exposure can be 12C buss controlled 

+ Some technical data sheets provided 

+ Color camera is digital output only (not NTSC) 

+ Note: HP and Logitech will provide no information! 

HSC#17503A la $12.50 

Rack-mount Chassis! 
+ Rugged construction for heavy duty server use 

+ Supports all standard A TX motherboards 

+ Industry standard 4U height 

+ 250W standard/350W surge high output supply 

+ Filtered cooling system, locking front panel 

+ Can mount up to ten drives 

+ Folding front handles. mounting ears & accessories 

+ Brand new, boxed with 90-day warranty 

+ Available in black or cream textured finish 

\ 

0 I 

( t .. . 
HSC# 80540 

HSC# 80541 

Black 

Cream 

$195.00 
$195.00 

Speaker Specials! 
+ 'Addonics' high performance speakers 

+ Wide range 5-watt rated speakers! 

+ Efficient bass port design for extra low end response 

+ Separate Bass and Treble controls, '3D' Switch' 

+ Power supply included 

+ New, OEM package, 90-day warranty 

HSC#18662 $14.95 

HSC# 18662 HSC# 18662 

+ 'Sound Blaster' Model • CS200 

+ 30 Stereo enhancement, 10 watts total power 

+ Separate Bass, Treble and Volume control$ 

+ Tuned port design for wide range response 

+ Power supply & cables included 

+ New ... 90-day warranty 

HSC#18772 $12.50 

Now ... Shop Online! 
+ We have added a secure shopping feature to our site! 

+ Simply point your browser to http://www.halted.com 

+ Now you can use a credit card online, at a secure site! 

+ Or, you can email your orders to sales @halted.com 

Satellite Dish 
for Tinkering! 

+ Sony SAN-18D2 'DSS' dish, at a super price' 

+ Perteet for add-on & backup or storm damage 
repair! Note , tuner not included! 

+ Dish measures 18.5" x 21 " 

+ HAMS! . put on your own LNB and get 
on 10GHz!. .. great for club project. 
link systems ' 

+ LNB specs - lnput:12.2-

12.7GHz, Output: 950-
1450MHz 

• • 
• 

Twin 'F ' connectors ouputs 

Powerreq· +11 .5-1 4VDC 
for RHCP, +16-19VDC \ -for LHCP, 3.0Wmax 

Complete. with LNB, all ' 'f 
mounting hardware , new units in original boxes ! 
Note, does not include service subscription .. . for 
replacement or experimenting only! 

+ With installation manual, cable guides, mounting 
hardware, cable weather boots, 90-day warranty 

HSC#18822 $29.50 

EASY NETWORK! 
Multi-PC Web Access ... 
Perfect for the home or 

- 'i"'iliit'.~ 
·~~~ 

+ Network solution for homes/small business 

+ Share printers, send faxes, backup-fi les 

+ Proxy server for multi-PC internet access! 

+ Only one phone line needed for ISP connect 

+ Includes 4-port hub/56K modem & 1 network card 

+ If you want more than two PC's networked , you will 
need more network cards (standard ethernet). 

+ 50 ft network cable, driver/installation manual CD 

+ OEM package, new, 90-day warranty 

HSC#80599 $29.95 

lt1s Back! Tablet PC! 
+ 486DX4-100 MHz CPU w/monochrome LCD display 

+ 640KB + 7168KB extended ram , touchscreen display 

+ 260MB hard drive (bootable, no system incl.) 

+ Serial/Parallel/Keyboard (PS/2) ports, pen included 

+ Used, tested good, includes AC Adapter 

HSC#80560 99.00! 

.. or Tablet PC Combo! 

+ Fujitsu 'Stylus 1000' tablet PC, keyboard 
and Microsoft mouse package! 

+ Mono VGA display, 260MB hard drive 

+ Super-slim keyboard for easy handling' 

+ Pulled from service, some scratches 

+ No docs/manual/software or drivers ! Note: No pen! 

+ 30-day warranty ! 

HSC#80604 $99.00 

Weekly Web Specials! 
+ A new section has been added to our web paget 

+ Simply go to www.halted.com and click the top buttont 

+ Items from our ads, as well as non-advertised items 

+ Also, you can download our catalog as Adobe PDF files 

Terms: Some quantities limited; all items subject to pnor sale Minimum order: $10 00 plus shipping. Orders under $20.00 subject 
to $2.00handhng fee, in addition to shipping. All orders shipped FOB Santa Clara, CA (this means you pay freight') by UPS Surtace 
(no P 0 Boxes) unless otherwise specified, inwhtchcase prevailing camerrateQ!!&$5 OOhandhngfee applies. Prepaid orders that 
don'tindudesh1ppingchargeswillbeshipped freightCOD Thereisa$5 OOUPSchargeaddedtosh1pp1ngchargesforCODsh1prnents. 
If you have questions about your order, please ca ll Customer Service at (408) 732-1854 M-F 9AM to5PM PST 
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Master Unit 22-320 with backlit display 
includes 20MSa/s Dual Channel Oscilloscope Module 22-321, 
2 Signal 1:1/10:1 Probes, MS-Windows95/98/NT compatible Software, PC RS232 Serial 
Interface Cable-; AC Adapter, Protective Rubber Boot and Manual in English/French/ 
Spanish/Italian or German available. Shipped in a suitable hardshell carrying case for 
US$ 398.00, stock available. 

100MSa/s Dual Channel Oscilloscope Module 22-331 (option), 
2 Signal 1:1/10:1 Probes, PC-Software and Manual for US$ 599.00, available August 2001. 

Dual channel 2 GHz Frequency Counter Module 22-323 (option) 
features isolated channels, external and internal triggering, 9 Digits, Temperature­
Compensated Time Base 10-9, statistic analysis, includes Manual, MS-Windows95/98/NT 
compatible Software. Available October 2001 for US$ 298.00 

Logic Analyzer Module 22-322 (option) 
features 16 channel, 40MSa/s, various external and internal triggering, 32Kb/channel, 
16 bit event counter, includes dis-assembler for 8051 and Z80 (more in preparation), 
signal cable, Manual and MS-Windows95/98/NT compatible Software. Available 
September 2001 for US$ 349.00 

4 JUlY 2001/Nuts & Volts Magazine 

Pricing does not include any taxes. 

For more information visit our web site 
www.wittigtechnologies.com 

Developed by Wittig Technologies AG 

Sales (516) 794 4080 or Toll-Free (800) 247 1241 
Fax (516) 794 1855 
sales@wittigtechnologies.com 

Technical Support available by e-mail or fax, only. 
support@wittigtechnologies.com 

All trademarks belong to their respective owners. 

8 Wittig Technologies 
www.wittigtechnologies.com 
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ADD SENSORSTOYOUR 
HOME ROBOT 9 Karl Lunt 
This month, the host computer software is covered to complete 

this phase of"turning your home into a robot." 

OP-AMP COOKBOOK - PART I: 
OP-AMP BASICS 15 Ray Marston 
A discussion of basic principles and configurations kick off this 
four-part series. 

GARDENBOT "THE GREEN 
MACHINE" 43 Daniel Ramirez 
Is it a lawn mower gone bad? No - it's GardenBot - a clever 
robotics application to bring fun and functionality to your lawn 

care needs. 

AUXILIARY TO COAST GUARD -
DSC CHARTING WORKS! 50 Gordon West 
Coast Guard Station Los Angeles sees VHF DSC position polling 
first hand during Coast Guard Auxiliary VHF DSC tests. 

BUILD A SIMPl.E INFRARED 
ILLUMINATOR 54 Fernando Garcia 
Now you can shed some "light" into nighttime viewing 

J conditions. 

AMATEUR ROBOTICS 83 Robert Nansel 
Heavy on Heavy Iron plus a trio of unusual book recommendations. 

ELECTRONICS Q & A 26 TJ Byers 
Gadgets galore! Got a one-of-a-kind problem, or just need a unique circuit, this 
month's column is full of them. Starting with control switches ranging from touch 
plate to temperature control to a unique motor relay. Have sneaky creature prob­
lems? Here are the solutions for everything from gophers to deer.And the usual 
assortment of tips and tricks. 

LASER INSIGHT EW COLU 66 
Stanley York 

KEYLESS KEYBOARD 
EMULATOR 

See in the dark!! 

Page 54 

69 Tim Hamel 
Whether you're stashing that old PC in a closet or in the dash 

of a truck, chances are you don't need a bulky keyboard. Here's 

how to get rid of that pesky appendage while keeping the PC 

happy. 

BUILD A SCROLLING 
LED CLOCK 19 Fred Blechman 
An attention getter and conversation piece, the scrolling LED 

clock accurately shows hours and minutes by presenting each 

digit in a dot-matrix format, moving from right to left in a ticker­

tape format. 

RAIDERS OF THE LOST MAINFRAMES: 
SILICON VALLEY'S COMPUTER MUSEUM 
HISTORY CENTER 87 Ed Driscoll, Jr. 
Take a look at the history, the bedrock, the foundation that 

today's PCs are built on. 

OOPICs FROM THE 
GROUND UP 91 Robert Fink 

Learn how to interface this versatile microprocessor by building 

expansion modules. 

Advertiser's Index .. 76 

Classified Ad Info .. 76 

Dealer Directory ... 65 

Events Calendar ... 33 

New Product News . 93 

Reader Feedback ... 12 

News Bytes ...... 12 

NV AdMart .... 73-75 

NV Bookstore ...... 8 

Prize Drawing ..... 92 

Tech Forum .. . .. . 62 

This month, take a closer look at how a laser beam is construct­
ed, some of its characteristics, and how various operating modes 
influence the 'goodness' of the beam. 

1 O.Ham Gear For Sale ........... ......... 36 125. Microcontrollers .... . ........ .42 

STAMP APPLICATIONS 22 Jon Williams 
Stamps in the Lab. 
Working with Stamp Plot Lite - a neat little program from Selma Ware Solutions. 

TECHKNOWLEDGEY 200 I 6 Jeff Eckert 
Old compound becomes new superconductor; Computer simulation leads to bet­
ter structures; ltanium TM based systems introduced; Digital IC measures time to 
125 picoseconds; Electric bicycles offer zero pollution, energy recycling; Semicon­
ductor industry slump deepens; and Apple Computer initiates line of retail stores. 
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ADDITIONAL MAILING OFFICES. POSTMASTER: Send address changes to Nuts & Volts, 430 
Princeland Court, Corona, CA 92879-1300. 

30.CB/Scanners ........... ... .... 36 130. Antique Electronics ........ ......... 58 

SO.Computer Hardware ... .............. 36 135. Aviation Electronics ................. 58 

60.Computer Software... .. ........... 37 140. Publications... .. ............ 58 

70.Computer Equip. Wanted ......... . 37 145. Robotics ........ .. ......... .. .... .. .. .. .. 58 

80.Test Equipment................ ..37 148. CNC.. ........................ .. .... .... ..... 58 

85.Security ... .. .. 38 150. Plans/Kits/Schematics ............. 58 

~ 90.Satellite Equipment... . ... 41 160. Misc. Electronics For Sale ........ 58 .... u; 95.Military Surplus Electronics ........ 41 170. Misc. Electronics Wanted ...... .. 59 = 100. Audio/Video/Laser ................. 41 175. BBS & Online Services ... ........ . 59 

u 110. Cable TV.... . .................. .41 180. Education ....... .. .... .............. ... .. 59 

115. Telephone/Fax .... 42 190. Business Opportunities ........... 59 

120. Components . ............. .42 200. Repairs/Services ...................... 59 

Nuts & Volts Magazine/ JuL"t 2001 5 



• 

Advanced Technologies 
Old Compound Becomes New Superconductor 

Early this year, Japanese researchers at Tokyo's Aoyama-Bakuin University 
accidentally discovered that a common compound - magnesium diboride 

(MgB2) - acts as a superconductor at temperatures below 39 K (-389°F). The 
discovery has generated considerable excitement in the world of physics and, 
in fact, a March 200 I meeting of the American Physical Society (APS) attracted 
speakers from Japan, Korea, Switzerland, Italy, Britain, China, France, the 
Netherlands, Germany, and the USA, all of whom were on hand to discuss the 
results of experiments they had conducted on the substance.A total of 79 
papers were presented. 

Professor Jun Akimitsu and other researchers were attempting to make a 
chemical analog of calcium hexaboride (CaB6) by replacing calcium with mag­
nesium when they discovered the heretofore overlooked qualities of MgB2. 
The compound has been commonly available since 1953, but no one ever 
bothered to cool it down and test its superconducting properties.At the time, 
researchers incorrectly believed that a substance must have 3.8 electrons per 
atom to be a good superconductor.Among the interesting discoveries: 

Its superconducting transition temperature is much higher than that of 
niobium tin, which becomes a superconductor at 20 K. This is the highest tran­
sition temperature previously known for a metallic substance. Unlike standard 
ceramic superconductor materials, MgB2 can be formed into superconducting 
wires and cooled by electric refrigerators rather than by the use of liquid heli­
um, making it more useful for commercial applications ranging from magnetic 
resonance imaging (MRI) to power generation. Immediately above the transi­
tion temperature, MgB2 has a resistivity that is about equal to that of copper. 
Other standard materials have resistivities as much as 20 times as high. The 
material can carry approximately 2 x I 0' A/cm of current. 

Magnesium diboride is readily available, relatively cheap, and can even be 
ordered online from companies such as Alfa Aesar (www.alfa.com), where it 
is simply listed as magnesium boride.Additional information is available from 
the APS web site, www.aps.org. You can even watch a digital slide show at 
www.aps.org/meet/MARO I /m.gb2/index.html. 

Con1pu'ters and Ne'ttNorking 
Computer Simulation Leads to Better Structures 

T he Walkthru 
Project, created 

by two University of 
North Carolina pro­
fessors and funded 
by the National 
Science Foundation, 
is an advanced simu-
lation concept that 
uses computer aided 
design/computer 
aided manufacturing 
(CAD/CAM) infor­
mation to create 3D 
virtual reality. The 
goal is to allow 
architects and engi­
neers to "walk 
through" complex 
virtual structures 
before the actual 

• ones are built. In 
this way, designers 

can locate and eliminate potential structural problems with buildings and other 
large structures before construction begins. 

An example is the tanker shown in the computer-generated graphic of the 
Double Eagle tanker. It is derived from 82 million separate CAD/CAM ele­
ments. The entire ship can be traveled from bow to stern, inside and out. The 
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by Jeff Eckert: 

program has also been 
used to simulate a 13 
million element electric 
power station. The 
Walkthru Project mod­
els were developed on 
powerful graphic work­
stations built by Silicon 
Graphics, but they will 
run on high-end PCs. 
The images can also be 
viewed in "virtual reality 
caverns" that let the 
user experience the 
simulations on a life-size 
scale. The project, which 
has been in develop­
ment since the 1980s, is 
primarily the work of Professors Fred Brooks and Dinesh Manocha. Last year, 
Prof. Brooks received the Turing award (the highest honor in the computer sci­
ence field) from the Association for Computing Machinery. For more details, 
visit www.cs.unc.edu/-walk. Several 3D animations can be viewed at 
www.cs.unc.edu/-geom/rendering/videos.shtml. 

ltanium ™-Based Systems Introduced 

B y the time you read this column, several computer manufacturers will 
have introduced initial Intel® ltanium-based servers and workstations, 

according to Intel. The company expects approximately 25 computer manufac­
turers to offer more than 35 models this year. Targeted at enterprise and high­
performance computing applications, the ltanium processor is the first in a 
family of 64-bit products from Intel. Four operating systems will support 
Itani um-based systems, including the Microsoft Windows platform, Hewlett 
Packard's HP-UX I Ii v 1.5, IBM's AIX-5L, and Linux. Caldera International, Red 
Hat, SuSE Linux, and Turbolinux plan to provide 64-bit versions of the Linux 
operating system. 

ltanium-based systems feature a large cache memory, 64-bit addressability, 
and the ability to execute more operations simultaneously to speed data 
queries and transactions for up to 16 terabytes of data. The ltanium proces­
sor's floating point engine enables complex computations such as those 
required by data-mining, scientific, and technical computing applications. ltanium 
processors feature 2 and 4 MB of L3 cache and 800 and 733 MHz frequency 
speeds at prices ranging from $1, 177.00 to $4,227.00. 

Circui'ts and Devices 
Digital IC Measures Time to 125 Picoseconds 

K en Condreva, a researcher 
at Sandia National 

Laboratories, has designed and 
patented a device that provides 
extremely accurate time meas­
urement down to trillionths of a 
second. The Falcon IC was origi­
nally developed to accurately 
record critical timing signals in 
test flights of weapon systems, 
but it uses standard CMOS tech­
nology, is cheap to manufacture, 
and could have much wider 
potential. The circuitry employes 

The Falcon IC is a small CMOS 
device that provides high-resolution 

time measurements. Photo 
courtesy of Sandia National Labs. 

a "pulse stretching" technique that lengthens the duration of the output signal 
so it becomes 64 to 200 times as long as the input signal, thus allowing 
detailed analysis later. The concept is analogous to recording a sporting event 
with a high-speed movie camera and replaying it slowly to get a more detailed 
view of what happened. Suggested applications include distance measurement 
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(as in surveying land), liquid level measurements in chemical plants, collision 
avoidance systems in vehicles, and various test procedures. The device is not 
currently in production, but Sandia is actively seeking partners to mass pro­
duce and commercialize it. If your company is interested, contact Scott Vaupen 
(sbvaupe@sandia.gov) for more information. 

Electric Bicycles Offer Zero Pollution, Energy Recycling 

Y es, you 
thought of it 

years ago. We all 
did. But now many 
companies (a 
dozen or so in the 
US and as many as 
200 in China and 
elsewhere) are 
actually selling 
electric motor­
assisted bicycles. 
One of the newest 
and most interest­
ing is the touring 
bike from EPS 
(Energy and 
Propulsion 
Systems) Inc., a 

The power-assisted touring bike from EPS, Inc., 
provides a range of 25 to 50 km ( 15 to 30 mi) 

on a charge. Photo courtesy of EPS, Inc. 

Canadian company that is just getting into the market. Whereas most of the 
electric bikes are based on the usual concept of charging the batteries from 
the AC power line, the EPS vehicle can also recharge itself mechanically when 
you are braking, coasting downhill, or pedaling against the motor in a genera­
tive mode. Via a handlebar-mounted control console, you can choose output 
levels of 25, 50, I 00, or 200 percent of your own mechanical input. The power 
source is a brushless DC motor that provides I 80W continuous and 450W 
for short intervals. Three battery options are available: conventional lead-acid, 
nickel-cadmium, and nickel-metal hydride. The price ranges from $1,000.00 to 
$1,300.00, depending on the battery configuration. EPS also offers a conversion 
kit for your present bicycle at a cost of about $700.00. More information is 

Extreme~ bright & beautiful color image 

$170.00 ea. 

available at www.eps­
propulsion.com. 

Other US companies 
involved in this emerging 
market (many of which 
import at least some com­
ponents from a relatively 

few Asian manufacturers) 
include Ford Motor 
Company subsidiary TH!NK 
Mobility (www.thinkmobil 
ity.com), Zapworld 
(www.zapworld.com), 
Denali Cycles (www.denali 
cycles.com), Lee lacocca's 
EV Global Motors Co. 
(www.ebike.com), and 

6.8 inch Color LCD Panel 
UNIPAC PN UP068D01 

Screen Type - 6.8" TIT-LCE Module 
Resolution 1152x234 

12 Volt operation 
Standard composite input 

Viewing angle [deg.] 10/30 top/down 
45/45 left/right min. 
Brightness [nit] 300 

Mounted in an aluminum case 
AC adapter included 

No Assembly Required 
S/H included lower 48 states only 

Go to www.surplusvalues.com for more information and design suggestions. 
For orders call Marge at General Science and Engineering 716-342-4700 Visa & Master Card 

Currie Technologies, Inc. (currietech.com). Even Mercedes is expected to 
introduce one of its own soon. 

At last, you can ride through the countryside easily and quietly, gratified by 
the knowledge that you are emitting zero air pollution. The peace and serenity 
will be disturbed only by the sound of teenagers on mo-peds, honking their 
horns as they pass you. 

Indus-try and -the Profession 
Semiconductor Industry Slump Deepens 

Based on the first two quarters of the year, semiconductor industry sooth­
sayers are now predicting that 200 I may surpass 1985 as the worst year 

in history. Overall, revenues could be down by as much as 20 percent as com­
pared to 2000. In 1985, problems in the DRAM industry helped to create a 
record-breaking 16 percent decline. Contributing factors seem to be (I) over­
purchasing in 2000, which created an oversupply in parts warehouses, (2) the 
rapid disappearance of much of the dot-com world, (3) a worldwide glut of sili­
con production capacity, and (4) the growing energy supply problems, which 
are expected to push production costs upward and profits in the other direc­
tion. 

The energy crunch, of course, is particularly severe in California, so we 
might expect industry to suffer disproportionately there. However, there is lit­
tle manufacturing left in the state, which many semiconductor manufacturers 
view as increasingly hostile and expensive (the median family income in Santa 
Clara County is $530,000.00). Perhaps the most colorful comment came from 
TJ Rodgers, CEO of Cypress Semiconductor Corp., who observed, "I can buy 
power in Texas and Minnesota for one-third of what I pay in California, and I 
don't have to kiss anybody's ass to get it." 

Apple Computer Initiates Line of Retail Stores 

ror years,Apple Computer has been plagued by retail store personnel who 
rare not Macintosh knowledgeable and therefore steer customers to 
Intel/Windows-based PCs instead. Office Depot and other office supply outlets 
dropped Mac products from their stores, as did Best Buy stores in 1998, and 
other third-party marketing agreements just have not worked out. To over­
come its weakness in storefront operations, the company will open a chain of 
retail stores that sell Apple products exclusively. 

In May, the first two stores opened in Glendale, CA, and Mclean, VA, and 
customer reaction has been widely reported as exceeding the company's 
expectations. Making it look more like a rock concert than a store opening, 
more than 500 customers were waiting in line when the Mclean store opened 
at I 0:00 am, some of whom had been at the door since 4:00 am. In the first 
weekend of operations, more than 7,700 people visited the two stores and 
bought $599,000.00 worth of merchandise. 

The stores are almost museum-like, with graphics-adorned white walls, 
hardwood floors, and uncluttered displays. Relatively few cables are visible, 
because the 35 demonstration machines are connected via an AirPort wireless 
network. Customers can try out movie production, burn CDs, experiment 
with digital cameras, and so on, or watch demonstrations on a I 0-foot diagonal 
screen. Each store also includes a "genius bar" where customers can get tech­
nical answers from a knowledgeable factory representative. More than 300 
software titles are also available for both home and professional applications. 
As one visitor remarked, "I'm so glad that Apple has discovered marketing." 
Plans call for a total of 25 Apple stores to be open by the end of 200 I. NV 

68HC11 & 68HC12 
Microcontroller Modules! 

Unique design-- just plug them right Into your solderless breadboard! 

~~~~~x~.?~~k!!1~::dulefrom $49 Hy 
Mi~PuOuPe-11™ 
• compact 2·inch x 2-inch 68HC11 module from $68 

Ati~~i-11™ F~rnily 
• 68HC11 modules with lots of I/0 lines from $63 
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by Karl Lunt 

Last month, I described 
my RF sensor block 
- a PIC-based circuit 
that can transmit digi-

tal and analog sensor data 
over an RF link back to the 
home robot's host comput­
er. That article also covered 
the transmission protocol, 
used to insure a reliable data 
flow from the sensor block. 
Thus, the first two articles in 
this series have covered the 
robot's actuators, built 
around common XI 0 con­
trol modules, and the sensor 
data used by the robot to 
make decisions. All that is 
left is the software running 
on the host computer itself. 

robohome 

I call the current version of my 
home robotic software robohome. I 
wrote robohome in Borland C ver­
sion 4.52, and it runs on a 80386 (or 
better) DOS box. In my present sys­
tem, the DOS box is a hacked ltronix 
T5000 ruggedized PC that - in a pre­
vious life - was a telephone test 
instrument. Unfortunately, T5000s are 
tough to come by these days, as 
Resources Unlimited - the vendor I 
bought mine from - has long since 
run out. But, if you are lucky enough 
to stumble across one, I give a full set 
of instructions for hacking the T5000 
on my website at: www.seanet.com/ 
-karllunt. 

But the actual DOS box you use 
isn't important, and nothing in the 
code presumes anything about the 
host PC.You could use just about any­
thing with a COM port and a PC 
BIOS, including a laptop or junker PC. 

In fact, the truly ambitious· hack­
ers out there could port my original C 
code to non-PC platforms, such as the 
Macintosh or a large single-board 
computer. Companies like New 
Micros (www.newmicros.com) sell 
excellent computer boards complete 
with lots of RAM and ROM space, 
using a variety of microcontrollers. A 
full port would be quite a task, as the 
PC platform has a lot of built-in sup­
port for displays and keyboards, but 
you would end up with a heckuva ded­
icated home robot brain. 

You execute robohome from the 
command prompt; simply enter a 
command of the form: 

robohome port 

where port is required and is either I 
for COM I or 2 for COM2. When 
robohome starts up, it will check the 
selected COM port to verify that it is 
present; you get an error exit if robo­
home can't find the port. You must 

ADD SEllSORS 
TOY09R 

HORE ROBOT 

The brain of my home robo•. This is a backed Hronix 
TSOOO ponable PC connected •o a bomebrew RF receiYer 

board {small. square perfboard to •he left of PC) 
throuah a serial cable. 

have the RF receiver module connect­
ed to this port; robohome will use this 
port to collect data packets from the 
RF sensor blocks within range. (See 
the previous article for details on 
building and connecting the RF receiv­
er module .) 

Next, robohome tries to open 
the house definitions file, used to 
relate specific XI 0 device addresses 
to common names such as 
"Porchlights" or "DenHeater." This 
house definitions file is assumed to be 
named house.def, and is the same for­
mat used by the x I Odos program 
described in my first home robotics 
article. Rather than repeat that infor­
mation, I'll refer you to the first arti­
cle; remember that you can get the full 
C source code and a working exe­
cutable of x I Odos from my website. 

Note that you can run robohome 
without a house definitions file; if it is 
missing, the program will warn you, 
but will otherwise continue. 

robohome then initializes several 
variables and flags used to track the 
state of communications with the var­
ious RF sensor blocks and with the 
XI 0 devices.When initialization finish­
es, robohome prints a menu giving a 

short list of available commands . 
Finally, robohome starts an endless 
loop of scanning for keyboard charac­
ters, scanning for incoming data from 
the RF sensor blocks, and updating the 
various timers. 

Commands 

I've added support for a small 
number of interactive commands, 
available from the PC's keyboard. You 
enter a command simply by pressing 
the proper key; there is no need to 
press Enter afterwards. Commands 
are case-insensitive; 'q' and 'Q' are the 
same. 

robohome currently recognizes 
three different commands. Hitting 'Q' 
immediately quits the robohome pro­
gram; control returns to the DOS 
command prompt. Pressing 'M' toggles 
a data packet monitor on and off. 
Finally, you can use the 'W' command 
to toggle a watch mode on and off. 

Turning on the data packet moni­
tor lets you see a detailed, real-time 
report of each packet received by 
robohome. Not only does robohome 
display each byte of data as it arrives, 
it analyzes the packet and shows you if 

the packet was valid or not.A monitor 
display of a typical data packet would 
look something like this: 

PRI PR2 LEN=9 ADDR=7 
RECN=ed DATA=4b 23 23 
21 25 CHKSUM=d4 OK 

This example shows all fields 
reported by the monitor.The PR I and 
PR2 fields mark the two preamble 
characters in the data packet.The LEN 
field shows the packet is nine bytes 
long, and the ADDR field gives the 
address of the transmitting unit. The 
RECN field holds the record number 
of this packet; record numbers start at 
0 and increment to 255 (hex $ff), then 
roll back to 0. The DATA field shows 
the value of the sticky byte holding 
the states of the four digital inputs, fol­
lowed by the values of analog inputs 0 
through 3. Finally, the CHKSUM field 
contains the checksum byte transmit­
ted in the data packet. If the checksum 
matches with robohome's calculation, 
the monitor ends the line with "OK;" 
otherwise, the monitor displays 
"BAD." 

The monitor provides an excel­
lent way to verify that a sensor block 
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I buiU a aaraae door swtcch from a 
RadioShack door alarm sensor, a heawy 
con hanaer, and some nylon wire ties. 

is active.You can also use the monitor 
to do low-level debugging of an 
installed sensor block. For example, 
you might have a sensor block wired 
to a thermistor for measuring tem­
perature, and you want to know what 
analog value is being reported. Just 
activate the monitor, then scan the 
data packet of the proper sensor 
block. 

The watch command provides a 
quick means of checking for valid ver­
sus invalid packets, and for verifying 
that the data streams are actually 
active. If you turn on watch mode, you 
will see a single plus-sign ('+') each 
time a valid packet is received, and a 
minus-sign each time an invalid packet 
arrives. The monitor can scroll data 
past so quickly that you could miss a 
bad packet in the data flood ; the watch 
utility lets you see a snapshot of hun­
dreds of data packets on a single 
screen. 

These commands are only the 
beginning of what is possible with 
robohome. Play with the program a 
while, dig through the source, and feel 
free to add commands of your own. If 
your PC screen supports color and 
cursor positioning (using ansi.sys) , you 
might want to design a real-time data 
display, showing good and bad packet 
information for each of the available 
sensor block addresses. If you want to 
get really fancy, you could add a way to 
view analog channels on a given sen­
sor block as a graph or cha rt. This 
would let you view historical data and 
perhaps guide you in making changes 
to you r home. 

The clocks[] array 

Much of robohome's processing 
requi res t racking eve nt timeo uts . 
Often, robohome must make deci­
sio ns based on one event happening 
or no t happening wit hi n a fixed 
amount of time after a previous event. 
I chose to implement a large number 
of these event timers using an array 
called clocksO. 

10 JuL"i 2001/N uts & Volts Magaz ine 

Each element in the clocksD array 
is a structure containing a .time field 
of type time_t, and a .tripped field of 
type char. The .time field holds the 
number of seconds that must elapse 
before the corresponding .tripped 
field is set TRUE. Once each second, 
the .time field in all elements in the 
clocksO array is tested; if it is not zero, 
it is decremented. If decrementing a 
.time field causes that field to reach 
zero, the corresponding .tripped field 
is set TRUE. 

This mechanism lets you cus­
tomize timeouts for various actions. 
Your code should pick an element in 
the clocksD array, clear the .tripped 
field to FALSE, and write a timeout 
value to the .time field when the first 
part of an action occurs. Other code 
can monitor the state of the .tripped 
field and take action when the timeout 
happens. 

Note that I used the ANSI stan­
dard time() function for my timing 
code. This funct ion returns the num­
ber of seconds elapsed since midnight 
GMT, I Jan 1970. Thus, the clocksO 
array timers only have resolution of 
one second.This hasn't proven to be a 
handicap so far, but if you choose to 

port robohome to another platform , 
you might have to write your own 
t ime() function o r even write a new 
timing method. 

The ProcessRcvdChar() 
function 

This function handles each char­
acter as it arrives from the RF receiv­
e r hooked to the PC's COM port. I 
implemented th is funct ion as a large 
state machine, us ing variable rcvstate 
to hold the current state. rcvstate 
starts out in the WAIT _FOR_ PREAM­
BLE I state, waiting for the appearance 
of the firs t preamble character at the 
serial port.Anytime an error occurs in 
subsequent processing of a data pack­
et, rcvstate is set back to this state to 
restart the scan for the first preamble 
character. 

If a first preamble character 
arrives while rcvstate is in the 
WAIT _FOR_PREAMBLE I state, the 
character is discarded and rcvstate 
advances to the WAIT _FOR_PREAM­
BLE2 state. If the next character 
received is the second preamble char­
acter, rcvstate is advanced to the 
WAIT _FOR_LEN state. If it is not the 
second preamble character, an error 
condition is detected and rcvstate 
reverts to the WAIT _FOR_ PREAM­
BLE 1 state. 

This sequence of testing the 
received character and advancing 
rcvstate on success continues until all 
characters of the packet have been 
processed. Relevant characters in the 
packet are stored in a dedicated array 
named sensorsO . This array holds the 
most recent data packet received 
from each RF sensor block address.At 
the final state, the packet is tested for 
validity and flags with in the appropri­
ate sensorsD element are updated 
accordingly. 

Recall that all RF sensor blocks 
are only capable of t ransmitting; they 
cannot receive commands or prompts 
from the host PC. The combination of 
the protocol design and the state 
machine inside ProcessRcvdChar() 
reduces the chance of bad transmis­
sions and also allows for collisions 
between transmissions of 
different sensor blocks. 

If one sensor block tries 
to transmit while another is 
already sending, the incom­
ing packet will very likely be 
corrupted and fail one of the 
tests in the state machine. 
The damaged packet will be 
discarded and the next 
incoming packet will be col­
lected. 

The Evaluate() 
function 

It all comes down to the 
Evaluate() function . Every­
thing I've done so far ; the RF 
sensor blocks , the XI 0 
transm1ss1on code, the 
Firecracker module ... all of it 
exists solely fo r the use of 
this function. Here is whe re 
your code evaluates infor­
mation rece ived from the 
sensor blocks, tests the vari­
ous time rs in the clocks[] 
array, dec ides what actions 
to take, and initiates any XI 0 
transmissions. 

Evaluate() examines data from a sen­
sor block hanging on the wall in my 
garage. The sensor block is wired to 
two RadioShack door switches -
normally used in burglar alarms -
that I have mounted over the two 
garage doors. I have wired the switch 
on the side of the garage I customari­
ly use to binary input 0 (BIO), and the 
switch on the side that my wife, Linda, 
normally uses to Bl I . In the program 
shown here, I've used #define state­
ments to equate the states of these 
two inputs to literal strings that make 
more sense than BIO or Bl I. For 
example, the literal that indicates the 
switch on my side of the garage is 
open is 
GARAGE_DOOR_ OPEN_ KARL. 

The first step in evaluating the 
sensor data is knowing when the data 
have just been updated. The Evaluate() 
function tests the .status field of the 
sensorD element dedicated to the 
garage sensor block. If the .status field 
was just updated (in other words, if a 
new data packet just arrived from the 
garage sensor block) , the function 
processes that data with the following 
actions. 

First, it resets the .status field to 
ACTIVE. It is important to take this 
step immediately. While it is unlikely 
that processing will take more than 

I've included a sample 
Evaluate() function from my 
cu rre nt version of ro bo­
home; see Figure I. You 
should use t his code as a 
starting point fo r deve loping 
your own Evaluate() fu nc­
tion. I' ll walk you through the 
essential parts; although this 
is a simple piece of code for 
a single task, it shows most 
of the necessary operations 
your code will need to per­
fo rm. 

Here is my 9ara9e RF 
sensor block, fastened 

This vers ion of 

•o the 9ara9e wall above 
my workbench. Clockwise 
from upper rish• are the 
leads to the 9ara9e door 
swHches, ihe antenna, 

and a wire to the 
5 YDC supply. 



two seconds, it is good practice to 
clear the flag first. If the flag isn't reset 
to ACTIVE until the end of the func­
tion, it is possible that a second data 
packet would arrive first, and clearing 
the flag would hide that event, possibly 
causing the program to lose the data. 

turning off the light doesrtt start until 
both door switches are closed. This 
means I get five minutes after I shut 
my garage door before the lights go 
out, which is plenty of time. 

Go Wireless With Our Modules 
Next, the code gets a copy of the 

.data[O] element, which holds the 
binary sticky byte, and uses an AND 
mask to isolate the two sticky bits 
that track the state of the input 
reserved for my garage door state. 

If the bits show the door is open, 
the code tests an element of the 
clocksO array reserved for timing my 
garage door events. If that timer is 
already at 0, the code sends an XI 0 
command to turn the garage light on. 
Whether the timer is already at 0 or 
not, the code then sets the timer for a 
.fixed delay, to keep the light on a min­
imum amount of time. 

The code repeats the above tests 
and timer setup, based on the state of 
Linda's garage door. Note that the 
timer used is the same in both cases; 
sensible, since there-is only one garage 
light and its operation is the same, 
regardless of which door is open. 

The last block of code in this 
example function tests the state of the 
.tripped field for the garage timer. If 
that field is TRUE, the garage timer has 
elapsed. In that case, the code sets the 
.tripped field to FALSE, then issues an 
XI 0 command to turn the garage light 
off. 

I realize that most automatic 
garage door openers provide a similar 
function, and you don't even have to 
get out of your car to open the door, 
but that misses the point. My home 
robot is using my electronics and my 
software to control my garage lights 
the way I want them. And note that 
this version of Evaluate() is only the 
beginning. 

By adding a bit of code and a sur­
plus passive IR (PIR) object detector 
to one of the binary inputs, you could 
have the garage lights come on and 
stay on for so long as a person was 
moving in the garage. Similarly, you 
could wire in a third door switch, this 
time hooked to the utility room door, 
that would allow the home robot to 
tell when that door opened.You could 
even add the appropriate IR LED and 
object detector to the sensor block's 
fourth binary input, then position this 
detector near the utility room door. 
This would tell the home robot when 
the utility door opened, and whether 
there was an object immediately in 
front of the door before or after it 
opened. 

SILRX/TXM 
The TXM and SILRX modules are a transmit­

ter and receiver pair which can achieve a one-way 
radio data link-up to a distance of 200m over open 
ground. 

Both units are supplied in space-saving sin­
gle-in-line packages and offer SAW controlled, wide 
band FM transmission/reception. 

The modules are particularly suited to bat­

RPC 

tery-powered, 
portable applica­
tions where low 
power and small 
size are c ritical 
design c riteria . 

The RPC module is an intelligent transceiv­
er which enables a radio network link to be sim­
ply implemented between a number of digital 
devices. The module combines an RF circuit 
with processor-intensive low-level packet format­

ting and 
recovery func­
tionality, 
requiring only 
a simple 
antenna and 
5V supply to 
operate with a 

TX2/RX2 
The TX2 and RX2 radio transmitter and receiver pair 

enable the simple implementation of a data link at up to 
40kbit/s at distances up to 75m in-building and 300m open 
ground. Both modules combine full screening with extensive 
internal fi ltering to ensure EMC compliance by minimizing 
spurious radiations and susceptibilities. The TX2 and RX2 
modules will suit one-to-one and multinode wireless tmks m 
applications including car and building security, EPOS and 
inventory tracking, remote industrial process mon1tonng, 
and comptJter networking. 
Because of their small s11e 
and low power require­
ments, both modules are 
ideal for use in portable, 
battery-powered applica­
tions such as hand-held 
terminals. 

BiM 
The BiM module integrates a low-power 

UHF FM transmitter and matching superhet 
receiver together with data recovery and 
TX/ RX change over circuits to provide a 
Jow-<:ost 
solution to 
imple­
menting a 
bi-direc­
tional 
short­
range 
radio data 
link. 

This simple function, taking only a 
few lines of code, provides reliable 
control of the garage light based on 
the state of the garage door switches. 
In actual use, I've come to rely on this 
portion of the home robot. When I 
open the garage door at night, the 
light comes on within a second or two 
after the door is open. The timer for 

One other element of the robo­
home program design deserves dis­
cussion. Refer to the two invocations 
of the DoCommand() function shown 
here. These invocations use literal 
arguments such as CMD_GARAGE 
_LT, CMD_ON, and CMD_OFF.These 
literals have been #defined in an earli­
er section of the program to be liter­
al strings such as "GarageLt," "on," and 
"off." The DoCommand() function 
uses its arguments to broadcast an 
XI 0 command to change a selected 

Circle #115 on the Reader Service Card. 

device to a selected state. Thus, the 
statement: 

DoCommand(CMD_GARAGE_L 

void Evaluate() 
{ 

unsigned int t; 

if (sensors[RFBLK_GARAGE].status == UPDATED) { 
sensors[RFBLK_GARAGE].status =ACTIVE; 
t = sensors[RFBLK_GARAGE].data[O]; II get binary data 

II byte 
t = t & (GARAGE_DOOR_OPEN_KARL I GARAGE_DOOR_CLOSED_KARL); 
if (t == GARAGE_DOOR_OPEN_KARL) { 

if (clocks[CLOCK_GARAGE].time == 0) { II if delay 

. : 

II already elapsed ... 

} 

DoCommand(CMD_GARAGE_LT, CMD_ON); II turn light on 
} 
clocks[CLOCK_GARAGE].time = DELAY _GARAGE_ ON; II arm the clock 
clocks[CLOCK_GARAGE].tripped = FALSE; II just in case 

t = sensors[RFBLK_GARAGE).data[O]; I get binary data 
II byte 

t = t & (GARAGE_DOOR_OPEN_LINDA I GARAGE_DOOR_CLOSED_LINDA); 
if (t == GARAGE_DOOR_OPEN_LINDA) { 

if (clocks[CLOCK_GARAGE].time == 0) { 

DoCommand(CMD _GARAGE_LT, CMD _ON); 
} 

II if delay 
II already 
II elapsed ... 
II turn light on 

clocks[CLOCK_GARAGE].time = DELAY_GARAGE_ON; II arm the clock 
clocks[CLOCK_GARAGE].tripped = FALSE; II just in case 

if (clocks[CLOCK_GARAGE).tripped) { 
clocks[CLOCK_GARAGE].tripped = FALSE; 
DoCommand(CMD_GARAGE_LT, CMD_OFF); 

II if timer expired ... 
II reset for next time 
II turn off light 

} 

Fi9ure I. Listin9 of EYaluate() function 

T,CMD_ON); 

is the same as the statement: 

DoCommand("GarageLt", "on"); 

The DoCommand() function 
searches through a house definitions 
file, opened at the beginning of the 
program, and translates a string such 
as "Garagelt" into an XIO device ID 
such as B7. Using strings to represent 
devices and states means that I don't 
have to change my robohome pro­
gram when I change IDs for my XI 0 
device controllers. I simply edit the 
house definitions file and the robo­
home program stays untouched. 

1 That's a wrap ... 

This version of Evaluate() will get 
you started on your own home robot. 
But this article only scratches the sur­
face of what can be done with home 
robotics. In my next article, I'll discuss 
a wider array of sensors that you can 
hook to your RF sensor blocks, and 
describe the code necessary to add 
support for more features. 

In the meantime, you can grab a 
copy of the current version of robo­
home from my website. Feel free to 
change the Evaluate() function, and to 
add more command keys.After all, this 
is a large and interesting experiment; 
have fun! NV 
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Dear Nuts & Volts: However, there is a typo in the Boolean 
equations. 

I sent away for my first copy of your maga­
zine, and while reading the Reader Feedback, I 
saw a letter from an analog systems engineer 
from Yahoo in Dallas. The fellow was offended 
by ML Shannon's defense of hackers. By this, I 
suppose that he is making reference to the so­
called white hackers who break in, look around, 
and leave without being nasty about it. The fel­
low compares this with a lock pick who sees if 
he can pick the lock on a house just so he can 
rummage through the personal effects of the 
house's owner. 

The relation is: x + y = /(/x•/y).Also, /(x+y) 
= /x•/y. 

I believe this is called DeMorgan's Theorem. 
Russell Kincaid 

Milford, NH 

Dear Nuts & Volts: 

I can see how a hacker can offend a systems 
engineer. I imagine that each time Yahoo is suc­
cessfully hacked, there is an embarrassing meet­
ing about how it was done and how to plug the 
hole. This results in better security for the sys­
tem. 

TJ Byers' article - "Small Logic Gates 
Spawn Big Dreams Part 2:· June 'O I - gave us 
an excellent overview of binary math and the 
logic circuits that make it happen. I did notice 
one oversight, however. 

The chart labeled "Binary 2's Complement" 
is incorrect. The chart should look like the fol­
lowing: 

Anyone who thinks that these hackers are 
not doing a service to the systems that they 
hack is out of their mind. 

A better analogy would be a lock pick who 
is trying to pick the locks in ar;i apartment build­
ing, and when he finally does break in, he sprays 
paint on the apartment manager's door that 
says, "Ha Ha, I was here, and your locks suck!" 

Decimal 
0 
1 
2 
3 
4 
5 
6 

Binary 
0000 
0001 
0010 
0011 
0100 
0101 
0110 

2's Complement 
0000 
1111 
1110 
1101 
1100 
1011 
1010 I would much rather have my personal infor­

mation - which I have entrusted to companies 
like Yahoo - hacked by the guy with the spray 
paint than by Saddam Hussein's technical staff. 

Dear Nuts & Volts: 

Brian Campbell 
Sterling Heights, Ml 

One of t he convenient features of a 2's 
complement number is that the most significant 
bit is 0 for a positive number, and I for a nega­
tive number. This makes it a simple matter to 
check a number's sign. 

The article "Small Logic Gates Spawn Big 
Dreams" in the May 'O I issue was excellent. 

LINUX INSTALLED ON 
YOUR COMPUTER FREE 

In an effort to bring Linux to the 
business and personal desktop, 

Linux Centers USA will be installing 
Linux free on user's computers. 

Linux/unix internet servers 
have long been the first choice of 
ISPs on the web. Network 
Administrators are installing stable 
Linux Samba servers which look 
like Microsoft NT servers to the 
users. Led by IBM, major vendors 
including Intel, Hitachi, NEC, Oracle 
Sharp, and many others are invest­
ing billions in the future of Linux. 
Still, few ordinary users have it 
installed on their desktop or laptop 
computers. 

It is not entirely a surprise that 
Linux is not familiar to the single 
user. The power of the Linux oper­
ating system is especially valuable 
to system utilities and enterprise 
applications. The savings in time and 
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money are, of course, greatest in 
these higher end products - not 
that the cost of desktop Windows 
is cheap. 

It is also not likely that Linux 
will make much of a dent in the 
desktop market in the near future. 
Good or bad, there are just too 
many people who feel "at home" 
with their Windows desktop. They 
may complain about its speed, limi­
tations, and crashes - but that 
doesn't mean that they want to 
learn a new system. 

Linux Centers USA believes 
that the general public would like 
to see what Linux is and what it 
can do. The Linux graphical inter­
faces are looking more and more 
like Microsoft Windows with every 
new product released. Linux 
Centers USA believes that the 
inherent stability, easy networking, 
low cost, and security are features _ 
that the ordinary user would like to 
take a look at. 

Gary Kline 
Salinas, CA 

garyklinecc@netscape.net 

According to Frank Michaels, 
director of the New York 
Linux/UNIX program "We expect 
be able to install Linux on 95% of 
the computers that people bring to 
us. For the few that have compo­
nents not supported by Linux, we 
will be able to tell the users how to 
upgrade with hardware supported 
by Linux." 

Computers will be set up to 
run a graphical interface, an inter­
net connection and browser, an 
email system, and a suite of office 
applications. To make an appoint­
ment for a free Linux installation, 
call 800-876-3896, or email 
info@linuxcentersusa.com. 

FREE FORENSIC TOOL FOR 
DETECTION OPEN TCP/IP 

AND UPD PORTSI 

Smartline, Inc., has released a free 
powerful tool that shows all 
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open TCP/IP and UDP ports on 
Windows NT/2000/XP computers 
and maps them to the owning appli­
cation. 

With Smartline's Active Ports, 
Administrators are able to detect 
trojans and other malicious pro­
grams. Active Ports reports which 
process has opened which port and 
displays the local and remote IP 
address for each established con­
nection. 

Active Ports even allows 
Administrators to close any open 
port. System requirements: Active 
Ports requires Windows NT 4.0, 
Windows 2000, or Windows XP, 
I 6MB RAM, and a hard drive with 
200 KB of hard disk space. 

Active Ports is freeware. It is 
available for download from 
Smartline's website, 
http://www.ntutility.com. 

BOSS EVERYWARE -
NON-INTRUSIVE 

COMPUTER CONTROL 

Alexander jmerik has released 
Boss Everyware v. 2.3, a power­

ful Windows security program that 
secretly records data about how 
your computer is being used. 

Boss Everyware keeps a log of 
which programs each user has run, 
and how much time they've spent 
on them. In addition, it records all 
of the user's keystrokes, allowing 
the computer owner or network 
administrator to answer questions 
about what correspondence is 
being created. Boss Everyware 
makes it easy to answer questions 
about what new software has been 
installed, and what specific web 
sites are being visited. 

Acting as a deterrent to inap­
propriate computer usage, Boss 
Everyware can display a warning 
message that tells users that it is 
running. Or the program can be 
totally hidden from view, and 
secretly log usage information. The 
program can be password protect­
ed, and accessible only to the net­
work administrator. 

Boss Everyware's data logs can 
be written in dBASE or a space-sav­
ing encrypted format, and exported 
to popular database and spread­
sheet programs. The program's 
powerful internal reporting system 
lets you select data by user or by 
application, create filters for includ­
ing or excluding information, and 
arrange the data in a variety of use­
ful ways. You can control how to 

The Flexcam acts as an internet 
camera server. No software 
needed in order to view your 

video. All you need is a web browser 
such as Internet Explorer or 
Netscape. Flexcam includes many 
special functions including video 

group the data, whether to show 
full URLs or just domains, whether 
to display the non-character key­
strokes, and other functions that 
determine the usefulness and 
appearance of the reports. 

New features in version 2.3 
include the ability to log inactivity if 
the user hasn't made any clicks or 
keystrokes for some time, a silent 
deployment package to easily install 
pre-configured loggers onto multi­
ple computers without visiting each 
one, refined keystroke reporting, 
and Report Manager improvements 
that give the user more control 
when creating and dealing with 
reports. 

Boss Everyware is easy to 
install and easy to use, with online 
help files and a complete tutorial. 
Whether it's running on a stand­
alone computer or a network, the 
program uses minimal system 
resources to create its data logs. 

Boss Everyware v. 2.3 runs 
under Windows NT 4/2000/95/ 
98/Me, and all American and 
European keyboards are supported. 
Boss Everyware prices begin at 
$49.00, and the program may be 
purchased securely online at 
http://boss.dids.com/. 

NEWS BYTES Continued on Page 73 
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Dual 
JFE TS 
SMT 

JFE TS 
ULTRA LOW NOISE 

LS843 · 3n\l;Hz 1'/P 

TIGHT MATCHING 
LS843 - 1 mv max 

o N & p Channel 

~ DualS & SlriJieS 
<> Custom Screening 

~ Ole, SMT, Thru-Hole 
0 No Order Minimum 

~ COD s Accepted 

Second Source for Domestic 
& Foreign JFETs & Bl;:ciars 

Full Se·v10e U.S. Manl.fac·urer 
cl Sooclallv L no or Producis 

LINEAR SYSTEMS II 
<l0j2 Cllppe· Co~rt 
Fremc:>n1. CA 9~538 

510·4~0-91110/510·3!i3·020 1 (Fa•) 
E·11ali: 3623671\i;>MCIMA:l COM 

WW .\'.lltlEAPSYSTEMS COM 

~ 

Circle 1121 on the Reader Service Card. 

The SWC-40R combines a black & white 
video camera, digital image storage, video 
motion detection and an alamt interface in 
a compact, vandal proof enclosure. It is 
unique as it offers a complete CCTV 
surveillance system within a single 
compact enclosure. SWC-40R 

~lt!iillWi~i+ti~!jll)I quality control, pan/tilt/zoom 
interface and network configuration . 
All of them are administrated by the 
web browser. Features 4 video 
inputs -1 internal - 3 external. 

<r All-in-one CCTV system $849.95 

<r Built-in digital image storage 

<r Programming and image retrieval by 
remote control 

<r Built-in video motion detection 

<r Built-in a/ann interface 

<r Quick Change Lens Pack (standard): 

1111.mlil•mBrlllllD!mllmllmllii iiim•••••• 3.6 installed 2.9, 6.o. s.o provided (12.0 and 16.0mm available) 

<r Black and white standard resolution 

Fully adjustable focus from 0.5 
inches to infinity. Contains a true 
color CCD chip rather than a 

CMOS type sensor for an excellent 
resolution of 330 TVL. Comes complete 
with a 12" video I power cable. 

VIDEC!ll lilEAD 15) ~ 
BtlMIBI~ 

Its small sleek 
indestructible design and 
pinhole lens allow for 
various applications and 
simple installation. Comes 
equipped with a RCA 
JACK for easy connection 
to TV monitor or VCR. 

Our new weatherproof 
day/night color camera 
can view in total 
darkness at a distance 
up to 10 meters. Comes 
enclosed in a watertight 
aluminum housing and 
equipped with a 3.6mm 
lens for a viewing angle 
of60 degrees. 

l~nmiiliitiiniiilliim11m111111111111aiiiiiii-~ mounted in wall 
clocks, exit signs, /::::::=:::=:::=::::----

Circle #122 on the Reader Service Card. 

briefcases, picture 
frames or even a 
baseball cap! 
Connects to a 9V 
battery and will 
operate up to 6 hours. 
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ANOTHER SUPER EXPERIMENTERS SPECIAL, RAYTHEON, LON TALK TERMINAL, 
Communicates over the AC Line. Using the Industry std. "LONWORKS" System. 

NEW! THOMPSON LINEAR BEARING, 
SUPER PILLOW BLOCK, type 
SPB-B, New in the box. Make Our latest hackers bonanza out does itself. Listen up. this 

is what we know so for: They were originally intended to 
odivote various climate control IHVACI functions. They 
allowed a hotel to optimize energy usage bosed on 
electric utility rotes as well . The terminals communicated 
with a ·central" PC directly through the AC power cord 
using the Lon Talk system through on Echelon. PLT-20 
power line transceiver. Similar in principle lo X-10 devices 
but for more advanced. This is current technology. See the 
ECHELON WEB SITE. WWW.ECHELON.COM. The front panel 
includes: Six momentary ·saftkeys· whose function 
changes dependent on the menu items displayed on the 
LCD. There ore four standard cursor keys for menu 
navigation and one red LED we think is a transmission 
indicator. The hardware comprises the following: The 
MCU is a Motorola. MC14315 Lon Talk "NEURON" 
processor. Memory compliment includes: one socketed 
AMD-27Cl28 EPROM. (l2.75VJ. Two 256K. 132K x 81 SRAM. 
One 64K SRAM. One Xicor-X28VC256J-70. 132K x 81 High 
speed EEPROM 98.5V Byte alterable). One SED-l330F LCD 
display driver from Seiko/Epson for the included 
Gl91COOK. FSTN. 192 X 128 graphic display module. 

• 4 

• 

your own heavy duty linear 
motion system. You supply the 
guides. CLOSED TOP model Not 
open as in photo. Very limited 
quantity THOMP-SPB-8 ... $24ea. 

TECH SPEC" RIA PRISM. 
New in the box. Edmund Optical Pi 
N 32536. A very nice. BK7 prism 
in a size large enough for display 
of demonstration purposes. Angle 
accuracy± 5 Arc min., Reg price. 
$135ea. Limited Quantity. PRISM-32536 •••• $45 

NEW! WATERPROOF TUBE CAMERA 
mini B& W, Industrial strength, solid 
machined housing. Sleek block onodized.0-

~· "'" 
,,;, 'Afi~'-~i:i""'t"'~ .. ! .i#L 
• ""'' ~-~·eoiJ\@(' ~ l 

.'fll!T . 

... ,..« 
Display hos on on board Hitachi 61104A driver. The display viewing area is 78mm x 54mm. The application 
software is in memory and the units power up and poss self test. Echelon sells a PC compatible cord that plugs 
right in and allows communication with LON Talk transceivers. The unit is enclosed in a rugged ABS moulded. wall 
mountable housing. Size: 6.6-W x 6.8"H x 2·r. The system is AC powered via on onoched line cord. Weighs about 
two pounds. This is a truly fantastic device with unlimited possibilities. We hove a limiled quantity. Order now and 

&;. ... ~ ~ 

Ring sealed. BRASS. 
housing Adjustobe 
mount included. Specs: 
113· cm. 400 Lines 
resolution. 0.05 Lux 
sensitivity. AGC. Auto 
Shuner. Operates on 

12VDC @200mA. 4mm. 78' FOV lens. A real gloss 
lens. NTSC video out. Superior construdion. SENSITIVE 
to IR. Ultra small Size only: 1.25" diam. X 2" long. With 
60 ft. coble. Great for general outdoor use. 

see what you con do. LON TALK- l ......... $69ea. or 2 for $129 

NEW! HIGH VOLTAGE, VACUUM RELAY, 
Rated for 50KV@ 30Amps! KILOVAC type H-25, A beautiful 
thing to see with it's gleaming gloss enclosure. The key specs. ore as follows: 
S.P.D.l . form C contods. Tested to 60KV peak de or 60Hz AC. Coil 500v Hf POT. 
Contod res. 0.015 Ohms. Switching lime 60mS Mox .• Operating temp. -55 to 
+125 deg. C.. Weight including custom base 9 Lbs .. Coil Voltage 26 .5Vdc. Pick­
up 16Vdc Mox .. Drop-out. 1-lOVDC. Coi l resistance. 1200hms. Relay is pre 
mounted on a 112" thick. 9·w x 12" L. G-10 base and is enclosed in a LEXAN 
protedive shield on all sides. A 40KV output lead is onached. Truly a rare find. 
Very limited quantity. KILOVAC-25 •.•••••• $749eo. 

NEW! HV REED RELAY, Rated for 5000V peak. Mognecroft PIN 
1119W102VX-5l. S.P.S.T. contods. 24Vdc coil. Coil res. 

1000 Ohms. Encapsulated construdion suitable for 
PC mounting. Size: 4.5"L x 0,75"H x 0.9-W lid. Qty. 

MAGNECRAFT-l ........ $29eo. 

NEW! RAD/SYS CompactPCI, MOBILE PENTIUM II, 233MHz, 
Industrial Computer includes, 
64 Megs. of SO-DIM Memory! 

For those of you knoweldgeoble in the cPCI 
world and using a Compact PO chassis this 
is a golden opportunity. We were fortunate to 
obtain these unused units. Each board is 
capable of driving seven cPCI expansion 
slots. Front panel 110 and indicators include: 
lWo USS ports. Keyboard port. mouse port & 
SVGA port. Panel ports ore standard PC style 
connedors. Six LED's show system status. 
Front panel reset switch. A RodiSys. PMC 
SVGA II. 2 Meg. mezzanine cord provides 
video up to 1280 x 1024 x 256. Floppy header 
for debug. Duol 16550C RS-232 ports. one 
IEEE-1284 bidirectional parallel port. primary 

' EIDE interface and a 10/lOOMbs Ethernet LAN 
all via the JS backplane connector. Intel 
443BX I PllX4E chipset. Digital 21150 PCl-PCI 

bridge. Size only 0.8· Wide. Requires one 6U system slot. 
Fourty page hardware spec. included. Don't miss this one. Units 

ore removed from NEW equipment. lid. Qty. Regular price> $1650 
RADISYS-Pll .... $399 

WOW! HIGH VOLTAGE POWER SUPPLIES 

Above photo. Glassman. EH series. EH02N50-0XS3. -2KVDC@50mA power supply. Voltage 
and current limit ore adjustable via the front panel multi turn controls with counting dials. 
Voltage and current is displayed on two front panel meters. Standard rock mount package. 
3 112" high. 120VAC operation. Excellent condition. GLASS-02N50 .................. $349 

Not shown. Glassman. ER series. ER040N05. -40KVDC@5mA power supply. Blank front 
panel model for remote control applications. Voltage and current limit ore adjustable via 
the rear panel connector by application of a control voltage. 10-lOVDCI Voltage and current 
is read bock as a proportional signal at the rear panel as well. Standard rock mount 
package. 3 112" high. 120VAC operation. With HV output coble and manual. 

BRAND NEW, GLASS-040N05 ••••...••••.• $1295 

350MHz, TEKTRONIX 2467, MICRO CHANNEL PLATE CRT! 
4 Channels, 500ps per div. in normal room light. 
·-·-.. - ·=---:-.~7'""'1 Displays intermittent variations as they happen. 

..-~~-1 _., • · • , Captures the slowest one shot events with 4ns 
! : per division a 100 fold increase in the visual 
11 , writing rote over conventional CRT. Features: l ns 

. J · , __ --""-·- ; rise time. 500ps/Div time base. 2mV/Div. vertical 
_. · ~ ..-- ""~- 0 ~ · <d '{ 0 sensitivity at 350MHz. 20ps time interval 

resolution. lMohm I 50-ohm input. 500Mhz 
!rigger bandwidth. four channels. On-screen waveform cursors provide vertical & 
horizontal scale factors. trigger level. voltage. time. freq .. phase. ratio values and 
mode indication. Complete with 2 probes. pouch. and manual. EX. cond . 90 day 
warronty. New •. $12K Now TEK2467 •.•. $2995. 

NEW! 0.00035 Lux, Black & White, NIGHT VISION CAMERA! 
Near "Starlight" PERFORMANCE and 600 Lines Resolution. 

State of the Art Video, Our GMV-6K, Takes the Prize. 
For covert. military & scientific applications. this is it. 
Unbelievable 0.00035Lux@ fl .2 performance is 
enhanced through low speed electronic shunering. 
digital frame integration and advanced DSP. Did 
we mention 600 Line resolution? Auto sensitivity 
mode starts as it becomes dork. 2 4 hour 
survei llance is possible with the optional fl .2 auto 
iris lens shown below. Seven Goin/Shutter modes ore 
user selectable. Normal. X4. X8. X16. X24. X32. X64. 
These provide frame rotes of 60. 15. 8. 4. 3. 2 and l per 
second. Auto/off BLC. SIN >52dB. Mirror on/off. Goin on/ off. auto 
electronic shuner 1/60 to 11120.000 sec .. Alum. housing. duol l / 4x20 
mtg. Specs: 1/2" CCD. 7681HI X 4941V1. wilh 380K ptxels. 470 lines. 12VDC ±lV@200mA. 
Std. video out on BNC. Size: Slmm x Slmm xllSmm long. Regulated power adopter 
included. All functions con be externally controlled. Use std. c-mount lens not included. 
GMV-6K ••• $449ea. Superior, auto iris lens, l 2mm, fl .2 ... $199eo. 

14 JUL'/ 2001/Nuts & Volts Magazine 

NEW, GM300K-N ..••••..••••• $99 

STEPPER DRIVERS, SUPERIOR ELECTRIC, 
SLO-SYN Type, 3180-PT125, Drivers ore 
removed from equipment. USER MANUAL SUPPLIED. 

Aluminum block which must 
hove weighed in at close to 
201bs. before being hollowed 
out for the precision !KO 
recirculating boll slide with 
hardened steel roil. The 
carriage is motivated up to 11" by 

They ore 
designed for 
usewilhon 

on 8mm diam .. lOTPI. lead screw dnve oupled to a roller bearing nut on 
the solid l" thick alum. carriage. Oh and the lead screw is supported at 
each end by a boll bearing. On one end of the lead screw is a 15mm 
diam. toothed belt drive pulley and a 6" matching belt. Optical end of 
travel sensors on both end complete the package. A stepper motor 
mounted off the slide drives the belt. We give you the stepper too' This is a 
rare find. It was destined to be port of a wafer handling machine but now 
it's yours. Ltd .qty. WAFERSLIDE-1 ............. $89ea. 

LINEAR SLIDE, for compact motion. Very high quality, 
Techno-lsel, series one, German made. 

This is the slide you hove been 
looking for' Overall length: 19.5" 
with on effective travel of 18". 
Very sturdy. based on a heavy duty 
1.5" wide. extruded aluminum and 1/2 diam. 
steel. dual roil. The slide carriage incorporates superior 
quality. recircu lating boll bearings. Size of carriage is 3· x 3· with a solid l / 
2" thick aluminum mounting plate. The roils hove been carefully removed 
from precision optical equipment. The slider carriages ore all brand new & 
unused . Each rail includes one slide carriage. A few extras are available. 

ISEL-19 .•••••• .$99eo. EXCAR-1, addtt. carriage only,. ...... $69ea. 

LCD, 128X64, GRAPHIC DISPLAYS from Varitronix 
Type MGLS12864T-G-HT-HV. 128 x 64 pixel 
module. Standard Toshiba T6963 driver with 8 bit 
parallel mterfoce. Module size: 78mmW x 
70mmH x lOmmD. Viewing area: 62mmW x 
44mm H. Dot size: 0.39mm x 0.55mm. Dot pitch: 
0.44mm x 0.60mm. with data. An excellent 
display. Removed from new equipment. Ltd . Qty. 
LCD-MGLS128 .. $24ea. or 3/69 

Circle 157 on the Reader Service Card. 

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" panel and l.5X a 5.6" WOW1 Wewishyoucouldseethe colorsoturotion 

and resolution of this superior LCD lllllllii\i~ii~~ll; 
display. it is fonlostic. Excellent contrast Cl 
ratio. high quality. full color images ore 
comparable to a CRT. Perfed as a portable. 
general purpose color monitor for standard 
NTSC color or B&W video systems. Fully 
compatible with all our cameras as well as 
Camcorders. VCR's. DVD's etc. OEM 
·component" style unit hos no outer 
cabinet. Designed to be installed in YOUR,.. 
housing via four mounting tabs as .. .._ ..... _________ __, 

shown. Specs: Resolution. ll52H x 234V. 
270K Pixels' Viewing angle. Top 10". Down 30". left 45 . Right 45 . Brightness. 3 ni • 

Size: W x H x D Imm/ in!. 157.2 x 122.6 x 8.0. 6.2" x 4.83" x 1.1". Weight lgm./oz.) 280 gm. 
lOoz. Supplied with 30" input coble. Video input via BNC jock . 12VDC input via a standard 
barrel connedor. Regulated 12VDC @700mA power adopter included. 
BRAND NEW, FIRST QUALITY. GMTFT68 ••••••• $169ea. 

NEW, 470 LINE "DSP COLOR Micro CAM " 
The HIGHEST PERFORMANCE you can get in a MICRO SIZE . 

Yes 470 lines with a 60db S/N ratio to bock ii up! That's 16X 
better than a typical 46d8 standard camera' The GM-4500. 
1/4" CCD camera with its' DSP technology provides high 
speed white balance with no color rolling. Auto shutter 
speed of 1/ 60 to 11120.000 second. Truly state of the art. 
Sleek cost aluminum housing proteds the 18mm x 26mm pc 
board inside. Removable mtg. bracket & a 18" coble with 
BNC video and DC pwr. jock for. no sweat hook up. requires 
only 12VDC@ 65mA. Optional mirror fundion available. Why 
fool around with on open P.C. board? This camera hos it oil. 
• 1/ 4" CCD• 470 Unes• l Lux•AGC• Auto Shutter•Pwr. l2V @65mA• 270k pixels•Std. 3.7 
mm. 68' FOV lens•Focus: lOmm to infinity • 3<ounce' • Size Imm): 33W x 29H x 30D 
GM-4500-STD, SPECIAL...$99ea. 

STEPPER DRIVEN LINEAR SLIDE is STURDY and COMPACT. Techno­
tset based. heavy duty 1.5" wide. aluminum and steel. 
dual roil. Drive is via a toolhed bell. powered '"-"'·"--- -,="","'7."'7.'-':',= 
by a SLO-SYN M061-LF-504. l.25V @3.8A 
stepper motor with 200 steps per rev and 60 
oz . in. hold. The slides incorporates superior quality. recirculating boll bearings. 
Size of slider is 3· x 3· x 1/2" thick with mounting plate. limited quantity. Unit is 
mounted on a 1/4" thick. block anodized alum. plate. All hove been carefully removed 
for precision optical equipment. Travel: 11 .5". Roil length: 16". Weight: l ibs .. Overall Size: 
16"Lx4-Wx6.5"H. Very ltd.Qty. ISELMTR-SHORT.. ........ $149ea. 

SPECIAL, PRICE BUSTER, PANASONIC, 
M-A100-PJ, COLOR, CCD CAMERA, 

ALL ACCESSORIES SUPPLIED! 
Originally 
destined as 
the video 
camera. in a 
major brand 
conferencing 
system. Now 
available for a 
fraction of its' 
original price. 
Great looking 
styling. Camero hos a very stable. manually adjustable 
pan and lilit base. Front panel LED power indicator. 
Excellent video performance packaged in a sturdy 2. 9"W 
x 2.9"H x 4.B"l. 11 oz. package. Simply connect camera 
to any "Video Input.· with the RCA coble supplied. 
Camero hos 5.6mm lens with fixed focus from 18" to 
infnity. No adjustment required' Power is l2VDC from 
power adopter also included. 1/3" CCD. 330lines 
resolution 37% better than standard VHS' Auto white 
balance. Externally adjustable sensitivity. Perfect for any 
general purpose video application. Brand new. in 
original sealed boxes. Don't miss out. 

NEW COLOR CAMERA, 
1 OOP J-CCD ••••••• $59ea. 3 for $149 

NEW & IMPROVED, 0.003Lux,UNDERWATER B&W CAMERA, 
,,__. .. ,.,,....~,,_, ....,......,.,.....,,. 

~ i'~¥.: , . !.,~ 
16X MORE SENSITIVE. Now with 12 
INTERNAL, INFRA-RED LEDs! Sleek block 
anodized. BRASS. housing. 0-Ring sealed & WATERPROOF 
down to 60feet. Adjustobe mount included. Specs: 1/3' 
CCD. 400 lines res .• super 0.003 Lux sensitivity. AGC. Auto 
Shutter. 12VDC @200mA. 4mm. 78° FOV lens. A real gloss 

out. Superior construction. SENSITIVE to IR. Ultra small Size 

~!~~ 
-/IE" ,, 

' ~ 
only: l .25"diom. X 2" long. With 60 ft . coble. Perfect as a remote area. pipe or dudWork 
inspedion camera. Excellent for general outdoor use as well. GM-300KX- l 2 .. $179 

NEW and IMPROVED, COLOR (down to 60 h.) UNDERWATER. 
now with 12, Built-in WHITE LIGHT LED'S, 
Sleek block anodized. BRASS. housing. 0 -Ring sealed & 
WATERPROOF. Adjustobe mount incl. Specs: l/ 4" CCD. 350 
lines res .. 0.5 Lux sensitivity. AGC. Auto Shutter. 12VDC 
@200mA. 4mm. 78° FOV lens. A real gloss lens. NTSC 
video out. Superior construdion. Ultra small Size only: 
l.25"diom. X 2" long. With 60 ft . coble. Perfect as a remote 

area inspection camera. TWELVE. super white LED'S! GM-400K-12LED ••••• $229eo. 

DAYLIGHT/LOW LIGHT MINI CAM & Al l LENS, 
For down 'fill dusk applications. Rugged alum. housing. dual 
mtg. sockets. 1/3" CCD. 420 lines res .. 0.1 Lux sens .• AGC. 12VDC 
@120mA. Toke full advantage of camera sensitivity with super. 
4mm. fl.4. 78° FOV Auto Iris lens included. BNC video out. 50mm 

sq. X 65mml. With pwr. adopt. GM-510A/l ... $179 or 2/$349 

B& W QUAD PROCESOR, The GM4-BQ is on unbeatable value. Four camera inputs 
with loop through. Full screen image. REAL TIME 
display. high resolution: 960 x480. brightness adj. for 
each chon. Alarm time 11-20 sec.I 4 alarm inputs. 
Auto Sequencing mode with adj. dwell:l -4 sec. 

Quality video processing. Specs: •4 video inputs. • l monnor out and VCR in/out. • 4 alarm 
inputs •Buzzer •2 Alarm Out •Dim: 239 xl66 x55 mm. GM4-BQ QUAD .......... $179 

ULTRA RESOLUTION & HIGH SENSITIVITY, SCIENTIFIC QUALITY 
for demanding applications.Type GM-6000. otters 410K pixels. 570 Lines 
resolution.< O.l LUX sensitivity. >45db s/N with AGC off. 
Access all operating parameters. outside the camera! C 
or CS mount. Adjustable shutter speed from 1/60 to 1/ 
100.000sec. BLC on/off. AGC on/off. gain auto/off .. Auto 
iris seledoble. DC/Video with level control. external/ 
internal sync. 24VAC powered. adopter included. Video 
out on BNC. Industrial quality metal housingJust the thing 
scientific or low light. SPECIAL, GM6000 .. .... $199ea. 



by Ray Marston 

Part 1 
Op-Amp Basics 

Ray Marston presents the opening episode of a 
new four-part survey of op-amp principles and 
applications. This first episode concentrates on 
basic principles and configurations. 

A
conventional op-amp 
(operational amplifier) can 
be simply described as a 
high-gain direct-coupled 

amplifier 'block' that has a single 
output terminal, but has both invert­
ing and non-inverting input termi­
nals, thus enabling the device to 
function as either an inverting, non­
inverting, or differential amplifier. 
Op-amps are very versatile devices. 
When coupled to suitable feedback 
networks, they can be used to make 
precision AC and DC amplifiers and 
filters, oscillators, level switches, and 
comparators, etc. 

Three basic types of operational 
amplifiers are readily available. The 
most important of these is the con­
ventional 'voltage-in, voltage-out' op­
amp (typified by the popular 741 
and CA3140 !Cs), and this four-part 
mini-series takes an in-depth look at 
the operating principles and practi­
cal applications of this type of 
device. The other two basic types of 
op-amp are the current-differencing 
or Norton op-amp (typified by the 
LM3900), and the operational 
transconductance amplifier or OTA 
(typified by the CA3080 and 
LM13700); these two devices will be 
described in some future editions of 
this magazine. 

OP-AMP BASICS 

In its simplest form, a conven­
tional op-amp consists of a differen­
tial amplifier (bipolar or FET) fol­
lowed by offset compensation and 
output stages, as shown in Figure 1. 
All of these elements are integrated 
on a single chip and housed in an IC 
package. The differential amplifier 
has inverting and non-inverting 
input terminals, and has a high-

impedance (constant-current) tail to 
give a high input impedance and 
good common-mode signal rejec­
tion. It also has a high-impedance 
collector (or drain) load, to give a 
large amount of signal-voltage gain 
(typically about lOOdB). 

The output of the differential 
amplifier is fed to the circuit's output 
stage via an offset compensation 
network which - when the op-amp 
is suitably powered - causes the op­
amp output to center on zero volts 
when both input terminals are tied 
to zero volts. The output stage takes 
the form of a complementary emit­
ter follower, and gives a low-imped­
ance output. 

Conventional op-amps are rep­
resented by the standard symbol 
shown in Figure 2(a). They are nor­
mally powered from split supplies, 
as shown in Figure 2(b ), providing 
positive, negative, and common 
(zero volt) supply rails, enabling the 
op-amp output to swing either side 
of the zero volts value and to be set 
to zero when the differential input 
voltage is zero. They can, however, 
also be powered from single-ended 
supplies, if required. 

BASIC CONFIGURATIONS 

The output signal of an op-amp 
is proportional to the differential sig­
nal voltage between its two input ter­
minals and, at low audio frequen­
cies, is given by: 

where Ao is the low frequency open­
loop voltage gain of the op-amp 
(typically lOOdB, or xl00,000, e1 is 
the signal voltage at the non-invert­
ing input terminal, and e2 is the sig-
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Figure 2. 
Basic 

symbol (a) 
and 

supply 
connections 

(b) of an 
op-amp. 

(b} Non-Inverting de amplmer 

Figure 3. 
Methods of using 
the op-amp as a 
high gain, open 
loop, linear DC 

amplifier. 

(e) Differential de amplifier 

nal voltage at the inverting input ter­
minal) . 

Thus, an op-amp can be used 
as a high-gain inverting DC amplifi­
er by grounding its non-inverting ter­
minal and feeding the input signal to 
the inverting terminal, as shown in 
Figure 3(a). Alternatively, it can be 
used as a non-inverting DC amplifi­
er by reversing the two input con­
nections, as shown in Figure 3(b), 
or as a differential DC amplifier by 
feeding the two input signals to the 

op-amp as shown in Figure 3(c). 
Note in the latter case that if identi­
cal signals are fed to both input ter­
minals, the op-amp should - ideally 
- give zero signal output. 

The voltage gains of the Figure 
3 circuits depend on the individual 
op-amp open-loop voltage gains, 
and these are subject to wide varia­
tions between individual devices. 
One special application of the 
'open-loop' op-amp is as a differen­
tial voltage comparator, one version 
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Figure 4. Circuit (a) and transfer 
characteristics (b) of a simple 
differential voltage comparator. 
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of which is shown in Figure 4(a). 
Here, a fixed reference voltage is 
applied to the inverting terminal and 
a variable test or sample voltage is 
fed to the non-inverting terminal. 
Because of the very high open-loop 
voltage gain of the op-amp, the out­
put is driven to positive saturation 

Figure 5. 
v

0
u1 Closed-loop linear 

= Vin amplifier circuits. 

* 

(close to the positive rail value) 
when the sample voltage is more 
than a few hundred microvolts 
above the reference voltage, and to 
negative saturation (close to the 
negative supply rail value) when the 
sample is more than a few hundred 
microvolts below the reference 

Detects living bodies over 
300' Heat leaks etc. Built in 
chopper and sens control 

39k 

+ve 

ov 
Figure 7. Effect of slew-rate 
limiting on the output of an 
op-amp fed with a squarewave 
input. 

value. 
Figure 4(b) shows the voltage 

transfer characteristics of the above 
circuit. Note that it is the magnitude 
of the input differential voltage that 
determines the magnitude of the 
output voltage, and that the 
absolute values of input voltage are 
of little importance. Thus, if a 2VO 
reference is used and a differential 

Variable 20,000 volt pulser used for 
laser flash tube, spark gap and pyro 
ignitor, garden pest shocker, electric 
fence, snake venom removal etc. BHT6 Plans .. $10.00 BHT6K Kit.. .. $99.95 

Star Wars Technology Demonstrates Weapons 
Potential. Force Fields. lonMolors. Antigravity etc. 
Projects electric shocks without contact/I 
Conduct many weird and bizarre experiments. 
Handheld battery operated and easy to operate. 

1007/9 Plans .. .................... ...... ........ $10.00 
1007K KiVPlans .. ......... ................... . $99.50 
10070 Asserrbled!Tested ........ ...... $149.95 

Higher Powered Device 
1009K Kit/Plans ............................. $129.95 
10090 Asserrbled!Tested .... .. ....... $199.95 

12 volt battery operation . 

TRIG1K - KiVPlans ................... $29.95 

TRIG10 - Lab Asserrbled .............. $49.95 
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BHT60 Ready to use .. .. ................ $149.95 

Ultra Bright Green La 

30 to 50x brighter than most red po· 
Full 5 m.v range in excess of 6000 feet I! lii'i=ii;!I! 
Operates for hours from 2 "AAA" batteries 

LAPNGR5 Pointer. ... $Cati for Price I I 

Circle #95 on the Reader Service Card. 

V+-.-~~~~~~~~~~~-

1 

SOkHz output 
waveform 

~ 

OV-t-~~t--~-+-+-~~..._,__ 

l 
V- li.•----lime •I 

voltage of only 200mV is needed to 
swing the output from a negative to 
a positive saturation level, this 
change can be caused by a shift of 
only 0.01% on a 2VO signal applied 
to the sample input. The circuit thus 
functions as a precision voltage 
comparator or balance detector. 

CLOSED-LOOP 
AMPLIFIERS 

The most useful way of using 
an op-amp as a linear amplifier is to 
connect it in the closed-loop mode, 
with negative feedback applied from 
the output to the input, as shown in 
the basic DC-coupled circuits of 
Figure 5. This technique enables the 
overall gain of each circuit to be pre­
cisely controlled by the values of the 
external feedback components, 
almost irrespective of the op-amp 
characteristics (provided that the 
open-loop gain, Ac,, is large relative 
to the closed-loop gain, A). 

Figure 5(a) shows how to wire 
the op-amp as a fixed-gain inverting 
DC amplifier. Here, the gain (A) of 
the circuit is dictated by the ratios of 
Rl and R2 and equals R2/Rl, and 
the input impedance of the circuit 
equals the R 1 value; the circuit can 
thus easily be designed to give any 
desired values of gain and input 
impedance. 

Note in Figure 5(a) that 
although R 1 and R2 control the gain 
of the complete circuit, they have no 
effect on the parameters of the actu­
al op-amp. Thus, the inverting ter­
minal still has a very high input 
impedance, and negligible signal 



PARAMETER 
Bipolar op-amps MOSFET op-amps JFE"f. OP-8!l1>S FREQ. 

OFFSET N1 COMP 
741 NE531 CA3130E CA3140E LF351 LF441 TL081 TL061 IN- V+ 

current flows into the termi­
nal. Consequently, virtually 
all of the R1 signal current 
also flows in R2, and signal 
currents i1 and i2 can (for 
most practical purposes) be 
regarded as being equal, as 
shown in the diagram. Also 
note that R2 has an appar­
ent value of R2/ A when 
looked at from the inverting 
terminal, and the R 1-R2 
junction thus appears as a 
low-impedance 'virtual 
ground' point. 

Supply voltage ±3Vto ±5Vto ±'N5to ±'Nto %5Vto %5Vto %5Vto t.2V to IN+ OUT 

V- OFFSETN2 ±18V ±22V ±8V ±18V ±18V ±18V ±15V ±15V 
(5 to 16V (4to 3IN 

(a) 
Supply current 1.7mA 5.5mA 1.8mA 3.6mA 0.8mA 1.8mA 1.8mA 0.2mA 

OFFSETN1~8 NC Input olfset volts 1mV 2mV 8mV 5mV 5mV 0.8mV 5mV 3mV 
IN- V+ 

Input bias current 200nA 400nA 5pA 10pA 50pA 50pA 50pA 5pA IN+ + OUT 

Input resistance, O 1MO 20M 1.5T 1.5T 1.ar 1.0T 1.ar 1.ar V- 4 5 OFFSET N2 

Voltage gain, A0 106dB 96dB 110dB 100dB 88dB 106dB 106dB 76dB (b) 

CMMR 90dB 100dB 90dB 90dB 100QB 100dB 100dB 86dB OFFSET N1~8 STROBE 

Figure 5(b) shows how fr 1MHz 1MHz 15MHz 4.5MHz 4MHz 4MHz 3M Hz 1MHz 
IN- V+ 

IN+ + OUT 
Slew rate (V/µS) to connect the op-amp as a 

fixed-gain non-inverting 
amplifier. In this case, the 
voltage gain equals 
(Rl+R2)/R2, and the input 
impedance approximates 
(Ao/A)Zin, where Zin is the 
open-loop input impedance of the 
op-amp. The above circuit can be 
made to function as a precision volt­
age follower by connecting it as a 
unity-gain non-inverting amplifier, 
as shown in Figure 5(c}, where the 
op-amp operates with 100% nega­
tive feedback. In this case, the input 
and output signal voltages are iden­
tical, but the input impedance of the 
circuit is very high, approximating 
Ao x Zin. 

0.5 35 10 9 13 15 13 3.5 V- 4 5 OFFSET N2 

IC outline b a c c b b b b (c) 

The basic op-amp circuits of 
Figures 5(a) to 5(c) are shown as 
DC amplifiers, but can readily be 
adapted for AC use by AC-coupling 
their inputs. Op-amps also have 
many applications other than as 
simple linear amplifiers. They can 
be made to function in precision 
phase splitters, as adders or sub­
tractors, as active filters or selective 
amplifiers, and as oscillators or mul­
tivibrators, etc. Some of these appli­
cations are shown later in this arti­
cle; in the meantime, let's look at 
some important op-amp parame­
ters. 

OP-AMP PARAMETERS 

An ideal op-amp would have 
infinite values of input impedance, 
gain, and bandwidth, and have zero 
output impedance and give perfect 
tracking between input and output. 
Practical op-amps fall short of all of 
these ideals. Consequently, various 
performance parameters are 
detailed in op-amp data sheets, and 
indicate the measure of 'goodness' 
of a particular device. The most 
important of these parameters are 
detailed below. 

1. Ao (open-loop voltage gain). 
This is the low-frequency voltage 
gain occurring between the input 
and output terminals of the op-amp, 
and may be expressed in direct 
terms or in terms of dB. Typical fig­
ures are xl00,000, or lOOdB. 

2. z,N (input impedance). This 
is the resistive impedance looking 
directly into the input terminals of 
the op-amp when used open-loop. 

Figure 8. Parameter and outline details of eight popular 'single' op-amp types. 
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Figure 10. Basic inverting (a) and non-inverting 
(b) AC amplifier circuits. 

Figure 9. Typical offset 
nulling system. 

Typical values are IMO for op-amps 
with bipolar input stages, and a mil­
lion megohms for FET-input op­
amps. 

loop. Values of a few hundred ohms 
are typical of most op-amps. 

by lb, and is typically a fraction of a 
microamp in bipolar op-amps, and a 
few picoamps in FET types. 

3. Z0 (output impedance). This 
is the resistive output impedance of 
the basic op-amp when used open-

4. lb (input bias current). The 
input terminals of all op-amps sink 
or source finite currents when 
biased for linear operation. The 
magnitude of this current is denoted 

5. Vs (supply voltage range). 
Op-amps are usually operated from 
split (+ve and -ve) supply rails, 
which must be within maximum and 

M·icroprocessor 
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The PRIMER Trainer is a flexible instructional 
tool featured in a Prentice Hall textbook and 
uaed by colleges and universities 
around the world. Ruggedly deaigned 
to resist -•r, the PRIMER supports 
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 deaign 
and hardware control. The 
Appllcatlons Manual provides 
theory and sample code for a number 
of hands-on lab projects. 

Application 
Projects 
Include: 

- Scan Keypad Input & Write to a Display 
• Detect Light Levels with a Photocell 
- Control Motor Speed using Back EMF 
- Design a Waveform Generator 
• Measure Temperature 
• Program EPROMs 
- Bus Interface an 8255 PPI 
- Construct a Capacitance Meter 
• Interface and Control Stepper Motors 
• Design a DTMF Autodialer I Remote Controller 

The PRIMER can be purchased as an unassembled kit ($120) or as an 
assembled/tested kit ($170). Upgrades provide battery-backed RAM and PC 
connectivity via an RS232 serial port (shown in picture). Additional options 
include a heavy-duty keypad (shown In picture) and a 9V power supply - see our 
website. Quantity discounts are available. Satisfaction guaranteed. 

Since 1985 
OVER 

16 
YEARS OF 

SINGLE BOARD 
SOLUTIONS 

cmJ.li:. inc. 
Phone 618-529-4525 Fax 618-457-0110 
2390 EMAC Way, Carbondale, Illinois 62901 
World Wide Web: http://www.emacinc.com 

Clrcle #96 on the Reader Service Card. 

Test Equipment 
From $99.00 

ATC modules provide for affordable pc based testing 
DSO, DVM, Spectrum Analyzer, Data Logging 

0-Scope Ip and 0-Scope II Single and dual channels 
Serial a protocol analyzer software package 

DFA S low cost differential amplifier 

Standalone digital oscilloscopes from HiRel and TPI 

Pico Technology LTD leads in low cost pc based 
modules for test and data logging. Units to lOOMSPS. 8 
to 16 bits, 1 to 22 channels. Environmental monitoring. 
Science education with DRDAQ. Pricing from $99 

Allison Technology Corporation 
2006 Finney Vallet Rd. Rosenberg, TX 77471 

PH: 800-980-9806 or 281-239-8500, FAX 281-239-8006 

http://www.atcweb.com · atc@atcweb.com 
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Figure 11. Differential ampli­
fier or analog subtractor. 

Figure 12. Inverting analog 
adder or audio mixer. 

Figure 13. High-pass (a) and low-pass 
(b) second-order active filters. 

V+ 

R1 
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ov 

Figure 14. Supply-line 
splitter. 

minimum limits. If voltages are too 
high, the op-amp may be damaged 
and, if too low, the op-amp will not 
function correctly. Typical limits are 
±3V to ±15V. 

6. vi(max) (input voltage range) . 
Most op-amps will only operate cor­
rectly if their input terminal voltages 
are below the supply line values. 
Typically, V;(max) is one or two volts 
less than Vs· 

7. V;0 (differential input offset 
voltage). Ideally, an op-amp's output 
should be zero when both inputs are 
grounded, but in practice, slight 
imbalances within the op-amp 

ov 

Figure 15. Adjustable­
voltage reference. 

cause it to act as though a small off­
set or bias voltage exists on its 
inputs under this condition. 
Typically, this V;0 has a value of only 
a few mV, but when this voltage is 
amplified by the gain of the circuit in 
which the op-amp is used, it may be 
sufficient to drive the op-amp output 
well away from the 'zero' value. 
Because of this, most op-amps have 
some facility for externally nulling 
out the effects of this offset voltage. 

8. CMMR (common mode rejec­
tion ratio). An op-amp produces an 
output proportional to the difference 
between the signals on its two input 
terminals. Ideally, it should give zero 

V+ 

Figure 16. Adjustable-voltage 
DC power supply. 

output if identical signals are 
applied to both inputs simultaneous­
ly, i.e., in common mode. In prac­
tice, such signals do not entirely 
cancel out within the op-amp, and 
produce a small output signal. The 
ability of an op-amp to reject com­
mon mode signals is usually 
expressed in terms of CMMR, i.e., 
the ratio of the op-amp's gain with 
differential signals versus the gain 
with common mode signals. CMMR 
values of 90dB are typical of most 
op-amps. 

9. fT (transition frequency). An 
op-amp typically gives a low-fre­
quency voltage gain of about 

into a sophisticated storage scope AND spectrum humidity & light sensors, door position, etc. with sensors for light, pH, 

analyzer AND multimeter. Display simultaneously Record for 365/24 without a PC even if power volts and temp. Great for 
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333kS/s versions. Great for schools, test depts, etc. 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. 

Stocked in NY by Saelig Company: Virtual Instruments, 12C and embedded controllers, BIT/ink 2-wire 
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Figure 1 7. Bridge­
balancing detector/switch. 

1 OOdB, and in the interest of stabili­
ty, its open-loop frequency response 
is internally tailored so that the gain 
falls off at a rate of 6dB/ octave (= 
20dB/decade), eventually falling to 
unity (OdB) at a transition frequency 
denoted fT· Figure 6 shows the typi­
cal response curve of the type 7 41 
op-amp, which has an fT value of 
1 MHz and a low-frequency gain of 
106dB. Note that, when the op-amp 
is used in a closed loop amplifier cir­
cuit, the circuit's bandwidth depends 
on the closed-loop gain. Thus, in 
Figure 6, the circuit has a bandwidth 
of only 1 kHz at a gain of 60dB, or 
1 OOkHz at a gain of 20dB. The fT fig­
ure can thus be used to represent a 
gain-bandwidth product. 

10. Slew rate. As well as being 
subject to normal bandwidth limita­
tions, op-amps are also subject to a 
phenomenon known as slew rate 
limiting, which has the effect of lim­
iting the maximum rate of change of 
voltage at the op-amp's output. 
Figure 7 shows the effect that slew­
rate limiting can have on the output 
of an op-amp that is fed with a 
squarewave input. Slew rate is nor­
mally s'pecified in terms of volts per 
microsecond, and values in the 
range 1 V /mS to 1 OV /mS are usual 
with most popular types of op-amp. 
One effect of slew rate limiting is 
to make a greater bandwidth avail­
able to small-amplitude output sig­
nals than to large-amplitude output 
signals. 

PRACTICAL OP-AMPS 

Practical op-amps are available 
in a variety of types of IC construc­
tion (bipolar, MOSFET, JFET, etc.), 
and in a variety of types of packag­
ing (plastic DIL, metal-can T05, 
etc.). Some of these packages 
house two or four op-amps, all shar­
ing common supply line connec-



tions. Figure 8 gives parame-
ter and outline details of eight 
popular 'single' op-amp types, 
all of which use eight-pin OIL 
(DIP) packaging. 

The 741 and NE531 are 
bipolar types. The 741 is a 
popular general-purpose op- R1 
amp featuring internal frequen-
cy compensation and full over-
load protection on inputs and 
outputs. The NE531 is a high­
performance type with very 
high slew rate capability; an 
external compensation capaci-
tor ( 1 OOpF) - wired between pins 6 
and 8 - is needed for stability, but 
can be reduced to a very low value 
( 1.8pF) to give a very wide band­
width at high gain. 

The CA3130 and CA3140 are 
MOSFET-input type op-amps that 
can operate from single or dual 
power supplies, can sense inputs 
down to the negative supply rail 
value, have ultra-high input imped­
ances, and have outputs that can be 
strobed; the CA3130 has a CMOS 
output stage, and an external com­
pensation capacitor (typically 47pF) 
between pins 1 and 8 permits adjust­
ment of bandwidth characteristics; 
the CA3140 has a bipolar output 
stage and is internally compensated. 

The LF351, LF411, TL081 , and 
TL061 JFET types can be used as 
direct replacements for the 741 in 
most applications; the TL061 is a 
low-power version of the TL081 . 

OFFSET NUWNG 

All of the above op-amps are 
provided with an offset nulling facili­
ty, to enable the output to be set to 
precisely zero with zero input, and 
this is usually achieved by wiring a 
1 Ok pot between pins 1 and 5 and 
connecting the pot slider (either 
directly or via a 4k7 range-limiting 
resistor) to the negative supply rail 
(pin 4), as shown in Figure 9. In the 
case of the CA3130, a lOOk offset 
nulling pot must be used. 

APPLICATIONS ROUNDUP 

Operational amplifiers are very 
versatile devices, and can be used in 
an almost infinite variety of linear 
and switching applications. Figures 
10 to 22 show a small selection of 
basic 'applications' circuits that can 
be used, and which will be looked at 
in greater detail in the remaining 
three episodes of this 'Op-Amp' mini­
series. In most of these diagrams, 
the supply line connections have 
been omitted for clarity. 

Figure 10 shows basic ways of 
using op-amps to make fixed-gain 
inverting or non-inverting AC ampli­
fiers. In both cases, the gain and the 
input impedance of the circuit can 
be precisely controlled by suitable 
component value selection. 

Figure 11 shows how to make a 
differential or difference amplifier 
with a gain equal to R2/R 1; if R 1 and 
R2 have equal values, the circuit acts 

C1 

C1 

Figure 20. Wien-bridge 
sinewave generator. 

as an analog subtractor. 
Figure 12 shows the cir­

cuit of an inverting 'adder' 
or audio mixer; if RI and R2 
have equal values, the 
inverting output is equal to OV 
the sum of the input volt-
ages. 

ac 
input 

C2 
R2 = 22.2k 1 µO 

ov 

Figure 19. Precision half-wave 
AD/DC converter. 

Squarewave 
output 

R3 

C1 

Tliangle­
wave 
output 

Op-amps can be made 
to act as precision active fil­
ters by wiring suitable filters 
into their feedback net­
works. Figure 13 shows the 
basic connections for mak­
ing second-order high-pass 
and low~pass filters; these 

Figure 22. Sine/square function 
generator. 

circuits give roll-offs of 12dB/octave. 
Next month's episode of this mini­
series will show more sophisticated 
versions of these basic circuits. 

Figures 14 to 16 show some use­
ful applications of the basic voltage 
follower or unity-gain non-inverting 
DC amplifier. The figure 14 circuit 
acts as a supply line splitter, and is 
useful for generating split DC sup­
plies from single-ended ones. Figure 
15 acts as a semi-precision variable 
voltage reference, and figure 16 
shows how the output current drive 
can be boosted so that the circuit 
acts as a variable voltage supply. 

figure 17 shows the basic circuit 
of a DC bridge-balancing detector, in 
which the output swings high when 
the inverting pin voltage is above 
that of the non-inverting pin, and vice 
versa. This circuit can be made to 
function as a precision opto- or ther­
mo-switch by replacing one of the 
bridge resistors with an LDR or ther­
mistor. 

Figures 18 and 19 show how to 
make precision half-wave rectifiers 
and AC/DC converters. These are 
very useful instrumentation circuits. 

Finally, to complete this opening 
episode, Figures 20 to 22 show some 

ac 
input 

R2= R1 

01 

ov 

Figure 18. Precision 
half-wave rectifier. 

R1 

C1 

R2 
R3 

ov 

Squarawave 
output 

Figure 21. Free-running 
multivibrator. 

useful waveform generator circuits. 
The figure 20 design uses a Wien 
bridge network to generate a good 
sinewave; amplitude stabilization is 
obtained via a low-current lamp (or 
thermistor). figure 21 is a very use­
ful squarewave generator circuit, in 
which the frequency can be con­
trolled via any one of the passive 
component values. The frequency of 
the Figure 22 function generator cir­
cuit can also be controlled via any 
one of its passive component val­
ues, but this particular design gen­
erates both square and triangle out­
put waveforms. NV 
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WE BUY AND SELL 
Inquiries 307-635-2269 • Fax 307-635-2291 

Orders 800-538-1493 
2701 Westland Court, Unit B, Cheyenne, Wyoming 82001 

OSCILLOSCOPES 
TEK 2430-opt.05, 11 100 MS/s Dual Channel Oscilloscope, 

TV trigger, GPIB ..................... .. ............................................... $1,200.00 
TEK 7104 1 GHz 2-Channel Oscilloscope, 

wf7A29,7A29-04,7B10,7B15 ... ..... .. ....... ..... .... .... ....... ... ..... ..... . $2,000.00 

PROBES 
TEK 1101 Accessory Power Supply, for FET probes .. .......... .... ...... . $175.00 
TEK A6902B Voltage Isolator. 

DC-20 MHz, 20 mV·500 V/div ...................................................... $500.00 
TEK P6046 100 MHz Differential Probe ........................................... $400.00 
TEK P6201 900 MHz 1X/10X/100X FET Probe ............................... $400.00 
TEK P6202 500 MHz 10X FET Probe .............................................. $150.00 
TEK P670H>pt.02 O/E Converter, 

450·1050 nm/0-1 mW: DC-700 MHz, ST conn ........................... $175.00 

FUNCTION 
HP 3310A 5 MHz Function Generator .............................................. $250.00 
HP 3312A 13 MHz Function Generator ............ .. ...... .......... ...... ...... .. $500.00 
HP 3325A 21 MHz Synthesizer/Function Generator, 

HPIB ..................... .. ....... ............................................................. $950.00 
HP 3325A-001 21 MHz Synthesizer/Function Generator, 

OCXO reference ...................................................................... $1, 100.00 
HP 3325A-002 21 MHz Synthesizer/Function Generator, 

HV output option ...................................................................... $1,200.00 
TEK AWG5102 Arb.Waveform Gen .. 20 MS/s,12 bits 

50ppm synthesis <1 MHz .. ...... ............ .......... ............................... $650.00 
TEK AWG5105-opt.02 Arbitrary Waveform Generator. 

dual channel option .... ...... ........ ................................................... $800.00 
TEK DD501 Digital Delay & Burst Gen., 

for function & pulse gen's ...... .... .................................................. $200.00 
TEK FG5010 Programmable 20 MHz Function Generator, 

TM5000 series ............ ...... ..... .... ....... ........................................... $800.00 
TEK FG501 A 2 MHz Function Generator, TM500 series ................. $275.00 
TEK FG502 11 MHz Function Generator, TM500 series ................. $275.00 
TEK FG503 3 MHz Function Generator, TM500 series ............ ....... $250.00 
TEK RG501 Ramp Generator, TM500 series ................................... $175.00 
WAVETEK 288 20 MHz Synthesized Function Generator, 

GPIB ........................................................................... ....... ......... $650.00 

PULSE 
BERKELEY NUCLEONICS 7085B Digital Delay Generator, 

0-100 mS, 1 nS res .. 5 Hz-5 MHz .... ............................................ $400.00 
HP 214B-001 10 MHz Pulse Generator, 

up to 50 V/ 50 Ohms ............................................................... $1,400.00 
HP 8007B 100 MHz Pulse Generator .............. .... ............................. $450.00 
HP 8012B 50 MHz Pulse Generator, 

variable transition time .. .............................................................. $600.00 
HP 8013A 50 MHz Dual Output Pulse Generator ...... .. .................... $500.00 
HP 8013B 50 MHz Dual Output Pulse Generator ........ .. .................. $600.00 
TEK PG502 250 MHz Pulse Generator, 

Tr<1nS, TM500 series .................. ...... ........ ........ ......................... $500.00 
TEK PG508 50 MHz Pulse Generator, 

TM500 series ................................................ ... ............................ $350.00 

VOLTMETERS 
FLUKE 845AR High Impedance Voltmeter I 

Null Detector ................................................................ ............... . $400.00 
HP 3456A 6-1/2 Digit Voltmeter, HPIB ........ ..................................... $450.00 
HP 3457A 7-1/2 digit Voltmeter, HPIB .. .............. .......................... $1,000.00 
HP 3478A 5-112 digit Multimeter, HPIB ...................... .. ............ ........ $450.00 
KEITHLEY 181 6-1/2 digtt Nanovoltmeter, 

10 nV sensttivity, GPIB ............ .......... ...... .................................... $675.00 
SOLARTRON 7081 8-1/2 digtt Voltmeter ..................................... $3,000.00 
TEK DM5010 4-1/2 digit Multimeter, 

TM5000 series plug-in .............. .. .................. ............................... $300.00 
TEK DM501A 4-1/2 digit Multimeter, 

TM500 series plug-in ................................................................... $225.00 

CALIBRATION 
FLUKE 510A AC Reference Standard, 

10VRMS, O-lOmA ...................................................................... $450.00 
FLUKE 5220A TransconductanceAmplijier. 

DC-5 kHz, 0-20 A .... .......... ...................................................... $1,400.00 

VOLTAGE SOURCES 
HP 6114A Precision Power Supply, 

0-20 V 0-2 A/ 2Q-40 V 1 A .......................................................... $850.00 
HP 6115A Precision Power Supply, 

0-50V 0-0.8A I 0-100V 0-0.4A .. .. .. ............................................... $750.00 
KEITHLEY 228 Programmable 

Voltage/Current Source ............................ ...... ........ ................. $1,900.00 

CURRENT METERS & SOURCES 
FLUKE Y5020 Current Shunt, 

20 V / 20 A max .. 1 milliohm value ................................ .............. $450.00 
HP 6177C DC Current Source, to 50 V, 500 mA .............................. $500.00 
HP 6181C DC Current Source, to 100 V, 250 mA ............................ $500.00 
HP 6186C DC Current Source, to 300 V, 100 mA ...................... .... .. $750.00 
KEITHLEY 225 Current Source, 

0.1uA·100mA,10-100Vcompliance .... ...... .... .. ......................... $450.00 
TEK CT-5 High Current Transformer for 

P6021/A6302, to 1000A ............ ...... ............................................ $375.00 
TEK P6022 AC Current Probe w/termination, 

935 Hz-120 MHz, 6 A pk .............................. ............................... $250.00 
VALHALLA 2500 AC-DC Current Calibrator, 

2 uA- 2 A, DC-10 kHz ...... .. .......................................................... $675.00 
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LC.R. 
BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH .................. $550.00 
BOONTON 72BD 1 MHz Capacitance Meter, 

2-2000 pf f.s ................................................................................. $800.00 
BOONTON 72C 1 MHz Capacitance Meter, 

1-3000 pFfull scale ..................................................................... $800.00 
GR 1658 RLC Digibridge, 120 Hz/ 1 kHz ...... ........ .... ................... $1,000.00 
HP 4262A 3-1/2 digit LCR Meter, 

120 Hz/ 1 kHz/ 10 kHz ............ ...... ...... .... ..................................... $950.00 
HP 4274A 5-1/2 digit LCR Meter. 

100 Hz-100 kHz. HPIB .......................................................... .. $3,250.00 

STANDARDS 
E.S.I. SR-1 Standard Resistor, various values ................................. $125.00 
E.S.I. SR1010 Resistance Transfer Standards, 

1 Ohm-100K/step .................................... ...... .......... ...... .......... .. . $550.00 
GENERAL RADIO 1409-series Standard Capacitors ...................... $150.00 
GR 1406-series Standard Air Capacitors, 

GR900 connector, 0.1% acc ................... ...... ............................... $275.00 
GR 1432-U 4-Decade Resistor, 

0-111.10 Ohms, 0.01 Ohm resolution ......................................... $100.00 
GR 1433-J 4-Decade Resistor, 

0-11,1100hms, 1 Ohm resolution .............................................. $150.00 
GR 1433-K 4-Decade Resistor, 

0-1, 11 O Ohms, 0.1 Ohm resolution ............................................. $150.00 
GR 1433-P 5-Decade Resistor, 

0-1.1111 Megohm, 10 Ohm resolution .... ...... ...... ...... ...... ............ $500.00 
HP 4440B Decade Capacitor, 40 pF-1.2 uF ..................................... $750.00 

HI & LO RESISTANCE 
HP 4329A High Resistance Meter ................................................ $1,000.00 

T.D.R. 
TEK 15038-03,04 T.D.R .. 0-50,000 ft., 

chart recorder & battery power ................................................ $3,000.00 

SINGLE OUTPUT 
HP 6011A0-20 V/ 0-120AJ1000 Watts max. 

CV/CC Power Supply .............................................................. $1,800.00 
HP 6033A Power Supply, 

0-20 VI 0-30 A/ 200 Watts max., HPIB .................................. $1,200.00 
HP 62018 0-20 V 0-1 .5 A CV/CC Power Supply ........ .. .................... $175.00 
HP 62038 0-7.5 V 0-3 A CV/CC Power Supply ................................ $175.00 
HP 6207B 0-160 V 0-200 mA CV/CC Power Supply ...................... .. $200.00 
HP 6263B 0-20 V 0-10 A CV/CC Power Supply ............................... $375.00 
HP 62668 Q-40 V 0-5 A CV/CC Power Supply ................................. $375.00 
HP6267BQ-40V 0-10ACV/CC Power Supply ............................... $550.00 
HP 6271B o-60 V 0-3 A CV/CC Power Supply ................................. $375.00 
HP 6274B o-60 V 0-15 A CV/CC Power Supply .............................. . $650.00 
HP 6299A 0-100V 0-750 mA CV/CC Power Supply .. ...... ................ $200.00 
HP 6384A 4.0-5.5 V at 8 A CV/CL Power Supply ............................ $125.00 
HP6443B 0-120V0-2.5 ACV/CC Power Supply ............................ $450.00 
HP 651 SA 0-1500 V 0-5 mA CV/CL Power Supply .......................... $275.00 
HP 6525A o-4000 V 0-50 mA CV/CC Power Supply ........................ $650.00 
HP 6552A 0-20 V 0-25 A CV/CC Power Supply ........................... $1,000.00 
HP 6643A 0-35 V Q-6 A CV/CC Power Supply, 

HPIB ....................................................................................... $1,200.00 
HP 6652A 0-20 V 0-25 A 500 Watt 

Programniable Power Supply, HPIB ........................................ $1,875.00 
KEPCO ATE 36-BM 0-36 V 0-8 A CV/CC 

Power Supply ............................................................................. .. $375.00 
LAMBDA LK-352-FM o-60 V 0-15 A CV/CC 

Power Supply ................................ ........................ .. ..................... $600.00 
SORENSON SRL 20-12 0-20 V 0-12 A CV/CC 

Power Supply ..... ..... .................................. ............................... .... $350.00 
SORENSON SRL 6o-B o-60 V 0-S A CV/CC 

Power Supply ............................................................................... $500.00 

MULTIPLE OUTPUT 
HP 6205C Dual Power Supply, 

Q-40 V 300 mA & 0-20 V 600 mA, CV/CL ................................... $300.00 
HP 62288 Dual 0-50V0-1 A CV/CC Power Supply ........ ................ $375.00 
HP 6253A Dual 0-20 V 0-3 A CV/CC Power Supply .... .................... $375.00 
HP 6255A Dual Q-40 V 0-1 .5 A CV/CC Power Supply ..................... $375.00 
TEK PS503A Dual Power Supply, 

TM500 series ................ ................ .. ........... ... ......... .... ... ............... $200.00 

MISCELLANEOUS 
ACME PS2L-500 Programmable Load, 

0-75V /0-75 A/ 500Watts max ................................................. $350.00 
BEHLMAN 25-C-D/OSCD-1 AC Power Source, 

250VA, 0-130VAC, 45-2000 Hz .............. .... ...... ............ ............. $850.00 
HP 59501 B HPIB Isolated 

DAG/Power Supply Programmer .. .................................. ............. $175.00 
HP 6060A 300 Watt Programmable Load, 

o-60 A/ 3-60 V, HPIB ........ .... .................................................... .. $950.00 
HP 6826A Bipolar Power Supply/ 

Amplifier, to 50 V 1 A .......... ......................................................... $900.00 
HP 6827 A Bipolar Power Supply/ 

Amplifier, to 100V 0.5 A ............................................................... $900.00 
KEPCO BOP 50-2M Bipolar Op Amp/Power Supply, 

to 50 V 2 A ............................................ ................................ .... .. . $400.00 
TRANSISTOR DEVICES DAL-50-15-100 Programmable Load, 

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

UNIVERSAL COUNTERS 
HP 5314A 100MHz/100 nS Universal Counter .............................. $175.00 
HP 5315A 100 MHz/100 nS Universal Counter .............. .......... .... ... $350.00 

Clrcle 158 on the Reader Service Card. 

HP 5315A-003100 MHz/100 nS Univ. Counter, 
1 GHz C-chamel option ...................................... ........................ $450.00 

HP 5315B 100MHz/100 nS Universal Counter .............................. $375.00 
HP 5316A 100 MHz/100 nS Universal Counter, 

HPIB ................................................ ...... ............ .. ........ .. ............. $450.00 
PHILIPS PM6672/411 120 MHz/100 nS Universal Counter, 

C-channel 70-1000 MHz ........................ ...... .............. ................. $375.00 
TEK DC5004 Programmable 100 MH:r/100nS Counter/Timer, 

TM5000 series .................. .... ....... ...... .................. ........ .... ............ $200.00 
TEK DC5009 Programmable 135 MHz Univ. Counter/Timer, 

TM5000 series ...... ....................................................................... $350.00 
TEK DC503A 125 MHz/100 nS Universal Counter, 

TM500 series ..... ................................................................ ... ....... $275.00 
TEK DC509 135 MHz/ 10 nS Universal Counter, 

TM500 series ............................................................................... $275.00 
EIP 548A-06 26.5 GHz Frequency Counter, 

w/mixers 26-60 GHz ....................... .............................. ........... $3,950.00 
EIP 578-opt's 02,05 26.5 GHz Source Locking Counter; 

GPIB & power meter opt ......................................................... $2,750.00 
FLUKE 7220A-010, 131,351 1.3 GHz Counter; 

battery power, OCXO, and res. mull. .......................................... $500.00 
HP 5342A 18 GHz Frequency Counter ............................................ $900.00 
HP 5343A-001 26.5 GHz Frequency Counter, 

OCXO reference ............ ........................................ .................. $3,000.00 
HP 5345AJ5355AJ5356A 18 GHz 

CW/Pulse Frequency Counter .................................... ............. $2,950.00 
HP 5352B-001,005 46 GHz Frequency Counter, 

ovenized xtal reference .......... .................................................. $8,500.00 
HP 5364A Microwave Mixer /Detector, 

for modulation domain an ........................................................ $2,000.00 

STANDARDS 
HP 105B Quartz Oscillator, 

0.1/ 1.0I 5.0 MHz, battery power ............................................ . $1, 100.00 

SPECTRUM ANALYSIS 
HP 3586C Selective Level Meter, 

50 Hz-32.5 MHz, 50 & 75 olvns .............. ................................ $1,200.00 

DISTORTION ANALYSIS 
HP B903A Audio Analyzer, 20 Hz-100 kHz .................................. $1,200.00 

RMS VOLTMETERS 
FLUKE B922A True RMS Voltmeter, 

180uV-700V,2Hz-11 MHz .................. .................................. .. .. $450.00 

OSCILLATORS 
TEK SG502 Sine/Square Osc .. 

5 Hz-500 kHz, 70 dB step atten .. TM500 .. .. ................................. $200.00 
TEK SG505-opt.02 Oscillator, 

1 O Hz-100 kHz; IM test & 50/150/600 Ohms ............................... $950.00 
WAVETEK 98 1 MHz Synthesized Power Oscillator, 

GPIB$950.00 

MISCELLANEOUS 
HP 3575A Phase-Gain Meter, 

1 Hz-13 MHz, single display ........................................................ $600.00 
HP 3575A-001 Phase-Gain Meter, 

HP i;;A1~:~-::nu;ff:~~y .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ft~:gg 
KROHN-HITE 3200 High Pass I Low Pass Filter, 

20 Hz-2 MHz, 24 dB/octave .... .................................................... $275.00 
KROHN-HITE 3202 Dual HP/LP/BP/BR Filter, 

20 Hz-2 MHz, 24 dB/octave .... .......................................... .......... $450.00 
ROCKLAND 852 Dual Highpass/Lowpass Filter, 

0.1 Hz-111 kHz .......................... .................................................. $650.00 
TEK AM502 1 MHz Differential Amplifier, 

TM500 series .......................................................................... ..... $450.00 

SPECTRUM ANALyzERS 
HP 11517AJ18AJ19A/20A Mixer Set, 

12.4-40.0 GHz, for HP 8555A/B569A .......................................... $500.00 
HP 11970A WR28 Harmonic Mixer, 26.5-40 GHz ........................ $1, 100.00 
HP 11970K WR42 Harmonic Mixer, 18.0-26.5 GHz ..................... $1, 100.00 
HP 119700 WR22 Harmonic Mixer, 33-50 GHz .......................... $1,400.00 
HP 11970U WR19 Harmonic Mixer, 4Q-60 GHz ........................... $1,600.00 
HP 11971 A WR28 Harmonic Mixer, for HP 8569B .............. .... ......... $800.00 
HP 11971 K WR42 Harmonic Mixer, for HP 8569B .. ......................... $800.00 
HP 8449B Preamplifier, 1.0-26.5 GHz .......................................... $4,500.00 
HP 8559AJ853A-001 Spectrum An., 

0.01-21 GHz. 1 kHz res .. w/rackmount frame ........................ .. $3,500.00 
HP 85640A Tracking Generator, 

300 kHz-2.9 GHz, for HP 8560 series ..................................... $5,000.00 
HP 8565A-100 Spectrum Analyzer, 

10 MHz-22 GHz, 100 Hz min. res. bw ..................................... $3,000.00 
HP 856BB Spectrum Analyzer, 

100 Hz-1 .5 GHz, 10 Hz min. res ................... ................ .......... $8,500.00 
HP 8569B Spectrum Analyzer, 

10 MHz-22 GHz, 100 Hz min.res.bw ................. .. .... .. .............. $5,500.00 
TEK WM782V WR15 Harmonic Mixer, 50-75 GHz ................ ...... $1,500.00 
HP 11650A Networ1< Analyzer Accessory Ktt, 

APC7 ........................................................................................... $600.00 

NETWORK ANALYZERS 
HP 11665B Modulator, 0.15-18 GHz, 

for HP 8755/6{7 ........................................................................... $250.00 
HP 3577 A Network Analyzer, 5 Hz-200 MHz ............................... $7 ,500.00 
HP 8502B 75 Ohm Transmission/ Reflection Test Untt, 

0.5-1300 MHz .... ...... ................................ ...... .......... ........ ...... ...... $675.00 
HP 85044B 75 Ohm Transmission/Reflection Test Untt, 

300 kHz-2 GHz ...... ...... ...... ...................................................... $1,600.00 
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HP 85054A Type N Calibration Kit, 
for HP 8510 series .... ... ........................ .. ........ ...... ... .... ...... ... .... $1 ,800.00 

HP 8717 A Transistor Bias Supply ...................... .. ........ ........ .. .... ... ... . $500.00 
HP 8756A Scalar Network Analyzer, HPIB ..... .... ......................... $1 ,375.00 

C.P.I. VZC6961K1 TWT AmplHier, 
35 dB gain, 4-8 GHz, 20 Watts ........ .................................. .... .. $3,500.00 

ENI 5100L AmplHier, 50 dB gain, 
1.5-400 MHz, 100 Watts .......................................................... $7,500.00 

HUGHES 45773H-1100 WR19 Thermistor Mount, 
-20to+10 dBm, 4Q-60 GHz ....... ...... ............. ................. ...... ...... . $650.00 

HUGHES 45774H-1100 WR15 Thermistor Mount, 
-20to+10 dBm, S0-75 GHz .... ... ................ .. ... ........ ....... ...... ....... $750.00 

HP R85026A WR28 Detector, 
26.5-40 GHz, for HP 8757 series ........ .. ......... ..... .... ........ ... ... .. $1 ,200.00 

ENI 525LA Amplifier, 50 dB gain, 
1-500 MHz, 25 Watts ....... ............................. ............ ............... $3,250.00 

HUGHES 47316H-1111 WR10 Tuneable Detector, 
75-110 GHz, positive polarity ...................... ....... ..... ........... ...... ... $600.00 

SIGNAL GENERATORS 
FLUKE 6060A Synthesized Signal Gen., 

0.1-1050 MHz, 10 Hz res .................... .................................... $1,500.00 
FLUKE 60608/AK Synthesized Signal Gen., 

0.1-1050 MHz, 10 Hz res ........ .. ............ .. ....... ......................... $1,900.00 
GIGATRONICS 1026 Synthesizer/Sweep Generator, 

50 MHz-26 GHz, 1 MHz/step .... ....... ...... ...... ..... ...................... $6,000.00 
GIGATRONICS 600/S-12 Synthesized Source, 

S-12 GHz, 1 MHz res., GPIB ... ............ ... ........... .. .................... $1,800.00 
GIGATRONICS 6000/8-16 Synthesized CW Gen., 

8-16 GHz, 1 MHz res., +10 dBm ......... .................................... $2,250.00 
GIGATRONICS 875.150 Levelled Multiplier, 

x4, 50.0-75.0 GHz output, -3 dBm ...... ................. ...... .......... ... $2,500.00 
GIGATRONICS 900/2-8 Synthesized SignaVSweep Gen., 

2-8 GHz, 1 MHz res.,GPIB .... ...... ....... ...... ...... ... ... ...... ....... .... .. $2,000.00 
HP 11707 A Test Plug-in for HP 8660 series .. ...... ..... ...... ........... ...... . $500.00 
HP 11720A Pulse Modulator, 

2-18 GHz, 80 dB on/off ratio ....... .... .................. .......................... $450.00 
HP 3335A-001 Synthesizer/ Level Gen., · 

200 Hz-81 MHz, -87to+13 dBm .... ...................... ..... ............ .. $3,500.00 
HP 8656B-001 Signal Generator, 

0.1-990 MHz, 10 Hz res., HPIB, OCXO ......................... ....... .. $2,750.00 
HP 8660C/86603A/86633B Synthesized Signal Generator, 

1-2600 MHz, AM, FM ....... ............ ... ... ..... .......................... ...... $3,250.00 
HP B660D/86603A-002 Synthesizer, 

1-2600 MHz, phase modulation (86635A) .............................. $6,000.00 
HP B672A Synthesized Signal Generator, 

2-18 GHz, +3 dBm output ....... ..... ........................................... $4,500.00 
HP 8673H-212 Synthesized Signal Generator, 

2.0-12.4 GHz, 1 kHz res . .... ......... .... ...... ... .... ............. ...... ... .. ... $8,750.00 
HP 8673M Synthesized Signal Generator, 

2-18 GHz, +8 dBm Po .... .......... .......... ................. ...... ...... ... ..... $9,500.00 
HP 8683B Signal Generator, 

2.3-6.5 GHz, AMI WBFM/ Pulse ...................................... ...... . $2,250.00 
HP 8683D Signal Generator, 

2.3-13.0 GHz, AM/ WBFM/ Pulse ................. .......... ................ $3,750.00 
HP 8684B Signal Generator, 

5.4-12.5 GHz, AM/WBFM/ Pulse .................. ......... ......... ...... . $3,000.00 
HP 8684D-001 Signal Generator, 

5.4-18.0 GHz, AM/WBFM/Pulse, +10 dBm ...................... ... .... $3,750.00 
WAVETEK 952 Signal Generator, 

1-4 GHz, + 10 dBm, AM, FM ...... ...... ...... ........... ..... .. ...... ...... ....... . $750.00 
WAVETEK 954 Signal Generator, 

3.7-7.6 GHz, +7 dBm, AM, FM ...... ... ... ......... ... ..... ... ......... .. ......... $750.00 
WAVETEK 957 Signal Generator, 

12-18 GHz, +7 dBm, AM, FM ...................................................... $750.00 
SWEEP GENERATORS 
HP 8350B/83522A Sweep Oscillator, 

10-2400 MHz, + 13 dBm levelled .... ....... ..... ............... ........ ..... . $3,900.00 
HP 8350B/83540A-002,004 Sweep Oscillator. 

2.0-8.4 GHz, 70 dB step attenuator ......... .... ...... .. ................. .. $3,900.00 
HP 8350B/83545A-002 Sweep Oscillator, 

5.9-12.4 GHz, 70 dB step attenuator ........................... ........... $3,900.00 
HP 83570A RF Plug-in, 

18.0-26.5 GHz, +10 dBm lellelled .... ..... ........................... ....... $6,000.00 
HP 8601 A Generator/Sweeper, 

0.1 -110 MHz, +20 dBm lellelled ................. ....... ................... ....... $400.00 
HP 8620C Sweep Oscillator Frame ..................... .......... .. .............. ... $550.00 
HP 862228-002 RF Plug·in, 

10-2400MHz, +13 dBm Md., 70 dB step alt ........... .. ............. $1,250.00 
HP 86222B-E69/8620C Sweep Oscillator, 

0.01 -2 GHz & 2-4 GHz, +10dBm, wlframe ...................... ....... $1,200.00 
HP 86241A-001 RF Plug-in, 

3.2·6.5 GHz, +8 dBm levelled .. .. ...... ...... ...... ... .................... ...... .. $300.00 
HP 86260A·H04 RF Plug-in, 

10.0-15.0 GHz, + 10 dBm unlevelled .... ........ ...... ..... ............. ....... $400.00 
HP 86290A RF Plug-in, 

2.0-18.0 GHz, +7 dBm levelled .... ...... ........ ............................. $1,200.00 
HP 86290B RF Plug-in, 

2.0-18.6 GHz, +10 dBm levelled ........................ .... ........ ......... $1,650.00 
HP 86290C RF Plug-in, 

2.0-18.6GHz, +13dBmlevelled ......... .. ... ... ....... .. ... ................ $1,850.00 
WAVETEK 2001 Sweep Generator, 

1-1400MHz,+10 dBm, 70 dB step atten . ...... ............................. $900.00 
WAVETEK 2002B Sweep Generator, 

1-2500 MHz, +13 dBm, 70 dB att., GPIB ... .................. .. ....... .. $1,750.00 
WILTRON 6647M Programmable Sweep Generator, 

10 MHz-20 GHz, +10 dBm .... ......... .................... ........ ....... ...... $4,500.00 
WILTRON 6717B-20 Freq. SynthJ Sweeper, 

10 MHz-8.4 GHz, + 13 dBm, AM, FM .................. .................... $6,500.00 
POWER METERS 

HP 11713A Switch/ Attenuator Driver, 
HPIB ........................................................................................... $900.00 

HP 117298-003 Carrier Noise Test Set, 

HP~~~z:~RG~!t~~· : : ::::::: : ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.~.2&gg:gg 
HP 8406A Comb Generator, 

1/ 10/ 100 MHz increments, to 5 GHz ................ ...... ................. .. $500.00 
HP 8447A Amplifier, 

20 dB, 0.1-400 MHz, 5 dB NF, +6 dBm output ........ .................... $375.00 
HP 8447E AmplHier, 

22 dB, 0.1-1300 MHz, +13 dBm output .............. ............. ..... .. .. ... $750.00 
HP 8447F-H64 Dual Amp., 

9 kHz-50 MHz 28 dB & 0.1-1300 MHz25 dB ............................ $900.00 
HP 8901A Modulation Analyzer, 

150 kHz-1300 MHz ...... ...... ...................................................... $1,500.00 
HP 8901 B-1,2,3 Modulation An., 

0.15-1300 MHz, rear input, OCXO, ext.LO ............................. $2,000.00 
HP 8970A Noise Figure Meter ...................................................... $3,750.00 
HUGHES 1177H1 OFOOO TWT Amplifier, 

>30 dB gain, 1.4-2.4 GHz, 20 Watts ................. ....................... $2,500.00 
HUGHES8010H13FOOOTWT Amplifier, 

>30 dB gain, 3-8 GHz, 10 Watts ... ... ........................................ $2,500.00 
RACAL 9009 Modulation Meter, 

3D-1500 MHz, AM & FM (1.5-100 kHz pk) ....................... .... ....... $375.00 
RF POWER LABS ML50 Amplifier, 

2-30 MHz, 47 dB gain, 
50 Watts, metered, 28V ... ....... ....... .................. .............. .............. $225.00 

ROHDE & SCHWARTZ ESH2 Test Receiver, 
9 kHz-30 MHz .... ............. ............ .... ..... ... ................. .............. .. $3,750.00 

AEROWAVE 26-3000/10 WR28 Directional Coupler, 
10 dB, 26.5-40 GHz .................................................................... . $300.00 

AMERICAN NUCLEONICS AM-432 Cavity Backed Spiral Antenna, 
LHC, 2-18 GHz,TNC(f) ·NEw· ....... ....... ............ ............................ $95.00 

AVANTEK AMT-400X2 WR28 Active Doubler, 
+ 10 dBm i!V + 10 dBm out 2!>-40 GHz ...... ............ ... ....... ............. $450.00 

BIRD 8201 500 Watt Oil Dielectric Load, 
DC-2.5 GHz, N(f) ............................ ........ ....................... ...... ........ $350.00 

FXR/MICROLAB SL-03N Stub Stretcher, 
0.3-6.0 GHz, 100 Watts max., N(m/I) ............................................ $75.00 

GR 874-LTL Constant Impedance Trombone Line, 
0-44 cm, DC-2 GHz ..... ........ ...... .................................................. $400.00 

HP 11590A-001 Bias Network, 
1.0-18.0 GHz, APC7 ................... ........ .... ...... ....................... ........ $450.00 

HP 116910-001 Directional Coupler, 
22 dB, 2-18 GHz, N(f)-all ports ......................... .......................... $450.00 

HP 116920 Dual Directional Coupler, 
22 dB, 2-18 GHz .......................................................................... $800.00 

HP 33327L-006 Programmable Step Attenuator, 
0-70 dB, DC-40 GHz, 2.9mm .................................................. $1,000.00 

HP 7780-011 Dual Dir. Coupler, 
20 dB, 100-2000 MHz, APC7 test port ........................................ $450.00 

HP 8431A 2-4 GHz Band Pass Filter, 
N(m/I) ....... ... .. ......................................... ............ ......................... $150.00 

HP 8494G-002 Programmable Step Attenuator, 
0-11 dB, DC-4 GHz, SMA ........ ...................... .•... .............••......... $350.00 

HP 87300C-020 Directional Coupler, 
20 dB, 1.0-26.5 GHz, 3.5mm .......... ................................ ............ $475.00 

HP K422A WR42 Flat Broadband Detector, 
18.0-26.5 GHz ......... .............. .... ....... ........................................... $350.00 

HP K532A WR42 Frequency Meter, 
18.0-26.5 GHz ............ .. ........ ............ ............ ...... ...................... .. . $450.00 

HP K752A WR42 Directional Coupler, 
3 dB, 18.0-26.5 GHz ............ ... ........................................ .. ......... .. $450.00 

HP K752C WR42 Directional Coupler, 
10 dB, 18.0-26.5 GHz .... ........... .. .. .. ............................................. $450.00 

HP K752D WR42 Directional Coupler, 
20 dB, 18.0-26.5 GHz ................................................. ................. $450.00 

HP K870A WR42 Slide Screw Tuner. 
18.0-26.5 GHz .................................................... ......................... $275.00 

HP K914B WR42 Moving Load, 
18.0-26.5 GHz .................................................... .................. ....... $300.00 

HP Q752D WR22 Directional Coupler, 
20 dB, 33-50 GHz .... ... ................................................................. $650.00 

HP R422A WR28 Crystal Detector, 
26.5-40 GHz .... ... ... ............ .......................................................... $400.00 

HP R752D WR28 Directional Coupler, 
20 dB, 26.5-40 GHz .............................. .. .... .... ............................. $450.00 

HP R914B WR28 Moving Load, 
26.5-40 GHz .......... ....... ............ ... ................................................ $250.00 

HUGHES 47741H-2310 WR28 Phase Locked Gunn Osc., 
32.000GHz,+18 dBm ............ ..... .................. ......... .. ............ ... $2,000.00 

HUGHES 47742H-1210WR22 Phase Locked Gunn Osc., 
42.000GHz,+18dBm ........ .. .. ..... ............ .. ............. ................. $2,750.00 

KRYTAR 201020010 Directional Detector, 
1-20 GHz, SMA(f/f)/SMC ... ............... ........ ................................... $200.00 

KRYTAR 2616S Directional Detector, 
1.7-26.5 GHz, K(f/mYSMC ............ .. ............................................ $200.00 

M/A-COM 3-19-300/10WR19 Directional Coupler, 
1 O dB, 40-60 GHz .... ...... .. ...... .. ... ...... ...... ...... ....... .................. ...... $450.00 

MICA C-121 S06 Circulator, 
17.5-24.5 GHz, SMA(f/r!Vm) ........ .... ....... ..... ... ... ..... ........... ........... . $75.00 

NARDA 300Q-series Directional Couplers ..... ..... ...... .. ...................... $150.00 
NARDA 3020A Bi-Directional Coupler, 

50-1000 MHz, N .. ............. ......... ............ ...... ...... ......... ................. $500.00 
NARDA 3024 Bi-Directional Coupler, 

20 dB, 4-8 GHz .......... ...... .......... .............. ......................... ..... ...... $375.00 
NARDA 3090-SERIES 

Precision High Directivity Couplers ... .. ........................................ $225.00 
NARDA 368BNM Coaxial High Power Load, 

500 Watts, 2.0-18 GHz, N(m) ...... ........... .................. ...... ..... ...... .. $500.00 
NARDA 3752 Coaxial Phase Shifter, 

0-180 degJGHz, 1-5 GHz ................................ ....... ..................... $900.00 
NARDA 3753B Coaxial Phase Shifter, 

0-55 deg./GHz, 3.5-12.4 GHz ................................. ................... . $950.00 
NARDA 4000-SERIES 

SMA Miniature Directional Couplers .... .... ........................... .. ...... .. $75.00 
NARDA 4247-20 Directional Coupler, 

20 dB, 6.0-26.5 GHz, 3.5mm(f) ........ ........................................... $200.00 
NARDA 5070-series 

Precision Reflectometer Couplers .... .................. .. ............ .......... . $300.00 
NARDA 562 DC Block, 

10 MHz-12.4 GHz, 100V max., N(m/I) ... ....... ........ .. ... .................. $65.00 
NA RDA 765-1 O 1 O dB Attenuator, 

50 Watts, DC-5 GHz, N(m/I) ....... ...... ............ ... ........................... . $165.00 
NARDA 791 FM Variable Attenuator, 

0-37 dB, 2.0-12.4 GHz ............................... .......... ...................... . $600.00 
NARDA 792FF Variable Attenuator, 

0-20 dB, 2.0-12.4 GHz .................................................... ... ... ...... $375.00 
NARDA 793FM Direct Reading Variable Attenuator, 

0-20 dB, 4-8 GHz ..... ...... ....... .. ..... .. .................................. ... ........ $225.00 
NARDA 794FM Direct Reading Variable Attenuator, 

Q-40 dB, 4-8 GHz ........ .......... ............ ...... ..... ............................... $375.00 
OMNI-SPECTRA 2085-6010-00 Crystal Detector, 

1-18 GHz, negative polarity, SMA(m/I) ... .. .................................. ... $50.00 
PAMTECH KYG1014 WR42 Junction Circulator, 

18.0-26.5 GHz ................. ............ .... ..... ................. .. ...... ...... ........ $250.00 
SONOMA SCIENTIFIC 21A3 WR42 Circulator, 

20 dB, 20.S-24.8 GHz .......... ....... .... ...... ... ...... ....... .... ..................... $75.00 
TEKTRONIX 2701 Step Attenuator, 

0-79 dB, DC-1 GHz, AC or DC coupled ........................ ... ........ ... $175.00 
TAG B510 WR22 Direct Reading Attenuator, 

0-50 dB, 33-50 GHz ............................................. ........... .... .. ...... $900.00 
TAG V551 WR15 Frequency Meter, 50-75 GHz .................. ..... ....... $600.00 
TAG W510 WR10 Direct Reading Attenuator, 

0-50dB, 75-110GHz ............................... ............................... $1,000.00 
TAG W551 WR10 Frequency Meter, 75-110 GHz .......................... . $750.00 
WAVELINE 100080 WR28 Terminated Crossgl.ide Coupler, 

30 dB ..................................................... ...................................... $200.00 
WEINSCHEL 15Q-110 Programmable Step Attenuator, 

0-110 dB, DC-18 GHz, SMA ........... .............. ....... .................. ... .. $450.00 
WEINSCHEL DS109 Double Stub Tuner, 

1-13GHz, N(m/I) ............. ..... ... ................................. ...... ....... ... ... $150.00 
WEINSCHEL DS109LL Double Stub Tuner, 

0.2-2.0 GHz, N(m/I) ......... .................................. ....... ..... .............. $150.00 

HP 37204A-003 HPIB Extender, 
fibre-optic connection •NEW OLD STOCK• ........... .................... $250.00 

HP 4935A Transmissi·on Impairment Measuring Set ...................... .. $600.00 
HP 59401A HPIB Bus Analyzer .... ............................................ ........ $375.00 
TAMPA MICROWAVE LAB BUC1W-02-W-CST Ku band Upconverter, 

1Watt14.0-14.5GHzWR75 •NEW• ....... ....... ...... .. .............. .. ..... $225.00 
TEK 1411R PAL Gen.,w/SPG 12 sync;TSG11 color bars; 

TSG13 linearity .......... .. .......................... .. ...... .... ........ .................. $750.00 
TEK 1411R PAL Test Gen., 

w/SPG12,TSG11 ,TSG13,TSG15,TSG16 ...... ......................... $1,000.00 
TEK 1411R PAL Test Gen., 

w/SPG12,TSG11,TSG12,TSG13,TSG15,TSG16 ..... ..... ......... $1,100.00 
TEK 1411R-opt.04 PAL Test Gen.,w/ 
SPG12,TSG11,TSP11 ,TSG13,TSG15,TSG16 .......... ......... ......... $1,400.00 

BOONTON 428/41-4E Analog Power Meter, 
with 1 MHz-18 GHz sensor ............................ .. ...... .. .... .. .. ........... $450.00 

HP 4358/8481A Power Meter, 
-30 to +20 dBm, 10 MHz-18 GHz ........... ...... ............................. .. $900.00 

HP 436A-022/8481A Power Meter, 
-30 to +20 dBm, 10 MHz-18 GHz, HPIB ...... ....... ...... ...... ........ $1 ,200.00 

HP 436A-022/8484A Power Meter, 
-70 to -20 dBm, 10 MHz-18 GHz, HPIB ................................ .. $1 ,200.00 

HP Q8486A Power Sensor, 
33.0-50.0 GHz, WR22, for 435/617/8 ....................................... $1,500.00 

HP R8486A WR28 Power Sensor, 
26.5-40 GHz, for HP 435.1617/8 ... ........ ....... ..... ......... .... ...... ..... . $1 ,500.00 

RF MILLIVOLTMETERS 
BOONTON 92C RF Millivoltmeter, 

3mV-3Vf.s., 10kHz-1.2GHz ... ......... ...... ...................... ..... ...... . $500.00 
RACAL-DANA 9303 RF Millivoltmeter, 

10 kHz-2 GHz, -70 to +20 dBm .... .... ... ... .. ... ...... .......................... $750.00 
AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RESEARCH 4W1000 Amplifier, 

40 dB gain, 4 Watts, 1-1000 MHz .................. .............................. $950.00 
BOONTON 82AD Modulation Meter, ' 

AM I FM, 10-1200 MHz ..... ...... ...... .... ......................... ... .............. $650.00 

HP V365A WR15 Isolator, 
25 dB, S0-75 GHz ....... ................. ..... ........................................... $750.00 

HP V752D WR15 Directional Coupler, 
20 dB, S0-75 GHz .... .................................................................... $650.00 

HP X870A WR90 Slide Screw Tuner ....................... ............. ............ $150.00 
HUGHES 45322H-1110/1120WR22 Directional Couplers, 

10 or 20 dB, 33-50 GHz ............ ............................................ ...... $350.00 
HUGHES 45712H-1000 WR22 Frequency Meter, 

33-50 GHz ................................................................................... $750.00 
HUGHES 45714H-1000 WR15 Frequency Meter, 

S0-75 GHz ............................................................................ ....... $900.00 
HUGHES 45721 H·2000 WR28 Direct Reading Attenuator, 

0-50 dB, 26.5-40 GHz ............... : ..... ....................................... $1,000.00 
HUGHES 45722H-1000 WR22 Direct Reading Attenuator, 

0-50 dB, 33-50 GHz ........ .......................................... ............ .. $1,000.00 
HUGHES 45724H-1000 WR15 Direct Reading Attenuator, 

0-50 dB, S0-75 GHz .. ........... ..... ....... ............... ........................ $1,000.00 
HUGHES 45732H-1200 WR22 Level Set Attenuator. 

0-25 dB, 33-50 GHz .................. ............................ ...................... $250.00 
HUGHES 45752H-1000 WR22 Direct Reading Phase Shifter, 

0-360 deg.,33-50 GHz ............................................................. $1,400.00 
HUGHES 45772H-1100 WR22 Thermistor Mount, 

-20 to + 1 O dBm, 33-50 GHz .. ......... ........ ..................................... $400.00 

TEK 147A NTSC Test Signal Generator, 
with noise test signal .... .... ............................ ..... ........ .. ................ $800.00 

TEK 148 PAL Insertion Test Signal Generator ........ ... .............. ..... ... $700.00 

~~~~ ~~!~~~.:::: : ::: :: ::::::::::::::::::::: ::: :: : : : : ::::: :::::: : ::: : :: :~~g:gg 

EG&G I P.A.R. 5302 / 5316 Lock-in Ampl~ier, 
100 mHz-1 MHz, GPIB I RS232C ........... ..... ........................... $2,250.00 

FLUKE 2180A RTD Digital Thermometer ..... ....... ............................ $500.00 
HP 59307 A HPIB VHF Switch ........... .. ..................... ...... .................. $200.00 
P.A.R. 520!>-95,98 Two-Phase Lock-in Amp., 

2 Hz-100 kHz, GPIB ................ ... ............ ..................... ...... .. .... $1,500.00 
TEKTM5003 SOOO-series 

3-slot Programmable Power Module ...... ..... ......... ....................... $450.00 
TEK TM5006 SOOO-series 

6-slot Programmable Power Module .... .. ..... ............ .. ..... .... ......... $500.00 
TEK Tt.1504 500-series 4-slot Power Module .... ........ ..................... .. $175.00 
TEK Tt.1506 500-series 

6-slot Power Module .. ............................................... ....... ... ......... $250.00 
TEKTt.1515500-series 

5-slot Traveller Power Module ......................... ....................... ...... $250.00 
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by Jon Williams 

STAMPS IN THE LAB 

tamp Plot Lite is a fully configurable, general-purpose 
graphing and datalogging utili ty. Stamp Plot Lite takes 
advantage of the BS2's DEBUG command, w hich is, in 

fact, the same as SEROUT at 9600 baud on pin 16. Stamp Plot Lite 
takes the information sent by DEBUG and deals with it accordingly: 

If the data is a decimal number, it is graphed as the analog 
value. 

If the data is prefixed by "%" (by using the IBIN modifier), it 
is assumed to be binary data and the individual channels (up to 9) 
are graphed as digital (ON or OFF) values. 

If the data is prefixed by "!", it is processed as one of the var­
ious Stamp Plot Lite commands. 

If the data doesn't fit either of the above categories, it is 
considered a general message and placed in a text box on the bo t­
tom of the screen. 

When Parallax intro­

duced the BS2, I can 

remember thinking 

about what a great lab 

interface it would be. 

It's got 16 1/0 lines, all 

kinds of neat functions, 

and a serial interface 

to the PC that doesn't 

take away any of the 

1/0 structure. Well , 

aside from a few exper­

iments, I didn't do 

much in this regard. 

Thankfully, the clever 

guys at SelmaWare 

Solutions did. These 

guys have developed 

a really neat little pro­

gram called Stamp Plot 

Lite that you c an freely 

download from their 

site or from Parallax. 
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The really neat part of the pro­
gram is that it requires no set-up. 
The Stamp sends all of the set-up 
information for the graph after 
Stamp Pl ot Lite is connected. 
Since Stamp Plot Li te is so amaz­
ingly easy to use, I won't go into a 
great deal of detail here. Th ere are 
a couple of notes that I do want to 
cover though before we get in to a 
Stamp program that uses it. 

First, Stamp Plo t Lite will only 
graph one analog value. (Note: By 
the time you read this article, a 
"pro" version that graphs mul tiple 
analog channels wi ll be available.) 
The second note is on the "X" (hor­
izontal) axis of the scale. This axis 
always represents seconds as 
Stamp Plot Li te w ill time stamp 
info rmation as it arrives (the time 
stamp is relative to th e start of the 
graph). If you want to graph for a 
specific period, you'll need to 
express the period in seconds to 
keep things straight. 

Since Stamp Plot Li te is eas ier 
to explain by putting it through its 
paces, let's assemble some simple 
hardware and give it a run . 

Projed Hardware 

If you have a Parallax BASIC 
Stamp Activity Board (BSAC) and a 
Dallas Semiconductor DS 1620 
temperature sensor, you're ready 
to rock-and-roll. If you don't, the 
schematics in Figures 1, 2, and 3 
will get you there. 

Figure 1 is the programming 
port and DEBUG interface. The 
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capacitors on the ATN line allow the Stamp to be reset by the PC, 
but will block a steady state on the serial DSR line. This will be 
important later when we connect the Stamp to a terminal program. 
Note that if you have an older BSAC that on ly has one capacitor, 
you' ll want to replace it w ith a two-pin header and removable 
jumper. The jumper wi ll be installed for programming and removed 
for general serial communications. 

Figure 2 is the button inputs and LED outputs (that w ill be used 
a little later). In case you're wondering why we've spl it the resi stor 
on each 1/0 line into two ... this configuration protects th e 1/0 pin 
if it is in a HIGH (5 volts) state and th e button gets pressed. Th e 330-
ohm resistor limits the current to about 14 milliamps - a safe level 
for th e pin . 

Figure 3 is the interface to the Dallas DS 1620 temperature sen­
sor. Since we've covered the DS 1620 on several occasions, we 
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won't go into any detail about its workings. Refer to past articles by Scott 
Edwards and me for operational details of the DS1620. 

How Well Is That A/C Working? 

For reasons I can't explain, I'm nutty about knowing the temperature. 
That's probably why we're using the OS 1620 again. It also gives me an 

' Nuts & Volts - Stamp Applications 
' July 2000 (Listing 1) 

' Program .. . TEMPPLOT.BS2 
' Author .. .. Jon Williams 
' Started .. . 29 MAY 2000 
: Updated ... 29 MAY 2000 

'. -----[ Program Description }--------------------------------------------

, Plot temperatures measured by a DS1620 using Stamp Plot Lite from 
'. SelmaWare Solutions (www.selmaware.com) 

: -----[ Revision History }-----------------------------------------------

'. -----[ 1/0 Definitions }------------------------------------------------

Rst 
Clk 
DQ 

CON 
CON 
CON 

13 
14 
15 

'DS1620.3 
'DS1620.2 
'DS1620.1 

' -----[ Constants ]------------------------------------------------------

'DS1620 commands 

RT mp CON $AA ' read temperature 
WTHi CON $01 'write TH (high temp) 
WT Lo CON $02 ' write TL (low temp) 
RTHi CON $A1 'read TH 
RT Lo CON $A2 'read TL 
StartC CON $EE ' start conversion 
StopC CON $22 ' stop conversion 
WCfg CON $0C ' write config register 
RCfg CON $AC ' read config register 

'. -----[ Variables ]------------------------------------------------------

tmpln VAR 
halfBit VAR 
sign VAR 
tempF VAR 

Word 
tmpln.BitO 
tmpln.Bit8 
Word 

'raw data from DS1620 
' 0.5 degree C indicator 
' 1 = negative temperature 
' degrees F in tenths 

' -----[ EEPROM Data }---------------------------------------------------­
' 

opportunity to 
see the accuracy 
of my air condi­
tioner's thermo­
stat and I suppose 
how well the insu­
lation in my apart­
ment is working. 

Take a look at 
Listing 1 (TEMP­
PLOT.BS2). The 
purpose of this 
program is to 
measure the tem­
perature every 
second for an hour and send it to Stamp Plot Lite for graphing. 

Let's talk specifically about the interface to Stamp Plot Lite. We'll start in 
the section labeled lnit_Graph. The first thing we do is issue the reset com­
mand, !RSET. This will clear the contents of the Stamp Plot Lite screen. 
Notice that the DEBUG command is terminated with CR (carriage return 
character - same as 13 ). This is very important. The CR character lets Stamp 
Plot Lite know that the string has been entered and can be processed. 

The next several commands are used to set up the graph. We'll start 
with the "Y" (vertical) axis. The !SPAN command sets the lower and upper 
limits of the graph. Since we're interested in monitoring the temperature in 
my living room, we've used "!SPAN 70,80" to set the lower limit of the graph 
to 70 degrees and the upper limit of the graph to 80 degrees. 

The next command - !AMUL - is very clever. This command stands for 
"Analog Multiplier." What Stamp Plot Lite does is multiply the analog value 
by this multiplier before sending it to the graph. This is great for converting 
raw sensor data to values that are meaningful. In our case, temperature is 

' -----[ Initialization ]-------------------------------------------------

lnit_DS1620: 
HIGH Rst 
' use with CPU; free run mode 
SHIFTOUT DQ,Clk,LSBFIRST,[WCfg, %10) 
LOW Rst 
PAUSE 10 
HIGH Rst 
' start temp conversion 
SHIFTOUT DQ,Clk,LSBFIRST,[StartC] 
LOW Rst 

lnit_Graph: 
DEBUG '!RSET' , CR 
DEBUG "!SPAN 70,80', CR 
DEBUG "!AMUL 0.1", CR 
DEBUG "!CLMM" 
DEBUG '!TMAX 3600', CR 
DEBUG "!PNTS 3600', CR 
DEBUG "!MAXS", CR 
DEBUG "!TSMP ON', CR 

DEBUG '!TITL Jon's Home Temp', CR 
DEBUG '!USRS Temperature in Fahrenheit', CR 
DEBUG '!CLRM', CR 
DEBUG 'Reset and monitoring temperature', CR 

DEBUG '!PLOT ON', CR 

' -----[ Main ]-----------------------------------------------------------

Main: GOSUB GetTemp 
IF sign= 0 THEN NotNeg 
tmpln = 0 

NotNeg: tempF = (tmpln • 9) + 320 
DEBUG DEC tempF, CR 

PAUSE 990 

GOTO Main 

'. -----[ Subroutines ]----------------------------------------------------

GetTemp: 
HIGH Rst 
SHIFTOUT DQ,Clk,LSBFIRST,[RTmp) 
SHIFTIN DQ,Clk,LSBPRE,[tmpln\9} 
LOW Rst 

' RETURN 

'alert the DS1620 

'allow DS1620 EE write 

' clear graph 
' disply 70 - 80 degrees 
' convert from tenths 
' clear min/max values 
' 1 hour scale 
' graph every second 
' stop when graph full 
' enable time stamping 

'set window title 
' graph legend 
' clear messages 
' message box 

' enable plotting 

' get the raw temperature 
'if positive, okay 
' - otherwise make zero 
' convert to 1 Oths F 
' send to Stamp Plot Lite 

' wait about 1 second 

'do it again 

' alert the DS1620 
' read temperature 
' get the temperature 
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Basic Stamp Users ! 
Program PICmicros in BASIC from Windows ! 
With our easy to use Basic Compiler. Full Basic 

Stamp 2 Compatibility ! Starting at $99.95 

• Unlimited Code Size 

[ 

•Windows IDE 

0 : No More $50.00 Modules 
12C, LCD, RS-232, PWM 

• Easy Access to AID, UARTS 

Pay a small up front fee and save on long tenn cost, 
$5.00 per PICmicro vs. $50.00 per stamp? 

"Basic Stamp rs a registered trademark of ParallaK Inc. 

Getting Started Kits 
Programming PICmicros has never been easier ! 

Kits come with everything to get started ! Test code 
changes on-the-fiy without unplugging or switching 

cables around 1 Starting at $159.95 

\~..;.'-' ._,, Kits Include: 

\~ = : ::g~:~~~ BASIC Compiler 

\
. ~. r:--=~' • ISP-PRO Programmer 
~ • Power Supply 

• Development Board 

Nuts & Volts special - FastPIC 18 Combo Only 
$179.95 with mention of this ad! 

PICmicro Tools 
We offer several low cost, high end development 
tools for Microchip's PICmicros ! Visit our website 

for more products at www.basicmicro.com 

ISP-PRO Programmer 
PICmicros - Scenix SX - 12C - Atmel 
In circuit or on board ! Firmware 
upgradable 1 Optional ZIF adapter 
available. Includes Windows IDE 
program software' Only $59.95 

Development Boards 
Built in Solderless Bread Board, 
In System Programmable (ISP). 
RS232 (w/ Max232), Power 
Supply, Removable Resonator, 
12C socket, Documentation. 
Starting at $39:95 

Microcontrollers made easy! By Basic Micro.com 

VISA • Master Card • American Express 
To Order Call 1·248·426·8144 Basic Micro 

33523 Eight Mile Rd #A3·261 , Livonia, Ml 48152 
Visit us onllne http://www.basicm1cro com 

Carbide 
Drill Bits 

Most $.25 
each or lessl 

Top quality used, resharpened 
PC board drill bits. These bits 
are a bargain for drilling PC 
boards, but are also perfect 
for model hobbyists! 

Specials! 
10 different bits between 
#60 and #80, my choice 

Box of 50, my choice. No 
more than 3 of any size 

Box of 50 all #77 br #78 

Complete Sets 
#71 - #80 Box of 10 
#61 - #70 Box of 10 
#56 - #80 Box of 50, 2 of 

each size 
#31 - #80 Box of 50 
Shipping and Handling: 

$2.25 

$12.00 

$6.00 

$5.50 
$5.50 

$30.00 

$55.00 

Add $1.50 per box of 10, $3.00 per 
box of 50 

Individual bits and more sets can be 
found at http://www.nwayproducts.com, 
or call, write or email . 

N-Way Products 
3125 SW Christy Av 

Beaverton, OR 97005 
(503) 469-9124 

info@nwayproducts.com 
http://www.nwayproducts.com 
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going to be sent to Stamp Plot Lite in tenths of degrees 
(if the air temperature is 73.5 degrees, the Stamp wi ll 
send 735 to the PC). By using the multiplier, we w ill 
correctly display our temperature data. 

Finally, we'll use !CLMM to clear any previously 
stored minimum and maximum values. 

Now it's time to set up the "X" (hori zontal) axis. 
!TMAX tells Stamp Plot Lite how wide the graph should 
be. Remember that this value is in seconds. In our case, 
we want to watch the temperature for an hour - 3600 
seconds. !PNTS tells Stamp Plot Lite how many data 
points we want to collect. Since we want to fill the 
screen with data, we'll set the number of points to 
3600; one data point per second for an hour. !MAXS 
causes the graph to stop when the maximum number 
of data points is reached. 

The command !TSMP -ON enables time stamping. 
The time stamp is relative to the start of the graph and 
is expressed in seconds. 

The next few commands are designed to give infor­
mation to the user about what's being monitored, 
graphed, and (possibly) logged. !Till sets the Stamp 
Plot Lite window title. !USRS puts a message in the 
user status box. This is the narrow box located just 
above the graph. !CLRM clears the general message 
box (located below the graph). The last DEBUG com­
mand has no specific formatting character and is 
assumed to be a general message. It is written to the 
general message box and stamped with the time-of-day 
and offset from reset. 

The last thing we need to do is tell the graph to 
start plotting. This is accomplished with the !PLOT ON 
command. 

Okay, we've set up the graph so let's start send ing 
some data. The first thing we do is grab the cu rrent air 
temperature from the DSl 620. Remember that the 
data returned is expressed in half degrees using the 
Celsius scale. Bit8 of the temperature is the negative 
indicator. Since we're measuring indoor temperatures, 
we're probably not ever going to see this bit set - but 
we'll check it, just to be safe (and if it is set, my goldfish 
is going to be really angry ... ). 

The convers ion to Fahrenheit probably looks famil­
iar, if not a bit funky. The reason that there is no divisor 
(usually 5) in th e equation is that the raw temperature 
reading is in half-degree increments. This makes con­
verting to tenths pretty easy. Once we've done that, 
we'll send the temperature to Stamp Plot Lite with a 
DEBUG command that is terminated with CR. 

Since it takes a little bit of time to read, convert, 
and transmit the temperature, we'll set our PAUSE 
value to 990. This will give us almost exactly one sec­
ond between readings. 

Now we just need to start Stamp Plot Lite, click on 
the Connect check box, and start our Stamp program 
(or restart it by pressing the reset button on the BSAC). 
Take a look at the screen shot in Figure 4. This shows 
the result of measuring the temperature in my living 
room for one hour. What we can see is that with a 
thermostat setting of 7 4, the temperature fluctuated 
between 72 .5 and 76.1 degrees. It was a warm morn­
ing when I took the readings; almost 85 degrees out­
side. 

Pretty neat, isn't it? Even with a very simple pro­
gram. Stamp Plot Lite offers a lot of other cool features, 
including the abi lity to save the collected data to a file. 
And it's free! You can't beat that. 

BASIC to BASIC 

After working with Stamp Plot Lite for a wh ile, I got 
inspired to play w ith ideas I had about connecting the 
Stamp to a PC - the guys at SelmaWare had shown me 
the way. Now, I'm not interested in writing a graphing 
program, Stamp Plot Lite is already there and works 

great. What I 
wou ld like, 
however, is a 
program that 
can display 
inform at ion 
collected by 
th e Stamp 
and perhaps 
even do 
m o r e 
advanced 
processing 
with raw sen­
sor data. 

As a 
starter, we'll 
write a Visual Basic program that will be compatible 
with most of the Stamp Plot Lite commands. Once we 
get that working, we can move on to bigger things. 

Li sting 2 is the Visual Basic code for the project. 
Keep in mind that this project - and any VB project 
that does serial communications - will require the 
MSComm contro l, which is found in only the 
Professional and Enterprise editions. Since our focus 
here is on receiving and processing the Stamp Plot Lite 
commands, that's where we'll keep our focus. 

The first thing we need to do is set up the 
MSComm contro l. The code to do this is found in the 
Form_Load event handler so that it gets set up when 
the program is started. The Settings parameter is set to 
"9600,N,8, 1" to make it compatible with the DEBUG 
output from the Stamp. O ther key parameters that we 
pay attention to are RThreshold and lnputlen. We set 
both of these to 1 so that we can process each char­
acter as it arrives. Finally, we need to set the 
lnputMode to text (comlnputModeText) since we're 
sending text strings from the Stamp. 

Okay, now that we're set up, here's how our pro­
gram works. With the comm port selected and 
opened, the program waits for a character to come in. 
When it does, the MSComm1_0nComm event gets 
fired. We grab the character from the serial port and 
check to see if it's a carriage return (character 13 ). If it's 
not, we'll add it to our own buffer. When a carriage 
return is received, we send our buffer to the subroutine 
called ProcessBuffer. 

The first thing that ProcessBuffer does is check the 
first character for "!" or "%" since these characters have 
special meaning from Stamp Plot Lite. Let's assume that 
the first character was an exclamation point. This indi­
cates a Stamp Plot Lite command, so we'll handle it 
separately with a subroutine ca lled DoCommand. 

DoCommand starts by looking for a space charac­
ter in the buffer. A space is used to separate the com­
mand from any parameters. Experienced programmers 
might suggest that we could have just grabbed the first 
five characters from the buffer since the Stamp Plot Lite 
commands have a fixed length. Yes, we could have, but 
then we'd have had to gone back and grabbed the 
parameters for each command that uses them. It 
seemed easier to look for the delimiter (space) and 
extract the parameter string at the beginning. If a com­
mand uses parameters, we already have them. 

Now that we have our command (and sometimes 
a parameter string), we can process our compatible list 
with Select Case structure. When a command sends a 
single numeric parameter (like !AMUL), the parameter 
is converted with the CLng function. We have to keep 
in mind that Visual Basic Integers are signed, so Longs 
are used in our program to deal with PBASIC's 
unsigned Integers. 

What VB doesn't offer, however, is a binary-to-dec­
imal conversion function. This is no surprise, since bina­
ry numbers are rarely necessary in PC applications. We 

Continued on page 60 
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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: 

TJBYERS@aol.com 

or by snail mail at 

Nuts & Volts Magazine, 

430 Princeland Ct., 

Corona, CA 92879. 

What:•s Up: 
Gadgets galore! Got a one-

of-a-kind problem, or just 

need a unique circuit? This 

month's column is full of 

them. Starting with control 

switches ranging from 

touch plate to temperature 

control to a unique motor 

relay. Have sneaky creature 

problems? Here are solu­

tions for everything from 

gophers to deer. And the 

usual assortment of tips 

and tricks. 
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With TJ Byers 

Horn Quick Fix 

Q . I own a 1984 Toyota Corolla that has a bad 
wire buried deep inside the dash, of course, 

whicti is preventing the horn from sounding and passing 
state inspection. The wiring from the battery positive 
through the fuse to the horn is okay. But from the horn 
to the horn switch, the wire resistance measures 
between I k and I 5k when the horn switch is actuated. 
My idea is to make a transistorized relay circuit that can 
take the wire resistance and amplify it to drive a relay 
that will actuate the horn. I don't have the knowledge 
to design this circuit, so any help would be greatly 
appreciated. 

Mark Donaldson 
Newport News, VA 

A . Yes, I can provide a quick fix for this "phantom" 
wire problem, but I can't guarantee it will hold for 

the life of the car - or past tomorrow, for that matter. 
The problem is that your mysterious changing resis­
tance - which is affected by temperature, pressure, 
shape of the wire, and current flow - can conceivably 
go from I 5k to I OOM at any given moment. 

That said, the first thing I'd do is make the horn 
voltage operated rather than its present current oper­
ated state. Your existing circuit is wired accordingly. 

12V 12V 

FACTORY MODIFIED 

The reason the horn doesn't sound is because the 
defective wire is dropping all the voltage across it, like a 
resistor. The answer is to replace the defective wire 
with a transistor switch, in this case, a TIP 120 
Darlington transistor.A second transistor, a 2N3906, is 
used to trigger the Darlington ON and honk the horn. 
This circuit will work reliably with wire resistances up 
to I 50k, beyond that the engine compartment tempera­
ture is going to be a deciding factor. 

Laundry Donel 

Q . I am a retired 70-year-old who lives alone out 
in the piney woods of north Georgia on a mea­

ger SOcial Security check. I also have a washing machine 
that does not signal when it is finished. How can I rig 
up a simple, inexpensive device that will sound a loud 
buzzer or beeper for about 30 seconds or so to let me 
know when this machine has finally finished? I have 
access to mail-order places, and RadioShack. 

D. Dunbar 
via Internet 

A . My wife and I agree on at least one thing: when 
it comes to a washing machine, they make a lot of 

noise. So after examining a lot of options, I decided on 

using the noise and vibrations a washer produces to 
make a universal "washer finished" alarm. 

1M 10k 
10k 8 

SENSOR 
980-0823 + I 470uf 

1 01 
- - - -- - -

+'N 

1M 10k 

+ 
I 33uF 

--

8 4 

101 
- -- --

BUZZER 
27:>-073 

This timer circuit is built around a security alarm 
vibration detector (RadioShack 980-0823). Inside this 
sensor is a pendulum-like device that breaks the circuit 
when a vibration is detected, as if somebody tried to 
kick in your front door or smash a car window. When 
this sensor is mounted on the side of a washer, the 
motions of the machine will output a string of pulses 
while it is running. These pulses trigger a five-minute 
timer in the first 555 chip.As long as the vibrations 
continue for five minutes, the alarm thinks the washer 
is in operation. But if it detects no noise for five min­
utes, it triggers a 30-second alarm. It's that simple. 
Moreover, the circuit is battery operated. Between 
cycles it's a good idea to turn the battery off to con­
serve battery life and prevent false alarms should some­
body bump against the washing machine.Just remember 
to turn the alarm on when your start your wash load 
and off when you unload the machine. 

Cheap Power Line Tester 

Q . In your column around the Fall of 1999, you 
had a schematic of a circuit with a short-wire 

(antenna) placed near I 20VAC mains that would give a 
contact closure or such to allow signaling that power 
has been restored after an outage. Since we live in a 
very rural area, I can't observe my neighbors to know if 
power has been restored. Could you help with the year 
and month of that back issue? 

Richard Filchock 
via Internet 

A . What you are referring to is a burned-out-bulb 
_ indicator for Christmas Tree lights. While this 

would work for you, I have a simpler solution. Place a 
neon indicator across your power lines as shown 
below. 

I I 

• 

The neon circuit tester, which is a RadioShack line 
tester (22-102; $1.99), uses virtually no power of its 
own and can be "plugged" into any open outlet. If you 
don't have a live outlet, it can be connected to your 
breaker box and routed to a visible location using a 
"weather-proof' lamp cord (the kind used for outdoor 
Christmas lights). 



Touch Control Switch 

Q .. Recently, with my father now deceased, we decided it best to have my 92-year-old mother move from Florida 
and live with us. She is extremely arthritic and is no longer able to operate normal switches. My father had 

designed and constructed numerous touch control circuit boards for use throughout the house to turn on/off the lamps, 
TV, radio, and other appliances. Now that she's here, I want to provide the same convenience. I would appreciate it if you 
can provide me with a high-quality touch control switch to operate high-power appliances, like a heat lamp (500 to 700 
watts). If a circuit isn't available, could you recommend a source of touch switches, either kit or commercial? 

Stan Kaplan K 1 WTF 
via Internet 

A. Here is a simple circuit designed around a 555 timer, actually a 556 dual timer, and a 4027 dual J-K flip-flop. 

10M 1M 14 4 16 

1 
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This circuit only works inside, where your body acts as an antenna and 
picks up stray 60-Hz line currents. When you touch the plate, it injects a 
.hum into the trigger input of the timer, which is configured in the mono­
stable (one-shot) mode, and outputs a short pulse to the flip-flop. This will 
turn on the relay. The next time you touch the sensor place, the flip-flop 
toggles and turns the relay off. On, off, on, off with each touch of the plate. 
The touch plate can be any piece of metal or copper clad PCB. If you only 
need one touch switch, replace the 556 with a 555 and use only the top 
half of the 4027. Here's a pin conversion chart. 

Temperature Control Switch 

Q . Do you have a schematic of a .thermally-controlled 
relay using an LM34 and a comparator? It should 

have a simple adjustment to set the triggering of the relay. 
J.M. Drawes 
Ft. Wayne, IN 

A • The LM34 is a precision temperature sensor whose 
output voltage is linearly proportional to the 

Fahrenheit temperature (the LM35 is its Centigrade coun­
terpart). This characteristic makes it very simple to build 

Function 
GND 
Trigger 
Output 
Reset 
Control 
Threshold 
Discharge 
Vee 

sv 

5 6 
Outset Vee 

an accurate temperature-controlled relay using a single 
comparator. The 400-uF capacitor conditions the input sig­
nal; the I 0 meg and 2 uF cap form a hystersis feedback 
loop that prevents the relay from seeking (chattering) 
around the setpoint. SETPOINT MAX6510 

12V 

Another solution is the MAX65 I 0 temperature switch 
from Maxim (800-998-9872; www.maxim-ic.com).All 
that's needed to make a temperature-controlled relay are 
four external components. Everything else is built into the 
chip, including the temperature sensor, comparator, and 
programmable hystersis. 
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TIC kit 63/7 4 Processors 

• PCAT Keyboard Interface Library 
• Audio Playback • AID Converter 
• 4 Voice Sine Wave Generator 
• Real-time Clock • Time Base 
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• X-10 Transmission & Reception 
• 4 RC Servos simultaneously 

• 2 PWM outputs in background 
• SPI and 3-Wire • 12C Hardware 

• 18 or 24 1/0 pins (30ma drive) 
• 128 Bytes RAM (variables) 

• 256K bytes EEprom storage 
• RS232 interface (background} 

•Starting from $18 (qty1) 

No Problem! . AN039 

www .protean-logic.com 
Phone: 303-828-9156 

Fax: 303-828-9316 
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Electronics Q & A 

Stop! Thief! 
1 
Cool Web Sites 

Can you make a drawing of those big heavy tags that are Have questions? These web sites have answers. 
_ ~ punched through department store clothing and describe how 

they work? First, did you notice how ads automatically pop up when you leave some web sites? 
WA4Y06 

via Internet 
Pretty annoying, huh? It won't happen to you if you use AdSubtract, a small background 

program that blocks cookies, ads, and pop-up windows. AdSubtract is free from 
www.adsubtract.com 

\ , These tags are anti-shoplifting devices that let you try on the 
.:,garment but not walk out of the store without paying for it. 

Generally classified as Electronic Article Surveillance (EAS) devices, 
these tags come in many shapes and sizes, and use a variety of tech­
nologies to deter shoplifters, including RF and electromagnetic (EM). 

The newer acousto-magnetic system, which has the ability to pro­
tect wide exits and allows for high-speed label application, is fast 

Not all domains end in .com, .org, or .edu. Different countries use different suffixes, 
usually two letters. If you encounter a Web site with a unique two-letter domain 

extension, look at these two web sites for its country equivalent. 
www.webopedia.com/quick_ref/topleveldomains/countrycodeA-E.html 

http:l/musclememory.com/fogarty/domain_codes.html 

replacing the older technologies.Acousto-magnetic labels characteris-
tically appear in a small, white plastic housing that is about 40 mm in 
length, 8 to 14 mm wide (depending on the type), and just under one 
millimeter thick. 

S R bl H d T Acousto-magnetic EAS 
EA eusa e ar ag systems use a transmitter to create a 

surveillance area where tags and labels 
are detected. The transmitter sends a 
radio frequency signal (of about 58 
kHz) in pulses, which energize a tag in 
the surveillance zone. The pulse is 
transmitted for a duration of 2 mS at 
20-mS intervals. The tag contains a 
highly magnetostrictive strip, which 
means that when you put the tag 
material in a magnetic field, it physical­
ly shrinks. The stronger the magnetic 
field, the smaller the metal becomes. 
In an acousto-magnetic tag, the metal 
actually shrinks and expands about 
one-thousandth of an inch over its full 

I .SO inch length in sync with the transmitter frequency. When the transmit 
signal pulse ends, the metal continues to ring like a tuning fork. The oscilla­
tions, which last for about 5 ms, in turn, generate a magnetic pulse that pro­
duces an electromagnetic wave. 

Rlnom1t<n 
{illmorpliou~ meti'.111~ ) 

i 

na11s.mi1ter 
tt:a 11~mlt11 pul~es 
(S8 Kltt.4 ms<>i>..40 tn$Qftl 

Pla.s.dc housing 

Biils IOOll)nl!t 

While the transmitter is off between pulses, the tag signal is detected by a 
receiver.A microcomputer checks the tag signal to ensure it's at the right fre-

Do You Repair Electronics? 
For 1111~1 s-. 95 u month. _l"<l/l ·11reccin'u11eul1'111/ i11/11rnwti1111: 

Repair data for T\I, VCR, monitor, audio, camcorder, & more. 

Over 100,000 constantly updated problem/solutions plus ... 
• TechsChat live chat room. • UL/FCC number lookup. 
• Private user discussion forums. • Hot tips bulletin board. 
• Automated email list server. • Manufacturer information. 

To access RepairWorld, direct your internet browser to http://www.repairworld. com 

RepairWorld.com 
Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878 
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The ultimate collection of secrets and undocumented tips: 49 ways to navigate, 
upgrade, and customize Win 95/98, Me, and 2000. 

www.pcworld.com/features/article.asp?aid=36 7 42 

quency, occurs in time synchronized to the transmitter, at the proper level, 
and at the correct repetition rate. If the criteria are met, an alarm occurs. The 
receiver only "listens in" during the break. That's why acousto-magnetic sys­
tems can operate under more sensitive conditions than other systems. 
Conventional metals - such as the iron in shopping carts - do not respond 
during the break in the magnetic field transmission and therefore cannot trig­
ger a false alarm. 

To remove most hard tags, a detacher/releaser is necessary. Today's 
detachers, which basically unlock the tags, are designed so that they cannot be 
copied or purchased by shoplifters. Some detachers are hand-held, others are 
fixed. 

Alarm labels currently in use are one-bit systems. That means that they 
simply supply the information as to whether or not something is present. 
Labels of the future will be a multi-bit system - an identification label that 
can also supply information as to which articles and how many of them are in 
the detector area. This could mean a reduction in shopping time, since such 
labels would allow customers to roll the shopping cart up to the cash register, 
where all the articles would be read electronically. 

Remote Motor Switch 

I plan to control a 2-HP, 240VAC motor with a DPST relay. I want to 
be able to switch the motor on and off from two locations: one switch 

at the motor and the other 1 /4 mile away. There are three conductors, rated 
for low voltage/low current in the range of 12 to 24 volts, available for the 
relay. The power source for the relay can be at either end, but I would prefer 
that it be at the remote switch. Furthermore, at the remote switch I would 
like to have an LED to indicate when the relay is energized. My thought is to 
have a pair of SPOT switch in a classical "three-way" set-up, such as is used for 
hallway lights. However, I can't figure out how to wire this so the LED lights 
when the relay is on and the motor is running. How best to do this? 

I also need to know whether the relay contacts need to be rated fpr the 
running current of the motor or the starting current? Finally, are there any 
solid-state relays rated for 2 HP motors, and are they available in DPST con­
figuration? 

Available Adapters 
EP-PIC(16C5x_61 .62x.71 .114) $49.95 

Fast- Programs 27C010 in 23 seconds EP-PIC64 (16C82-5.72-4) $39.95 

Portable· Connects to PC Parallel Port EP-Pic12 
<
12c5

oxi 539·95 
EP-PIC17 (17C4x) 
EP-51 (8751 .C51) 

Versatile -Programs 2716-080 plus EE EP-11E (68Hc11 EJA) 

and flash (28, 29) to 32 pins EP-110 (68Hc1110J) 

Inexpensive - Best for less than $200 EP·15 
<
15

1>t EPROMS> s.c9·95 
EP-Z8 (Z86E02,3.4.6, 7,8) $39.95 
EP-SEE2 (93x.24x.25x.85x) $39.95 

•Correct implementation of manufacturer EP-750 (81c1so.1.2) $59.95 
"fi d 1 "th • f 1· bl EP·PEEL(ICT22v10,18v9) $59.95 spec1 e a gon ms oor ast, re 1a e EP-1051 (a9C1051 ,2051> 539_95 

programming. EP-PLCC (PLCC EPROMs) $49.95 
EP-SOIC (SOIC EPROMs) $49.95 

•Easy to use menu based software has EP-TSOP (TSOP EPROMs) S59.95 
binary editor, read , verify, copy, etc. Many Other Adapters Available 

Free updates via bbs or web. M2L Electronics 
•Full over current detection on all 

device power supplies protects against 
bad chips and reverse insertion. 

•Broad support for additional devices 
using adapters listed below. 

970/259-0555 
Fax:970/259.0777 

250 CR 218 
Durango, CO 81301 

CO orders please add 7% 

sales tax 

htt :lwww.m21.com 
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Electronics Q & A 

.. Let's take the last questions first, about the type and rating of the 
' relay. Motors have two current ratings: start and run . The run current 

depends on the physical load on the shaft of the motor; the heavier the load, 
the higher the current. Typically, a 2 HP motor draws 12 amps at 230 volts 
under a full load. Starting currents are higher and also depend on the shaft 
load. In what is called the locked-roto r condition, where the load is heavier 
than the motor can lift from a stall (as often happens in compressor/refrigera­
tion motors), the current fo r a 2 HP motor can reach up to 65 amps.And yes, 
the relay contacts have to handle this current fo r a little while, anyway. Often 
the contacts are rated for continuous (run) and start (surge) currents. They 
will also list for how long the contacts can handle the surge current before 
they fail.And yes, there are solid-state relays called contactors that can handle 
loads up to 125 amps - and beyond - in both DPST and SPST configura­
tions. Here is how to wire them. 

S2 S1 
0 0 

12V ?' 

S2 S1 

0 0 
12V ?' 

S 4 S3 

o~-~o 

12V 

MOTOR 230V A C 

CRYDOM 
D2425D 
DPST 

230V A C 

MOTOR CRYDOM 
D2425 
SPST 

CRYDOM 
D2425 
SPST 

OMRON 
G7L-2A-TUB-J-CB 

-AC2001240 

230VAC 

Notice that I have used the three-way switch you suggested, because it's 
simple and it works every time. When selecting solid-state relays for inductive 
loads, like motors, make sure they have SCR outputs as opposed to triac. 
SCRs are more robust and often contain snubbers. If you want to use an all 
mechanical relay version, I've included that, too. The coil of the motor relay is 
rated 230VAC, which is energized via a lower voltage relay. In both the solid­
state end electromechanical versions, the LED (which is wired in series with 
the relay power source) will light when current flows through the relay "coil." 
Notice that a current limiting resistor isn't needed for the LED; the current is 
limited by the coil resistance of the relays . 

PRINTED CIRCUIT BOARDS 
QUALITY PRODUCT 

FAST DELi f E«Y 

COMPETITIVE PRICING 

We will beat any 
competitor 's prices!!! 

* UL approved 
* Single & Double sided 
* Multilayers to 8 layer 
* SMOBC, LPI mask 
* Reverse Engineering 
* Through hole or SMT 
* Nickel & Gold Plating 
* Routing or scoring 
* Electrical Testing 
* Artwork or CAD data 
* Fast quotes 

10 pcs (3 days) 1 or 2 layers $249 
10 pcs (5 days) 4 layers $695 
(up to 30 sq. in. ea.) includes tooling, artwork, LPI mask & legend 

9901 W. Pacific Ave. 
Franklin Park, IL 60131 
Phone 847.233.0012 
Fax 847.233.0013 
Modem 847.233.0014 

yogii@flash.net · flash.net/-yogii 
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Barking Up The Wrong Tree 

We have a barking dog next door that is driving us crazy.And the 
owner could care less! I am looking for a project/circuitry that would 

generate sound in the animals hearing range similar to the collars that emit a 
tone whenever the dog barks. There is a fence between our yards, so I could 
possibly mount the device on the fence and have it emit automatically every 
time the dog barks. I am sure that this would solve the problem quickly. 

Tom Foglesong 
via Internet 

I get this question a lot, so I need to respond with an appropriate, 
non-electronics answer.All dog experts agree that incessant barking is a 

complex problem that's not easily solved - especially using ultrasound. The 
problem is that acknowledging the barking by a sound, petting, or food is 
counterproductive. It simply encourages more barking to receive the 
"reward." Your setting off an ultrasonic sound simply reinforces the annoyance 
you are trying to stop. 

I wish I had a simple answer, but I don't. It really takes a dog physiologist 
to determine if the barking is caused by neglect, abuse, boredom, lack of 
roaming room, or a host of other problems - including disorders that can 
lead to aggressive behavior.Your best bet is to talk to your neighbor and see if 
you can find the root of the problem and treat it accordingly. The only "quick" 
cure that seems to be effective is a collar that sprays a citronella mist - an 
offensive odor - into the dog's muzzle at each bark. I'm no dog expert, just a 
dog owne r. But take my word for it, ultrasonics isn't the answer. 

Barking Up The Right Tree 

• I'm in need of a diagram to build an ultrasound circuit that reaches 
the ears of dogs, above the human range, to keep them out of my gar­

want a circuit that works on an outdoor source of 9 volts to 12 volts. 
Jim L. 

Newport Richey, FL 

Unlike the_ question above ("Barking Up The Wrong Tree"), your situa-
tion is different than trying to control an animal from afar.You simply 

want to protect a defined parameter. That I can do with electronics - with a 
little help from a nearby water source. Okay, I won't keep you in suspense. 
Both dogs and cats hate getting wet unless they do it on purpose. Plants love 
getting wet. Now you know the secret. 

What you need to do is set up an electronic "fence" that triggers a sprin­
kler when breached. This should prevent cats from making your garden their 
personal bathroom, and keep dogs from turning into rote-tillers. I'm only 
going to give a broad overview of the methods used to create a perimeter, 
because they vary so widely in size and shape. 

• Light. The most defined perimeter is a beam of light. These are the clas­
sic methods for preventing thefts of prized museum objects as seen so often 
in a James Bond flick or "Mission Impossible" episode. Pros: Inexpensive, readi­
ly available, and easily installed. Cons: Requires precision alignment, needs reg­
ular cleaning, and is susceptible to ground fog. 

• Infrared Motion. These sensors trigger when a moving warm body 
enters its scanning field . They are used almost exclusively in the automatic 
"entry" lights so popular with automatic floodlight lamps. Pros: Cover wide, 
irregular areas; require minimal cleaning; and are easily installed. Cons: 

- . SATELLITE 1V -- HACKERS 'BIBLE'! 

The SECRETS are REVEALED! 
• The principles of security 
• Descrambler building blocks 
• Smart cards, information wars & stupid mistakes 
• Cracking codes (includes DirecTV source code) 
• Installing and hooking up descramblers 
• Video manipulative systems ... and much more ... 

www.baylin.com 
or ... cal I 800-483-2423 

ORDER via Internet or Send $60 plus $5 s/h to: 
Baylin Publications, 1905 Mariposa, Boulder, CO 80302 

MASTER, VISA & AMEX /COD orders accepted 

576 pages, 6" x 8-1/2" 

NEW! 
5th Edition 

Telephone: 303-449-4551 
FAX: 303-939-8720 

FREE CATALOG - Satellite TV books, videos and software . . 
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Sensitivity varies by ambient light, are short lived outdoors, and react only to 
motion (not stationary objects, like squatting cats) . 

• Ultrasonics. This is much like radar, but in the audio range.An ultrasonic 
pulse, typically in the 50kHz range, senses when an object enters its perime­
ter. Pros: Very tolerant of weather conditions, can detect stationary intruder 
objects, and zero maintenance. Cons: Expensive and not readily available for 
home use . 

The first two sensors can be found at any RadioShack under the umbrella 
of security alarms. I'll leave the plumbing up to you. Before I go, check out the 
following web site before you decide to build or buy: 
www.biconet.com/critter/sprinkler.html 

Out, Out Damn Skunk 

9 .. We live in a semi-rural area and have to lock the kitty door at night 
' to prevent local skunks from walking in and helping themselves to the 

cat ood. I have built a flap that locks down over the kitty door. However, the 
skunks try and scratch their way through the flap. While I am confident they 
can't get in, the scratching and banging at 3:00 a.m ., which can last up to I 0 
minutes, can drive one nuts. 

I want to add a small electrical discharge device like an electric fence. 
When we lock the flap, it will become part of the zapper, which will have a 
wire mesh for the other electrode. I don't want to kill the critters, just sting 
them enough to let them know this is not the door to be knocking on. Can 
you provide a cheap circuit that would do this? 

Dave Johnson 
via Internet 

A . Yes, but listen to this solution first. I had the same problem a while 
' back with raccoons, and my experience with them and their cousins 

showed me that they are skittish creatures - especially if startled. Which 
leads me to take the following path. My solution uses a pressure mat that 
switches on a strobe light and activates a recording of a barking dog. 

PRESSURE 
MAT 

MOC3010 

S2 

SOUND 

STROBE 

S1 

ON/OFF 

I bought the pressure mat from American Science & Surplus (847-982-
0870; www.sciplus.com) as part of a "Barking Dog" gag device ($6.50). The toy 
comes in three versions, including pig sounds, but the part that's important to 
us is the mat switch itself. 

Both the sound board and the flash board use different power supply 

EPROM+ 
A device programming system 
for design, repair and fieTd service 
+EXCEPTIONAL POWER FOR THE PRO 
+EASY-TO-USE FOR THE NOVICE 

Here's what you get: A rugged. po11ablc progra111111111g unit including the powei pack and printer port 
cable both of which s1ore mside th t! case A real p1in1ed user and technical manual which mcludcs schematic diagrams 
for the programming uni! plus diagram s for all technology fa md) adapters• . Comprehens1w. easy-to-use software 
which is specifically designed to run under DOS. W mdows 3 I. 95 and 98 on any speed machme The software has 
features which let you READ. PROGRAM, COPY and COMPARE plus much more You ha>e full access to your 
system 's disk including LOADING and SAVING chip data plu s automatic processing of INTEL llEX. MOTOROLA 
S-RECORD and BINARY files . For detailed wo rk the sys tem software provides a full screen buffer editor including a 
comprehensive bit and byte tool kit with more than 20 funcuons 

Broad device Support: Including FIRST GEN ERATION EPROMS (2708, TMS271b" , 2SXX etc) 
SECOND GENERATION EPROMS (2716-27C080X8 MEGJ. 40 and 42 PIN EPROMS' (27C l024-27C l60)(1 6 MEG) 
EEPROMS (28 16-28(0 10) PLUS ER5901 , FLASH EPROMS (28 F.29C,29EE,29FX32 MEGJ. NVRAMS (12,20,X2210/ 12) 
8 PIN SERIAL EEPROMS" (24 ,25 .85, 93 , 95. 800 1 IA) PLUS ER1400/M58657 ' 
BIPOLAR PROMS' (74S/82S), SERIAL FPGA CONFIG LI RATORS ( 17CXXX) $ 2 8 9 
MICROS' (874X.87SX.87CSX.87C75X,89C) ATMEL MI C ROS'(89S,90SXA VR) 
PI C MIC ROS' 8. 18. 28. 40 PIN ( 12CXXX, I 6CSX,6X. 7X.8X PLUS FLASH & I 7C) 
MOTOROLA MJCROS ' (68705P3/U3 /R3, 68HC70SC8/C9/J2/P9. 68HC7 1 I E9/D3) 

O Includes step-by-step tutorial plus explanation of EPROM fundamental s $5.00 SHIPPING o $5.00 C.O.D. 
0 I YEAR WARRANTY - 30 DAY MONEY BAC K GUARANTEE , 
"REQUIRES SNAP-IN ADAPTER (ORDER FACTORY DIRECT OR BUILD YOURSELF) VISA • MASTERCARD • AMEX 

ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 
(513) 831-9708 FAX (513) 831-7562 

website - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE U.S.A. 
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voltages and neither have anything in common other than a switch-operated 
trigger input. Consequently it needs an isolated interface, like an MOC30 I 0 
optoisolator. Notice that there are three major components: a pressure mat, 
sound card, and flash unit. Each are handled separately and you can substitute 
any sound device you wish, including a piezo buzzer, and any flash unit. 

The flash unit comes from a disposable flash camera, like the Kodak 
FunSaver 35 or similar.You can probably talk a one-hour film place into giving 
you one for free (they throw them away) or you can buy one from American 
Science & Surplus (22905) for $2.75. There will be differences between vari­
ous models, but here's what you can expect. 

Low Voltage + 220 

R1 

Tl C 

short 
terminal 

+ 1.5V I AA 
BTl 

Flash unit from Kodak "FunSmr 35 
with Flash" disposable earner a. 
Dennis Griesser 

long 
termin,;l 

3/24/97 

High Voltage + 

Low Yoltage -

ready 
Ill 

22nF 

C2 

L firel 
I S2 

T2 
white 

Dwire 
!lash tube 

... FTl 

black 
wire 

+ 160mFd, 330V 
,. Cl 

1N4007 

Dl 

> 3.9M 
R3 

High Voltage -

Both switches are momentary and need to be replaced. SI becomes the 
OFF/ON switch and the optoisolator replaces the shutter switch (S2). Notice 
that the MC30 I 0 has a triac output, which means it's not direction sensitive; 
the output pins are reversible. The LED diode, however, is polarity sensitive. 

The way I built the unit was to snip the pressure pad cord from the 
sound unit and splice in a longer cable, which I ran inside the house where the 
nine-volt battery and MC30 I 0 are housed. This unit needs no power switch 
because current is drawn only when the mat is stepped on. Next, I mounted 
the sound and flash boards in individual enclosures (more modularity), 
installed them strategically around the back door, and plugged them into the 
switch box. 

The nine-volt battery should last several months. For the sound and flash 
units, I'd replace the AA batteries with D cells, either alkaline or rechargeable, 
to extend battery life. 

Still think a zapper is the answer? Then read t~e following question, "Dear, 
Deer ... Outta Here." 

LMr.Nicd] SUMMER SPECIALS! Ill If.ST IATTUllS 
. i!N AMERICA I 

For ICOM /C-2SA TI W2A / 3SA T / 4SAT etc: Packs & Charper for YAESU FT-SOR/ 40R I 10R: 

FNB-40xh Sim-Nr..i 7.2v 650mAh $41.95 
FNB-47xh <"'""> 7.2v 1800mAh $49.95 
FNB-41xh ,..,_., 9.6v 1000mAh $49.95 

For YAESU FT-51R I 41R I 11R: 
FNB-38 pack C5W) 9.6v 700mAh $39.95 

For YAESU FT-53014161816176126: 

FNB-26 l>Odc.-.i 7.2v 1500mAh $32.95 
FNB-27s (5w-I 12.0v 1000mAh $45.95 

For YAESU FT-4111470173133123: 

FNB-11 pack(5w) 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for AL/NCO DJ-5801582 I 180 radios: 
EBP-20ns pack 7.2v 1500mAh $29.95 
EBP-22nh pk.(Sw) 12.0v 1000mAh $36.95 
EDH-11 6-Cell AA case $14.95 

For ICOM IC-Z1A I T22-42A I W31- 32A I TlA: 

BP-180xh ""· '"'r..il 7.2v 1000mAh $39.95 
BP-173 pack (5wl 9.6v 700mAh $49.95 

For ICOM IC-W21A /2GXAT I V21AT:rsi.c•orGroyJ 
BP-132s , ... ,.,,..1 12.0v 1500mAh $49.95 

BP~3 pack 7.2v 600mAh $23.95 
For ICOM 02A T etc & Radio Shack HTX-2021404: 
BP~h pack 8.4v 1400mAh $32.95 
BP-202s .... k oox-2021 7.2v 1400mAh $29.95 

For KENWOOD TH-79A I 42A I 22A: 

PB-32xh """''.-.i 6.0v 1000mAh $29.95 
PB-34xh ..... , ..... r..i1 9.6v 1000mAh $39.95 
ForKENWOOO TH-78148128127: 

PB-13 loriqina!sa•n 7.2v 700mAh $26.95 
For KENWOOD TH-77, 75, 55, 46, 45, 26, 25: 

PB-6x r..i w1 7.2v 1200mAh 34.95 
Mail. phone, & Fax orders welcome! Pay with 

Mastercard I VISA I DISCOVER I American Express 

Call 608-831-3443 /Fax 608-831-1082 

Mr. NiCd - E H. Yost & Compa11y 
2211-0 Parview Road, Middleton, WI 53562 
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· E lectronics Q & A 

Dear, Deer ... Outta Here 

I have a small stand of peach trees that add much-needed cash flow 
- to our fixed income. We love these trees a lot. Unfortunately, so do the 

locai1eer, who are willing to travel great distances to partake of their succu­
lent leaves. I am told that a small fence charger will chase them away. Is this 
true and can you provide details or information on these devices? 

Mike "Mickey O" Desmond 
via Internet 

• Well, it seems we've run the full gambit of nuisance critters in this col­
. umn, so why not deer? Because deer are virtually unaffected by water 

and bright lights (ask any motorist who has collided with a starry-eyed deer 
on a rainy night), I agree that a fence charger is the correct answer. 

I'm not sure about about your small orchard, but most have limited 
access to AC line power. Consequently, I've designed this fence charger to run 
off a 12-volt lead-acid battery that can be recharged. 

Operation of this zapper is identical to the way an ignition coil ignites the 
spark plugs in your car's engine - in fact, it uses a lot of the same parts. 
Based on a design by Charles F. Kettering, the kettering ignition is based on 
the concept of a quickly collapsing magnetic field. First an inductor (coil) is 
connected to a battery, where current flows and builds up a magnetic field .At 
a given point, a switch (analogous to the points in a car) is opened, current 
ceases to flow, and the magnetic field collapses - which, in turn, induces a 
high voltage EMF (electro-magnetic force) in the inductor. In the kettering 
design, there is a secondary coil wrapped around the inductor, which creates a 
transformer. The turns ratio is typically I 00 to I, which means whatever volt­
age is induced in the primary is multiplied by I 00 times in the secondary. Let's 
say the magnetic collapse generates 250 volts in the primary, that translates to 
25,000 volts in the secondary. 

+ 

J 0.1 f 100uF 

120 

+1 2V 

3 .0 ohms I J\IV HV 

0 .06uf / 100V 
(see text) I
C3 

In my design, I use the same parts as used in a car, including an ignition 
coil you can salvage from almost any car prior to 1986. I've had best results 
with GMC originals and Delco replacements.A relay, like a RadioShack 275-
248, performs the function of the points. C3 is a critical part of the circuit, and 
should be retrieved from the car when you steal the coil or purchased to 
match the coil. That's because the inductor doesn't collapse in one big dump, 
but resonates with a damped oscillation that leads to higher energy output to 
the secondary. Without the correct capacitor, all you get is a wimpy spark. 

The rest of the design is straightforward logic design, where two NANO 
gates are used as a free-running oscillator and the other two are configured as 
a monostable multivibrator. The timing combination produces about one spark 
every two seconds; enough to get the deer's attention but not enough to do 
harm. 

Thumper Revisited 

Just to round out this critter round-up, for those readers who have 
underground pests, like gophers, I provided a solution in the Sep. 1997 issue 
called the "Electronic R1 

Gopher Chaser." Basically, _,..,1--..,k,~----------
it's a wooden post driven in 
the ground that has a "ham­
mer" on its head that 
echoes an irritating drum 
beat that drives the grub 
eaters crazy.A back issue 
can be ordered from the 
Nuts & Volts web site, 
www.nutsvolts.com, for 
$5.00 prepaid. 

TJ Byers 
Q & A Editor 

+ + 
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AMO K'7 

OGig (40G x 2) 

256 M'egRam 
32 MegVideo 

Server Size Tower 
2 Removable Hard Drives 
2 CDs SOX & CDRW 
2 Floppies 

DUPLICATES: Hard Drives 
CDs & Floppies 

AntiVirus Firewall 
Local Area Network 10/100 
High Speed AMR Modem Slot 

56k Modem 
Stereo & Headset Ready 

Yau want linll JI B11n11r 
Macllin11 at JINY l'ric11 
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Ding-Dong Update 

~. In the Feb. 200 I , there is a circuit for a "CMOS Ding-Dong Chime" 
~by Dennis Eichenberg (page 62). I built it and was disappointed to find 
that 1t just sounded like a two-tone alarm rather the ding-dong sound from 
old doorbells. Could you provide a schematic for the old doorbell sound? 

Ben 
via Internet 

A . You are indeed correct about the sound. The doorbelJ described in the 
Feb. 200 I issue is a simple two-tone sound generator where two oscilla­

tors of different frequencies jump from one tone to the other.A true bell 
sound, on the other hand, isn't a sustained tone, but a "damped" oscillation -
commonly called ringing.Another difference is that bells generate sinewaves, 
not the squarewave of Mr. Eichenberg's design. 

+9V 

9 
C4 <4~i R9 C7 

0 .1 f 47k 1uF 
.----11------~~-1 ~ OUT 

RS 
S6k 

R4 
S6k 

C3 
,0.1 

C2 ___L_ C1 
0.1 - 0.1 ,_________1 

R8 CS 
22k 0.1 

_J r:r:~ ~ "' Ii r.22 j_2.7k 

R3 
1 .2M 

R10 
2Sk 

Q1 
NPN 

{ R2 
{ 1SO 

In the sinewave generator above, QI is configured as a standard twin-T 

Be sure to check out the new 
Computer Desktop Encyclopedia at 

the Nuts & Volts website. 
Covers PCs, Macs, UNIX, networking, client/server, graphics, 

multimedia, Internet, World Wide Web, standards, products and 

vendors, and more. Fundamental concepts explained in depth, 

providing a clear perspective for beginners. 

~- 11L-l.,_5V<==="/.,-5. ~-""" 

• BUILT-IN voice activation (add $30) 

•Applications information included 

•Dimensions: 11.5 x 7.0 x 2.75' 

COD's OK. Sorry, no credit cards. Free catalog USA only; other countries $5. Price Includes UPS to 48 States on Pre-Paid Orders 

Vikitt5 S~stems lttterttatiottal 100 North Hill Drive #42, Brisbane, CA 94005 

Phone (415) 467-1220 •Fax: (415) 467-1221 •Web: www.vikinginlcom 
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oscillator - with a twist. The feedback gain is less than I, which means the 
oscillator won't oscillate. That is until you press SI. Grounding R8 injects a 
pulse in the "tank" circuit, which starts QI oscillating. Because the feedback 
isn't large enough to sustain oscillation, though, the amplitude of the waveform 
slowly diminishes to nothing. The higher the gain - which is controlled by 
RI 0 - the longer the sound is sustained before fading away. This dampening 

.of the oscillator duplicates the mechanical dampening found in the sound of a 
bell. 

For a ding-dong sound, you need two oscillators, one for each tone, an 
SPOT switch, and an amplifier. The sound of the bell is determined by the 
value of CI and RI 0, and you'll want to experiment with different values to 
obtain the exact tone you're looking for. 

+9Y 

R11 

RB 

1uF 

+9V 

SPKR 

(See Mailbag for a reader's solution to the "CMOS Ding-Dong Chime" 
dilemma. - TJ) 

MAILBAG 

DearTJ: 
Ray Marston served up a great article on optocouplers in the Feb. 2000 

issue. This is a keeper issue. But he forgot somebody. One opto that was not 
mentioned is the LH I 191. The manufacturer is Infineon and it comes in the 
typical six-pin DIP. Details can be found at www.icmaster.com. It is a solid­
state relay which I've used on numerous occasions to provide an easy inter­
face to external circuits. 

DearTJ: 

Derek Casari 
via Internet 

In regard to the "CMOS Ding-Dong Chime" article on page 62 of the 
Feb. 200 I issue, it works fine after I made a couple of changes. First, I changed 
C2 from .OSuF to O.SuF, then changed R2 to I Ok. I also used multi-turn trim 
pots for R2 and R3 which made it much easier to tune for a good sounding 
chime note. 

Roger Hamel KG8XC 
Cedarville, Ml 

At Lynxmotion we cater to the beginner. All of our kits are easy to assemble, requiring 
only common hand tools in the construction process. The detailed assembly manuals 
include 20 and 30 exploded view diagrams. The kits can be controlled or programmed 
in an easy to follow BASIC programming language. The technology is here ... the costs 
are affordable ... the support is available ... join in and become a robot builder! 

Lynxmotion, Inc. t">.' Tel: 309-382-1 816 
PO Box 818" ~' -~~tr..., 1. Fax: 309·382-1254 
Pekin. IL 61555-0818 ,. mO IOn sales@Jynxmotion.com 
www.Jynxmot1on.com Visit our website or ask for our free catalog! tech@lynxmotion.com 
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JULY 2001 

July 1 

PA - WILKES-BARRE (LEHMAN) -
Hamfest. Luzerne County Fairgrounds, Rt. 
118. FCC exams. Talkin: 146.61 (PL 82.5). 
Murgas ARC, Bob Michael N3FA, 570-288-
3532. Email: wb3faa@aol.com 

July 4 

PA - BRESSLER - Hamfest. Emerick Cibort 
Park. 8am-3pm. VE testing. Talkin: 
146.16/76. W3UU Harrisburg RAC, Pete 
deVolpi K3PD, 717-705-1370 weekdays. 
717-938-8249 eves 6-9pm & weekends. 
Email: w3uu@aol.com Web: http://mem 
bers.aol.com/w3uu/ 

July 6-7 

Ml - LANSING - Swapmeet. Holiday Inn 
south. 6am-3pm. Ml Antique RC, Mark 
Oppat, 734-455-4169. 
Email: moppat@flash.net 

July 7 

CT - GOSHEN - Hamfest. southern 
Berkshire ARC, Lee Collins K1LEE, 860-435-
0051. Email: lee@leecollins.com 
IN - INDIANAPOLIS - Central Division 
Convention. Indianapolis Hamfest Assn., 
Rick Ogan N9LRR, 317-257-4050. 
Email: oganr@in.net 
Web: http://www.indyhamfest.com 
Ml - PETOSKEY - Hamfest. Central 
Elementary School, 410 State St. 8am-
12pm. VE testing. Talkin: 146.68-. Straits 
AREA ARC, Tom Sorrick W8IZS, 231-539-
8459 
NC - SALISBURY - Hamfest. Rowan ARS, 
Ralph Brown WB4AQK, 704-636-5902. 
Email: rbrown@salisbury.net Web: 
http://www.qsl.net/w4exu/ 
WI - OAK CREEK - Hamfest. American 
Legion Post #434, 9327 s. Shepard Ave. 
6am-8pm. Talkin: 146.52 simplex. The 
south Milwaukee Amateur Club, POB 222, 
south Milwaukee, WI 53172-0102 

July 8 

IL - PEOTONE - Hamfest. Kankakee Area 
Radio Society, john "Chip" Moore K9IOC, 
815-933-1323. Email: karsfest@yahoo.com 
Web: http://www.w9az.com 
OH - BOWLING GREEN - Hamfest. wood 
County ARC, Bob Boughton N1RB, 419-
354-1811. Email: hamfest@wcarc.bgsu.edu 
Web: http://wcarc.bgsu.edu/flyer.html 
PA - PITTSBURGH - Hamfest. North Hills 
ARC, Milton Moratis W3XX, 412-364-
0399. Email: mmoratis@juno.com Web: 
http://nharc.pgh.pa.us 

July 12-13-14 

MA - WORCESTER - 10-10 Int'I 
Convention. Ed Emco W1KT, 508-853-
3333. Email: w1kt@aol.com Web: 
http://www.qsl.net/kc1 fv /convent.html 

July 13-14-15 

UT - BRYCE CANYON - Convention. 
Ruby's Inn. Utah Hamfest committee, 
Kathy Rudnicki N7JSH, 801-547-9218. 
Web: http://www.utahhamfest.org 

July 14 

co - LOVELAND - Hamfest. Larimer 
County Fairgrounds. VEC exams. Talkin: 
145.115. NCARC, Rod Cerkoney NORC, 970-
225-0117. Email: norc@arrl.net Web: 
http://www.qsl.net/nOrc/hamfest 
GA - GAINESVILLE - Hamfest. Lanierland 
ARC, Terry Jones W4TL, 770-967-6364. 
Email: w4tl@arrl.net Web: http://www. 
mindspring.com/ - w4tl/hamfest.htm 
ME - UNION - Hamfest. Pen-Bay ARC, Will 
Chadwick wc1w, 207-785-2739. Email: 
wilchad@tidewater.net 
TX - TEXAS CITY - Hamfest. Tidelands 
ARS, Joe Wileman AA50P, 409-945-6794. 
Email: aa5op@aol.com Web: 
http://www.tidelands.org 

ghe Events Calendar is a free service for publicizing electronic events such as 
amateur radio hamfests, flea markets, etc. If your organization is sponsor-

ing an event and would like a free listing, contact us at least 60 days in advance. 
Include your flyer, estimated attendance, name of the person to contact, and 
phone number. 

Complimentary issues are available upon request for distribution to your 
attendees. A street address for UPS is required. 

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

July 15 

MA - CAMBRIDGE - Hamfest. MIT Radio 
Society/Harvard Wireless Club/MIT UHF 
Repeater Assn., Steve Finberg W1GSL, 
email: w1gsl@mit.edu (Nick Altenbernd 
KA1MQX, 617-253-3776 9am-5pm.) Web: 
http:/ /web.mit.edu/w1 mx/www /swapfest 
.html 
MO - WASHINGTON - Hamfest. Zero 
Beaters ARC, Keith Wilson KOZH, 636-629-
2264. Email: wObob@arrl.net Web: 
http://www.hyti.net/ -wObob/zbarc 
NJ - AUGUSTA - Hamfest. Sussex county 
Fairgrounds, Plains Rd., off Rt. 206. Talkin: 
147.90/30, 222.90/224.50, 146.52 simplex. 
Sussex County ARC, Dan carter N2ERH, 
973-948-6999. Email: n2erh@email.com 
Web: http:/ tscarcnj.org 
NY - BATAVIA - Hamfest. Genesee Radio 
Amateurs, Randy Boyle K2RLB, 716-948-
9679. Email: racboyle@iinc.com 
PA - KIMBERTON - Hamfest. Fire Co. 
Fairgrounds, Rt. 113. Talkin: 146.835-, 
443.80+ cress 131.8. Mid-Atlantic ARC, Bill 
Owen W3KRB, 610-325-3995. Email: 
gem@op.net Web: 
http://www.marc.org/hamfest.html 

July 20-21 

FL - MILTON - Hamfest. Milton ARC, 
Walter Yarbrough WA4TFR, 850-994-7335. 
Email: wa4tfr@worldnet.att.net 

July 20-21-22 

MT - EAST GLACIER - Convention. 
Glaciertwaterton Int'I Hamfest Committee, 
Gerry Leach VE6BVZ, 403-285-5547. Email: 
leachg@cadvision.com 
WA - EVERE1T - DX Convention. Everett 
Holiday Inn, Exit #186 off 1-5, 128th St., 
SE. western WA DX Club, ward Silver 
NOAX, 206-463-9173. Email: 
hwardsil@wolfenet.com Web: 
http://www.wwdxc.org/convention 

July 21 

IA - DES MOINES - Convention. The Triple 
H Net, James Young W7FTT, 760-249-
3698. Email: w7ftt@qsl.net Web: 
http://www.qsl.net/triplehhh/index.html 
LA - SLIDELL - Hamfest. Slidell City 
Auditorium. 8am-2pm. VE testing. Talkin: 
147.27/87PL114.8. Ozone ARC, Wayne 
Wenner AC5YB, 985-863-2048. Email: 
ac5yb@arrl.net 
MN - BRAINERD - Hamfest. Brainerd Area 
ARC, Al Doree WORC, 218-575-2404. 
Email: worc@arrl.net Web: 
http://www.uslink.net/ - brdham 
NC - CARY - Hamfest. cary Community 
Center. 8am-2pm. Talkin: 145.39 -6. cary 
ARC, Herb Lacey W3HL, email: 
n4nc@arrl.net 
NY - FRANKFORT (UTICA) - Hamfest. 
Utica ARC, Bob Decker AA2CU, 315-797-
6614. Email: ktrnd@borg.com 
OH - WELLINGTON - Hamfest. Lorain 
county Fairgrounds. VE exams. Northern 
Ohio ARS, john Schaaf K8JWS, 216-696-
5709. Email: k8jws@arrl.net Web: 
http://apk.net/noars/noarsfe.htm 
PA - BERWICK - Hamfest. Jonestown 

COMPUTER SHOWS 

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

Blue Star Productions 
612-788-1901 
http://www.supercomputersale.com 

Computers And You, 734-283-1754 
www.a1 -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, Ml. 
E-Mail: taylor@gibraltartrade.com 
www.gibralta rtrade. com 

Mountain Repeater Assn., Charles Hooker 
AD3L, 570-864-2571. 
Email: chooker@epix.net 
TN - DAYTON - Hamfest. Rhea County 
ARS, Tom Mize K04SY, 423-570-0840 or 
423-775-2480. Email: k04sy@arrl.net Web: 
http://www.volstate.net/ - ko4sy 
TX - SHERMAN/DENISON - Hamfest. 
North Texas Hamfest Committee, Gene 
Hodge K5DPS, 903-893-6082. 
Email: kc5aft@gte.net Web: http://home1. 
gte.netlwb5dcu/nortexOO.html 

July 22 

IL - SUGAR GROVE - Hamfest. Waubonsee 
Community College, Rt. 47 at Harter Rd. 
VEC exams. Talkin: 147.210 (+600) PL 
103.5/107.2. Fox River Radio League, 
Maurice L Schietecatte W9CEO, 815-786-
2860. Email: w9ceo@arrl.net 
Web: http://www.frrl.org/ hamfest.html 

July 26-27-28-29 

TX - FT. WORTH - Hamfest. Central States 
VHF Society, Lilburn Smith W5KQJ, 817-
596-3539. Email: lilburn@mesh.net Web: 
http://www.csvhfs.org 

July 27-28 

OK - OKLAHOMA CITY - Hamfest. OK 
State Fair Park, Intersection 1-40 and 1-44. 
Hobbies, Arts & Crafts/Modern Living 
Bldg. Fri: 5-8pm, Sat: 8am-5pm. Talkin: 
146.82. Central OK Radio Amateurs, Inc., 
email: corahams@swbell.net Web: 
www.geocities.com/ heartland/7332 

All listing information should be sent to: 
Nuts & Vo" Magazine 

Events Calendar 
430 Princelqind Court 
Corona, CA 92879 

Phone 9Q9B71-8497 
Fax 909~371-3052 

E-mail events~nutsvolts.com 

Gibraltar Trade Center, Inc. 
810-465-6440 Mt. Clemens, Ml. 
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 
http://www.marketpro.com 

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

ComputerShow 
770-663-0983 
£ -Mail: narisaam@aol.com 
Web: http://www.sh~wnsale.com 

Northern Computer Shows 
978-7 44-8440 
E-Mail: inquiries@ncshows.com 
Web: ncshows.com 

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

July 28 

ME - LINCOLN • Hamfest. Ella Burr School. 
VE testing. Bagley ARC, Sylvia M. Cockburn 
N1JNR, 207-732-5185 or David Baker 207-
794-3398 
NC - WAYNESVILLE - Hamfest. Western 
carolina ARS, Pat Kelsey WA40LA, 828-
236-0181. Email: wa4ola@arrl.net Web: 
http://wcars.org 
NV - RENO - Hamfest. lnt'I Game 
Technology parking lot, 9295 Prototype 
Dr. Sierra Nevada ARS, Bill Massie K7NHP, 
775-246-3756.Email:k7nhp@arrl.net 
OH - CINCINNATI - Hamfest. Diamond 
Oaks career Development campus, 6375 
Harrison Ave. 7am-1pm. VE exams. Talkin: 
146.670- and 146.925-. OH-KY-IN ARS, 
Lynn Ernst WD8JAW, 859-657-6161 . 
Email: wd8jaw@arrl.net Web: 
http://www.qsl.net/k8sch 

July 29 

MD - TIMONIUM - Hamfest. Timonium 
Fairgrounds, York Rd., off 1-695, 1-83. VE 
exams. BRATS, Mayer Zimmerman 
W3GXK, 410-786-6839. Email: 
w3gxk@arrl.net Web: www.bratsatv.org 
OH - RANDOLPH - Hamfest. Portage 
county Fairgrounds, St. Rt. 44. 8am-4pm. 
VE exams. Portage ARC, Joanne Solak 
KJ30, 330-274-8240. Email: 
ljsolak@apk.net Web: 
http:! /pare.portage.oh.us 
SD - CLEAR LAKE - Hamfest. Deuel 
County ARC, Rob Schmidt NOTAW, 605-
874-2778. Email: rjtaw1 @itctel.com 
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August 3-4 

TX - AUSTIN - Convention. Austin ARC, 
Austin Repeater Organization, & TX VHF­
F~ Society, Joe Makeever W5HS, 512-345-
0800. Email: w5hs@arrl.net 

August 4 

IL - CARLINVILLE - Hamfest. Macoupin 
county Fairgrounds, Rt. 4 1-55 exit 60. 

7am-12pm. Talkin: 146.82-. Macoupin 
county ARC, Tim Jones KA9VIV, 217-627-
2355. Email: ka9viv@yahoo.com 
Ml - TAWAS - Hamfest. Iosco county AR 
Enthusiasts, John Hanley KA8AIP, 517-756-
2845. Email: ka8aip@centurytel.net Web: 
http://www.oscoda.net/icare/ 
MO - SPRINGFIELD - Hamfest. University 
Plaza Trade center. 8am-1pm. VE testing. 
Talkin: 146.910-. southwest MO ARC, 
Woodie Moore WOODY, 417-833-2248. 
Email: woody@arrl.net Web: 
http://www.smarc.org 
NY - ITHACA - Hamfest. Tompkins 
county Airport. 7am-2pm. VE exams. 

Talkin: 146.970-. Tompkins county ARC, 
Dave Flinn W20:P, 607-533-4797. Email: 
dave@starflinn.com Web: 
http:/ /www.compcenter.com/ -tcarc 
OH - COWMBUS - Hamfest. Voice of 
Aladdin ARC, James Morton KB8KPJ, 614-
846-7790. Email: kb8kpj@cs.com 
PA - LEWISTOWN - Hamfest. Decatur 
Township Fire co. Grounds. Talkin: 146.91. 
JVARC & Decatur Township Fire co., 
Richard Yingling, 717-242-1882 
VA - VINTON - Hamfest. William Byrd 
High School, Washington Ave. 9am-3pm. 
Talkin: 146.985 (-600). Roanoke valley 
ARC, Dave Miller 540-977-3142. Email: 

10) oger 'Scabies • Computer • Communications • Network • Audio • Video 

~ 800-366-0579 
661-295-5577 

Systems 
FAX 661-295-8777 

24895 Avenue Rockefeller 
Valencia, California 91355 

Specialist Inc. "We Have Great Connections" 

Also available 
in many 
colors!! 

TE-038-L5 
TE-078-L5 
TE-128-L5 
TE-258-L5 
TE-508-L5 
TE-758-L5 
TE-108-L5 

3ft. Straight Patch 
7 ft. Straight Patch 
14ft. Straight Patch 
25ft. Straight Patch 

50 ft. Straight Patch 
75ft. Straight Patch 

100 ft. Straight Patch 

$1 75 
$200 
$300 
$500 
$800 
$1400 

$1600 

CC-USB-AB6 6ft. USB "A"-"B" M/M $500 

CC-USB-AB10 10ft.USB"A"-"B" M/M $600 

CC-USB-AB15 15ft.USB "A"-"B" M/M $800 

CC-USB-X6 6ft. USB "A"-"A" M/F $500 

CC-USB-X10 10ft. USB "A"-"A" M/F $600 

Features 

The Easiest-to-Use 

PC to TV Video 

Converter 

TM-UT500 

•Up to 1024 x 768 to NTSC and PAL 
• Plug & play with no software setup, no power adapter needed 
·Simultaneous display on TV, desktop VGA monitor 
• No dependency on any VGA type 
•Freeze. Zoom, and Panning of the vkieo images 

male/female 
black 

CC-VGA-6MF 
CC-VGA-10MF 
CC-VGA-25MF 
CC-VGA-50MF 
CC-VGA-100MF 

6FT ................ ...... ... .. .. $600 

10FT .......... ... ............... . $800 

25FT ....... ............ .. ... ... $1600 

50FT ....... ... .. ... ........... $2500 

1 OOFT ....... ..... .... ..... ..... . $4400 

ma e ma e 
black 

CC-VGA-6MM 
CC-VGA-10MM 
CC-VGA-25MM 
CC-VGA-50MM 
CC-VGA-100MM 

6FT ... .. ...... ..... .. ... $600 
10FT .. .. .... ........... $8oo 

25FT. .... .. ..... ... .... . $1600 

SOFT ..... ....... .... .... $2500 

1 OOFT ...... ... ... ..... .. $4400 

These premium VGA cables are made with 75 ohm co­
axial cables. They are triple shielded to support extremely 
high bandwidth and unsurpassed protection against 
interference. Furthermore. our premium cables are 
Plug-N-Play ready and are compatible with the latest 
technology . 

Have you just upgraded to 

12 port horizontal CAT 5 Patch 
panel 110 style T568 A/B 
350MHz. Comes with panel, 
bracket, screws and wire 

FW-6X4-6 
FW-6X4-10 
FW-4X4-6 

.$3900 

$1 ooo 

6ft 6pin x 4pin ...... $1 ooo 
10ft 6pin x 4pin .... $1200 
6ft 4pin x 4pin .... $1000 

a larger monitor, and noticed 
ghosting images and slow 
data transmission? 

. FW-4X4-10 10ft 4pin x 4pin ... . $12°0 

These VGA monitor cables are 
high-resolution multimedia cables with a 
HDDB15 connector to your PC. Recommended 
for monitors 17" and larger. Xircom - Modem Dongle CBEM56 

CC-VGA-6MM 6ft. Male/Male $ 6 00 Model#CABLE-MOD444 

CC-VGA-1 OMM 10ft. Male/Male $800 Modem cableforCBEM56G-100BTX. 

·RecorddirecttytromcomputertoVCR CC-VGA-6MF 6ft . Male/Female $6°0 

·ForbothPC&Maccomputers CC-VGA-10MF 10ft. Male/Female $8°0 

Video Converter Cable w I 
RCA and S-Video In uts KYM Cable Sets 

$5900 

TM-USB-VD1 

Features: 
RCA or S-Video (SVHS) to USB converter/ 
adapter cable. Connect TV, VCR or 
camcorder to a USB port and capture 
images or movies! Converts analog to digital 
video.Supports NTSC and PAL. PC Version 

1 SVGA 2 PS/2 

CC-PS2-VGA6 6ft. Male I Male 
CC-PS2-VGA1 10ft. Male I Male 
CC-PS2-VGAF 6ft. Male I Female 
CC-PS2-VGA 1 F 10ft. Male I Female 

$1200 
$1650 
$1400 
$1700 

CPU's-Motberboards-HardDrlves 
Memory -SCSI Adapton 

SCSI Cables· CD burnen 
CD's &. Rewritable CD's 

And Much Mach M.,.-e!!!!! 
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dmiller@rev.net 

August 4-5 

WA - SPOKANE - Convention. Spokane 
RA, NW Tri-State ARO, Palouse Hills ARC, 
Inland Empire VHF Club, & Kamiak Butte, 
William oaze KC7YSF, 509-326-5353. 
Email: warchief@cet.com 

Augusts 

IN - ANGOLA - Hamfest. Land of Lakes 
ARC, Sharon Brown WD9DSP, 219-475-
5879. Email: sharon.1.brown@gte.net 
NY - WIWAMSVILLE - Western NY 
seaion convention. Greater Buffalo 
Hamfest & Expo. Main Transit Fire Hall, 
6777 Main St. Talkin: 147.255. Lancaster 
ARC, Luke calianno N2GDU, 716-634-4667. 
Email: luke@towncountryflorist.com 
Web: http://hamgate1.sunyerie.edu/ - larc 
VA - BERRYVILLE - Hamfest. Clarke 
County Ruritan Fairgrounds. VE exams. 
Talkin: 146.82-. The Shenandoah valley 
ARC, Brian Mawhinney WB3FUM, 540-665-
0761. Email: WB3FUM@arrl.net 

August 11 

IL - QUINCY - Hamfest. Western IL ARC, 
Bob crockett N9KUT, 217-222-4467. 
Email: w9awe@arrl.org 
Web: http://www.qsl.net/w9awe 
MD - WESTMINSTER - Hamfest. Reese 
Firemen's carnival Grounds, Rt. 140. 
carroll County ARC, Inc., email: 
k3pzn@arrl.net web: www.qis.neU-k3pm 
Ml ·JACKSON (VANDERCOOK LAKE) -
Hamfest. cascade ARS, Dennis Byrne 
KC81JZ, 517-522-4058. Email: 
byrneda@voyager.net Web: 
http://www.qsl.net/cars-jxn 
NY - WESTMORELAND - Hamfest Rome 
Radio Club, Russell Schorer KB2MAS, 315-
853-8739. Email: kb2mas@gpoconnect.net 
WA - LONGVIEW - Hamfest. Lower 
Columbia ARA, Bob Morehouse KB7 ADO, 
360-425-6076 after 6pm weekdays. 
Email: kb7ado@aol.com Web: 
http://www.qsl.neUne7p/swapmeet.htm 
WI - BARABOO - Swapfest. sauk county 
Fairgrounds. 7am-12pm. VE testing. 
Yellow Thunder ARC, Steve Schulze 
N9UDO, 608-356-2313. Email: 
n9udo@arrl.net Web: 
http:/ /www.qsl.neUytarc/ 
WV - HUll11NGTON - Hamfest. Veterans 
Memorial Field House, 2590 5th Ave. 
8:30am-2pm. VE testing. Talk.in: 146.76-. 
TARA, Garry Ritchie W801, 304-733-1300. 
Email: tarahams@juno.com Web: 
www.qsl.net/tara 

August 12 

CA • GOLETA (SANTA BARBARA) -
Hamfest. santa Barbara ARC, Alan soenke 
WA6VNN, 805-562-2694. Email: 
ajsoenke@aol.com Web: 
http://www.sbarc.org 
IA - AMAllA - Hamfest. Cedar Valley ARC, 
Chuck Bassett NOOUTS, 319-378-0448. 
Email: noouts@rf.org 
Web: http://cvarc.rf.org/ 
IL - PEOTONE - Hamfest. Will County 
Fairgrounds. 6am-3pm. Talkin: 146.52 sim­
plex, 146.64 (-107.2). Hamfesters RC, Inc., 
Robert Nelson WB9WFR, 708-756-7984. 
Email: wb9wfr@aol.com 
IN - GREENTOWN - Hamfest. Lions Club 
Fairgrounds. 8am-1pm. VE testing. Talkin: 
146.91 & 146.79. Kokomo & Grant county 
ARCS, L B. Nickerson K9NQW, 765-668-
4814. Email: k9nqw@skyenet.net Web: 
http:/ /www.netusa 1/-ka6nqwnick/ha 
mfest.html 
KY - LEXINGTON - Hamfest. National 
Guard Armory adjacent to airport. 8am-
4pm. VE sessions. Talkin: 146.760-. 
Bluegrass ARS, John Barnes KS4GL, 859-
253-1178. Email: ks4gl@juno.com Web: 
http:/ /www.BluegrassARS.org/ 
MN - ST. JOSEPH - Hamfest. St. Cloud ARC, 
jack Maus WOMBD, 320-685-8295. Email: 
wombd@arrl.net Web: www.wosv.org 
NJ - BAYVILLE - Hamfest. Jersey Shore 
ARS, Ed Genoino WA2NDA, 609-971-2792. 
Email: wa2nda@aol.com Web: 
http://www.jsars.org 
PA - MATAMORAS - Hamfest. Matamoras 
Airport Park, off Exit 53, 1-84. Talkin: 
146.760 -600, 100 Hz PL, 145.350 -600, 
100 Hz PL. Tri-State ARA, earl Will 



KB3DHN, 570-828-7622. Email: 
kb3dhn@mercurylink.net Web: 
http://www.qsl.net/k3tsa/ 
PA - SHREWSBURY - Hamfest. 
Shrewsbury Firehouse. VE testing. Talk.in: 
146.700. southern PA Group, Hilltop 
Transmitting Assn., & York White Rose 
ARC, John salony 717-741-1780. Cecil 
Mundorff 717-927-6662. 
Web: www.carli-online.com/hamfest 

August 18 

KS - CHANUTE - Hamfest. Chanute Area 
ARC, Charlie ward WDOAKU, 316-431-
6402 
NJ - OAKLAND - Hamfest. American 
Legion Hall, 65 Oak St. Talk.in: 147.49 in, 
146.49 out. Ramapo Mountain ARC, 
Steven Oliphant N2KBD, 973-962-4584. 
Email: rmarc@qsl.net Web: 
http://www.qsl.net/rmarc 
OH - FRIENDSHIP - Hamfest. Portsmouth 
Radio Club, jack King KB8NBI, 704-372-
5811 

August 19 

CO - GOLDEN - Convention. The Denver 
Radio Club, Ron Taylor KOHRT, 303-989-
3978. Email: kOhrt@arrl.net Web: 
http://www.qsl.net/wOtx 
IN - LAFAYETTE - Hamfest. Tippecanoe 
county Fairgrounds. 8am-2pm. VE exams. 
Talkin: 147.135+ & 443.775+ PL 88.5. 
Tippecanoe ARA, David Dull WB9BRX, 
765-743-8305. Email: dave@dullville.com 
Web: www.w9reg.org 
KS - SAUNA - Hamfest. central Kansas 

. ARC, Ron Tremblay WAOPSF, 785-827-
8149. Email: tremblay@midusa.net 
MA - CAMBRIDGE - Hamfest. MIT Radio 
Society/Harvard Wireless Club/MIT UHF 
Repeater Assn., Steve Finberg W1GSL, 
email: w1gsl@mit.edu (Nick Altenbernd 
KA1MQX, 617-253-3776 9am-5pm.) Web: 
http://web.mit.edu/w1 mxtwww /swapfest 
.html 
OH - WARREN - Hamfest. warren ARA, 
Renee Mccaman KB8SVF, 330-847-8478. 
Email: mccaman@cboss.com Web: 
http://www.onecom.net/wara 

August 25 

FL - TAMPA - Hamfest. TARC Club House, 
right next to ball field. 8am-1pm. Talk.in: 
147.105+. Tampa ARC, Riff Craine K4LAW, 
813-265-4812. Email: k4law@arrl.net Web: 
http://www.hamclub.org 
IN - LAPORTE - Hamfest. LaPorte county 
Fairgrounds, St. Rd. 2 West. 7am-1pm. 
Talkin: 146.52, 146.61-, PL 131.8. LPARC, 
Neil Straub WZ9N, 219-324-7525. 
Email: nstraub@niia.net 
Web: www.geocities.com/K9JSI 
MO - COLUMBIA - MO State 
Convention/CMRA Hamfest. National 
Guard Armory, Hwy 63. Central MO RA, 
Dale Huffington AEOS, 573-875-6170. 
Email: dale@tranquility.net Web: 
www.qsl.net1cmra/hamfest2001.htm 
NY - MARGARETVILLE - Hamfest. 
Margaretville ARC, Lester Bourke KB2DCE, 
845-586-2324. Email: bour1<.e@catskill.net 
Web: http://www.catskill.net/marc 
WV - WESTON - Hamfest. WV State ARC, 
Ann Rinehart KA8ZGY, 304-768-9534. 
Email: ka8zgy@arrl.net Web: 
http://www.qsl.net/wvsarc 

August 26 

IL - DANVILLE - Hamfest. vermilion 
county ARA communications Center, 
Harrison Park west Addition, off 1-74. VE 
testing. Talk.in: 146.820 (-600). VCARA, 
email: VCARA@Talk.to 
IL - JOUET - Hamrest. Bolingbrook ARS, 
Thomas Ballard N9lJY, 630-739-3740. 
Email: tb1303@mediaone.net Web: 
http://geocities.com/k9bar I 
MO - ST. CHARLES - Hamfest. VFW Hall, 
66 VFW Ln. 6:30am-1pm. VE testing. 
Talkin: 146.670-. St. Charles ARC, Kenneth 
Fieser KBOVLN, 314-428-4383. Email: 
kfieser@aol.com Web: 
http://www.qth.com/wbOhsi/ 
NY - YONKERS - Hamfest. Yonkers ARC, 
Tommy Monzon W5ACT, 914-533-2892 or 
203-794-2665. Email: w5act@arrl.net Web: 
http://www.yarc.org 
PA - NEW KENSINGTON - Hamfest. 
Skyview Radio Society, Robert Livrone 

N3WAV, 724-339-9607. Email: 
n3wav@arrl.netWeb:http://www.micr 
oconnect.net/ - ggross/skyview.htm 

Email: w6omf@cwnet.com 
CANADA - ON - GnAWA (CARP) -
Hamfest. Ottawa ARC, Greg Danylchenko 
VE3YTZ, 613-236-9291. 

Signal, Bruce Wood N2LIV, 631-265-1015. 
Email: bdwood@erols.com 
NC - SHELBY - Hamfest. Shelby ARC, John 
Ledford W4JL, 704-482-4507. TN - LEBANON - Hamfest. Short Mountain 

Repeater Club, Roger Hughes W41V, 615-
893-5623 

Email: fleamarket@oarc.net 
Web: http://oarc.net/fleamarket 

Email: w4jl@shelby.net 
Web: http:/ /www.shelby.net/n4fan 

SEPTEMBER 2001 
NM - ALAMOGORDO - Hamfest. 
Alamogordo ARC, June Richmond K5BHE, 
505-437-0298. Email: k51rw@zianet.com 
Web: http://www.zianet.com/ AARC/ 

September 7-8 

September 1 

CA - VACAVILLE - Hamfest. Vaca Valley 
RC & Western States Weak Signal Society, 
Larry Hogue W60MF, 707-452-9701. 

September 1-2 

CT - ENFIELD - Conference. Eastern 
VHF/UHF Society & North East Weak 

AR - MENA - Hamfest. Queen Wilhelmina 
State Park. 7am-5pm both days. VE test­
ing. Queen Wilhelmina Hamfest Assn., 
Charlotte Lee KC5DOR, 870-642-7656 
home or 870-642-2234 ext. 107 work. 
Email: dee1948@yahoo.com 

Top 10 Favorite Gateway Gizmos and Gadgets 
:I 

VOICE CHANGER KIT $49. 50 , 

I
• Change your voice with this really cool kit! Using DSP (Digital Signal Processing), you can make a man 

· - = sound like a woman, make a woman sound like a man, create scary monster sounas, and have lots of fun. 
u~ the'"'°'''"'' ~d •ib~to m<>d" fo. <>dditioMI '"'°''' effoct.. Kit f"'"'" clip-oo electcet mic, [ ] 
removable speaker with case, sound effects selector switch, adjustable volume control , up/down pitch 
shifts, and step-by-step instructions. 3.5mm jacks for the microphone and speaker make it easy to 
connect to other audio equipment. Requires 4 AA batteries (not included.) 

Infrared Non-Contact Laser Thermometer introductory pric e $149.95 ® ee 0 
This is such a cool thing. you gotta get one! No more climbing ladders or going down manho les trying to find 

temperatures. Are the ratters hot? How hot is that car? Point this little gizmo at almost anything and it will give 
you the temperature! Uses a laser sighting to help confirm target. and features an easy to read large LCD. 
Fahrenheit or Celsius selectable. Features a 0.95 emissivity. 8: 1 distance to spot ratio. 0.1 reso lution. and a 

temperature range of 14 to 950 degrees Fahrenheit. Manufacturer's 3-year limited warra nty. 
*shipping this item requires insurance. please add an additional SO.SO 

" , 
INFRARED 

lHERMOv1ETtR 

LightU1011e llJDO Flashlight $19. 95 

~ 
four super-bright white l€Ds replace the bulb vou'cl find In a tradltlonal flashllght. providing o l<Ylg-losting high-lntenslt1,1 
fight. l€D fights mean vour flash//ght wlll lost about 14 times longer than o regular flash//ght, and these flashlights ore tpi 

waterproof and shockproof. Ideal for short-range use In cars, planes, etc. 
flash//ght requires 3 Rf/ batteries (Included). Manufacturer's //mlted //fetlme worrantv even includes the l€D lights! 

Spectrum LED A Rainbow of Light! $5.95 
Imagine an LED capable o f produc ing all three p rimary colors in the same package! The entire sp ectrum. includ ing 

near-white. can be createdl Imagination becomes rea lity with this T 1-3/4 multi-color LED Here 's the technology a red 
chip , a green chip, and two blue chips enca sed 1n a d iffused Tl -3/4 package Using various current comb1na t1ons. you can 
produce red , orange . yellow, green. aqua . b lue. violet or white light! Detailed sp ec sheet included . What can you do with 

these (beyond the obvious amaze your friends!)? Create a single ind icator system, designate various controls by c o lor. make 
a multi-color bargraph. make your p roject something out o f the ordinary with multicolor LEDs! 

Lighted Screwdriver Supertool! $9. 95 
At first glance, this appears to be an ordinary screwdriver, but press a button on the base and two lights illuminate 
the area you are working on. Nifty, huh? But wait , there 's more! The seven interchangeable bits are stored right 
there at the base of the screwdriver (6 storage slots) for easy access. No handles to unscrew or tool boxes to dig 

through. Hey, you ain't seen nothin' yet ... remove the bit and the magnetic retrieval tool telescopes from the screw-
driver shaft! Incredible!!! Of course, the comfort grip handle and rugged construction are icing on the cake! 

Definitely a 'gotta have it' tool! , 
1 · 

- -~ The Photon Microlight II 
A super bright keychain LED flashlight, push to light or switch on for continuous bright illumination. 

available in a variety of colors. Blue, Green, White, Turquoise , Red, Yellow, or Orange $15.95 (please specify) 1
·! 1 · . t~: 

~ 6 
AMAZING MINI MICRO FM RADIO! $7.50 

Much lighter than a heavy jam box with really good sound! This tiny radio (1 .5"x1 .06"x0.38") has a seek button, reset control , 
and an on/off switch. Personal listening has never sounded better! Ideal for ballgames, beaches, and workouts. Battery and 

nugget style earphones included. 
.,'=---·"' 

• 
Geophone vibration sensing kit Detect a fly stomp ing across the desk! 

Well maybe not that sensitive, but a lmost . These vibration sensors made by Geosource® were used in oil 
exploration to determine geological statistics . They are made with a magnet suspended in a coil and are very 

sensitive to vib ration. Compact size. the unit measures approx. 1.6" high and 1.2" dia. 
The kit inc ludes a g eophone vibra tion sensor along with parts to build a basic detector that w ill light an LED. In 
addition we inc lude a schematic tha t will show you how to op erate a relay. The sensi tivity is a djustable. so you 
can set it to d etect elephants and other small creatures . Similar units were used by our armed forces to detect 

enemy troop movements ... the p erfect device to alert you to the pitier patter of little Leroy·s feet! Unit sensitivity 
can b e set high enough to detec t a b usiness card dropp ed on a table. and we've made it work with vibrations 
up to 40 feet a way! Earthquake or Aunt Agatha ... you decide! It' s a fun gadget with many uses. 

COMPLETE G EOSENSOR KIL.$ 9.95 GEOSENSOR UNIT ONLY .... $7 .95 

RF LINEAR POWER BOOSTER AMPLIFIER KIT $39.95 
A quick and simple boost for signal generators, transmitters, ond other low power devices, this kit can boost -.!'!~•­

power up to 1 watt over a frequency range of 100 KHz to over 1000 MHz. Operates on 12 to 15 vdc @ 250 mA, via ~ . .::.> 
a 2.1 mm male power jack. 38 dB gain at 10 MHz, 1 OdB ot 1000 MHz. Optional case $14.95 

TV TRANSMITTER KIT $:Z7·9S 
Tired of lugging the VCR to another room to see a movie while Aunt Martha watches reruns o f the Julia Child special on PBS? 

Sick of stringing wires through the house so Junior can watch the latest Power Rang er movie in the comfort o f his room? Never 
fear , w e 've got the so lution! This kit allows you to send any a udio a nd video source. like a VCR or TV camera. to a ny TV set for 
up to 300 feet. With this little kit. you ' re the producer and the programming director o f your own TV sta tion. Tunable to any TV 

chahnnel 2-6, runs on 12 VDC. and accepts standard audio and video signals. Optional matching case set. $14.95 

'w--w--w--g-_a_t_e_w __ a_y __ e_l_e_x __ c_o_ -m-'• ~~~I~~~ ~wE~,A~Rll;~~:uR~:,~N~~BCL~AFN;REP~:~~~~i 
I ERRORS . MASTERCARD, VISA AND DISCOVER ACCEPTED. 

• • VES, WEll TAKE YOUR CHECK -· SORRY, HO C.O.D.1' $10 

"- - - - - - - - - - - - - - - - - - - - - - - - - ~ MEs~W~T~l~~~1~::1uT~Do~~ti~~~~~E:~;l;~~~l:EoF 
8123 PAGE BLVD • ST LOUIS MO 63130 • (314)427 6116 SHIPPING' UPS GROUND SHIPPIHGIHAHDLIH~ WITHIN THE · • - CONTINENTAL U.S. (ITEMS REQJ,llRING ADDITIONAL 
9222 CHESAPEAKE DR . • SAN DIEGO, CA 92123 • (858)279-6802 AMOUNTS ARE HOTED) ... $6.2S FOll'THE FIRST ITEM, $0.SO 
2525 FEDERAL BLVD. • DENVER , co 80211 • (303)458:5444 FOR EACH ADDITIONAL ITEM. mTpcKING cHAR~E MAY BE 
MAIL ORDERS CALL TOLL-FREE 1-800-669-5810 ASSESSED ON R~U_R_I'.~~ 1 "1~~.''. . ~;;';i' bh,::~: · '" 
FAX ORDERS (314)427-3147 m:mJ :-:91• 

nvl 100 - .lllltMIHll•,, ' 
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4 Inch Video NTSC $150 
Sharp P/N 4LU4E 
Composite NTSC & RGB Input 
12:00 OR 6:00 Viewing Angle 
Integrated Backlight & Inverter 
Extended Temp: -10 to+ 60 C 
Brightness: 260 nits 
Power Consumption: 4.3 Watts 
Contrast: 50 to 1 

TOUCH MONITOR 
E'arthVue 10.4 

10.4" VGA TFT 
Analog VGA Input 
105 Nit Brightness 
RS-232 Touch Screen Option 
Only 9.9"W x 7. 7"H x 1.5"D 
Ideal For Factory Automation 
Fully Articulating Ball Mount 
Only $1095 With Touch 

-----
0 ... :·,,. •• )110111.-.,.,.... ---~ 

CHARACTER LCD 

OPTREX DMF-5005SN-EW 
240 x 64 Graphic EL Backlit STN $30 
OPTREX DMF-SOOSN 
240 x 64 Graphic Reflective STN $30 
SANYO DM2023-7G1 
2 x 20 Character Reflective STN $8 
SHARP LM20A21 
2 x 20 Character Reflective STN $8 
VIKAY 2035TNLD NOTW-D 
2 X 16 Character LED Backlit STN $8 

LCD DISPLAYS 

6.3" Mono STN $60 
9.4 • Mono Reflective $60 
8.4"TFT $250 
9.4" DSTN $150 
10.4" TFT $350 
10.4" DSTN $240 

NoteBook Screens 
340 Models in Stock 

Obsolete Screens Stocked 
Hard To Find LCD? Call! 

~EARTH ~ Computer Technologies 

10.4' DSTNor12.1"TFT 
Analog SVGA Input 
Autosync 
Auto Sizeing 
Automatic Expansion of VGA 

imagestoSVGA(On 12.1") 
Very Aggressive Pricing 

Starting under $500! 

' 
~ - : t;f - •• 

' 

CONTROLLERS 

ISA 
PCI 
PC/104 
NTSC 
Analog VGA 
Complete LCD Kits with LCD, 
Controller & Cable Starting 
under$200 

"The World Leader In LCD Recycling" 

Ph: (949) 361-2333 Fax: (949) 361-2121 
http:l/www.flat-panel.com 

Circle #29 on the Reader Service Card. 

HAM GEAR 
FOR SALE 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

NEW BATTERIES for Motorola GP-300, 
GP-68. Cases and battery illuminators. 
Original and after market accessories. To 
order call 604-468-9290 or visit 
www.nslradlo.com 

WANTED: ROCKWELL-Collins HF-80 
equipment, 85 I S-1, 237B-3 log periodic, 
Collins literature. Jim Stitzinger 805-259-
20 I I, 805-259-3830 (fax), bfl -jfs@smart 
link.net 

2.4GHz ATV - 8 channel TRANS­
MITTERS AND RECEIVERS. 35mW 
output power, I 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. $791each for transmitter. 
$79/each for receiver. EzATY. Visit 
our web-site for dealers or order on-line at 
www.4atv.com 

SUPER HIGH GAIN 14 dbi flat antenna 
with N or SMA connector tuned for 2.3-2.5 
GHz. Use with 2.4GHzATY 8 channel trans­
mitter or rece iver. $I 79/ea. SPECIAL 
PRICE. EzATY. Visit our web-s ite for dealers 
or order on-line at www.4atv.com 

Test Equipment Connection is looking to purchase vour excess or underutilized 
electronic test and measurement equipment we buy the largest varietv ot 

electronic test equipment in the industrv. 

Specialist in HeWlett-Pacllard, Tektronix, and manv more manufacrurers. 
36 J111.Y 2001/Nuts & Volts Magaz ine Circle #30 on the Reader Service Card. 

I .2GHz ATV - 8 channel TRANS­
MITTERS and RECEIVERS. 75mW 
output power, I video channel, 2 audio. SMA 
connectors. NTSC/PAL compatible. Includes 
I /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. EzATY. 
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, I (one) watt output 
with in-line SMA connectors and built-in 
heat sink. Approx. 2" x 2" x 5/8" size. 
Frequency range 2.3GHz-2.5GHz. 
$189/each. Compatible with all ATV prod­
uct lines. See our website for more info on 
accessories and transmitter and receiver 
modules. EzATY. Visit our web-site for deal­
ers or order on-line at www.4atv.com 

CB - SCANNERS 

SCANNER ANTENNAS: VHF/UHF 
Discone base antennas $29.95 + S&H, 
HFNHF/UHF super Discone $45.95 + S&H, 
mobile antennas $24.95 + S&H, super scan 
duck handheld antennas $19.95 + S&H.Also 
antennas for amateur, CB, cell, GMRS, MURS, 
SWL, TY. Antenna Warehouse, 811 9th Ave., 
Camanche, IA 52730. MCNisa toll 
free order line: 877-680-7818. 
www.antennawarehouse.com 

CBs, ACCESSORIES, SCANNERS, 
ANTENNAS, MICROPHONES, 
COAX. Best prices! Call 1-800-821-2769 
for current flyer. We also carry NIMH bat­
teries and chargers. http://www.thomas­
distributing.com THOMAS DISTRIB­
UTING, I 28 Eastwood, Paris, IL 
61944. 

CB MODIFICATIONSt Freq­
uencies, books, kits, high-perfor­
mance accessories, plans, repairs, 
amplifiers, I 0-meter conver­
sions. The best since 19761 
Catalog $3. CBCI, Box 30655NV, 
Tucson, AZ 8575 I. 
www.cbclntl.com 

240+ CHANNEL CB/HAM/FRS/COM­
MERCIAL radios: AM/FM/SSB/CW export/ 
domestic: RCI, TEKK, Motorola, Uniden, 
Cobra,Alinco, Kenwood. Mies, 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 on line sellers. Visit 
NewComputer.com to save time when 
shopping for new computer equipment. 

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 



EVERYTHING NEW w/warranty! Best 
prices. Motherboards with CPU 900MHz 
$195, custom configured systems, modems, 
DSL modems $35, multimedia kits , scanners, 
monitors, cases, $20. Hard drives sizes to 40 
gigabytes. 540 megabyte $15. Sound adapter 
$10. Call 714-778-0450. Email: 
ccl@surfslde.net 

WE CARRY a variety of cables, switch 
boxes, accessories, and adapters to connect 
PCs, printers, Mac's, networks, telecommuni­
cations, and audio/video equipment. We 
offer: custom cables, free catalogs, and same 
day shipping on most orders. Visit our web­
site at www.rogerssystems.com or call 1-
800-366-0579. 

I 9" RACKMOUNT ATX PC chassis, 
$149 (with ad). www.stores.yahoo.com/cti­
texas, 972-242-8087. 

VGA TO COMPOSITE (NTSC) VIDEO 
CONVERTER - ULT-2000. Handheld. 
Powered from keyboard with S-video and 
RGB outputs, too. 3: I zoom control with 
many extras. $99/ea. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

6SOMHz SYSTEMS from $199. 486 
computers $49. Brand name Pentiums from 
$199. Motherboards $20, color printers $45, 
1.44/1.2 floppies, speakers $10. 714-778-
0450. 

COMMERCIAL 35W FM TRANSMITTER ,_,,,__...._ 

. - . Oean and powerful, plus an on 
board computer that's your 
"virtual" station engineer' We can 
now supply tum-key packages for 
your community or LPFM station. 

. . 
. -· 

Call or visit our broadcast web site, www.highpowerfm.com, for more details. 
PX1 $1,795.00 

BROADCAST YOUR MP3 AND .WAV FILES 
-~~---

Our FM broadcaster designed specifically for PC 
sound-cast. Broadcast MP3s. internet radio and 
more to any FM radio in your house or yard. You 
can't buy an assembled broadcaster this powerful 

or clean. Kit includes case and power supply. 
MP3FM $99.95 

FM100 SYNTHESIZED FM STEREO RADIO STATION 
~ 

• Synthesized 88 to 108 MHz for no frequency drift ' 

'" "'k- ii • Built in mixer - 2 line inputs and one 
microphone input! 

§ r : . ,,, \. • Strappable for higher power output 
• Low pass filter for great audio 

Our FM1 00 is used all over the world by serious hobbyists as well as churches, 
drive in theaters, and schools. 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 

$399.95 FM1 OOWT 1 Watt, Wired Export Version 

FM10A 
CFM 
FMAC 

RK3000 

Great entry level FM broadcast kit. Thousands in use. Handy 
for sending music througti house and yard, ideal for school 
projects too - you'll be amazed at the exceptional audio quali­
ty! Runs on 9V battery or 5 to 15 voe. Add matching case 
and whip antenna set for great pro look. 

Tunable FM Stereo Transmitter Kit 
Matching Case and Antenna Set 
12V DC Wall Plug Adapter 

CARPET ROVER II ROBOT KIT 

$34.95 
$14.95 

$9.95 

This advanced kit is an 8 x 8" differentially steered 
base that is excellent for carpet or tiled floor experi· 
mentation. It uses the Next Step microcontroller, a 
BASIC Stamp 2 controller that can use the BS2 or 
BS2·E (sold separately). A host PC is required to 
download programs to the robot. This complete kit 
includes the Rover, programming cable, IR proximity 
detector. bumper switch kit, and line fo llower kit. 

Carpet Rover II Complete Kit $185.00 

Build this kit and detect combustible gases and vapors 
including natural gas. gasoline, propane, and dozens 
more. Model GLD1000 is a local alarm only, GLD1010 
includes a relay to control external alarms. 
GLD1000 
GLD1010 

$29.95 
$39.95 

We've got the kit! Our K4500 is a synthesized 
FM stereo tuner, the K41 00 is a matching pre· 
amp. Both are fully digitally controlled with an 
optional IR remote control (kit also). Add our 

K4020 2 x 155W Class A power amplifier kit to complete your drop-dead 
stereo. We also have tube amplifier kits. Visit us on the web, or request our 
new catalog for more information. 
K4500 Synthesized FM Stereo Tuner Kit $399.99 

$399.99 
$69.95 

$499.99 

K4100 Digital Preamp Kit 
K4101 IR Remote Control Kit 
K4020 Solid State 310W Power Amp Kit 

ELECTRONIC PROTOTYPING SOFTWARE .•. 
~~~-"-~=-

~~~~=~~=~!!!Priced for the hobbyist! 
You can create and test AC and DC circuits 
minutes after installing this package on your 
PC. Start from scratch, or from the included 
library of pre-designed circuits. Drag and drop 
placement from a complete list of active and 
passive components. Test using a complete list 

~~~~~1'f::i~~~EJof virtual instruments, Oscilloscope, voltmeter, 
111 ohmmeter, ammeter, and watt meter. 
PLAB4 

BS11C 
BS21C 
27205 
28150 

$49.95 

RAMSEY NOW CARRIES BASIC STAMPS 

Hobbyists and educators have embraced the Basic Stamp 
family of microcontrollers thanks to their power, ease 
of programming and simple interface. Ramsey now 
offers popular BS boards, kits, and trainers. If you've 
been wanting to learn microcontrollers. or build them 

into a project, now's the time! 

Basic Stamp I Module 
Basic Stamp II Module 
Basic Stamp 1 Starter Kit 
Board of Education Full Kit 

$34.00 
$49.00 

$109.00 
$109.00 

' MINI-KITS 

RXD433 
TXE433 
RX433 
TX433 

These are easy to build kits that can be used either stand 
alone or as building blocks for more complex projects. 
BN9 Super Snoop 2W Audio Amp $8.95 
MB1 Mad Blaster 15W Warble Alarm $4.95 
TS1 Touch Switch $6.95 
SA7 RF Broadband Preamp +20 dB $14.95 
TI7 Touch Tone Decoder $29.95 

RF WIRELESS LINK MODULES 

• SAW Resonators for higti stability - NO Drift! 
• Powerful + 1 0 dbm output 
• Range up to 600' 
• 433 MHz license-free band 
• Sensitive superhet receiver with RF LNA 

A, · Stable over full 3-1 2 VDC range 
V · Optional on-board 12 bit encoder/decoder using Holtek 

HT1 2 series chips 
433 MHz Receiver/Decoder Mod., Assembled $26.95 
433 MHz Transmitter/Encoder Mod., Assembled $24.95 
433 MHz Data Receiver Mod., Assembled $21.95 
433 MHz Data Transmitter Mod., Assembled $19.95 

Ramsey Electronics• 793 canning Parkway• Victor, NY 14564 
Order Toll Free: 800-446-2295 •Technical Info or Order Status: 716-924-4560 

See our catalog online and register to receive our FREE newsletter: www.ramseykits.com 
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BRAND NAME low-end Pentium com­
puters starting at $50. Call jerry W2GIA, 
Disks N Data, 1-800-833-6893 or E-Mail: 
dndcom@earthlink.net 

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 

COMPUTER 
I SOFTWARE 

HI-TECH UNDERGROUND 
SECRETS CDs. Computer/ 
satellite/cable/phone, free energy, mind 
machines, laser listener, anti-gravity 
electromagnetic/electrostatic detectors. 
pain/virus/AIDs killers, etc. 
http:/ /www.hi-techstuff.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 

CAM & MOTION SW/HW: Z-trace PCB 
(NC) tool path. Plotcam motion control, step 
drivers. www.ddt-us.com 321-459-2729. 
ddt-us@cfl.rr.com 

LIQUIDATION WINDOWS 95/98, 
Office suites $10-69. Windows companion 
$5. Grab bag I 00 CDs $50. Windows tutori­
als $5, Norton Antivirus, Ghost, Virtual drive 
$15. 714-778-0450. 

COMPUTER 
EQUIPMENT WANTED 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
33111540-382-2935). 

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. We buy, sell, and trade. KEY­
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

6809 GIMIX CPU card wanted. Doctor 
Gordon 305-653-8000. Office 301. 16800 
NW 2nd Ave., Miami, FL 33169. 

TEST EQUIPMENT 

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. 

KENTRONIX TEST EQUIPMENT 
SPECIALS. Check our WEB site at 
http://www.kentronlx.com for 
monthly specials. We 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: 
bri~n@kentronix.com 

AFFORDABLE HP power sensor repair! 
Most 8481 As repaired for $305 or less. We 
also handle 478As and many others. Call or 
fax for more information.Willamette RF, Inc., 
541-754-7226, FAX 541-753-4629. 
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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 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

WANTED: HP 6 I 2A signal generator. Call 
916-481-0321 . 

ILL 
ILi 
c 0 R 

Output: approximately 
3 Volts @ 40 mA. 
2.40" square x 0.13" 
thick epoxy­
encapsulated 
silicon photovoltaic panel 
removed from solar lighting system. Solid, 
almost -unbreakable module with easy-to­
solder spots on backside. Ideal for solar­
powered battery chargers and other projects. 

CAT # SPL-60 $350 
each 

I i:!0 i'Midlatu,_:»c t.fotl'r' "' · 
Mabuchi # FF-N20PN e 
Miniature 1.5 to 3 Volt DC motor. -­
Ideal for modelsand radio control ' 
applications where small size is important. 
No load rating: 15,800 RPM @ 2.4 V, 96 mA. 
Length (excluding shaft) , 0.654" long x 0.47" 
x 0.39". 0.039"(1mm) dia. x 0.13" long shaft. 
Solder-loop terminals. Large quantity available. 

CAT# DCM-166 150 for 60¢ ea. 

2 f $150 600 for 50¢ ea. 
or - 1500 pieces 35~ ea. 

+16ii'eharat$,te1;;,x 2 :~ff1e 
t.'o wifb ,B~ckli9h:t 

Daewoo# 16216L-5-VSO 
5 x 7 dot format. 2.56" x 0.54" 
viewing area. 3.15" x 1.41 " 
module size. LED back­
light. Includes hook­
up/spec sheet. 
CAT# LCD-53 

s7~2h 

Eveready # NH22. Nickel Metal 
Hydride rechargeable battery. 
Replaces 9 Volt batteries in many 
applications. Actual voltage 
7.2 Volts. Can be charged in most 
Nickel-cadmium chargers. 

3
SO 

CAT# NMH-9 $ each 

TEST EQUIPMENT technicians needed: 
calibration and repair techs. Three full-time 
openings. Our company sells, rents, repairs, 
and calibrates HP and Tek. We are located in 
Broomfield, Colorado, between Boulder and 
Denver. We perform electronic and physi­
cal/dimensional calibrations. Please send 
resume to irl@calibration.com 

TEST EQUIPMENT: Fluke 760A $600. 
893A $80. I 900A $125. I 920A $180. I 953A 
$225. I 953A $350. 8000A $85. 8600A $I 05. 
8600A $120. 8800A $150. 8300A $75. HP 
214A $425.226A $120.331A $115. 3435A 
$105. 4260A $95. 5245L $105. 5253B $65. 
5328B $260. 8640B 1-2-3 $1,500. VU Data 
51 I 0 $125. Stantron cabinet rack $I 60. Tek 
067-0589-00 $100. 067-0587-00 $150. 067-
0587-0 I $250. 7603 military scope $450. 
7704A $225. 7904 $350. 7Al6A $60. 7Al9 
$150. 7 A24 $95. 7 A26 $75. 7B53A $90. 7880 
$80. 7B85 $95. 7B92A $130. 7D I 3A $85. 
7D 14 $90. 7D 15 $75. TM504 $125. DM50 I 
$105. FG504 $450. Also manuals. Cashier's 
check or money order. Sunset Electric, 406-
777-2440. 

WANTED: RADIO service monitors, 
IFR, Motorola, HP, Marconi, also late model 
HP equipment. 716-763-9104 or fax 716-
763-0371 . http://www.amtronix.com 

A-COMM ELECTRONICS: we buy and 
sell test equipment. http://www.a-comm.com 
11891 E. 33rd Avenue, Aurora, CO 800 I 0. 
Tel: 303-341-2283, fax 303-341-2293. 

QUALITY Parts 

FAST Shipping 

DISCOUNT 

Powerful windshield 
wiper motor for 
2000-2001 Saturn L 
series automobiles. 
Two speeds; high speed 
is 106 RPM at 12 Vdc, 
4 Amps. Low speed is 
41 RPM at 12 Vdc, 0.91 Amps. 3/8" threaded 
drive shaft with nut. A 2.25" lever with a univer­
sal joint, attached to the shaft, is easily remov­
able. 7' overall length x 3.5' x 4' ·s191s 
CAT# DCM-171 each 

Standard battery for all ~ 
Nokia 5100 and 6100 
series cell phones. 
3.6 Volt, 900 mAh nickel 
metal hydride pack good for a 
3-5 hours talk time, 60-270 hours 
standby time. These are new batteries with 
minor cosmetic blemishes, that do not impair 
the battery's usefulness in any way. Ideal 
replacement or spare battery. sags 
CAT# NOK-8 each 

This CD contains a full-featured suite of award­
winning applications from Lotus Development 
Corporation. Included are: 

Lotus 1, 2, 3 - Spreadsheet 
Lotus Word Pro - Word processor 
Lotus Approach - Database 
Lotus FastSite - Intranet document publisher 
Lotus Organizer - Time & contact manager 
Lotus Freelance Graphics - Presentation graphics 
Lotus ScreenCam - Multimedia 
Lotus SmartCenter - Internet information manager 

Requires Windows 95/98/NT 4 
and a CD-ROM drive. 
CAT# LSS-1 ~-~ 

s10~~ch 

Astec # RPS4-115/230-C-714A 
Input: 8~ - 264 Vac 
Outputs: 5V @ 4Amp, 
12V@ 2A, -5V@ 
0.7A. Compact 
enclosed supply 
with on-off switch. 
6.5" x 3.2" x 1.45". 
White molex-type connector 
on 3.5" leads for output. Requires IEC-type 
power cord for input voltage (not included). 
These units were removed from new equip­
ment in good condition. $850 
CAT# PS-540 each 

l~i! SPeOl,fl· 1112\\;lfdt 1'ilmp 
llF' Fit Will Transfqrmer ....•. 
Class 2, direct plug-in AC-DC 
adaptor. Coax 
power plug, 
2.1mm i.d., 
center positive. 
Individually 
boxed. UL, CSA. 
CAT# DCTX-1216 500 
I 100 for $3.85 each I $ each 

v ·12''!1JO 2Jf!:'A.mp· 
Switclflng Power Supply 

Plug-in-wall regulated 
switching power supply. 
Ideal for cameras, 
scanners, cell phones, 
computers or any 
devices sensitive to 
power fluctuations. 
Input: 100 - 240 Vac. 
6 foot output cord has a 
coax DC power plug 
(2.1 mm id, 5.5mm od). Tip 
positive. Ferrite snap-bead for 
EMI suppression. Compact, 3.23" x 2.23" x 
1.38" UL, CSA, CE. 
CAT# PS-1225 

s10~~ch 
1 O for $9.25 each 

100 for $8.50 each 

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

MAIL ORDERS TO: 
ALL ELECTRON/CS CORP. 

P.O. BOX 567 • VAN NUYS, CA 91408-0567 

FAX (818) 781-2653 •INFO (818) 904-0524 

E-MAIL allcorp@allcorp.com 
NO MINIMUM ORDER •All Orders Can Be Charged to Visa, Mastercard, American Express or Discover • Checks and Money Orders Accepted by Mail • 
Orders Delivered in the State of California must include California State Sales Tax • NO C.O.D • Shipping and Handling $5.00 for the 48 Continental United 
States • ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping • Quantities Limited • Prices Subject to change without notice. 
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VALHALLA SCIENTIFIC 4100ATC 
low level digital ohmmeter, originally $1,295, 
price now 11, taking offers. Email: 
zdtvguy@hotmail.com 

MODEL I 09 pseudo-random noise and 
arbitrary waveform generator only $289. 
TDL Technology, Inc., 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.blg-llst.com 

6 INSTRUMENTS In I ! TPI 440 hand­
held oscilloscope with true RMS DMM capa­
bilities, component test, logic test, trend 
mode, frequency counter. Optional software, 
cable. Manufacturers 3 year limited warranty. 
$299.95. For more information, 
www.j-tron.com. Call j-Tron 1-888-
595-8766. 

POCKET TESTBENCH, inexpensive 
RS-232 virtual instrument, with scope, logic, 
counter, and generator modes. 
www.oricomtech.com 

SECURITY 

• 
9 VOLT IR sensitive B/W high res 
410 TYL camera with optional black 
low-profile swivel adjustable enclosure. Pin 
hole or Std. lens type. 6, 8, and I 2mm lens 
are available. 1/3" CCD, 3.6mm/F2.0 lens 
included; works from 7.S-1 l VDC,highest 
voltage range in market. 0.08 lux, 1.27" x 
1.27" x 0.5"D pinhole or I" deep standard. 
$49 each. Enclosure: $8; optional lens: 
$18. Dealers welcome. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

SCANNING MOTOR - A-nose 
with universal mounting bracket accepts all 
standard 1/4 x 20 threaded CCTV cameras. 
No tilt, just PAN. 75 degrees of continuous 
motion with a scan rate of 5 seconds per 
cycle. 110 volt indoor operation, but can be 
adapted for outdoor use. Includes 12 foot 
power cord. Perfect solution to triple your 
effective camera viewing angle! $19/each, 
or $25/each in qty. of 4. Small size, 3-
l/2"D x 2"H. Mateo, Inc., Schaumburg, IL, 1-
800-719-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

ALARMLAND.COM SECURITY 
devices for professionals. Motion detectors, 
panels, contacts, CCTV, and more. Fax your 
order to 732-840-1390. 



S" AND S.S" LCD high definition 
color monitors w/stereo. 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 this month 
only with regulated power $249/each. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order 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 
$1 19/each. Color $1 79/each. Small 
compact size with sun shield. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
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. Winter special. Price slashed to 
$249/each. Mateo, Inc., Schaumburg, IL, 1-
800-719-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

SEE ADMART SECTION, pages 74 and 
75 for other MATCO products, including 
wireless systems. 

CCD BULLET CAMERAS B/W & 
COLOR. AX-800 series, weather resistant 
high impact design with swivel bracket. Will 
work with Mateo's scanning motor. 3/4" 
diameter x 3" long approx. B/W: 400 line/0.2 
lux. $79/each. Color: 350 lines/2 lux, 
$I I 9/each - price reduction. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

COUNTER-SURVEILLANCE=$2SO 
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-SOOO. 
HTTP://WWW.SPY-CITY.COM 

WWW.COVERTBUG.COM 8 HR 22 
min DIGITAL RECORDER. Internal 
microphone & speaker.VOX, external micro­
phone & earphone. Telephone recording 
coupler. 4x l-3/8x9/ I 6in. Visit website for 
details. Brochure. $225 + $6 S&H. 
Sheffield Electronics, PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.com 

THE TLC· I records automatically all tele­
phone conversations up to 12 hrs. on a sin­
gle tape, $69. 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 1430 I. Buy wholesale directly from man­
ufacturers. 

'-...._) 
ULTRA LOW-LIGHT COLOR - 470 
llne/O.J lux camera. CNL-11-C-HR, 
1.5" x 1.5'' x I'', I /3" CCD board camera 
with 3/6mm F2.0 lens. Excellent color rendi­
tion using Sony chipset. 12 VDC @ 240 mA. 
Optional 6, 8, I 2mm lenses. Special 
$I 79/each. Mateo, Inc., Schaumburg, IL, 1-
800-719-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

Tired of Expensive Inkjet Cartridges ? 

Save 90% on Inkjet Inks ! 
Printer (Call for Others Not Listed!) #of Refills Cost I Refill Kit Price 

Black I Color Black I Color Black I Color 

HP 500 Series 400 Officeiet 300 350 Fax 7 14 4.71 2.85 32.95 39.95 

HP 600 Series, Officejet 500, 570, 600 7 14 4.71 3.21 32.95 44.95 

HP 820C. 855C 870C lOOOC ll50C Cooier 120 210 6 12 6.67 3.33 39.95 39.95 

HP 720C. 722C 712C 880C. 890C 895C 1120C 1170C 6 12 6.67 3.75 39.95 44.95 

HP 900c Series PlOOO Series Officeiet G55.G85. G95 6 12 6.67 3.75 39.95 44.95 

HP 200CX:: Pro Color Printer, 2200, 2500 7 6 5.71 6.67 39.95 39.95 
Canon BJ-10 200 210 240 250 Annie SW riter 1200 1500 14 20 2.15 2.00 29 .95 39.95 

Canon BJC-4000 Series C2500 C3000 C3500 C5000 60 60 0.50 0.67 29 .95 39.95 

Canon BJC-6000, 3000, 3010, 5400, S450 14 8 2.85 1.67 39.95 39.95 

Eoson Stvlus Color 500 200 20 1 7 1.50 2.35 29 .95 39.95 

Eoson Stvlus Color 400. 600 800. 850 Photo 20 17 1.50 2.65 29 .95 44.95 

Eoson Stvlus Color 440 640 660 7 40 7 60 860 20 17 1.50 2.65 29 .95 44 .95 

Lexmark JP 1000 1020. 1100 Exec.Jet II lie Medley 4C 10 1 7 3.00 2.35 29 .95 39.95 

Lexmark 3200, 5700, Zll, Z12, Z31, Z32 Z42 Z51 Z52 15 1 7 2.67 2.35 39.95 39.95 

Compaq IJ300 IJ600 IJ700 IJ900 Xerox XJ8C 15 1 7 2.67 2.35 39.95 39.95 

Xerox Home Center 450C, XJ6C Inkjet 22 12 1.36 3.33 29 .95 39.95 

SA VE 30 • 55% on New Compatible Cartridges 
Bolded Prices below iust lowered 5/1/01! 

Printer 
CALL FOR OTHERS NOT LISTED !! 

Epson Stylus Color Photo 750, 900, 980, 1200 

Epson Stylus Color 777 

Quality Inks for: 
HP • Epson • Lexmark 
Canon • Apple • Xerox 

Inkjet 
~~~~'""""::::-4' ... 
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BLACK Cartrid e COLOR Cartrid e 
Qty 1 I 3 I 6+ Qty 1 I 3 I 6+ 
4.50 I 3.83 I 3.69 10.95 I 9.31 I 8.98 
4.50 I 3.83 I 3.69 10.95 I 9.31 I 8.98 
9.95 / 8.46 / 8.16 14.95 / 12.71/12 .26 

9.95 I 8.46 I 8.16 13.95/ 11.86/ 11.44 
9.95 I 8.46 I 8.16 13.95/ 11.86/ 11.44 
9.95 I 8.46 I 8.16 13.95 I 11.86 I 11.44 
9.95 I 8.46 I 8.16 13.95 I 11.86 I 11.44 
10.95 / 9 .31 / 8 .98 15.95 I 13.56 I 13 .08 

10.95 / 9.31 / 8.98 14.95 I 12.71 I 12.26 

Soon Soon 

New Combination Black I color kits!! 
4 oz black dye 12 oz C,M,Y color - $44.95 
4 oz black pigmented 12 oz C,M,Y- $49.95 
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Programs. 
Microcontrollers, EE 
PROMS & Flash, PALs, 
GALs, etc. 

All Programmers 10% Off 

On-Line Circuit 
Archive 

Hundreds of Circuits . 
Over 23 Different Topics 

Designing for Dollars 
Submit your favorite circuit or 

program. Each month the 
best design entry (Judged by 

your peers) wins $100 in 
cash. Monthly winners are 
eligible for the yearly $1200 

Grand Prize! 

Circle #34 on the Reader Service Card. 

PC MONITOR AS SECURITY 
MONITOR. The VGA-80 I accepts stan­
dard NTSC or PAL inputs for display on any 
existingVGA/SVGA computer monitor.Small 
compact size. Over 600 lines of resolution, 
twice that of standard TV monitor! $69 
each. Dealers welcome. Mateo, Inc., 
Schaumburg. IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

COLOR - LOW LIGHT 2 LUX 32mm 
x 32mm, 350 TYL with optional enclosure. 
Pinhole and standard lens types available. 
Price reduction, $99/ea.Add $10 for enclo­
sure with swivel mount. Mateo, Inc .. 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

HI-TECH SURVIVAL: ISO+ books, soft­
ware, special projects: electronics, comput­
ers, internet, phones, security. CON­
SUMERTRONICS, PO Box 23097, 
Albuquerque , NM 87192, 505-321-1034. 
www.tsc-global.com 

SURVEILLANCE-COUNTERSUR­
VEILLANCE: I buy and sell used equip­
ment. Steve 410-879-4035. 

AS- I 004 wireless 2.4GHz, FCC 
approved. 2.4GHz transmitter & receiver 
with audio! Capable handling total of 4 wire­
less cameras, range: > 300'. Built-in camera, 
400 TV line. $ I 99 per system. 
Additional cameras at $129/each. Mateo, 
Inc ., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

.~~ 
I D'ATA ·~ 
~ SHEETS g 

RS-232 
Stackable 

PO Box2426, Ft Walton Beach, FL 32649 Volce.O=ax 850-863-6723 

Dialfal l/O Module - 14 1/0 ~nels lpdividually configured for input or ou~ Tum 
onloff relays. Sense switch transitions and buttQ1;1 presses. 4x4 ma. trbc decoding using 
auto-debounceand typematlc repeat. One-shot pulse outpUt with sf;lectable length. $49 

Analog tnput ModUle. - a single-ended. or 4 differential Inputs. Self-calibrated, 12...bit 
ADC. readSVoltagesfrom0to4095tnVAHigh/lowalarmtrip-pointsforeachinput. $59 

Analog OUtput Module· 4 outputs that span ·tOto +10VOlts using 12·bit DAC. Bunt-in 
ramp generator, software calibrated, user selectable POR defauftSfor eachchanneL$79 

Stepper Motor Driver 7 Directly drives a u nipolamtepper motor rated up 
to 25VOO@ 2A. sett-generated ~rve a.coel/decel profiles provide 

smooth start and Stop motion. Software {>rogrammable 

Plug 
end-to-end. 
Stack 32 modules on 
the same RS-232 cable. 

ramp-rate. 24-bltabsolutemotorpositioncoonter. $59 
Pul88 ~mer - Read frequency from 

0.50000 Hz to 1,500,,000 Hz using floating 
decimal point and 5~lglt re$)tution 

throughout range. Measure 
period, RPM, duty cycle, pulse 
length1the velqcity of a projectile 
using a pair of trip wires. 24-bit 

pulse count accumulator. $69 
Multi-Drqp Peripheral Interface 

Connect a third-party RS-232 
peripheral, such as a barcodescanner, 

magnetic stripe reader, force gage, 
multi•meter, ~le., onto.the multi-drop bus. 

Baudrateconverted. 122-bytebuffer. $59 
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40 DAYS and 40 NIGHTS 
RECORDER. Time lapse, can be activated 
by either contact closure or continuous duty 
operation with standard T-120 tape. 
Models from $149-$529. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

SPECIAL PROJECTS: Wild, weird, 
wacky, wonderful hardware, technical 
coaching, website designs. 
Lone Star Consulting, Inc .. 
www.lonestartek.net 

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. 
$119/each. Mateo, Inc., Schaumburg, IL, 1-
800-7 19-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

INFRARED FILTER ELIMINATES 
99.9% OF ALL VISIBLE LIGHT - IR-
9000.All B/W CCD cameras are IR sensitive. 
Place a 25 watt or less light behind the 3" x 
3" filter, and you will see in the DARK. 
$18/each. Purchase 2 for $30. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

WIRELESS MICROPHONE. Micro­
sized, UHF crystal-controlled, easy-to­
assemble kit. Range up to 3,000 feet. 
Excellent sensitivity. $39. VHS, 1370 Trancas 
Street. Suite 20 I, Napa, CA 94558. Email: 
Vhs I 8092@aol.com 

VGA TO COMPOSITE (NTSC/PAL) 
VIDEO CONVERTER - ULT-2000. 
Small foot-print. Powered from keyboard 
with S-video and RGB outputs, too. 3:1 
optional zoom control, simultaneous outputs 
with many extras. $99/ea. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

QUAD VIDEO CABLE MODULA­
TOR. CVS-600 inserts 4 composite video 
signals on unused cable channels, 81 thru 95. 
Watch 4 remote security cameras from any 
TV in your home! Built-in signal amplifier and 
comb filter eliminates any ghosting and actu­
ally IMPROVES existing video! Only one 
unit needed with existing cable system. 
$199/each and $169/each in qty. of 4. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

16 CHANNEL MULTIPLEXER. 
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 on VCR playback (see 40 days and 40 
nights recorder). Plenty of options including 
tilting, zoom, individual gain adjustments, etc. 
Price slashed to $849 each -
Winter special. Mateo, Inc., Schaumburg, 
IL, 1-800-719-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

SECURITY DISTRIBUTORS needed 
for our complete line of products. Complete 
line of products shown above. MATCO, Inc. 
Visit www.matco.com and call 630-350-0299 
for more info. 

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 

Electro Mavin 
Great Buys - Great Products - Great Gadgets 

Check Out Our Great WebSite at 

http://mavin.com 
For Computer Items, Hobbiest Projects, 

Microwave Goodies and Some of the 
Greatest Prices on the Web .... 

800-421-2442 or FAX 310-632-3557 
E-Mail 

john@mavin.com or sean@mavin.com 
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SATELLITE 
EQUIPMENT 

FREE BIG dish catalog. Low prices! 
Systems, upgrades, parts, and "4DTV:' 
Skyvision, I 0 I 0 Frontier Dr., Fergus Falls, MN 
56537. www.skyvision.com Call I ·800-
S41-10l5. 

BEST PRICING on 18" satellite TV sys­
tems for home and RV. DISH Network 
DirecTV, multi-room viewing options, acces­
sories, more. www.skyvision.com can 1-
800-S41-1025. 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

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 

MILITARY SURPLUS 
ELECTRONICS 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

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 
w/carrying 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 

PC MONITOR AS SECURITY 
MONITOR. The VGA-80 I accepts stan­
dard NTSC or PAL inputs for display on any 
existing VGA/SVGA computer monitor. Small 
compact size. Over 600 lines of resolution, 
twice that of standard TV monitor! $69 
each. Dealers welcome . Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

SYNC-A-LINK UNIVERSAL video 
sync generators. Phone 918-479-6451, 
Email: rlc@sstelco.com Sync-A-Link, PO 
Box 4, Locust Grove, OK 74352. 

PRO AUDIO recording gear & video edit­
ing equipment, antique radios, tubes & 
meters. www.bibbtek.com (regular updates) 
or call Tom 856-222-0636, fax to 856-222-
0638 for a fresh list. Credit cards welcome. 

CABLE TV 

ANTIQUE VIDEO TRANSFER SER· 
VICE: transfer any 2" QUADRUPLEX tape. 
Affordable fast! Phone/fax 415-821-7500 or 
415-821-3359. 500 I Diamond Heights Blvd., 
San Francisco, CA 9413 1-1621 . • 

CABLE CONVERTERS. Brand new 
Viewmaster, Media Tech. Latest technology. 
Blowout wholesale prices. Guaranteed, 
ready to go. Call for flyer 412-833-0773. 

WANTED: TEKNIKA 6510 cable con­
verter boxes. 707-928-5528. 
lorrendaro@webtv.net 

SPECIAL PROJECTS: Wild, weird, 
wacky, wonderful hardware, technical 
coaching, website designs. 
Lone Star Consulting, Inc., 
www.lonestartek.net 

STEREOSCOPER YR JD generator. 
Gen Cams. 918-479-6451, email: 
rlc@sstelco.com. Sync-A-Uni<, PO Box 
4, Locust Grove, OK 74352 USA. 

CABLE PARTS for all makes and 
models, raw boxes at low prices. 
Call I ·888-817-8100. No NY 
sales. www.chlpplace.com 

New Retail Store 
Bigger, Better, More Stuff. 

980 S First Street in San lose. 
It will be open on July 5th 2001. 

Check our website for the latest information. 

PHOTO FLASH 
CAPACITOR 
1800µF, 350 VDC. Mallory type 
EAF. 
95P001 $14.95 each 

LCD DISPLAY 
Four lines by 20 characters . 
Back light attached. Standard 
14-pin connection. Optrex 
#PWB2011. Our spec sheet in­
cluded. 
94L010 $14.95 each 

MINIATURE C· 
BAND LNB 
Low-noise block converter. Bet­
ter than 40°K noise tempera­
ture. Spec sheet included. 
94G001 $29.95 each 

P-
~ 

9VDC 1.2A WALL 
WART 
Input 120VAC, 60Hz, 20W . 
Center negative . 
96E010 $5.95 each 

SVDC @ 1.SA WALL 
WART 
120VAC@ 60Hz input. Center 
negative coax plug, 5mm OD, 
2mm ID . 
97E001 $7 .95 each 

ALTHERNET™ 
AltherNet allows sharing of pro­
grams and hard disks on all PCs 
or notebooks that are intercon­
nected, using the 25-pin D-SUB 
type cables that are included. 
Our parallel transfer protocol 
replaces serial transfer solu­
tions and makes the data trans­
fer faster and more reliable. 
AltherNet can even be used as 
an add-on in an ethernet net­
working environment. 
95C025 $19.95 each 

[j .. ~Ci~LI 
ATARI 2600 
TRACKBALL 
Also works with C-64 and C-
128 computers. Smooth ball 
bearing action. Cable with DB-
9F connector included. Try your 
hand at modifying this unit for 
your PC. 
92C069 $9.95 each 

MAGIC LIGHT • -,.,.,. - "~ ... 

LONGWAVE 
ULTRAVIOLET LAMP 
Pocket-sized longwave ultravio­
let light may be used for detect­
ing invisible inks, minerals in 
rocks, etc. It's the size of a 
pocket pager and even has a 
belt clip to keep it handy . Runs 
on two "AA" batteries (not in­
cluded). 3.25"W x 1. 75"H x 1 "D. 
95L007 $7.95 each 

RED PROJECTION 
LENS 
Used in rear-screen projection 
TV sets. Also useful for photog­
raphy and laser light shows. 
Focal length = 7 .5mm; diam­
eter= 75mm. 
99L001 $24.95 each 

DUAL DSS LNBF 
Standard Thompson style LNBF 
used by Dish Network. Can be 
use with Hughes, Hitachi, RCA, 
Toshiba, ProScan, GE, 
Panasonic, JVC, Memorex and 
Optimus. Circular polarized dual 
Ku-Band output for two receiv­
ers. Superior performance. 
21G002 $19.95 

~ alltronics.com 
PO BOX 730 - Morgan Hill, CA 95038-0730 
(408) 847-0033 - Fax (408) 847-0133 

Download our Catalog: http://www.alltronics.com 

MERCURY RELAY 
Contacts: N.0.,35A, 480VAC. 
Coil: 240VAC. SPST. Magnacraft 
P/N WM35A-240A. 
978021 $14.95 each 

PEL TIER JUNCTION 
480junctions (6mm x 1.4mm), 
max current 2.5A. Overall size 
2"L x l.188"W x 0.125"D, met­
allized both sides. 
99U009 $29.95 each 

DELUXE 101-KEY 
KEYBOARD WITH 
PROTECTIVE COVER 
Uses membrane technology to 
protect keys from dust, liquids, 
etc. 
97C002 $9.95 each 

AIRPAX STEPPER 
MOTOR 
Four-wire, bipolar, 12 Volt, 15° / 
step, 2.125" diameterby0.875" 
deep. 
95M003 $3.95 each 

Dealers welcome by appointment. 
Visa, MIC, AmEx Accepted. All Sales Final. 
California Residents Add Sales Tax. Ship­
ping Additional on AU Orders. Prices Good 
60 Days from Date of Publication and Sub- . 
ject to Change Without Notice. 
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QUAD VIDEO CABLE MODULA­
TOR. CVS-600 insertS 4 color or black & 
white composite video sign,als on unused 
cable channels, 81 thru 95. Watch 4 remote 
security cameras from any TV in your home! 
Built-in signal amplifier and comb filter elim­
inates any ghosting and actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199/each and $169/each in qty. of 4. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

CABLE PARTS & EVERYTHING. 
Parts & accessories. Best prices & quantity 
discounts. WE DON'T SELL BOXES. 1-800-
MODULE-O. 

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 BROKER'S is having their final 
blowout of their warehouse. The following 
unmodified equipment is available to other 
brokers and cable companies in I 00 lots: 
Zenth ST 1600 550MHz $7. 5507 $25. VIP 
$12. Pioneer 6310 $40. 61 11 $25. V5S8 $45. 
2224SP. 2254 $80. SA 8580 7 button, 8570 
$25. 8600 $40. You must prepay shipping on 
all orders $175. Se hablan espanol. Call 1-
800-219-8618. 

CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTP://WW'N.CB-Electronics.com or call 
1-800-436-8630. 

SPECIAL $4S.9S EACH. Brand 
new I 2S channel unmodified 
converter In lots of I 0 . Also 
available Scientific Atlanta, 
Jerrold, Pioneer. Same day ship­
ping available, se habla espanol. 
1-877-914-1088. 

WHOLESALE DISTRIBUTOR. New 
unmodified 860MHz/ 125 channel converter. 
Features: channel 3 or 4 switchable output; 
HRC, IRC standard; audio & video cables 
included; parental control; sleep timer; last 
channel recall; 4 memory + volume remote 
control; SAP (Spanish); by pass technology. 
Call for wholesale pricing. Se hable espanol. 
ABC Wholesalers 1-800-S Io-
1924. 

ABC WHOLESALER'S specials. 
Minimum lots of 10.SA 8600 $25 ea.Jerrold 
BB $45 ea. Jerrold 7212 $19.95 ea. Pioneer 
6110 $25. 1-800-510-1924. 

CATV CONVERTERS WHOLE­
SALES. ClearMax 6000, coolboxes express 
125 channels. Panasonics 175, Avenger3, 
boss, and many more. Absolute lowest 
prices. Call 1-877-63 1-1856. 

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. 

GENUINE UNMODIFIED Jerrold 
DPBB 7312. 410-483-2108. Email: 
clewis7298@aol.com 

1-800-l80-9SJO. SUPPLYING all 
your cable needs. Specializing in wholesale 
pricing on raw unmodified converters. Large 
quantities in stock ready to ship. Call for 
monthly specials. 

1-800-122-5286. SPECIALIZING 
in raw unmodified converters. We carry all 
manufacturers. Call for wholesale pricing. 

OV PLUS WHOLESALERS 
www.ovplus.com New unmodified 
860MHz/125 channel converter. Features 
channel 3 or 4 switchable output; HRC, IRC, 
standard; audio & video cables included; 
parental control; sleep timer; last channel 
recall: 4 memory + volume remote control. 
Call for wholesale pricing. Se habla espanol. 
DEALERS WANTED. OV PLUS: 1-
877-291-6260. 

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 
• lime Series, Spectrum Phase, 

and 3-D Surface plots 
• Real· lime 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 

Priced from $299 
(U.S. sales only- not for export/resale) 

DOWNLOAD FREE 30 DAY 
TRIAL! 

www.spectraplus.com 

PHS ~~~";;r~~!~~~~are msp_ectra Plus 
Poulsbo, WA 98370 ~ . 

a subsidiary of Sound Technology, Inc. FFT Spectral Analysis System 

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer@telebyte.com 
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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 

COMPONENTS 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

CASH PAID FOR ICs. Military or com­
mercial integrated circuits, transistors, 
diodes, any semiconductors. 
ELECTRONIC SURPLUS, INC., 5363 
Broadway, Cleveland, OH 44127. 216-441-
8500 or fax 216-441-8503, since 1946. 
www.electronicsurplus.com 

RF TRANSISTORS, TUBES, 
TEFLON WIRE, SILVER MICA 
CAPS. 2SC2290, 2SC2879, SDl446, 
MRF455, MRF454, 2SCl969, 2SC2166, 
2SB754, TA7222AP, 2SC2086, TA7222AP, 
MRF247, MRF3 I 7, SAV7, etc., 4CX250B, 
4CXIOOOA, 4CXl500B, 3CX400A7/8874, 
3CX3000A7, 4CX400A, 572B, etc. Teflon 
wire specials I ,000 ft. 16 gauge .15 cents ft., 
1,000 ft. 18 gauge . 14 cents ft., silver mica 
caps, resistors, see our catalog for other 
products. Westgate 1-800-213-4563. 

MATCO WILL design, engineer, and 
develop a 2.4GHz wireless 8 channel solu­
tion for your remote applications. FCC 
approved. Mateo, Inc., Schaumburg, IL 1-800-
719-9605. E-Mail: nsales@mat-co.com Web 
site www.mat-co.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.oselectronlcs.com 

SEE OUR ad on 4-channel 2.4GHz wire­
less systems in the AdMart section on page 
74. Mateo, Inc. 

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. 

MICROCONTROLLERS 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

ATMEL 89CXXXX programmer, IBM 
parallel port, C ++ source code, schematics, 
$250 + S/H. http://members.aol.com/ 
HawaiianComputer 

PIC & ATMEL PROGRAMMERS 
from $15.95 and $29.95!Visit www.electron 
ics 123.com for complete details. Amazon 
Electronics, Inc. Toll free 1-888-549-3749. 

Continued on page 58 

Serial in, graphics out. 

Almost too easy. 
These serial displays take RS-232 at 2400 or 9600 baud 
and produce stunning text and graphics on a supertwist 
LCD screen. See our complete line at www.seetron.com. 
All models are in stock for immediate delivery. 

G12032 
120x32-pixel LCD 

SGX·120l. $99.00 
Same size as 2x16 text LCD 

Editable font(s) in 4 sizes 
Up to 6 screens in EEPROM 

Easy terminal protocol 

(3.7 x 2.8 in.) 

(3.2 x 1.4 in.) 

G12864 
128x64-pixe/ LCD 
$199.00 BGX-l281.-I 

Large, sharp LCD 
Editable font(s) 
Up to 14 screens in flash 
Separate text, graphics layers 
DB9 connector built in 
AC adapter jack built in 
Easy terminal protocol 
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Imagine, if you will, a lawn cart containing 
gardening tools, a watering can, and topsoil 
which follows you around the lawn while you 
fertilize and water your plants. Or - better yet 
- a lawn cart which gives each plant the cor­
rect amount of water and plant food. Imagine 
a lawn cart which travels across the yard in 
neat rows while spreading fertilizer or grass 
seed for you; a lawn ca rt wh ich starts, stops, 
turns, or follows you on command, using such 
simple voice commands as: Start, Stop, Left, 
Right, or Follow. 

Best of all, if a child or pet runs across the 
cart's path while it's in motion, the cart would 
stop automatically at a safe distance. 

With a GardenBot in your garage, how 
would the Jetsons ever keep up with you? 

Does all of this sound like science fantasy? 
It may, but this was my personal vision for the 

'~tilllil:'.t ... .:c~ir..:.-=-~-~l-'m ... ,_ _ _ _ ~ .. ........ .1-.:.• o.&.1,_,_-.:..:_•_•_.~.-.-""'-'a"'1....,.,,. ideal yard and garden robot, and the average 

my GardenBot is still in the 
developmental stages and 
does not yet perform all of 

the tasks described above, but I 
hope to have it up to that level of 
functionality as I keep working on it. 

It may be difficult for the reader 
to duplicate my version of the 
GardenBot, since many of the com­
ponents used in its construction 
were either surplus or one-of-a-kind 
items. However, inspiration, creativi­
ty, and persistence are the keys to 
building any successful robot. 
Hopefully, you will gain inspiration 
for your own robotics project from 
this article. 

Of course, I can't take sole cred­
it for the GardenBot idea. I had 
seen large robots of a similar type 
described in Karl Lunt's book Build 
Your own Robot [ 1]. Gordon 
McComb's book Robot Builder's 
Bonanza, 2nd Edition [2], and vari­
ous sources on the Internet. Also, I 
have to credit Isaac Asimov's three 
laws of robotics described in his 
book I Robot [3) not only for inspi­
ration, but for some of the basic 
safety designs which prevent the 
machine from injuring a person. 

Science fiction films and TV 
have been influential. In particular, 
Forbidden Planet, Kronos, The Day 
the Earth Stood Still and, of course, 
Star Wars were inspirational; and let 
me not forget the Battle Bots pro-

gram or the classic 1960's TV series 
Lost in Space! 

But the biggest single inspira­
tion for my own GardenBot was the 
1970 science fiction film Silent 
Running, in which a group of robots 
help to maintain a forest inside a 
biosphere on a spaceship heading 
for a new world. 

Genesis of the GardenBot 

Last spring, I was at the check­
out line of the local hardware store 
when I spotted a green lawn cart in 
a nearby aisle. The cart was made 
of ABS plastic, had four wheels, a 
large cargo section, and shelves on 
either side. Suddenly, I was inspired 
by the idea of a robot that would 
automatically follow me around the 
lawn like a pack horse while carry­
ing tools, topsoil, fertilizer, and seed 
bags. I had seen ads for robot lawn 
mowers .. . Why not an all-purpose 
gardening robot? I checked the 
price of the cart . It was a little high, 
but the germ of an idea had been 
planted to build the GardenBot. 

A few weeks later on a return 
trip to the same hardware store, I 
noticed that the cart was on sale for 
$50.00. That decided it! This time 
the green lawn cart was added to 
my purchases, and I justified the 
extra expense by telling myself that 
if the GardenBot idea never came to 

hobbyist can actually assemble a version of it 
for his or her own use. 

fruition, I could at least use the cart 
for its original intended purpose. 

bay with sliding door allowing easy 
removal of cargo seemed to be 
ideal. In general, I thought it was a 
we.II-made and ergonomic design for 
a traditional lawn cart. 

Through summer and fall, how­
ever, the cart sat in the basement, 
unused, while other projects occu­
pied my time. By December, I finally 
had time to experiment with the 
GardenBot idea. However, winters in 
New England can be long and cold, 
and this last was exceptionally so, 
providing little opportunity for test­
ing the GardenBot outdoors. 
Knowing that it would not be practi­
cal to test it outdoors 

GardenBot's Mission 

At this point, I began to serious­
ly consider what purposes and func­
tions my robot should perform. 
Beyond simply aiding the homeown­
er with yard work, I began to visual-

until spring, I began con­
struction, doing all test­
ing in the basement. 

The cart as seen in 
Photo 1, turned out to 
be the perfect shape, 
color, and weight for my 
purpose. Although it had 
four durable plastic ABS 
tires, I decided that the 
two rear tires - connect­
ed with a galvanized 
steel axle rod - had to 
go. I replaced them with 
two heavy-duty, air-filled, 
rubber tires. The two 
front wheels - mounted 
on free-wheeling casters 
- were perfect for skid­
steering the robot. The 
plastic outer shell with 
shelves on either side of 
the cart and the large 

GardenBot's features 
The following is a list of the GardenBot's features: 

Dimensions: 
Length: 39 inches 
Width: 25 inches 
Depth: 10 inches 

Payload capacity: 175 lbs. 

Actuators: 
2 Geared DC motors 
2 RC Servo motors used to tilt/pan the sensor plat-

form 
Sensors: 
1 Polaroid 6500 Sonar Ranger 
4 Sharp GP2012 IR detectors used for IR ranging 
1 Sharp GPIU57X IR receiver for the Sony TV remote 

control 
8 Micro Switches used for bumpers and cat whiskers 
1 Microphone 
Processors: 
1 Parallax, Inc. Stamp BSX microcontroller 
1 Microchip PIC18C452 microcontroller 
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ize a versatile, low-cost machine 
which could spread fertilizer or 
grass seed on a small-to-medium 
sized lawn, following a pre-defined 
pattern. 

It would be able to carry up to 
175 pounds of miscellaneous mate­
rial, such as gardening implements, 
topsoil, fertilizer, and seed bags. 

Best of all, I visualized it as a 
potential tool for the handicapped 
homeowner who might not be able 
to carry some of the heavier items. 

The more I thought about its 
potential, the more possibilities I 

Sl-J 

BK- -

saw. For example, the GardenBot 
could be used to scan a field for 
antique tools and coins by attaching 
a metal detector to the front. The 
robot could be programmed to 
automatically scan a flat field for 
metal targets. Approximate loca­
tions of the metal targets could be 
determined by using a GPS receiver 
and saved to EPROM or disk, or 
they could be transmitted directly to 
the treasure hunter. 

On a more serious note, I envi­
sioned how a similar low-cost robot 
equipped with a mine detector 
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Figure 1 - The current GardenBot Electronics 
Subsystem schematic. Not shown in this figure is 

the sensor controller board which is a critical 
module that I am integrating into GardenBot . 

could spare lives on the battlefield. 
My final vision for a GardenBot­

type robot was the use of a larger 
version in agriculture, on tree farms, 
and in reforestation projects. 
Potentially, such a machine might 
even be useful to the National Park 
Service. 

Building the GardenBot 

The GardenBot, as it developed, 
became a mixed brew of old, new, 
and recycled components. Besides 
the garden cart, several items went 

into its construction, including an 
antique erector set to build the elec­
tronic card cage and sensor plat­
form. One recycled six-volt and two 
recycled 12-volt lead-sealed batteries 
were used for power. 

The electronics boards consist 
of a Stamp BSX main controller 
board, a 24-volt PWM DC motor 
control board, a motor control inter­
face board, a direction and power 
relay card, a motor enable relay 
card, and a sensor controller board. 

I purchased the two surplus, 
Swiss-made, geared DC motors for 

Photo 2-
Snapshot of a bolt 

with a 10 mm 
diameter hole 

through it. 
Photo 3 - Snapshot of a 5/8 x 3" bolt before it is 
drilled, along with the nut and the locking pin. 

Photo 4 - Picture of one of the six-inch angled 
steel brackets used in making the heavy-duty 

motor mounts. 
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$10.00 each from Diverse 
Electronics Services. These are very 
powerful motors, rated at 354 in.­
lb., although their maximum speed 
of 35 revolutions/minute at 24 volts 
is not very fast. For safety's sake, I 
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think that this slower speed is 
advantageous in case the robot 
should malfunction and go astray. 

The motors are well-made of 
high-grade steel alloy, weighing 
about 2.5 lbs . each. The shaft and 

Photo 5 - The completed motor mounts with the 
motor attached. Note how the motor mounts are bolted 

to the steel frame. 
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Figure 2 - Complete schematic of the main 
GardenBot controller. As seen in the figure, th e 

vily Stamp BSX microcontroller is currently very hea 
loaded with sensor and control tasks. 

gearbox are perpendicular to the 
main motor axis. The shaft meas­
ures 10 mm diameter, is 25 mm 
long, and has a slot at the end with 
a small hole drilled through it. Each 
has three 6 mm threaded screw 

mounts forming a triangle on the 
gearbox, ideally suited for attach­
ment to the GardenBot frame. 
Unfortunately, according to the 
Diverse website (http://members. 
tripod.com/-divelec/hbridge.html), 

Photo 6 - The rectangular 28" x 9 " steel frame fastened under­
neath to GardenBot's plastic bottom. 
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eliminated. 
I had to sea rch through many 

hardware stores before I was able 
to f ind a 10 mm dri ll to bore a hole 
3/4" inches deep along the main 
axis of a 5/8 x 3" bolt, as seen in 
Photos 2 and 3, to be used for the 
motor shaft adapter. I also dri lled a 
small hole across the head of the 
bolt to match the hole on the motor 
shaft in order to put a cotter pin 
through the bolt and motor shaft. It 
took a few attempts and a few 
bolts, using an 8" drill press, to bore 
the requ ired bolts with a 10 mm 
shaf t through the center. A mach ine 
shop or school cou ld do th is work 
much more easily. 

Heavy-duty motor mounts were 
needed to support the weight of 
the GardenBot and its cargo . I used 
two six-inch steel angled brackets 
from the hardware store to mount 
each motor, using the three 10 mm 
threaded screw mounts provided. 

The idea to use these brackets 
was not originally mine either. I had 
purchased these motors months 
before through an ad I saw in Nuts 
and Volts. 

Figure 3 - Complete schematic of GardenBot's direction and 
power relay card. It is responsible for switching the 24-volt 

power supply to the motors and also responsible for changing 
the left motor direction. --------------

I was trying to f ind a way to 
mount these motors which wou ld 
not require the use of a machine 
shop or special ized too ls, when I 
stumbled upon a site on the web 
(www.theonespot.com) which 
described using these motors along 
with the same Diverse 24-volt DC 
motor control board for a robot. 
The website also had a great 
description of the completed robot. 

Photo 7 - Three of the electronic modules visible from 
the top. Also shown is the Sharp GPIU57X IR receiver 

module that is mounted on a post so that it is visible to 
the Sony TV remote control. 

Books: 
! 1 I 

REFERENCES 
Lunt, Karl Build Your Own Robot!, AK Peters, Limited 

these particular motors have sold 
out. 

· Other surplus 12-volt or 24-volt 
motors could be substituted, but 
they might requ ire modifications to 
the motor mounts and wheel shaft. 
Such motors can be removed from 
discarded electric toy cars, .electric 
car windows, and electric bicycles. 

For example, I recent ly saw a 
12-volt electric w indow motor in the 
Nuts and Volts ad section for sale 
from Resources Un-Ltd. 
(www.resunltd4u.com) for $20.00 . 

I got the idea of using a direct 
drive motor shaft adapter to mount 
the t ires to the motors from Karl 
Lunt's book [1]. By using the direct 
drive mount, the need for gears, 
pulleys, t iming belts, or cha ins 
which would add undesired weight 
and complexity to the robot, was 

Using the design I saw there, I 
added thick aluminum panels to the 
ang led brackets in order to fortify 
them, as shown in Photos 4 and 5. 

The next step was to bu ild a 
rectangu lar steel frame 28" x 9" 
inches shown in Photo 6. I used 
slotted ang led iron ra ils from the 
hardware store to support the bot­
tom of the lawn ca rt and to attach 
the motor mounts. This re lieved the 
plastic bottom of the cart from 
undue stress. 

Then I dri lled 1/4" diameter 
holes at evenly spaced intervals 

[2) McComb, Gordon Robot Builder's Bonanza, 2nd Edition, McGraw-Hill Professional 

Book Group 
[3] Asimov, Isaac I Robot, Bantam Doubleday Dell Publishing Group 
[4] Jones, Joseph, L., Mobil Robots - Inspiration to Implementation, AK Peters 

Limited 
[5] Everett, H. R., Sensors for Mobile Robots, AK Peters, Limited 

Datasheets: 
[6] Microchip Technology, Inc., PIC18CXX2 Data Sheet, document #DS39026B, 2000 
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Photo 8 - Picture of the MCIPC-24 motor control 
board. As can be seen it is a heavy-duty motor 

controller, well worth its price. 



along the bottom of the cart, 
using the rectangular steel 
frame as a guide, and bolted 
it to the bottom of the cart 
using 1/4" hex bolts, nuts, 
and washers. DIR2 
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+24V 

01 
RL1 

1N4003 

10 

To attach the motor 
mounts, I drilled 1/4" diame­
ter holes through the bottom 
of the cart near the original 
rear axle locations, while 
making sure that the motor 
mounts were perpendicular 
and connected to the steel 
frame. The slotted angled 
iron rails were easy to cut 
using a fine hacksaw. 
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GardenBot's Sensors 

The sensor suite for the 
GardenBot includes a Sharp 
GPIU57X IR receiver, a 
Polaroid 6500 Sonar Ranger, 
four Sharp GP 2D12 IR detec­
tors, a microphone for voice 
recognition of verbal com-
mands, micro-switches, 
bumper switches, cat 
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whiskers, and other contact 
sensors. 

Future additions to the 
sensor suite will include envi­
ronmental and navigation sen-

Figure 4 - Complete schematic of GardenBot's motor 
enable relay card. It is responsible for turning both of the 

motors (ON/OFF) and also responsible for changing the right 
motor direction. 

M1+ M2+ 

c 
M2-

D 

M1-

The board schematic is supplied 
with the PWM speed controller doc­
umentation and is also available at 
the Diverse.website. The Diverse 
website also has many other exam­
ples of using Stamps w it h these 
contro llers and motors, and they sell 
a complete heavy-duty DC motor 
connection kit EVS-1 for $100.00. 

sors such as: temperature, pres­
sure, relative humidity, rain gauge, 
wind speed, vo ltage, a video cam­
era, a line follower sensor, a GPS 
receiver, and a Vector 2X electronic 
compass. 

GardenBot's Electronics 

The electronics modules that 
give GardenBot much of its person­
ality are shown in Figure 1 and 
Photo 7. As seen in the figure, there 
are five modules that currently make 
up the bra ins and nervous system of 
t he robot. These modules are con­
nected together as shown to form 
the robot's electronic subsystem. 
Not shown in Figure 1, is the new 
sensor controller board that I recent­
ly completed, but have not yet inte­
grated into GardenBot. The modules 
and their associated figures are: 

1) Main Garden Bot Controller 
Board also labeled "Joystick 
Controller" (Figure 2). 

2) MCIPC-24 Motor Control 
Board (See Diverse site). 

3) Motor Control Interface 
Board (See Diverse site). 

4) Direction and Power Relay 
Card (Figure 3). 

5) Motor Enable Relay Card 
(Figure 4). 

6) PIC 18(452 Sensor Controller 
Board (new). 

The Main GardenBot 
Controller 

The main controller is based on 

a Stamp BSX and is responsible for 
receiving operator commands from 
a Sony TV remote control or a joy­
stick. A Sharp GPIU57X IR receiver is 
used to decode the commands from 
the TV remote. If a joystick is con­
nected, it is read using the Stamp 
rctime function. 

The Stamp processes the com­
mands and performs selected 
actions based on a set of behavioral 
algorithms. The Stamp also sends 
PWM commands to the motor con­
trol interface board, the relay 
cards, and the servo used to 
scan the sensor platform. 

MCIPC-24 Motor 
Control Board 

Th~ 24-volt PWM motor 
control board shown in Photo 
8, was purchased from Diverse 
Electronics Services for 
$40.00. It's an H-Bridge con­
troller, featuring Pulse W idth 
Modulation (PWM) speed con­
trol for forward and reverse 
directions. It can continuously 
drive a motor w ith up to 35 
amps. 

from Diverse Electronics Services. 

Motor Control Interface 
Board 

In order to drive the PWM of 
the MCIPC-24 motor contro l board, 
I had to build the motor control 
interface board, pictured in Photo 9, 
that was recommended by Diverse 
which doubles the Stamp PWM volt­
age 2X from a range of 2-4 volts to 
a range of 4-8 volts. 

Direction and Power Relay 
Card 

The direction and power relay 
ca rd seen in Photo 9, is used to 

One controller is capable 
of driving two DC geared 
motors without overheating. 
The Stamp microcontroller is 
used to control t he speed by 
varying t he PWM, using the 
Pulsout command. The 12-volt 
DC geared motors require a 
more expensive 12-volt PWM 
speed controller, also available 

Photo 9 - Rear view of the robot with the sliding back panel 
removed, showing both the direction and power relay card and the 

motor enable relay card. These cards are stacked on top of each other 
and are directly in front. Also shown is the spaghetti wire connecting 

all the electronic modules. 
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Photo 10 - Clear view of the red emergency stop button. It also shows 
the joystick {teaching pendant) used to manually move the robot and 

also used to train it with robotic behaviors. 

Photo 11 - Front view of the robot showing the current 
steering mechanism. 

,\ \ \ \ 
l· \ ,, \ ,•'' 

Photo 12 - Rear view of the robot with the back panel in place. 
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switch the power to the 
MCIPC-24 motor control 
board (ON/OFF) and to 
change the direction of the 
left motor (clockwise, 
counter-clockwise) under 
control of the main 
GardenBot controller 
board. The reasons that I 
decided to use electro­
mecha nica I relays for this 
project, was to avoid hav­
ing to purchase a second 
MCIPC-24 motor control 
board in order to get inde­
pendent control of both 
motors, since it could drive 
at least two motors with­
out overheating . 

Motor Enable Relay 
Card 

The motor enable relay 
card also seen in Photo 9, 
is used to independently 
turn (ON/OFF) either the 
left motor or the right 
motor and to change the 
direction of the right motor 
(clockwise, counter-clock­
wise) under control of the 
main GardenBot controller 
board. It works in conjunc­
tion with the direction and 
power relay card. Ideally, 
the functionality of both of 
these cards should be inte­
grated into a single board, 
and I am currently working 
on a new design that does 
just that . 

PIC18C452 Sensor 
Controller Board 

The PIC18C452 sensor 
controller board, is a board 
that I recently completed 
that will be used to read 
and process all of 
GardenBot's sensors, thus 
freeing the main 
GardenBot controller board 
from these duties. Its fast 
processing speed (40 MHz) 
and its ability to execute 
floating-point algorithms 
will be fully utilized to 
implement advanced robot­
ics behaviors. 

The Emergency Stop 
Button 

The red emergency 
stop button shown in 
Photo 10 is crucial to the 
safe operation of the 
GardenBot. In the event of 
an emergency or if the bat­
teries run low and cause 
the controller to become 
confused, the operator can 
stop the GardenBot by cut­
ting power to the motors 

with the button. This red button is 
lit by a bulb when powered on and 
is visible even in daylight. I recom­
mend an emergency stop button for 
any large robotics project. The robot 
can also be stopped by issuing the 
stop command via the Sony TV 
remote. 

The Softw are 

The control algorithms are writ­
ten in PBASIC. They include reading 
the sensors, sending commands to 
the various actuators, and perform­
ing robotic behavioral algorithms. 
The basic GardenBot commands are 
Forward, Reverse, Left, Right, Faster, 
Slower, and Stop. Other more 
advanced behaviors to be developed 
are Avoid, Home, Learn, Follow, 
Seed, Water, and Fertilize . 

The "Avoid" behavior will be 
used for obstacle avoidance and fol­
lows Asimov's first law of robotics. 
Obstacles include walls, trees, per­
sons, or animals within the scanning 
range of the sonar and IR sensors. 
The GardenBot will perform this 
function by first obtaining sensor 
readings from the sensor controller 
board and using them to determine 
if a collision with an object is immi­
nent or a collision has already taken 
place, by comparing them to thresh­
olds. 

"Follow" is a behavior currently 
under development which will cause 
the GardenBot to follow an IR 
Beacon (IR LED) worn by the gar­
dener as he/she walks around the 
lawn, much in the way that a pack 
mule followed the early settlers out 
west. The IR Beacon can be an LED 
on a ring, or it may be mounted on 
a small box worn on the gardener's 
belt. 

"Learn" is an important behav­
ior which is already uti lized in the 
performance of most of the other 
behaviors. It allows the gardener to 
teach the GardenBot boundaries 
and paths for seeding, fertilizing, 
and watering. It does this by using a 
joystick control or the Sony IR 
remote to teach it desired behaviors 
which are then saved to a serial EEP­
ROM for playback. 

Future Software and 
Hardware Improvements 

Field testing on my own lawn 
has shown that major modifications 
to the GardenBot's steering are 
needed, as seen in Photo 11. By 
adding a rack-and-pinion type mech­
anism and a powerful RC servo to 
steer the cart, or by attaching two 
additional DC motors to the front 
wheels and using "tank" steering, I 
may be able to improve its maneu­
verability on rough terrain. 

Currently, the GardenBot per­
forms well, traveling across a level 
surface, such as the concrete floor 



in my basement using either front 
wheel drive or rear wheel drive. 

Another problem exists with the 
relay cards that can independently 
switch either motor ON/OFF, but 
only in one direction at a time. I am 
currently working on a relay board 
that requires additional relays to 
independently switch both the 
motors and their directions at the 
same time, so that GardenBot can 
make tighter turns. 

The "Fertilize" and "Seed" func­
tions, which are currently under 
development, will give the 
GardenBot the ability to fertilize or 
seed a lawn using a modified grass 
seed spreader. Fertilizing or seeding 
will be carried out using pre-deter­
mined patterns, such as straight, 
serpentine, rectangular, or diagonal 
rows. A level sensor within the 
spreader will indicate when its 
empty and needs to be refilled with 
grass seed or fertilizer. 

I plan to improve the spreader 
with the addition of a small DC 
motor which rotates the impeller to 
control the rad ius of spreading with­
out depending on the speed of the 
Garden Bot. 

Software and hardware 
upgrades to the GardenBot are nec­
essa ry to enable it to water small 
trees and plants with the "Water" 
command. The GardenBot will fol­
low a predetermined path to water 
plants using a modified electric 
squirt gun . Relays and valves need 
to be added to control the flow of 
water and to control the water 
pump or squirt gun. The GardenBot 
can either carry a large tank in its 
cargo area or it can drag a light 
hose around the garden for water­
ing tasks. 

Another future software 
upgrade which will be added soon 
to the GardenBot controller will 
replace the Stamp BSX, which is 
already overburdened with control 
tasks, with either a Stamp BSP or a 
PIC18C452 microcontroller. The 
advantage of using the Stamp BSP 
is that it does not require hardware 
modifications, except for 12C con­
nections. 

The PIC 18C452 will require a 
new controller board, but it will be 
able to support algorithms that 
require floating-point support. The 
software will be ported from the 
Stamp BSX to the Stamp BSP or to 
the PIC 18C452 microcontroller. 

All new bus connections to 
electronic boards and modules will 
be using an 12C interface, if possi­
ble. I plan to use an RF 
transmitter/receiver (900 MHz) for 
tele-presence and remote control 
experiments. 

I'm currently integrating a sen­
sor controller board that is based on 
a Microchip PIC18C452 microcon­
troller into the GardenBot. By dis­
tributing sensor-related processing 

to the sensor controller board, the 
robot wi ll be able to react more 
quickly to its environment. Due to 
its modular nature, this board may 
also be integrated into other robot 
designs. I also plan to integrate the 
Vector 2X electronic compass and 
the sensory voice recognition mod­
ules into the GardenBot as time per­
mits. 

Experimentation with obstacle 
avoidance techniques such as Virtual 
Force Fields (VFF) and Vector Field 
Histograms (VFH) as described in 
Sensors for Mobile Robots [5], will 
be possible when most of the previ­
ously mentioned upgrades are in 
place. Navigational techniques such 
as PID Motor Control, 
Circumnavigation, Triangulation , 
Trilateration, Odometry, Dead 
Reckoning, and Beacons described 
in Mobile Robots [4], are yet to be 
explored with the GardenBot. 

Conclusion 

Building large robots involves 
many issues related to safety and per- · 
formance. Unfortunately, time and 
article length limitations do not allow 
me to go into more detail in the 
robot's construction, in particular, the 
robot's electronics and software. 

These details and the robot's 
performance in the field could be 
explored in a future article. I would 
not recommend that a robot - such 
as the GardenBot - be used as a 
toy for small children. At this point, 
it is basically an experimental plat­
form for carrying out robotics 
research . NV 
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ELECTRONIC COUNTER 
HEWLITT PACKARD, 
Model 5328A. Universal 
counter. Usable to 100 
MHz, 100 ns single shot resolu­
tion. Has frequency, period, period average, ratio, total­
ize. scale functions. Two input channels provide individ­
ual slope, polarity and level settings. Has 9 digit LED 
readout. Input power 100-240 VAC 48-66 Hz 100 VA 
max. Dimensions: 17" wide x 17-1/4" deep x 3-1/2" 
high. 
Stock #TE9808 $250.00 

SOLA CONSTANT VOLTAGE TRANSFORMER 
SOLA ELECTRIC, #93-13-150. Harmonically neutralized 
constant voltage transformer. Rated at 500 watts. Input 
voltage 95 to 130 VAC 60 Hz. Output voltage 120 VAC. 
This unit is designed for rack or bench mounting. The 
meters on the front panel indicate output current and 
inpuVoutput voltage. A toggle switch is provided for 
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Stock #STR9900 $225.00 
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HEWLETT PACKARD, 
Model 4328A. 
Designed to measure 
very low resistances. 
Measurement range 
1 m ohm to 100 ohms: 
Resolution 20 u ohms. 
Analog meter readout. Ideal for 
measuring contact resistance of switches or relays. This 
unit is also useful for measuring the resistivity of semi­
conductor devices. (Requires special 4 terminal probes 
which are not supplied, but probably are available from 
Hewlett Packard.) Power input: 115-230 VAC 48-66 Hz, 
5 VA max. Dimensions: 5-1/8" wide x 11-1/2" deep x 
6-1/2" high. 
Stock #TE9812 $200.00 
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PRECISION LINEAR WAY BEARING 

This assembly consists of a linear ball bearing track rail 
and two ball bearing slider elements. 280mm long with 
14 countersunk holes for rail mounting. Stainless steel. 
Stock #BR2002 $57 .50 

DIAPHRAGM 
PUMP 
THOMAS 
INDUSTRIES 
Single diaphragm 
oil-less pump. Motor 
rated 115 VAC 60 Hz. 
Pump output is 0.69 
cfm free air. Max. continuous operating pressure 20 psi. 
Stock #PC9904 $49.50 
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Your DVM shows the same shorted reading all 
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OS Coast Guard Auxiliary' s William Scholz testing the 
VHF DSC distress radio system in Los Angeles Harbor. 
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G D 
DSC 

CHARTING 
WORKS! 

by Gordon West 

marine VHF transceiver, capable of 
digital selective calling for under 
$300.00, is offered by Standard 
Horizon in the 25-watt spectrum. 
ffhis relatively inexpensive DSC­

ready radio meets all of the basic SC-101 DSC 
recreational radio guidelines, plus some added 
features that must be seen on a C-Map display to 
be appreciated. 

"Digital selective calling is an essential ele­
ment of the Global Marine Distress Safety 
System, promulgated by the International Marine 
Organization (IMO) which replaces human watch 
standards on commercial vessels with an auto­
mated radio watch," comments William Scholz, 
Division 3 Communications Officer, United States 
Coast Guard Auxiliary, 11th District. 

"Digital selective calling, while often thought 
of as a means of issuing an automated Mayday, 
has many capabilities beyond Mayday," adds 
Scholz, describing the unique nine-digit number 
which the vessel owner or operator secures from 
Boat U.S. for domestic voyaging, or from the 
Federal Communications Commission (FCC) 
when cruising beyond local waters. 

VHF manufacturers like !COM, SEA, 
Standard Horizon, Raytheon, and Ross have all 
made it relatively clear on how this number is 
key-entered into their 25-watt VHF marine radio 
equipment. 

It should be noted that mariners not closely 
reading instructions may inadvertently lock 
themselves out of this straightforward number 
assignment because the equipment has built-in 
safeguards to purposely lock out repeated ran­
dom number entry. 

On Standard Horizon equipment, a con­
cealed jumper plug could allow the dealer to reset 
the equipment in the field. On ICOM America 
VHF transceivers, a software upload is required to 
clear repeated MMSI keystrokes. 

We have also discovered Boat U.S. is taking 
down much more information on the MMSI regis­
tration than the FCC, but mariners should only 
sign up with a single number, either from Boat 



A boat's radio room needs a single red button 
to send a DSC mayday - now they have it! 

U.S. or the FCC. 
But as Auxiliarist Scholz points out, there is 

plenty more that the MMSI identified marine VHF 
transceiver may do than just elicit a Mayday call. 
The individual call would allow you to store 
other MMSI numbers of friends, clients, and fish­
ing buddies, and to send them an individual DSC 
call that would take your DSC number and leave 
it on their DSC transceiver, even if their radio 
operation was unattended, but the equipment left 
on. Much like leaving a message on someone's 
answering machine. 

"We take DSC signaling even further with a 
MMSI number and have the capability of getting 
a confirmation ring-back between Standard 
Spectrum radios, even including the other radio's 
embedded running GPS position," explains Scott 
Iverson, Standard's technical man who truly 
knows their equipment inside and out. 

Angeles in San Pedro, CA 
Harbor. 

Seeing a latitude and 
longitude in degrees, min­
utes, and fractions of a 
minute even gets better 
with Standard Communi­
cation's integrated Spec­
trum radio and their mono­
chrome or color chart dis­
plays - a Standard Spec­
trum feature is an NMEA 
position output datastream 
that would take not only 
their own position, but any 
polled position and have it 
show up on their mono­
chrome or color C-Map 
cartography driven dis-

would be equipped temporarily with DSC-capable 
VHF radios, interfaced with GPS position 
receivers. Each vessel would be interrogated 
every few minutes for about one hour while they 
were underway to determine their position. These 
vessels could also interrogate each other, and see 
their position relative to the other equipment they 
have position polled. 

At shore at the United States Coast Guard 
Group, Los Angeles station, a Standard 
Spectrum radio and two different chart plotters 
running C-Map cartography would illustrate 
repeated position polling, along with an icon of 
the vessel polled, along with their assigned MMSl 
number. 

"Three sources of equipment assistance 
were of particular value and, in fact, the test 
would not have been possible without their help," 
comments Bill Scholz. "Standards 
Communications loaned two Horizon Spectrum 
radios, along with a third unit tied into their two 
new chart plotters - one color," adds Scholz. 

"!COM America loaned an M502 marine 
VHF, and all of these radios were pre-tested and 
their MMSI numbers were entered into their mem­
ory," comments Scholz. Each Coast Guard 

A modern powerboat VHF digital selective 
call console, including both VHF and 

SSB signalling. 

· "This is called position polling, and one 
Spectrum user can extract the position of anoth­
er Spectrum equipment user without the other 
operator needing to do anything with his 
Standard Spectrum DSC-ready radio," explains 
Iverson, busily setting up his equipment for the 
Coast Guard demonstration at Station Los 

play. And it was this feature that prompted the 
United States Coast Guard Auxiliary to conduct a 
demonstration with the United States Coast 
Guard Group, Los Angeles, in San Pedro Harbor 
and outside of the Los Angeles/Long Beach 
breakwater. 

Auxiliary vessel would use its FCC and tactical 
call signs for shipboard operation, and the coast 
station was operating under this author's private 
coast station license at a temporary location, 
WMD. 

On April 11th of this year, all three Coast 
Guard Auxiliary vessels were dispatched to gen-Three U.S. Coast Guard Auxiliary vessels 
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eral locations within 10 miles of Coast Guard 
Group, Los Angeles station. Vessel Bill, Fish! was 
directed to proceed out through Angel's Gate, off­
shore, about one mile from the breakwater, and 
then turn parallel to the breakwater heading east. 
Moonlight Express was directed to proceed paral­
lel to the shore within the breakwater, heading 
east. Sea Kaye Ill was dispatched out through 
Angel's Gate and then to take up a heading of 
approximately 225 degrees magnetic. 

"Beginning with the departure of the vessels 
from the harbor, the vessel's radios were position 
polled every three to five minutes, and the results 
were displayed on one or both Standard chart 
plotters, and where appropriate track lines were 
drawn, " comments Scholz. 

"Moonlight Express was requested to pro­
ceed to duck behind the Queen Mary to test 
reception of position information from a location 
traditionally difficult to reach via radio from sta­
tion Los Angeles. The majority of the DSC posi­
tion polls went through loud and clear," adds 
Scholz. 

It was interesting to watch the reaction of the 
Coast Guard radio watch personnel as vessel 
positions began to show up on the screen. The 

Boat positions seen graphically on a standard horizon 
DSC plotter system screen. 

operation of position polling is relatively easy on 
the Standard Horizon equipment - push the call 
key and bring up the position polling box, push 
the key one more time and select which vessel 
you want position polled, push the call key one 
more time, and the radio sends out the DSC data­
burst on marine VHF Channel 70. 

When a Standard Spectrum was polling 
another Standard Spectrum, the reply was 
almost instant - the sending radio would receive 
a reply, and would begin ringing much like a tele­
phone. Simultaneously, the chart plotter was now 
showing a box with a new updated position, and 
a couple of keystrokes on the chart plotter would 
then put the polled vessel's position as an icon 
and MMSI number on the screen. The actual lati­
tude and longitude would also be kept, automati­
cally, in a position polling log. 

On the ICOM transceiver, the operator would 
manually push a button to send out the position 
poll information as requested. We were not sure if 
two ICOM units could actually do this "hands 
free" as all of the Standard Spectrum units were 
doing without the other operator needing to do a 
thing. 

The horizon spectrum DSC VHF radio will automatically 
echo a position polling request. 

It is my opinion that position polling and 
some of the advanced DSC capabilities among 
pleasure craft radio may be brand specific, and 
right now Standard Horizon appears to be the 
one "pushing the envelope" with capabilities to 
output any position polled onto their proprietary 
software built into their C-Map based mono­
chrome or color chart plotters. 

0 
ICOM 

• • 
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While other brands of DSC recreational radio 
equipment may also have the capability of posi­
tion polling, Standard Horizon takes the unique 
step of outputting the polled position NMEA sen-

. tence to proprietary software to show a graphic 
position on their companion C-Map display. 

"We proved the viability of VHF DSC position 
polling for tracking Coast Guard Auxiliary vessels 
in and around the San Pedro Channel area," com­
ments Scholz. 

"Clearly, this test proves the great potential 
for assisting the maintenance of current and 
accurate position information without adding to 

The ICO.M VHF DSC radio must 
have a button pushed to send 
back a position request signal. 



The big red DSC button will bring a prompt 
reply to a digital mayday call. 

the workload of the coxswain and crew of 
Auxiliary vessels on patrol. Further, we demon­
strated that it is practical with the right kind of 
training for a U.S. Coast Guard Auxiliary vessel to 
gather position information directly from a dis­
tressed vessel equipped with DSC and GPS, with­
out the need to involve the persons onboard the 
distressed vessel to push any buttons," finalizes 
Scholz. 

Auxiliarist Scholz reported to Richard Van 
Leir, DSO-CM, that a good idea would be a train­
ing module to be created for Auxiliary coxswains 
and crew in the correct and effective use of digi­
tal selective calling as an on-water tool for dis­
tress monitoring and vessel tracking purposes. 
He envisions the module to be available no later 
than August, 2001 . 

PROBLEMS AND IMPROVEMENTS 

As the technical advisor for this project, and 
also a U.S. Coast Guard Auxiliary member and 
radio instructor (Flotilla 2-7), there are still some 
improvements that may be made to DSC polling. 

I would first like to see complete compatibili­
ty between different manufacturer VHF DSC 
transceivers. Some will automatically return a 
polled location request, yet others, even hooked 
up to a running GPS, won't return a position 
request unless the operator specifically pushes a 
button. Maybe this is an on-purpose "safeguard" 
so that someone unknown might figure out 
where you are automatically. 

It would be nice if position polling could be 
automated where the shoreside station would 
regularly receive updates on where everyone is 
without having to individually poll each station. I 
am told that this idea is not feasible due to inter­
national DSC regulations on how stations con­
duct their digital transmissions on VHF Channel 
70. Too many stations all squawking their posi­
tions automatically every couple of minutes 
could certainly clog the network and conceivably 
cover up a Mayday call. Wouldn't it be nice if an 
alternate channel would accept automatic DSC 
position polling without any operator action, 
much like professional radio automated identifi­
cation and wireless tracking. 

Manufacturers must continue to work closely 
with the National Marine Electronics Association 
(NMEA) to define position polled sentence read­
outs, both from the polled station back to the 

interrogator, plus the 
NMEA sentence from 
the interrogator's VHF 
to the electronic chart 
display. 

Sometimes the 
fractions of a minute 
are abbreviated, 
sometimes deleted, 
sometimes rounded 
off, but ideally would 
contain three signifi­
cant numbers to 
resolve positions down 
to six feet. 
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There needs to be 
better education by 
everyone to boaters 
about how a DSC 
emergency call is 
relayed. Not everyone 
in our DSC test 
(including myself) was 
absolutely sure how 
each brand of radio 
would react when 

Software MS-DOS/Windows3.1/95/98 
compatible 

9 Wittig Technologies 
www.wittigtechnologies.com 

receiving a distress call on VHF Channel 70, and 
what everyone's individual radio might do to relay 
that call "down the line." 

There are also questions on how recreational 
SC-101 radios guard Channel 70 for an incoming 
DSC call. ls this a priority sampling of Channel 
70, or a simple quick-scan of Channel 70 that 
could be interrupted for prolonged periods of 
time if the radio is open-squelch on another chan­
nel , such as the public correspondence frequen­
cy? There were also questions on how many 
times the DSC call may be repeated in a single 
databurst, just in case a scanning receiver comes 
up on Channel 70 right in the middle of a DSC 
call. Unlike the required higher-category DSC 
equipment on GMDSS-equipped commercial ves­
sels, the recreational DSC radio does not have a 
dual running receiver. Yet, there is technology to 
receive signals within the same band on a single 
receiver, yet on separate frequencies. Amateur 
radio two-meter transceivers have been doing this 
for years. 

Finally, were the United States Coast Guard 
personnel looking on impressed with what they 
saw on the screen? Absolutely, yes. Their most 
common question was when would their specific 

station begin receiving any type of DSC equip­
ment to better guard the marine VHF airwaves for 
an emergency call. 

But if local Southern California United States 
Coast Guard Auxiliary members continue to get 
recognition and support for their DSC efforts, 
Southern California may be one of the first areas 
of the country to rejuvenate the United States 
Coast Guard Auxiliary's role in providing a life­
saving service of monitoring VHF Channel 70 for 
any incoming DSC routine or emergency calls. If 
you have a local United States Coast Guard 
Auxiliary flotilla in your area that may be looking 
for information about this important demonstra­
tion-test in Southern California, they should con­
tact William Scholz, United States Coast Guard 
Auxiliary, S03-CM, e-mail wl hijcw@aol.com. 
Appreciation to Scott Iverson of Standard 
Communications for the loan of the equipment, 
and to Richard Van Leir, DSO-CM, for supporting 
probably the very first test in the United States 
with the United States Coast Guard Auxiliary and 
the United States Coast Guard radio station for 
digital selective calling emergency, position 
polling, and a fascinating chart display to all 
responding DSC-equipped stations. NV 
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Build a Simple 
Infrared Illitminator 

by Fernando Garcia 

Photo 1: Un-retouched photo taken in almost 
complete darkness. 

Photo 2: Same environment, but with the IR illluminator turned on. 
For the person, it still was almost complete darkness. 
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V 
ideo cameras have both shrunk their 
size and reduced their cost thanks to 
CCD (Charge Coupled Device) tech­
nologyi. Applicatio~s previously consid­
ered beyond the reach of the average 

person are now easily accessible. 
One of the most fascinating applications is 

the capability to see in the dark. From surveillance 
systems to wildl ife observation, nighttime condi­
tions offer very exciting viewing conditions. 

Actually "seeing in the dark" is .a misnomer. 
Although newer CCD cameras can see to illumina­
tion levels below 1 lux, there still must be some 
sort of radiated energy for the camera to see. The 
good news is that we need not constrain our­
selves to visible light radiation, most B/W and a 
few color CCD cameras are also sensitive to IR 
(infrared) radiation. 

Therefore, we can illuminate an area with IR 
light, while maintaining the darkened condition 
(from the eye's perspective), but allowing the 
camera to "see in the dark." The project described 
here is a simple-to-build, battery-powered IR illumi­
nator that will allow precisely that. 

From surveillance systems to 
wildlife observation, nighttime 
conditions offer very exciting 
viewing conditions. 

Infrared light is that part of the spectrum 
whose wavelength is between about 700 
nanometers (red color) to about 100 micrometers 
(microwaves). The longer wavelength limits are 
known as far-infrared and is what we perceive as 
heat. Although sensors do exist that allow to 
actually detect heat (for true, see-in-the-dark capa­
bilities), the low-cost cameras and IR LEDs operate 
in the near-infrared range. This range is just 
below the color red to about 1,500 nanometers. 
This project operates in the near-infrared range . 

A stunning result of what this project can 
achieve is shown in Photos 1 and 2. Photo 1 
shows the video output of a camera operating 
under very low light conditions. The extremely 
noisy picture shows a shadow moving into a 
garage area . There is no doubt that somebody is 
lurking there, but the complete lack of detail does 
not allow you to determine whether the person is 
a friend or not. Photo 2 - under the exact same 
darkened conditions, but with the IR illuminator 
turned on - now shows up substantially clearer. 
Although the picture is still grainy, the detail is 
enough to allow reading of some labels and to 
see the person which happened to be (fortunate­
ly!) a friend. 

Before you attempt to build this project, a 
simple experiment is recommended to determine 
whether your video camera is IR-compatible or 
not. In a darkened room, illuminate a small area 
with the IR light coming from your TV or VCR's 
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Photo 3: Assembled board, component 
side. 

remote control. These devices employ IR LEDs to 
transmit signals, and if you can see the flashing 
light through the viewfinder, then the camera is 
suitable for this project. 

Circuit Description 

LEDs are current-driven devices, and therefore 
cannot be connected across a voltage source -
like a battery - without some current limiting 
device. In its simplest form, this is a resistor. 

Although a very inexpensive solution, it suf­
fers the drawbacks of poor current regulation 
with a varying input voltage and the waste of a 
large amount of energy. This is important if we 
plan the circuit to be portable, meaning batteries 
will supply the power. 

A linear regulator in a constant current mode 
would avoid the current variations but is also very 
wasteful, dissipating most of the battery's power 
as heat. Therefore, a switch mode regulator was 
chosen for this project. The circuit described here 
maintains a 1 % current regulation over an input 
range of 9 to 14 volts, while sti ll maintaining 87% 
efficiency. 

The selected switch mode regulator is the 
LM3578, part of National Semiconductor's Simple 
Switcher® family. The devices in this family are 
extremely versatile and easy to use, and all 
include a flexible PWM controller and a transistor 
power switch integrated within the same silicon 
die. Only a few passive components are required 
to build a complete supply. 

Photo 4: Assembled board, solder 
side. Note the IR LEDs. 

Unlike its cousins with fixed frequencies, the 
LM3578 regulator (U 1) allows the switching fre­
quency to be set externally. As shown in the 
schematic of Figure 1, this is achieved with capac­
itor C2 for a frequency in the neighborhood of 80 
kHz. This versatile device also permits the power 
transistor switch to be connected in a variety of 
configurations. In this circuit, the device is con­
nected as a boost topology. The boost topology 
always produces an output voltage higher than 

D5 

013 
/II' 

R6 
22 

the input. 
This is required because the 

series-connected string of IR­
LEDs (D2 through D13) will have 
a combined voltage drop 
between 17 .5 and 20 volts - a 
voltage larger than the battery 
voltage range for which we 
expect the circuit to work. 

The boost converter works 
by storing energy on inductor L 1 
during the power switch "on" 
time, and then releasing it in 
series with the battery during 
the "off" time by means of 
Schottky diode D1. The energy 

Figure 1: Project 
Schematic. U1 is a · 
"Simple Switcher''. 
from National. · 
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pulses are delivered to capacitor C6 which 
smoothes out the voltage. To prevent damage 
during an overload condition, resistor R2 senses 
the current across the switch, and disables the cir­
cuit if its voltage drop exceeds 110 millivolt. C1, 
R 1, C3, and R3 are a loop compensation network 
required for stability. 

So far, all the above description has been 
textbook circuitry right from National's data 
sheet. What is different in this application is the 
feedback circuit. As previously mentioned, for a 
LED load, we require a constant current regulator. 
Therefore, we need to take a LED current sample, 
which is accomplished by R6. 
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To maintain a high efficiency, the voltage 
drop across R6 should be a small fraction of the 
total LED voltage drop. Unfortunately, U1 requires 
a feedback level of around one volt, which would 
mean a 5% to 6% efficiency penalty in the cur­
rent sense resistor. Therefore, operational amplifi­
er U2 and resistors R4, RS provide the necessary 
voltage gain of around five to employ a much 
smaller current sense resistor. Capacitor C4 pro­
vides high frequency roll-off to prevent switching 
noise feeding into the feedback loop. 

With the values shown, the LED current is 
regulated to approximately 90 milliamps. The 
higher the current, the brighter the LED will shine, 
but we must be careful not to exceed the maxi­
mum steady state current rating of 100 milliamp. 
The chosen current level provides a safety margin 
while maximizing the light output. 

~~ 1..~ ~~ ~ ~~ -~ 

q, "\ '\°: "\ ~ ~~ ~ q; q, ~~ ~~ q, ~~ OJ~ t/l~ 0;,"-~ ~~ ,... 

Wavelength-nm 

-Standard Red -F5D1 - - 1N6266 
A few words about IR LEDs: There are two 

commonly available families of IR LEDs, depend­
ing on its peak wavelength and semiconductor 
material. This is shown in Figure 2. The AIGaAs 
devices usually have a peak spectral response 
around 880 nanometers. On the other hand, 
GaAs devices have a peak response around 940 

Figure 2: Infrared LED response. A standard red LED response is shown 
as a reference. 

nanometers. 
The response of a 660 nanometer, "standard" 

red LED is shown for comparison purposes. In 
general, the longer wavelength LED devices are 

RF Data Modules 

• I I 11 

•Small size: 17.78 x I l.43mm 
•CMOSITil.. input 
•No adjustable components 
•Low Current. 4mA typical 
•418MHz or 433.92MHz OOK 
•Simple to integrate -sitq>ly 

add antenna, data and power 
•Range up to 250ft. 
•Wide supply range, 2-14Vde 
•SAW controlled - stability 
•Also available in OIL package 

AM-RTS .............. $12.10 

•Compact size: 38.1 x 13.7mm 
•On-board data recovery. CMOS 
•Low current. 2.4mA typical 
•2kHz data rate. CMOSITil.. output 
• 5V de operation 
•On 418MHz or 433.92MHz (4xx) 
•No adjustable components 
•Patented Laser Trimmed component 
•High stability 
•Sensitivity: -I05dBm 
•Available also in 0.8mA version 

AM-BRR3-4xx ............ $10.95 

•4,800 to 38,400 bps half duplex 
•3-wire RS232 interface 
•µController with user EEPROM 
•RS232 interface protected to ±15kV 
•Data packetiziog performed by user 
•Auto TX/RX changeover 

•Only 23 x 33 x II mm 
•Up to 40k bps data rate 
• 19200 baud with ASCII 
•Up to 500ft. range 
•5v operation 
•0.25mW into 50 
•418 or 433MHz FM 
•Fast lms enable 
•Direct interface to 5V CMOS 
•Auto TX/RX changeover 

BIM-4xx-F ............ $87.36 

•Up to 19,200 bps half duplex 
•3 wire RS232 interface 
•Range up to 500ft 
•Transparent data packetizing 

Supports 8 or 9 bit protocols 
•Self test function 
•Reset Switch & Staus LED's 
• 114 wave wire antenna on board 
•Available in a Simplex Tx/Rx 

•418 MHz and 433MHz versions 
•Range up to 500ft. (0.25mW ver.) 
•0.25mW & IOmW versions 
•Reset switch and status LED's 

10 x 6S x tsmm pair.(RTcomTX & RTcomRx) 

• 7 .5- I 5V de via DB9 connector, 20mA 
•7.5V-15Vdc operation 

Transceiver.... ...... RTcom-4xx. ............... $247.90 
Transmitter... ....... RTcomTx-4xx. ........... S 87.15 

BIM-4xx-RS232 .... $139.30 Receiver....... ....... RTcomRx-4xx ............ $105.52 

~ABACOM U' TECHNOLOGIES 

Tel: (416)236-3858 
Fax: (416)236-8866 

www.abacom-tech.com 
abacomtech@compuserve.com 
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Celebratl1g 01r 17th Year Of Service II 

COLLIMATING LENS 

I 
This economical collimating 
Ions assembly consists of a 
black anodized aluminum bar­
rel that ads as a heat sink, 
and a'Jlcm lens with a focal 
point 7.5mm. De.i~ned lo 

fit stondard 9rr.m laser diodes. Simply place 
diod. in the leru assembly, adjust beam lo 
desired focus, then s« with adhesiWI. 

SIOCli 
LSlfNS Lens A.Nmbly 2'.99 23.74 21.37 

DIODE/ TRANSISTOR TESTER KIT 

·-~-- -. -
~-

~· · ~ .. --· 
DTIOOK 

This dynamic tester 
allow. checlcing of Iron· 
sislors & diodes in circuij . 
identifies NPN or PNP 
transislors .. Checks all 
types. small or large 
IX""'""· identifies anode 
0< cathode of diode.. 

24 .99 23.7 4 21.37 

ANTI-STATIC FOAM CLEANER 

A thick, loaming cleaner lor use 
.• in static sensitive applications. 
• Sa[., lor plastics and fiberglass. 
~ Ulfise on computer casesAI an

1
d all 

~ o ·ce equipment. so c eans 
soft fabrics . 5 oz. aerosol can. 

1-9 11-24 2S+ 

SB1102 1.99 1.89 1.70 

EPROMS 
~~~~~~~~~~ 

UOW 1·24 2S-99 IOllt 

2716 2.99 2.84 2.56 
2732 4.49 4.27 3.84 
2732A-20 5.49 5.22 4.70 
2764·20 5.39 5.12 4.61 
2764·25 4.49 4.27 3.84 
2764A·20 3.49 3.32 2.99 
2764A·25 2.99 2.84 2.56 
27C64·15 2.99 2.84 2.56 
27256-15 4 .79 4.55 4.10 
27C256·15 2.99 2.84 2.56 
27512·25 3.09 2.94 2.65 
27C512·25 2.99 2.84 2.56 
27C010-15 2.79 2.65 2.39 
27C020-15 3.49 3.32 2.99 
27C040-12 5.49 5.22 4.70 
27C080-12 10.99 10 . .U 9 .40 

Popular l.C.'s -SIOCll 1·24 2H9 100. 

7400 .39 .37 .33 
74LSOO .19 .18 .16 
4017 .29 .28 .25 
7805T .33 .31 .28 
7812T .33 .31 .28 
LM317T .49 .47 .42 
lM386N·l .33 .31 .28 
NE555N .24 .23 .21 
lM741N .24 .23 .21 
NE5532N .55 .52 .47 
68HC705C8P 8.99 8.54 7.69 
8749 17.99 17.09 15.38 
622561..P-10 2.79 2.65 2 .39 
2816 2.79 2.65 2.39 

FM MICROPHONE KIT 

/ 
Transmit your 
't'Oiceon any 
FM radio. 
Range"' lo 
1000'. Case 
in duded 

STllCll H lt-24 25+ 

K30 15.99 15.19 13.67 

What Do We Have ? 
•I.C's 
• OsdllatOIS 
• Cryslak 
• Diodes 
•Took 

• Capoc~ors 
• Connectors 
• Trimpo1s 
• Kits 
• Vises 

• Laser Diodes 
•Vises 

• LED's ' 
• Trvnsistors 

• Resistors • And more! 

GADGllHR'I GOlDINl 

This exciting col­
lection of elec· 
tronic projects 
features experi· 
ments ranging 
from magnetic 

levitation and lasers to high· 
tech surveillance and digital 
communications. 

• By Gordon McComb 

STOCll 1-9 10-24 2S+ 

TS3360 24.99 23.7 4 21.37 

• Order Line - (800) 824-3432 • International - (724) 495-1230 • Fax Orders - (724) 495-7882 
• Technical Support - (724) 495-1231 • No Minimum Order - (Orders under $20 subject to S 5 

charge} •UPS 3 day, Blue, Red, & Fed. Ex. Shipping AYOilable (Call for charges} •PA Res. Add 7 % 
Sales Tax •Open Mon-Fri 9:00 AM - 5:00 PM (EST) • Corporate Accounts / Ouantity Discounts 
Available •We accept M/C, VISA Discover & American Express with no surcharge • Call For FREE 
Catol"il ($2.00 Outside U.S.) 

•We Carry A Complete Line Of Electronic Components• Email· unielect@aol.com 

Visit us on the web , www.unicomelectronics.com Unicorn Electronics 
1142 State Route 18 

FREE SHIPPING!! on pre-paid orders Aliquippa, PA 15001 

Circle #107 on the Reader Service Card. 



more efficient in converting current into light. 
Therefore, a 940 nm device such as the 1 N6266 
would provide greater illumination capability than 
the 880 nm device such as the F5D1. The caveat 
could be if the camera's response has decreased 
excessively at this wavelength, which may offset 
any LED efficiency improvement. 

Since the LEDs will be the highest cost in this 
project, it pays to procure one of each type, wire 
both in series and, with your camera, determine 
which one appears the brightest. 

Assembling the Circuit 

Due to the fast risetime of the switching 
waveforms, it is almost mandatory to use a print­
ed circuit board for this project, with wide traces 
and good ground planes. A double-sided sample 
board used by the author is shown in Figure 3. 

With the exception of the LEDs, all the com­
ponents go on the top side of the board, as 
shown in the silkscreen. Most of the devices 
employed in this project are surface mount tech­
nology (SMT} components for several good rea­
sons: not only do they allow a more compact lay­
out, but for a high frequency switching circuit, 
they have far fewer parasitics. 

A few thru-hole components are also 
employed. A view of the board's top side is 
shown in Photo 3. The LEDs are mounted on the 
bottom side of the board, as close as possible to 
the board itself without actually touching it. The 
reason being that at the high operating current, 
the LED themselves will become fairly warm, and 
the board's copper lands act as a small heatsink, 
see Photo 4, However, do not solder the LEDs 
flush to the board, leave about 1/16-inch spacing 
between the board and the LEDs themselves. 

First, it will allow some play such that you 
can slightly aim the beams. Second and most 
important, the LED anode is electrically connected 
to the metallic case, and if the case touches the 
cathode pad, no damage will occur, but that LED 
will not light up. And since it emits invisible light, 
you will not notice!! 

The specified LEDs have a built-in lens, which 
solves one of the more vexing problems facing 
the assembler of the circuit; namely how to focus 
a beam of infrared light. The lens focuses each 
individual beam in a fairly narrow angle, and thus 
the complete LED array will illuminate an area 
similar to what a three-inch reflector flashlight 
would do. As mentioned previously, the LED spac­
ing will allow some alignment of the beam. 
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One word of caution: To maximize efficiency, 
the circuit does not include reverse-battery protec­
tion. Connecting it to the wrong polarity will cer­
tainly damage the circuit. If you require reverse 
polarity protection, include a Schottky diode such 
as a 1N5817 in series with the(+) input lead. NV 

Figure 3: Double-sided board layout. Component side (top), and solder side 
(bottom). The IR LEDs are placed on the solder side, see Photo 4. 

Semiconductors: 
U1 LM3578N switchmode 

U2 
D1 
D2 - 013 

regulator 
LM358 op amp 
1 N5819 Schottky diode 
1 N6266 or F5D1 Infrared 
LED (see text) 

Resistors (1206 size SMT, 1%) 
R1 220k ohm 
R2 0.39 ohm 
R3, R5 4.87k ohm 
R4 19.6k ohm 
R6 2.2 ohm 

Capacitors 
C1 20 pF, 5% ceramic 

1206 size SMT 
C2, C3a, 
C3b, C4 1 nF, 5% ceramic 

1206 size SMT 
CS 100 uF, 16V 

electrolytic 
C6 220 uF, 25V low-Z 

electrolytic 
C7 0.1 uF 20% 

ceramic 

Miscellaneous 
L 1 2700 uH, 500 mA 

inductor 
Wire, PC board, 12-volt (nominal) 
battery · 

www.motron.com 

MoTron's TC-1 Talking Controller 
monttors 4 inputs and controls up to 
17 10-ampere relays by telephone, 
radio or RS-232. The TC-1 talks 
back to you in messages you record. 

• Remote Server Reset 

• Monitor Alarm Outputs 

• Remotely Control Pumps 

• Control Remote Radio Unks 

• Pan/Tiit Camera Control 

• Low Cost Customization 
to meet your specific needs 

Prices from $299. See our web page 
for full details and pricing, or call: 

1-800-338-9058 

fililltQJlJITCQJmi 
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Continued from page 42 

PIC PROGRAMMERS: Several different 
programmer kits that you can build yourself 
all the most popular PIC and Atmel chips. 
www.electronickits.com 

ANTIQUE 
ELECTRONICS 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
331 I /540-382-2935). 

ALWAYS WANTED Western Electric 
theatre amps, speakers, horns, drivers, and 
tubes. Also seeking vintage tube equip. by 
Marantz, Mcintosh, and Tanney. Chong Ong, 
10223 Valentino Dr., #7304, Oakton, VA 
22124.Tel: 703-255-3218, Fax: 703-255-3718. 
E-Mail: ongkt88@erols.com 

WESTERN ELECTRIC wanted: I 920s­
l 960s. Amplifiers, mixers, pre-amps, speak­
ers, tubes, etc. FREE OFFER 1-800-251-5454. 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.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 

RADIO TUBES and phone. needles. 870-
347-2281. 

AVIATION 
ELECTRONICS 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

BUY-SELL-TRADE avionics and avionics 
test equipment. IFR, Collins, King, Bendix, 
Litton, Sperry, others.Wire markers Kingsley, 
Eubanks pilot static sets, Setra, tools Deutch, 
Daniels, Scorsby, tilt, balancers. 
www.avionicsplus.net, sille2k@yahoo.com 
Fax 941-625-0494, Ph. 941-625-3222. 

PUBLICATIONS 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

BASIC STAMP 2 users:"lnside 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, PMB 326, 19672 Stevens Creek 
Boulevard, Cupertino, CA 95014-2465. 

HI-TECH SURVIVAL: 150+ books, soft­
ware, special projects: electronics, comput­
ers, internet, phones, security. CON­
SUMERTRONICS, PO Box 23097, 
Albuquerque, NM 87192, 505-321-1034. 
www.tsc-global.com 

WWW.COVERTBUG.COM SUR­
VEILLANCE DESIGN BOOK. I 17 
production schematics, all types of transmit­
ters. Room, telephone, battery, and mains 
powered. Countersurveillance chapter with 
equipment. Visit website for details. 
Brochure. $40 + $6 S&H. Sheffield 
Electronics. PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.com 

When Visitinq Disney World And Sea World ... 
Come To The World Of Electronic Surplus! Ink.Mun Ink<,; 

S~A!~~fT~ 
ORLANDO, FLORIDA ~ 

Located At The Intersection Of 1-4 
And Fairbanks Avenue. 

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 II. 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. http://divelec.tripod.com email: 
carlk3jml@bigfoot.com 

MOTOR CONTROLLERS, PWM, I 2V, 
24V, 35A, many features from $40 
plus S&H. Info: 570-735-5053 . Details: 
http://divelec.tripod.com Toll free orders 
(only) 1-888-314-6998. 

ROBOTS WANTED: Dead or alive, 
whole or parts. Marvin (Iowa Precision). 
Gemini, RoPet, Hubot, RBSX, Newton 
SynPet, ComroTot, ELAMI, ITSABOX, 
HeathKit (HERO JR, I, 2000, or Arm Trainer), 
Androbots (TOPO, BOB, Fred, and 
Androman), Rhino, Maxx Steele, Omnibots, 
etc. Also looking for robot prototypes, 
options, and literature, will pay cash. Please 
E-Mail rdoerr@bizserve.com Call 810-777-
13 13 or write to: Robert Doerr, 26308 
Cubberness, St. Clair Shores, Ml 48081. 

ROBOT KITS: Over 30 complete robot 
kits from beginner to advanced at 
www.electronickits.com 

MINI BOB, the new platform from Tekwild 
Robotics is compact and powerful. Visit our 
website for complete specs! $179. 512-447-
6476. www.tekwild.com 

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 Self-Service Retail Outlet Featuring Commercial 

And Government Electronic Surplus Including: for Canon, Epson, Hewlett Packard, Apple, 
Compaq, and Lexmark printers. 

*WIRE 
*SWITCHES 
*RESISTORS 
* TRANSISTORS 
* TRANSFORMERS 
* TEST EQUIPMENT 
* Nl·CAD BATTERIES 

********* 
We Buy Surplus 

Electronic Parts -
FAX your list. 

www.skycraftsurplus.com 

FAX 407/647-4831 

PH 407/628-5634 

P.O. BOX 536186 

ORLANDO, FLA. 32853-6186 

*COAX 
*RELAYS 
*HARDWARE 
* CAPACITORS 
* PANEL METERS 
* CIRCUIT BOARDS 
* INTEGRATED CIRCUITS 

HOURS: 

Monday • Friday 8:30-6:00 

Saturday 8:30·5:00 

58 JUL't 2001/Nuts & Volts Magazine 

HARD-TO-GET ~ 
PRINTER RIBBONS ~ 

Gorilla Banana, Commodore, Texas Instruments, 
Centronics, Riteman, Apple, Printronix, Star 

Over 300 different ribbons in stock. 
All ribbons new, not re-inked. 

Check our web page or write for complete price list . 

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 8 

e-mail: Htorr@aol.com 
· http://members.home.net/htorr/index.htm lc::I 

Circle #38 on the Reader Service Card. 

JAMP STEPPER motor microstepper. 2-
4 Axis, easy connection to parallel port. 
Under $200. WWW.Brewingtons.com 

SERVO CONTROLLERS liquidation of 
inventory, 1,500 units, manually operated for 
robotics and RIC use, now taking offers on 
wholesale values. For details: 
www.sattronics.bigstep.com Email: 
zdtvguy@hotmail.com 

pBREAK BREAKOUT board for paral­
lel and game ports. Extensive tutorials. 
http://www.cncKITS.com 

PLANS - KITS -
SCHEMATICS 

ELECTRONIC KITS: Hundreds of elec­
tronic kits and projects. Where else except 
www.electronickits.com 

FUN KITS, remote control, motor con­
trollers, PIC experimenter boards. Quality 
guaranteed. Secure online ordering. 
www.dlrkits.com 

NEW - BOTBOARDS, quick-build pro­
toboards, PIC single-board computers, and 
reconfigurable programming adapters. 
www.oricomtech.com 

WWW.COVERTBUG.COM SUR­
VEILLANCE TRANSMITTERS using 
all RadioShack's numbered parts are easy to 
build with our kit type plans. Three room, 
two telephone transmitters for the FM band 
and above. $7. No personal checks. 
Sheffield Electronics, PO Box 377940, 
Chicago, IL 60637. 773-324-2196. 
sheffield@covertbug.com 

ELECTRIC BIKE system. Build your own 
electric bike or scooter. Wiring, connectors, 
harnesses provided pre-wired. Includes 
everything you need except batteries and 
motor(s). Upgrade existing scooter or bike 
from 12 to 24 volts. Complete system. with 
all parts connected together and documen­
tation detailing the connections is $100. For 
more information, contact: Diverse 
Electronic Services 570-735-5053 email: 
carlk3jml@bigfoot.com Details at: 
http://divelec.tripod.com/evs I /evs I .html 

MISCELLANEOUS 
ELECTRONICS FOR 

SALE 
HIGH QUALITY TOOLS AND 
STAINLESS STEEL HARDWARE. 
European and American screw­
drivers, nutdrlvers, pliers, hex­
keys, balldrlvers, and morel 
Wlha, Bondhus, and Knlpex. 
Stainless cap screws, machine 
screws, nuts, washers, U-bolts, 
and eyes. Free catalog. Robert 
Mink Import-Export, Box 64J7V, 
Fair Haven, NJ 07704. Telephone 
or fax 7J2-7S8-BJ88. E-Mail: 
wltv@compuserve.com 

NUCLEAR ELECTRONICS {NIM, 
CAMAC), PMTs, optics, high vacuum, and 
high voltage components and equipment. 
Guaranteed quality at reasonable cost. OE 
Technologies, Box 703, La Madera, NM 
87539. Ph: 505-583-2482, Fax: 505-583-9190, 
E-Mail: oetech@newmexico.com http:// 
www.oetech.com 

SAVE DATA during blackouts. Keep PC, 
clocks, etc., running with continuous power. 
949-494-0072. 



ANAHEIM WIRE PRODUCTS. DIS­
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items available 
from our stock: Hook up wire, Automotive 
primary wire, GXL, SXL, Plenum cable.Teflon 
wire, Multi-conductor cable, Irradiated PVC, 
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 

PYLE MANUFACTURING, LLC. 
Bankruptcy. Speaker liquidation: magnetizers, 
coil winders, demagnetizers, X, Y, Z coordi­
nate mach, glue equipment, case sealer, foam 
packaging system, test equipment, induction 
heaters, forklifts, tools. Speakers: parts, bas­
kets, xovers, enclosures, hardware. Info: 866-
350-5565. www.isesurplus.com 

SELLING COLLECTION of electronic 
lab instruments, apparatus, components, ICs, 
power supplies, servo parts, and more. Pick­
up truckload. List available. Los Angeles area. 
www.ingbud@aol.com 

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. H.T. Orr 
Computer Supplies, 249 Juanita Way, 
Placentia, CA 92670. 714-528-9822, 1-800-
377-2023, FAX 714-993-6216. 

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.We buy, sell, and trade. KEY­
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, relays, 
lamps, synchros. Hyness Company, 709B 
Delair Road, Monroe Twp., NJ 08831. Phone: 
609-395-1116, FAX 609-395-1 I 17. 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, !Cs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.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. 

CASH PAID FOR ICs. Military or com­
mercial integrated circuits, transistors, 
diodes, any semiconductors. 
ELECTRONIC SURPLUS, INC., 5363 
Broadway, Cleveland, OH 44127. 216-441-
8500 or fax 216-441-8503, since 1946. 
www.electronicsurplus.com 

WANTED: EXCESS ELECTRONIC 
COMPONENTS, BOARD-LEVEL 
COMPONENTS; MILITARY COM­
PONENTS; ICs, MEMORY, TRAN­
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS S62-4J9-24U 
FAX S62-4J9-04U. 

WESTERN ELECTRIC wanted: I 920s­
l 960s. Amplifiers, mixers, pre-amps, speak­
ers, tubes, etc. FREE OFFER 1-800-251-5454. 

BBS & ONLINE 
SERVICES 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

www.SplnWaveLasers.com SPIN 
wave research papers and training videos 
from the Vasant Corporation. 

WWW.8LINERS.COM YOUR Cherry 
Master & 8 liners website. 

EDUCATION 

MAGICIAN IS available to solve your RF 
problem. I 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. 

BUSINESS 
OPPORTUNITIES 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769- 1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

COUNTER-SURVEILLANCE=$2SO 
HR! Electronic eavesdropping is unbeliev­
ably widespread! Are you sure you 're safe! 
Learn how others (without prior experi­
ence) earn $2SO HR in the fascinating field 
of COUNTER-SURVEILLANCE! For FREE 
catalog call: 1-800-712-SOOO. 
HTIP://WWW.SPY-CITY.COM 

AFFILIATES WANTED: If you have a 
website you can earn a I 0% commission for 
every person that you refer to our site . 
See complete details at 
www.spousewatcher.com 

REPAIRS - SERVICES 

(E)EPROM PROGRAMMING done 
quickly and economically. One day turn 
around typical. Simple copy $3 per device. 
Also prototyping, design, and consulting ser­
vices available. Call or send SASE to: Lu:z:er 
Electronics, 4021 North 
Bayberry, Wichita, KS 67226. 
J 16-687-2127, FAX J 16-687-
J IOJ . 

WANTED: MILITARY capacitors, resis­
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

CIRCUIT BOARDS for projects, proto­
types, short runs. From your artwork. Low 
rates. Atlas Circuits 704-735-3943. 
www.pcbatlas.com 

SPECIAL PROJECTS: Wild , weird, 
wacky, wonderful hardware, technical 
coaching, website designs. 
Lone Star Consulting, Inc., 
www.lonestartek.net 

MECH ENGINEERING CONSULT­
ING: machine design & packaging from con­
ceptual to manufacturing: detailing, bill of 
mat' I, part procurement, & proto build. GSC, 
MECHANICAL ENGINEERING 
SERVICES S08-JJ9-78J7 or email: 
SECGSC@aol.com. (Ask for Greg.) 

WELD ALUMINUM WITH 
PROPANE! EZ, INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., TAY­
LORS, SC 29687. l-800-547-WELD(9353) 
FAX 864-244-6349. http://www.durafix.com 

Are you 
sponsoring a 

Hamfest, 
Computer 
Show, or 

Convention? 

PROMOTE YOOR 
EVENT IN THE 

EVENTS CALENDAR 

NOTS &VOLTS 
EVENTS 

CALENDAR 

Send or fax your 
flyer to: 

Nuts & Volts 
Magazine 

Events Coordinator 
430 Princeland Ct. 
Corona, CA 92879 

FAX 

(909) 371-3052 

P/Cmicro MCU development tools 
from microEnglneering Labs, Inc. 

www.melabs.com 

LAB-X Experimenter Boards 
Assembled development platfonms. 

~~~~ ~}:~'.~~:~~~:ra~~E£ .•..•.. · 
LAB·X1 for 40-pin (shown)· $199.95 . , ·. 
LAB·X2 for 28 or 40-pin MCUs . $69.95 
LAB·X3for18-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. $99.95 
PicBasic Pro Compiler· $249.95 

EPIC Plus PICmicro Programmer 
Programs the following PICmicro ____ _ 
MCUs: PIC12Cxxx, 12CExxx, 
14COOO, 16C505, 16C55x, 6xx, 7xx, 
84, 9xx, 16CE62x, 16F62x, 7x, 8x, 
87x, 17C7xx, and 18Cxxx (some 
MCUs require adapters). Software for 
Windows and DOS. Requires two 9V 
batteries or AC adapter (not 
included). Adapters available for various device packages. 

Bare PCB w/software - $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, DB9-25 
connector. 

micrt7~neoi115 ~ @na 

:J 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 

Circle #39 on the Reader Service Card. 

T~~ H N 
E N • 

~ 
l 
0 
N 

The RF Connection 
213 North Frederick Ave. 
Suite 11NV 
Gaithersburg, MD USA 
20877 

http://www.therfc.com/ 

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

UG-218/U N Male for RG-213/214 .. ...... $5.00 
UG-210/U N Male for RG-213/214 .. ...... $3.25 

N Connectors for 9913/Flexi4XU9096 

UG-218/9913 ..... $6.00 Pins Only .. .... $1 .50 
UG-210/9913 ..... $4.00 Extra Gasket.. ... 75 

Amphenol 83-1SP-1050 PL-259 ...... ... . $0.90 
UG-176/U Reducer RG-59/8X . . 25 or 5/$1 .00 
UG-175/U Reducer RG-58/58A .25 or 51$1 .00 
Silver Teflon PL-259/Gold Pin .. ... .. ............ . 
.. .. .. ... .......... ........... ... ...... .... $1.00or10/$9.00 

MIL-Spec Coax Available (Teflon, PVC llA) 

New Product: Belden 9913F. 9913 w~h 
High Density PE Foam dielectric, stranded 
center cond. and Duobond Ill Jacket.. ......... .. 
... . ............... ............... 80/ft or $76.00/100ft 

Also New: 9092, RGBX with Type II Jacket 
Intro Price .... ... .... .............. ........ $23.00/100ft 

Call for Specials of the Month 

Full Line of Audio Connectors for lcom, 
Kenwood, and Yaesu 

8 Pin Mike Female .. ............................. $2.50 
8 Pin Mike Male Panel ........ ......... ... .... . $2.50 
13 Pin DIN for Kenwood ...................... $2.75 
8 Pin DIN for lcom ... .. ............... ......... .. $1.00 
8 Pin DIN for Kenwood ... .......... ... : .... ... $1.50 

Prices Do Not Include Shipping 

Orders 
Info 
FAX 

8oons3-2666 
301/840-5477 
301/869-3680 
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STAMP APPLICATIDN!i 
STAMPS IN THE LAB 

Continued from page 24 

need this function though, since our Stamp programs designed for Stamp 
Plot Lite will probably send binary data. 

If we go back to ProcessBuffe,r we see that if the first character of our 
buffer is "%" then the data is extracted and converted to a numeric value 
with the function Bin2Dec. For this program, we could probably get away 
without the conversion, but by doing it, we give ourselves the opportunity 
to process and manipulate the data before sending it to the display. 

To see the VB program in action, we need to load our Stamp with the 
demo program that comes with Stamp Plot Lite (you'll find it in the Help 
file). Run the Stamp, then start the VB program. If you have a newer BSAC 
or used the circuit in Figure 1, the VB program can reset the Stamp when 
the comm port is opened. To do this, we need to leave the "Reset Stamp on 
Connection" option of the Port menu checked. 

If the Stamp's ATN is opened after programming (by removing a 
jumper), then we'll have to manually reset the Stamp after the VB program 

' Nuts & Volts - Stamp Applications 
' July 2000 (Listing 2) 

'Program ... StampToPC.vbp 
' Author ... . Jon Williams 
'Started .. . 26 MAY 2000 
: Updated ... 26 MAY 2000 

Option Explicit 

Dim showData As Boolean 
Dim rxBuffer As String 
Dim multiplier As Single 

Private Sub Form_Load() 

' center form 

' okay to show incoming data 
' buffer for incoming characters 
' analog multiplier 

Me.Left = (Screen.Width - Me.Width) I 2 
Me.Top= (Screen.Height - Me.Height) I 2 
Me.Caption =App.Title 

' setup comm object 
With MSComm1 

.CommPort = 1 

.Settings = '9600,N,8, 1' ' setup for DEBUG 

.DTR~nable = mnuPortResetStamp.Checked 

.RThreshold = 1 'process one char at a time 

.lnputlen = 1 

.lnputMode = comlnputModeText ' input will be strings 
End With 

multiplier = 1 # 
SetSJ)an ('O, 100') 
ClearForm 
showData = False 

End Sub 

' analog multiplier 
' set span of progress bar 

' wait for reset 

Private Sub Form_Unload(Cancel As Integer) 

If MSComm1 .PortOpen Then MSCi:>mm1 .PortOpen = False 

End Sub 

Private Sub mnuFileExt_Click() 

Unload Me 

End Sub 

Private Sub mnuPortComX_Click(lndex As Integer) 

' deselect last port 
mnuPortComX(MSComm1 .CommPort) .Checked = False 
'select new 
MSComm1 .CommPort = Index 
mnuPortComX(lndex).Checked =True 

End Sub 

Private Sub mnuPortConnect_Click() 

Dim xAs Byte 

If Not (MSComm1 .PortOpen) Then 
' open the port 
On Error GoTo PortError 
MSComm1.PortOpen =True 
' update the title bar 
Me.Caption "' App.Title & ' (Connected]' 
' update port menu 
For x = 1To4 

mnuPortComX(x).Enabled = False 
Next 
mnuPortConnect.Caption = "&Disconnect' 

Else 
' close the port 
MSComm1 .PortOpen = False 
' update the title bar 
Me.Caption =App.Title 
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is started and the comm port opened. Once this happens, we'll see the ana­
log graph parameters set-up (span is set from 0 to 600) and data will start 
coming in. Figure 5 shows the VB program in action. 

lhis Is Cool - Let's Do More! 

Okay, we will. Next month, we'll extend our Stamp program by allow­
ing it to receive requests for information. This will allow us to "ask" for the 
information with a simple terminal program or a custom program that we'll 
write in VB, which will give us more precise control over when we get infor­
mation and what we actually get. Finally, we'll update our Stamp program to 
receive data with a command. Again, this program will be compatible with 
a text terminal or a custom program and opens up all kinds of possibilities. 

Until then, Happy Stamping. NV 

' update port menu 
For x = 1To4 

mnuPortComX(x).Enabled =True 
Next 
mnuPortConnect.Caption = '&Connect" 

End If 
Exit Sub 

PortError: 
MsgBox ' Could not open Com' & Trim(Str(MSComm1 .CommPort)) & •. ' & _ 

vbCr & ' Please select another port. ', _ 
vbExclamation + vbOKOnly, App.Title 

On Error GoTo 0 

End Sub 

Private Sub mnuPortResetStamp_Click() 

mnuPortResetStamp.Checked =Not (mnuPortResetStamp.Checked) 
MSComm1 .DTREnable = mnuPortResetStamp.Checked 

End Sub 

Private Sub MSComm1_0nComm() 

Dim newChar As String 

Select Case MSComm1 .CommEvent 
Case comEvReceive 

newChar = MSComm1 .Input 
If newChar = Chr(13) Then 

ProcessBuffer (rxBuffer) 
rxBuffer = " 

Else 
rxBuffer = rxBuffer & newChar 

End If 

' process other events here 

End Select 

End Sub 

Private Sub ProcessBuffer(ByVal strBuffer As String) 

Dim leadChar As String 
Dim param As String 

' get leading character 
leadChar = Mid(strBuffer, 1, 1) 

Select Case leadChar 
Case ' !' 

' command string 
DoCommand (strBuffer) 

Case ' %' 
' binary data 
param = Trim(Mid(strBuffer, 2)) 
If showData lhen ShowDigital (Bin2Dec(param)) 

Case Else 
If lsNumeric(strBuffer) Then 

' buffer has analog data 
If showData Then ShowAnalog (CLng(strBuffer)) 

Else 
' buffer contains message 
sbarMessage.SimpleText = Trim(strBuffer) 

End If 
End Select 

End Sub 

Private Function DoCommand(ByVal theCommand As String) 

Dim delimPos As Integer 
Dim cmd As String 
Dim param As String 

' remove any leading or trailing spaces 
theCommand = Trim(theCommand) 

delimPos = lnStr(1 , theCommand, • ") 
If delimPos = 0 Then 

' no parameter(s) Continued on page73 



CALL TOLL-FREE 

(800) 292-7711 
Orders Only C&S SALES 

CALL OR WRITE 
FOR OUR 

FREE 
64 PAGE CATALOG! 

(800) 445-3201 Se Habla Espanol Secure On-line Ordering @ cs-sales.com 

I ' • ~~~~~~~~~~~~~~~~~~~~~~' I DeluxeSolderingS~tions 
Elenco Model M-1740 Elenco Model LCR-1810 Elenco Model LCM-1950 Fluke 87111 

11 Functions: 
• Ffeq. to 20MHz 
• Cap. to 20µF 
• AC/DC Voltage 
• N:;JOC Current 
•Beeper 
•Diode Test 
•Transistor Test 
• Meets Ul-1244 

safety specs. 

ModotM-2760N 
$19.95 

(9 !unctions) 

•Cap. 0.1pF to 20µF 
• Inductance 1 µH to 

20H 
• Resistance O.OHl 

to2,000MO 
• Temperature -200C 

to 75CY'C 
• DC Volts 0 - 20V 
• Freq. up 10 15MHz 
• Diode/Audible 

Continuity Test 
• Signal Outpu1 

FunclK>n 
• 3 112 Dign Display 

Test Equipment 

• Large 1 ~ 3 314 Digit 
LCD 

• Autoranging Freq. 
to 4MHz 

• Cap. to 400µF 
• Inductance to 40H 
• Res. to 4.000Mn 
• Logic Test 
• Diode & Transistor 

Tesl 
• Audible Continuity 

Test 

Features high 
pertormance 
AC/DC voltage 
and current 

1 O Function 1.3GHz Universal Counter 

Elenco Model F-1300 
Elenco Handheld 
Universal Counter 

1 MHz - 2.8GHz 
Model F-2800 

• Frequency .05Hz - 1.3GHz 3 Ranges $ 
2 2 9 

• 95 • Period - Can read 60Hz to 
60.000000 F=lfT 

• Totalize ·Counts to 199,999,999 
• RPM - 3 to 2099994 RPM 
•Duty Cycle 
• Max/Min/AVG with Time 
• Stop-watch set .2 sec. to 100 hrs. 
• Math Functions 
• Timer - 2 sec. to 99 days 
• Pulse Width - 0. lms to 66666.6ms--._-.;:__,:.::. 

Elenco 3MHz Sweep Function Generator 

with built-in 60MHz Frequency Counter 

Model GF-8046 

This sweep funclion generator with counter is an instrument capab&e of 
generating square, triangle, and sine wawforms, and TIL. CMOS pulse over a 
frequency range from 0.5Hz to 3MHz. GF-eo25 - W~hout Counter $139.95 

20MHz Sweep I Function Generator 

with Frequency Counter Model 4040 

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

to 30MHz 
• Linear and Log Sweep 

1 OM Hz Model 4017 

5MHz Model 4011 

3MHz Model 4003 

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

Features 1 O digit display, 16 segment and 
AF signal strength bargraph. 

4 Fully Regulated Power Supplies in 1 Unit 

4 DC Voltages: 3fixed;+5V@ 3A, +12V@ 1A, 
1 variable; 2.5 - 20V @ 2A • Fully Regulated 
& Short Protected •Voltage & Current Meters• 
All Metal Case 

Elenco Power Supply 

Model XP-603 

Includes antenna, NiCad battery, and AC • 0-30VDC @ 3A Output 
adapter. • 3A Fused Current Protection 

•Current Limiting Short Protection 
C-2800 Case w/ Bell Clip ............. $14.95 • 0.0250 Output Impedance 

Elenco RF Generator 

with Counter (100kHz- 150MHz) 

Model SG-9500 

Features internal AM mod. of 1kHz, RF 
output 100MV · 35MHz. Audio output lkHz@ 
1V AMS. 
SG-9000 (analog, w/o counter) $124 

Elenco 10Hz -1MHz 

Digital Audio Generator 

Model SG-9300 

Features built-in 150MHz frequency 
counter, low distortion and sine/square 
waves. 
SG-9200 (w/o counter) $124 

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

As Low As 

Ordering Information: 

Model SL-5 - No iron. 

(Kit SL-SK) 
$29.95 

Model SL-5-40 - Includes 40W UL iron. 

(Kit SL-5K-40) 

Limited Time Offer: FREE SP-IA Solder Practice Kit wl Kit Order! 

Weller WLC· 100 • Variable Power Control 5 - 40 watts $34.95 

Elenco Model SL-30 
• Tip temperature changeable from 300"F ( 150"C) 

to 900"F (480"C). 

• Temperature is maintained within + 1 O"F of its 
preset temperature. 

• The tip is isolated from the AC line by a 24V 
transformer. 

• The tip is grounded to eliminate static charges. 

SL-10- Same as SL-30 w/odigital display $59.95 

Weller Model WTCPT 
Controlled Output Soldering Station 

• Transformer powered soldering station $1 2 5 
complete w/macro style, low voltage, 
temperature controlled soldering iron t') 

• PT Series soldering tips come tn a variety of tlll" 
shapes and s1Zes in three standard temperature 
ranges 600"F, 700"F, & SOO"F • ' 

• 0-24V output - 60 watts. __ ./ 

• Special "closed loop" method of controlling ~· - '"" 
maximum tip temperature. ..........._. 

.____E_le_n_c_o_O_s_c_i_llo_s_c_o-"-p_e_s~I .__I __ E_le_n_c_o_E_d_u_c_at_io_n_a_l _K_it_s __ I l~_E_le_c_t_ro_n_ic_S_ci_e_nc_e_La_b _ __, 
Free Dust Cover and 2 Probes 

-'\\\\\\\\\\\\\\\\\\\\ 

S-1325 25MHz Dual Trace $325 
S-1330 25MHz Delayed Sweep $439 
S-1340 40MHz Dual Trace $475 

$-1345 40MHz Delayed Sweep $569 
S-1360 6-0MHz Delayed Sweep $725 
S-1390 tOOMHz Oelayed Sweep $895 

DIGITAL SCOPE SUPER SPECIALS 
DS-203 20MHz/10Ms/s Analog/Digital ....... ......... ..... .. .. ....... $695 
DS-303 40MHz/20Ms/s Analog/Digital ................................ $850 

60MHz/20Ms/s Analog/Digital .......... ........... ........... $950 

Model XK-150 

Digital I Analog Trainer 

$89.95 -!..' ········ ·••••••• 

• l30-pln Breadboard 
• 8 Data Switches 
• a LED Bulfer.cl Readout• 
• Built-In Function Generator 

{sine and square wave) 
• BuUt-in Clock Generator 
• V•rilbl• Power Supply 

+ 1.25V to t 5VDC @ .25A 
·1.25V to ·15VDC 0 .25A 
+5VDC 0 .25A 
+30VAC center-lapped at 
15VAC 0 .25A 

Model AR-2N6K 

2 Meter I 6 Meter 
Amateur Radio Kit 

-
s34

0
95 

Model AK-700 

PulsefTone 
, 1/ Telephone Kit 

ashing Neon Lights 
I School Project 

$15.95 

Model M·1005K 

I 
DMM Kit 

•Transistor Test 
•Diode Test 
• Overload Protection 
•Pocket Size 

Model AM-780K 

Two IC Radio Kit 

Model AK-870 

Radio Control Car Kit 

s24.95 
•Solderteaa~ 
: ~r=~~~~;;r5 ' , 

Included 

Model MX-901 
Electronic Crystal Radio 

~~ ss.95 
~erless! 

•No Batteries Req. 
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Maxitronix 500-in-1 Electronic Project Lab Model MX-909 

Everything you need to build 500 exciting electronic projects: 
• Learn the basics of electronics and put your knowledge to work creating 500 different 

electronic experiments, special lighting effects, radio transmitter and receivers , amazing 
electronic sound effects, coot games and MORE! 

• Includes ooill-in breadboard for easy wiring and 
connection of components, and an LCD (Liquid 
Crystal Display) indicates the information during the 
experiments in process. 

• Build your knowledge by exploring amplifiers, 
analog and digital circuits plus how to read 
schematic diagrams. 

• Includes transistors, transformers, diodes. 
resistors, capacitors, phototransistors, CDs, 
integrated circuits, speaker, earphone, 
LEDs, and LED digit dlsplayl 

• Fact-lilied, illustrated, lab-style 
manual included. 

• Requires 6 "AA" batteries 
(not Included). 
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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 avail­
able basis if deemed suitable to the publisher. All answers are submitted by readers and NO GUARANTEES WHATSOEVER are made by: the publisher. The 
implementation of any answer printed in this column may require varying degrees of technical experience and should only be attempted 'by qualified individ-
uals. Always use common sense and good judgement! ' 

Don't for!!et to check out the new 
online electronics forums at the 
Nuts & Uolts website. There are 

currentlY boards for 
discussins Robotics. 
Microcontrollers. 
Radio. ComPuters. 

CNC. and a General 
forum for ·discussine an~ 

electronic tOPic at all. 
we·u even add 
new dedicated 

boards for hot toPics. Just let us 
know! 

want to set a jump on thinss 
before the masazine arrives? The 
Tech Forum questions are POSted 
on our website on or before the 
first of each month. Unanswered 
questions from recent issues are 
there also. 

QUESTIONS 
I am trying to control a standard 

IDE CD-ROM drive with a Xilinx 
XC4000XLFPGA. 

I would like to run the digital out­
put of the drive to an outboard DAC 
and build an interface through the 
FPGA as a project for a digital design 
class at school. I'm having problems 
finding audio-specific specifications 
for communicating with the drive. 

I'm sure that there are specific 
commands to download the table of 
contents, play tracks, stop, eject, etc. 
7011 Mike Lowey 

San Pablo, CA 

I have a PIC programmer, an 
Epic Plus from microEngineering 
Labs that's attached to my comput­
er's LPT1 port. When the machine 
boots up, the BIOS sends data to the 
base address (presumably as a test 
to see if the port is really there). 

The bits turn on my program­
mer in the worst way: The drivers 
are enabled and, if I forget to unplug 
the "wall-wart" supply, the regulators 
get very hot after awhile. I want to 
turn off the programmer automati­
cally. 

I need a way to write $0C to the 
base address ($0378) at bootup. I 
tried sending out the data using the 
ECHO command in the Autoexec.bat 
file, but because the programmer 
does not respond with the ACK bit, 
all I get is a Write Fault Error for 

62 Juh/ 2001/Nuts & Volts M agaz ine 

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

LPT1. There's no intelligence on this 
programmer at all; it just sits there 
and does its thing. 

Short of writing a BASIC pro­
gram and compiling it into .exe code, 
I don't know how to send $DC to the 
base address. Any ideas? 
7012 Jeff Kerner 

via Internet 

I am trying to repair a guitar 
amplifier by Gorilla Musical and need 
to find a company that carries the 
TDA2030 amp circuit, that also has 
a reasonal minimal order. Or does 
someone know of a substitute part? 
7013 Verl Wooters 

Centralia, IL 

ANSWERS 
ANSWER TO #6019 ·JUNE 2001 

I'm using a 120 VAC screwjack 
drawing 2. 1 amps no load to open 
and close a large heavy door. 

I need a circuit that will monitor 
the motor's current draw, so if 
someone or something gets in the 
path of the moving door, it will give 
me a high output so I can have the 
door reverse direction. 

Your approach must be to 
guard the path of the door and not 
to monitor the motor current. Your 
door can crush a child or injure an 
adult long before you can sense the 
motor current, interpret it, and 
reverse the direction of the moving 
door. As a matter of fact, today all 
garage door openers must have -
in addition to the automatic reverse 
direction mechanism - some sort 
of optical sensor. 

The optical sensor consists of 
an infrared emitter and detector 
mounted a couple of inches above 
the ground across the opening of 
the door. Any object blocking the 
path of the infrared beam will pre­
vent the door from operating or 
reversing it, once it has already 
started moving. 

Most good hardware and home 
center stores sell these sensor kits, 
which are specifically designed to 
retrofit old garage door openers 
without the sensor. 

Haim Sandel 
Phoenix, AZ. 

ANSWER TO #6011 ·JUNE 2001 
I'm interested in purchasing a 

device which can be connected to a 
phone socket {UK frequency]. I will 
block the pulses to the telephone 
exchanges computer {and enable 
me to make outgoing calls]. 

For incoming calls that you want 
to "block," about all you can do on 
your end is disconnect the ringer in 
your phone. 

There really is no way to block 
incoming calls without some kind of 
cooperation by the central office. 

On the other hand, if it's outgo­
ing calls that you want to inhibit, the 
device you need is called a "call 
restrictor," and is available in kit 
form from Nuts & Volts advertiser. 
Weeder Technologies at (850) 
863-5723 or www.weedtech 
.com. 

This device is designed for US 
standard touchtone frequencies, but 
since all the tone decoding is han­
dled by a MC145436 tone decoder 
chip, the circuit could be adapted to 
some other tone dialing system pro­
vided that uses no more than 16 
dial buttons. 

Jack Dennon 
Warrenton, OR 

ANSWER TO #4013 · APR. 2001 
I have an Arrick Robotics step­

per motor {two motor] controller for 
#23 steppers. I would like to adapt it 
for use with steppers of different 
voltage and current. Can an out­
board circuit be devised to do this 
with minimal complexity? I would 
appreciate any help. I have found NO 
INFO in any source for this. 

Just use each output of your 
controller to control an outboard 
transistor selected to handle the 
voltage, current, and switch ing 
speed you want to use. Of course, 
the transistors will have to be tied to 
an appropriate power supply and 
the outputs of the transistors will 
have connected to the new motor. 

It might be necessary for you to 
use opto couplers between the con­
troller outputs and the transistors in 
order to isolate and protect the con­
troller from the higher voltages 
applied to the transistors. 

The optocouplers should also 
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be selected for fast switching speed. 
Slower switching speeds in the tran­
sistors or the optos may lead to 
excess heating and/ or operating 
the transistors outside their safe 
operating range. 

Tom Tillander 
Bay Village, OH 

ANSWER TO #6017 ·JUNE 2001 
What is the proper operating 

voltage of my Uniden BC2500XL T 
scanner. The charge voltage is 12 



ANSWERS TO #6018 · JUNE 2001 
I have about 600 stereo LP records many of 

which I love and would like to keep. Because I like 
them, I used them a lot and they have dust "clicks 
and pops" on them, most of which won't clean out. 

About 1978 or 1980, a friend who was an 
audio freak had a "black box" that would take out 
the clicks and pops from dirt and scratches. It 
seemed to be able to "hear" a ''pop" coming and 
replace that fraction of a second with the previous 
good note by extending it for a fraction of a sec­
ond. That was way before digital buffers and other 
delay type circuits that are common place now. 

Have you heard of any program or black box 
that I could play my LPs through to clean up the 
sound before {or while] I transfer them to CDs. 
Perhaps, I could just play them through the device 
to listen to them without having to transfer to a 
CD. 

#1 The program Spin Doctor does exactly what 
you want, and it does an excellent job! It used to 
be sold by Adaptec, but is now sold by Roxio 
(www.roxio.com, 866-280-7694). 

Spin Doctor is available only as part of the 
program Easy CD Creator, currently $100.00 
less a $20.00 rebate. 

Although the purpose of Easy CD Creator is to 
burn CDs, Spin Doctor can clean up your disc 
recordings even if your PC doesn't have a CD-R or 
CD-RW drive. 

Connect the output of your stereo turntable 
to the stereo line input of your sound card. If your 
turntable has a magnetic cartridge, you'll probably 
need a preamplifier; RadioShack can special order 
#970-1018 for you for $25.00. 

In that case, connect the output of your 
turntable to the input of the preamp, and the out­
put of the preamp to the line input of your sound 
card. If your turntable has a piezoelectric car­
tridge or a built-in preamp, you won't need to 
order a preamp. 

You run Spin Doctor in three easy steps. First, 
select the source: "LP through sound card." 
Second, click Options and click on the bathtub icon 
to remove clicks and pops from your recordings. 
Finally, select the directory where you want your 
WAV files to appear, and click "Record to Disk." 

You can then enjoy the music on your com­
puter, minus the clicks and pops. Of course, if you 
have a CD-R drive, you can transfer the music to 
CDs with Easy CD Creator. 

Spin Doctor can also remove most of the hiss 
from tape recordings, and I've even used it to 
improve very old 78-RPM recordings! 

You'll really enjoy using the power of your 
computer to give new life to your entire music col­
lection! 

John J. Herra 
Palm Bay, FL 

#2 There is an excellent program for transfer­
ring LP and taped audio collections to digital for­
mat - removing pops, clicks, and other undesir­
able transients - called Wave Corrector from 
Ganymede Test & Measurement. 

Support can be obtained via their website at: 
www.ganymede.hemscott.net . 

Here you will find the latest version of Wave 
Corrector together with FAQs, bug reports, and 
information regarding future releases. 

Wave Corrector is developed by: Ganymede 
Test & Measurement, 8 Hillman Close., 
Uxbridge, Middlesex, UBS 1 QA, United Kingdom. 

Email: ganymede@hemscott.net. 
I have used this software with excellent 

results. 

TO #6018 ·JUNE 2001 

Mike Sheridan 
Manitowoc, WI 

#3 The black box you are referring to is proba­
bly a Garrard Model MRM 101 , music recovery 
module. It shuts off the signal during the noise 
spikes. however, it will not remove the frying 
sounds from dirty or worn recordings. 

I'd use software from "DART" for what you are 
doing, and the results can be spectacular. The 
software is somewhat pricey, but well worth the 
initial outlay. 

David M. DeAlba 
Chin Valley, AZ 

#4 Check out www.steinberg.net. They have a 
product called Clean that will do what you require. 
In fact, there are two versions, one software­
based, which is good, and one hardware-based, 
called Clean plus! which is excellent. 

The hardware in Clean plus! is actually a 
phono preamp, specially designed to boost phono 
output signals to the higher digital sound card 
input levels. 

Chris Edstrom 
via Internet 

#5 One answer to Robert Gardner's require­
ment to remove pops and clicks from LP records 
is the program Cooledit 2000 supplied on line 
from www.syntrillium.com for $69.00. 

I recently acquired this program for the very 
reason of converting LP records to store on CD. 
The program contains a plug-in devoted to remov­
ing clicks and pops and it really works. 

The Cooledit 2000 program provides a visual 
display of program material so you can see the 
before and after effect of any filtering, noise reduc­
tion, or special effects, after they have been 
applied. The options are very impressive and work 
smoothly and I find the program easy and intuitive. 

There are suggestions on the web site for a 

"black box" as suggested. Most sound cards have 
some control over input level and output level and 
it's just a matter of obtaining the correct connec­
tor I adaptor plugs to take t he output of the 
t urntable and adapting it to the input of t he sound 
card. There is usually a pair of RCA phono plug 
females at one end and a 2.5mm or 3.5mm 
stereo plug to connect to the sound card input. 

Of course, a computer is required, and the LP 
record may be stored as a wav file then convert­
ed to MP3 where the compressed format is 10: 1 
and storage reduced markedly. 

Syntrillium has more advanced software if this 
is needed. 

Ralph Cameron 
via Internet 

#6 The program you want is Easy CD Creator. 
This is now sold by Roxio www.roxio. 
com/en/products/ecdc/ . Note that your 
results will be limited by the quality of your com­
puter's sound card, so while the software will do 
what you want, you still need to take care of the 
analog part of the system. 

Don't forget that the cables from your pre­
amp to your computer sound card are part of the 
analog system, so shorter is better. Also, be sure 
your computer is fast enough to support the 
sound card you are planning to buy. 

Mike Beaver 
Los Altos, CA 

#7 One product that did that was made by a 
company named SAE, and was called the SAE 
5000 Impulse Noise Reduction System. llRC, it 
used a "bucket-brigade" device to "patch in" a bit 
of the sound before the pop or click. I did a quick 
net search and found a few for sale, including two 
on Ebay. I have one that I could part with as well, 
as I don't listen to LPs any more. As I recall, it 
worked fairly well. 

If you want to go the CD route, I'd suggest a 
good sound card. The one that comes with the PC 
is *not* a good sound card, the line-level inputs 
tend to be particularly bad. I've had good luck with 
a Turtle Beach Montego II. You'll also want some 
editing software; I used Gold Wave www.gold 
wave.com for some editing I did awhile back, and 
it worked very well. They claim to have noise 
reduction and pop and click filtering, but I've never 
used that feature. You'd also need a CO burner. 

Frankly, I think you're better off with the SAE 
box. My guess is that you're talking about at least 
an hour of work per LP to get it onto a CD 
(depending on how much editing you do], and my 
guess is you aren't looking for a 600 hour project. 
It would, however, allow you to preserve the 
recordings. 

Eric Gunnerson 
via Internet 

voe, either from a car battery or a 
12-volt wall wart. There are five 1.2 
voe batteries contained in the bat­
tery pack that add up to 6 voe. I'm 
not sure if the radio operates on 6 
or 12 volts. 

I don't know the purpose of the 
small circuit card inside the battery 
pack. Is it a voltage requlator or 
does it convert 12 voe into 6 voe 
for battery charging or radio opera­
tion? 

battery voltage. To charge a battery, 
the charger output voltage has to 
always be higher than the battery 
voltage. In your case, the charger 
output voltage is 1 2 voe. which is 
for charging your battery and not for 
operating your scanner. 

codes which would allow me to use a 
computer's sound card to decode 
OTMF for incorporation in a comput­
er-based amateur radio repeater 
controller program. 

I'm looking to do the decoding 
with the computer itself rather than 
an outboard decoder such as a 
Stamp. 

Transform (FFT) to the sampled 
data. 

The FFT algorithm output con­
tains a series of numbers. The num­
bers are representative of the 
amplitude of the frequency compo­
nents of the signal. 

Your scanner definitely oper­
ates on 6 voe. which is also your 

The small circuit board inside 
the battery pack you are talking 
about is the battery charging circuit. 

Haim Sandel 
Phoenix, AZ 

ANSWER TO #4012 ·APR. 2001 
I'm looking for some Visual Basic 

One way to determine the fre­
quency components of an analog 
signal, such as a DTMF code, is to 
sample the signal and apply an algo­
rithm called a Fast Fourier 

For a DTMF signal, tVlio of the 
numbers will be larger than the oth­
ers, numbers representative of the 
beat frequencies of tones will be 
somewhat smaller. 

The amount of numbers in the 
series is dependent on the number 
of samples analyzed. The frequen-
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ANSWERS TO #6012 · JUNE 2001 
I'm in need of the pinout of an MM5816 7 AN microprocessor real-time 

clock 

#1 The MM58167AN application data sheet (18 pages) can be found at 
the National Semi web site. The URL to the data sheet is 
www.national.com/ an/ AN/ AN-353.pdf This document shows the IC's 
pinout and provides extensive information on how to use the chip. 

T. Black 
Folsom, CA 

#2 From the National Semiconductor data sheet: "The MM58167 is a low 
threshold metal-gate CMOS circuit that functions as a real-time clock calen­
dar in bus-oriented microprocessor systems." 

Here is the pinout: 

CS* chip select 1 
RD* read 2 
WR* write 3 
ROY ready 4 
AO 5 
A1 6 
A2 7 
A3 8 
A4 9 
Oscin 10 
Osc out 11 
Vss 12 

* active low 

24 Vdd = 4 .0 to 5.5 Vdc 
23 PowerDown * 
22 07 
21 06 
20 05 
19 04 
18 03 
17 02 
16 01 
15 DO 
14 Standby Interrupt output* 
13 Interrupt output 

Oscillator is designed for 32.768 KHz crystal with 
each side by-passed to ground through 20pf. 

Address codes and functions 
A4 A3 A2 A1 AO 
0 0 0 0 0 counter - thousandths of seconds 
0 0 0 0 1 - hundredths and tenths of seconds 
0 0 0 1 0 - seconds 
0 0 0 1 1 - minutes 
0 0 1 0 0 - hours 
0 0 1 0 1 - day of the week 
0 0 1 1 0 - day of the month 
0 0 1 1 1 - month 
0 1 0 0 0 latch - thousandths of seconds 
0 1 0 0 1 - hundredths and tenths of seconds 
0 1 0 1 0 -seconds 
0 1 0 1 1 - minutes 
0 1 1 0 0 - hDurs 
0 1 1 0 1 - day of the week 
0 1 1 1 0 - day of the month 
0 1 1 1 1 - month 
1 0 0 0 0 interrupt status register 
1 0 0 0 1 interrupt control register 
1 0 0 1 0 counter reset 
1 0 0 1 1 latch reset 
1 0 1 0 0 status bit 
1 0 1 0 1 "go" command 
1 0 1 1 0 standby interrupt 
1 1 1 1 1 test mode 
all others unused 

Jack Dennon 
Warrenton, OR 

cies that the numbers in the series 
represent are dependent on the 
sampling rate. 

BAND-PASS TUNER 

Anyway. by running the FFT on 
your audio data and then scanning 
the FFT output. you should be able to 
determine which DTMF code is pre­
sent at the audio input. 

These pages that deal with 
Visual Basic FFT source code are 
http:/ I cdeagle.cnchost.com/ 
and www.fullspectrum.com/ 
deeth/ programming/vb.html. 

Tom Tillander 
Bay Village, OH 

ANSWER TO #60112 ·JUNE 2001 
Does anyone have information 

on how to build a device that will 
take an alarm input and emit an IR 
signal that can start and stop the 
recording features of any standard 
home VCR? It would also have to be 
programmable to most any of the 
consumer VCRs on the market. 

I thought I had seen something 
in a past issue or Nuts & Volts, but 
some of my Y2K issues are missing. 

While tackling a similar prob­
lem, I found the easiest way to 
i;!pproach it was to just buy or use 
an old universal remote control. 
They can be had for as little as 
$10.00 and, as the name implies. 
they can be used with any VCR. 

You can just open it up and sol­
der directly to the button pads 
(where t he button makes contact on 
the remote PC board) for the record 
button, run some leads out, and use 
it like a normal SPST switch. Then 
just run the alarm output to the con­
trol coil of a suitable relay, and 
you're good to go. 

Andy Cleary 
via Internet 
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the power rating. 
How can I convert a three-phase electric motor to 

single phase 220? 

ANSWER TO #5013 ·MAY 2001 
Is there a schematic for the 

J.F Miller high-fidelity crystal set 
available? 

This schematic shows modifi­
cations that were made to 
increase sensitivity. The tuner 
came in two different models. One 
had a rotary dial and the other a 
slide rule dial. Both had the same 
schematic. 

Mervin Fulton 
Tulare, CA 

Jack Dennon 
Warrenton, OR 

#1 The short answer is. you can't. but that's not the 
whole story. You have options. The best solution proba­
bly is to trade the motor you have for a motor that 
matches your power source. If you must use the three­
phase motor, then the device that you need is called an 
inverter, or sometimes a "static phase converter." 

Quite a range of these devices are available from 
Tower Electric Motor Company at (510)770-0851 
or www.phaseconverter.com. 

#2 You basically have to send it to an electric shop to 
rewind the motor to single phase 220, unless you have 
the knowledge and the tools to do it yourself. which 
includes taking all the copper out and installing enough 
for 220 single phase. of course. I have sent in several 
motors from wind turbines that ran at 480 three-phase 
and had them rewired to 220. They have worked just 
fine, and it's relatively inexpensive. 

They range in price from $95.00 up, depending on 
Alfredo Yttesen 

Tehachapi, CA 
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by Stanley York 

L
ast month, we took a brief 
look at the Helium-Neon laser, 
and examined in some depth, 
just how it worked. I also men­
tioned briefly about how the 

laser beam is constructed, the spatial 
profile, and various operating modes 
internal to the laser. I told you then 
that I would give you more informa­
tion about some of these aspects of 
the laser in the future, and here it is. 
This month, we're going to take a 
closer look at how the laser beam is 
constructed, some of the characteris­
tics of a laser beam, and how the var­
ious operating modes influence the 
'goodness' of the beam. 

Transverse Electromagnetic 
Modes 

In a perfect world, we would like 
to see a Gaussian distribution for just 
about any statistic we care to look at. 
It's the same when looking at laser 
beams. The ideal laser beam would 
have a Gaussian distribution of energy 
as we cut across the face of the beam. 

We discussed very briefly the 
Gaussian curve last month. If you're 
not familiar with the Gaussian curve 
(sometimes called a 'bell' curve 
because of its shape), it is shown 
again in Figure 2-1. 

The Gaussian curve describes 
statistically, how certain features are 
distributed within a sample. In the 
case of a laser beam, we are interest­
ed in how the laser energy is distrib­
uted within the beam. 

Typically, and for most laser 
applications, we would like to see the 

Figure 2-1 - Gaussian 
distribution curve 
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center of the laser beam to be the 
'hottest' part of the beam, where most 
of the energy lies, with a gradual fall­
off in power toward the outside of the 
beam. 

The different operating modes I 
spoke of earlier tend to favor certain 
distribution modes, and thus give dif­
ferent beam profiles. This requires a 
lot of explaining, and the introduction 
of a new concept: TEM modes (for 
Transverse Electromagnetic Modes). 

TEM modes describe how a laser 
beam is put together in the spatial 
(cross section) plane. TEM modes allow 
us to describe the beam in terms of 
energy distribution, and also allow us to 
predict how the laser beam will behave 
under a given set of conditions. 

We learned last month that if we 
slice into a laser beam and measure 
the energy at each slice, we would see 
that the energy (or power) level will 
change as we slice further into the 
beam. If we were to see a uniformly 
growing energy level toward the cen­
ter of the beam, and then see a grad­
ual decay as we exit the beam, then 
we can say that the beam is operating 
in a near single (or fundamental) 
mode. I say nearly single, because 
there is math involved before we can 
honestly say that it truly is single 
mode. 

A laser beam with a perfectly 
Gaussian distribution is said to be 
operating in a single mode, funda­
mental mode, or TEMOO. All three 
terms are used interchangeably to 
describe this mode of operation. If we 
were to take some film and expose it 
to the incident laser beam, we would 
expect to see something like that 
shown in Figure 2-2. We would see a 
circular pattern of exposed film that 
gradually darkens (corresponding to a 

more intense beam) toward the cen­
ter. The transition from unexposed 
film to the center is gradual, smooth, 
and uniform at all areas equidistant 
from the center. As I stated before, 
there is some math involved to 
describe property the Gaussian ener­
gy profile, and is described below. 

For the laser beam to be truly sin­
gle mode, the decrease in the energy 
field intensity with distance from the 
center of the pattern with distance r 
from the axis is: 

Eq 2-1 

E(r) = EO exp (-r2/w2) 

where E(r) = energy level 
EO = starting value 
r = distance from the 

axis 
w = radial distance at which 

the field amplitude drops to 1/e of its 
value on the axis (e = 2. 71828 ... ) 

In laser circles, the parameter w 
is often called the beam radius or spot 
size of the beam, but we'll get into that 
a bit more soon. Needless to say, 
many lasers offered for sale boasting 
TEMOO output do come very close to 
this ideal, usually close enough that 
the differences are very minor and 
can be disregarded for all but the 
most exacting requirements. 

As I said before, TEM modes give 
us a way of describing the quality of a 
laser beam. It also describes how the 
laser beam is constructed. The profile 
shown in Figure 2-2 is that of a single 

mode, or TEMOO beam. 
Figure 2-3 shows other beam pro­

files that are frequently seen, labeled 
with their TEM mode numbers. As 
more and more modes become opera­
tive, beam quality changes, usu~lly for 
the worse in terms of beam structure, 
but in some cases for the better, 
depending on the application. The laser 
beam usually grows in size and laser 
output power usually increases 
(because more of the higher-order 
modes are operating). 

The operating modes shown in 
Figure 2-3 are spatial modes that 
would be seen if film were to be 
exposed as suggested earlier. 

Another series of operating 
modes, closely related to these spatial 
modes, are the longitudinal modes, 
and are the result of intracavity inter­
ference and self-modulation effects of 
the laser beam internal to the res­
onator. In some ways, they also influ­
ence how the beam appears on film in 
the spatial plane, but for most applica­
tions, they are not of any great con­
cern. In holography, or in interferom­
etry, longitudinal modes can destroy 
an otherwise perfectly good experi­
ment, but we'll discuss this a little 
more in a later article. 

TEM classification describes the 
operating modes in a cylindrical or 
rectangular spatial field. 

Again referring to Figure 2-3, in 
the cylindrical field, the first subscript 
gives the number of dark rings, while 
the second subscript gives the num­
ber of dark bars. 

In the rectangular patterns, the 

Figure 2-2 - TEMOO distribution 



subscripts indicate the number of 
dark bars in the x and y directions. 

In all cases, operating modes 
above TEMOO are referred to as mul­
timode, and is a word heard often in 
laser circles. Multimode in itself does 
not describe the purity of the laser 
beam, only that it is not operating in 
TEMOO. 

If we take our thin knife as 
before, and slice through a typical 
multimode beam, we would find that 
instead of seeing the central peak that 
we saw in the Gaussian distribution, 
we would see a number of peaks, cor­
responding to the patterns dis­
cussed/described (Figure 2-3). 

Figure 2-4 shows us the energy 
curve corresponding to a beam distri­
bution of TEM01 *. In this case, the 
peaks represent the power output of 
the laser beam, corresponding to the 
dark ring in Figure 2-3. The low power 
output in the central region of the 
laser gives a cold spot in the center of 
the exposed film. 

Divergence 

When a laser beam leaves the 
output coupler (sometimes called out­
put window), there is a natural ten­
dency for the beam to spread out. In 
the case of a flashlight, the beam 
spreading is more a function of imper­
fections in the reflector and/or the 
position of the bulb than the light 
beam itself. But in the case of the 
laser, using essentially flat mirrors, it 
would be expected that the light beam 
should travel in a straight line without 
diverging, that is, without this innate 
tendency to spread out. 

Generally speaking, lasers oper­
ating in multimode show a higher 
divergence than lasers operating in 
single mode. The number of trans­
verse modes operating primarily gov­
erns beam divergence. The higher the 
number, the greater the divergence. 

00 01* 

Beam divergence is usually 
measured by one of two methods. 
In the first method, a piece of film is 
exposed to the laser beam at a dis­
tance d1 (nearfield) from the end of 
the laser. A second piece of film is 
then exposed at a distance d2 
(farfield) from the end of the laser. 
The divergence is then calculated in 
radians as follows: 

Eq 2-2 

D = s2 -s1/d2 - d1 

where D is full angle divergence 
in radians 
S2 is farfield spot size 
(inches) 
S1 is the nearfield spot 
size (inches) 
d1, d2 nearfield, farfield 
distance (inches) 

The second method is more 
accurate, but is a little more compli­
cated, and requires the use of other 
instrumentation. Essentially, the test 
consists of setting up a power meter 
close to the laser head, and maximiz­
ing the power output from the laser. A 
note is made of the laser power oper­
ating in this manner, and a variable 
aperture is installed at a distance d1 
between the laser and the power 
meter. 

The aperture position is adjusted 
so that it is centrally aligned with the 
incoming laser beam. The aperture 
opening is then reduced so that 
approximately 86.5% of the incident 
energy is impinging on the power 
meter. A recording is made of the 
aperture opening. At a distance d2 
from the laser, the process is repeated, 
and a second measurement made of 
the aperture opening. The divergence 
is then calculated using the same 
method as before in Equation 2-2. 

Why 86.5% you may ask? Well, 
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of course, there is a reason. And for 
the reason we have to return to the 
Gaussian curve (don't fret, it will all 
make sense soon). 

The parameter w referred to in 
the description of the Gaussian curve 
corresponds to the point in the laser 
field intensity where the power drops 
off to the 1 I e point. Since we are talk -
ing about ·a two-dimensional field, and 
not of a single point in space, param­
eter e should be squared (area of a 
circle = (r2). The power level then 
becomes proportional to 1/e2. This 
number, 0.1353, is approximately 
13.5% down from the full area value 
(100%) and corresponds to 86.5%. 

As mentioned before, the param­
eter w is sometimes known as the 
spot radius or 1/e point, and the spot 
area thus becomes the 1/e2 point on 
the Gaussian curve. This point is uni­
versally known, and has become the 
world standard when describing the 
laser beam diameter in any research 
papers or trades journals. 

So the second method of beam 
divergence measurement actually 

gives us a lot more information 
than just divergence, it also gives 
us the 1/e2 spot size. The beam 
diameter (spot size) defined by 
this method thus contains 86.5% 
of the total laser beam energy, 
and is the figure usually quoted 
when talking of laser output 
power. 

As an example, let's say we 
have a laser and we wish to 
measure the beam divergence. 
We'll use the first method. The 
laser is brought up to power, and 
a piece of exposed photographic 
film is placed in the beam path 
two feet from the end of the laser. 
The shutter is opened briefly to 
expose the film. A second piece 
of film is set up, this time six feet 
from the end of the laser. Again 
the shutter is opened and the film 
exposed. Examining the film, we 
see that the two laser spots are 
about the same shape, but one 
spot (the second one) is a little 
larger than the first. We measure 
the two spots and see that the 

first spot (nearfield) is 0.125 in diam­
eter. The second spot (farfield) is 
0.350 in diameter. Now we have 
enough information to determine the 
divergence. 

Using the formula: 

D = s2 - s1/d2 - d1 

We get D = (0.350 · 0.125)/(72 · 24) 

D = 0.225/ 48 = 0.0046 radian 
(or as is usually stated, 4.6 
millradians) 

Coherence 

Another thing that sets laser light 
apart from any other light source is 
coherence. Coherence is a way 9f 
saying that all the light waves leaving 
the laser are locked in phase with 
their neighboring waves. Put another 
way, coherence is the measurement 
of radiation in which the phase rela­
tionship between any two points in 
the radiation field has a constant dif­
ference, or is exactly the same in 
either the spatial or temporal (time­
wise) mode throughout the duration 
of the radiation. 

Ordinary white light from an 
incandescent bulb is totally incoher­
ent. The light emitted scatters in all 
directions from the source, and 
because the light consists of many dif · 
ferent wavelengths, there cannot be 
two points in space that have the 
same wavefront relationship. 

Because the exiting light waves 
from a laser reinforce each other in this 
manner, the laser beam has a natural 
affinity for itself. That is to say, the 
beam will travel a long way before it 
diverges to a point where it is not 
detectable. So-called low-order mode 
beams (single mode) diverge much less 
than higher-order mode beams. In 
many applications, laser beam diver­
gence is critical to proper operation of 
external optical devices. For example, 
many lasers have applications where 
frequency doubling (discussed in a later 
article) is a requirement. Frequency 
doubling crystals work more efficiently 
when a single mode beam of low diver-
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while observing the HeNe beam, it will 
be found that there is an apparent 
shift in th~ position of the exiting 
beam. Of course, the beam doesn't 
really shift. What you are seeing is the 
apparent change in position bought 
about by the difference in polarization 
vectors of the two exiting beams. This 
phenomenon gives rise to some very 
misleading results when performing 
experiments using a polarized beam. 

Figure 2-4 - TIM01* power distribution curve 

Going back to the experiments 
with the polarizing sheet at the start of 
this column, we saw that in one exper­
iment, we were to hold up a sheet of 
polarizer in front of our eye, and look 
at a horizontal surface. While looking 
through the polarizer, rotate the sheet 
and see what happens. When a hori­
zontal reflecting surface is viewed 
through the sheet polarizer, at some 
points during the rotation, the surface 
will appear to go from bright to dull, 
and back to bright again. 

gence is incident on the crystal. 
Holography requires a single mode 
beam for other reasons (again a subject 
for future discussion). 

Many years ago, scientists at the 
Jet Propulsion Labs in Pasadena first 
made contact with the moon (average 
distance = 238,000 miles) using a 
laser shot from earth. By the time the 
beam reached the moon, it was about 
22 miles in diameter! 

Polarization and Birefringence 

A polarized light beam - whether 
it is from a laser or a white light source 
- has some unusual properties. Some 
simple experiments with sheet polar­
izer will illustrate some of these prop­
erties and-help clear the way for the 
explanation that follows. 

Edmund Scientific, Inc. 
(Barrington, NJ), sells sheet polarizing 
material in small squares (a 2" x 2" 
sheet costs about $6.00 for two 
sheets). With this material, some very 
interesting effects can be observed. 
Put two of these sheets together and 
rotate one of them as you look 
through the combination. You will 
notice that at every 90° of rotation, 
the combination will go from transpar­
ent to opaque, and back to transpar­
ent again. 

Crumple a piece of cellophane 
wrap, and place it between two polar­
izer sheets. Look through the combi­
nation again and see how the polar­
ization effects of the crumpled cello­
phane change the appearance of the 
wrap. Again rotate one of the polariz­
er sheets and notice the effects on the 
cellophane. 

Hold a piece of polarizer material 
in front of your eye and look at a hor­
izontal reflecting surface (i.e., pool of 
water, shiny floor, or table), and 
rotate the polarizer. Note the effects. 

If you have fish in your home, try 
this. Dim the lights in the room, and 
position a light behind the fish tank. 
Place a piece of the polarizer film 
close to the lamp, so that the light 
impinging on the tank is mostly being 
transmitted through the polarizer 
sheet. In other words, you need to 
flood the tank with polarized light 
(don't worry, the fish won't notice it). 
Hold another piece of polarizer in 
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front of your eye and watch as the fish 
swim in and out of your field of view 
and through the polarized light field. I 
won't tell you what happens, you'll 
have to see for yourself. 

You can imagine polarized light 
like this: Think of a fine-toothed comb 
with thousands of teeth on it. Imagine 
now, a light source shining through 
the comb. The output light field, if you 
like, consists of thousands of light 
streaks all angled in the same direc­
tion. If you had a second comb, and 
you looked through this comb at the 
light field generated by the first comb, 
you would see light, dim, light as you 
rotated the comb in front of your eye. 

Real polarized light works in a 
similar way. But here we don't break 
the light beam into light streaks, but 
rather into orthogonal electric fields. 
We know that light consists of electro­
magnetic fields. We also know that the 
electric and magnetic parts of these 
fields are perpendicular to each other 
in a normally transmitted light ray. We 
know further, that the electric and 
magnetic fields are perpendicular to 
the direction in which the light ray is 
traveling. When a light ray becomes 
polarized, what we are doing is limit­
ing the direction in which the electric 
field is allowed to vibrate. 

In normal white light, the rays are 
said to be unpolarized, and the elec­
tric and magnetic fields are allowed to 
vibrate in all directions randomly. 
When talking about polarized light 
beams - either from a laser or some 
other source - it is normally meant 
that the electric field is the polarized 

field referred to. 
Certain crystals, and some liq­

uids, exhibit a phenomenon called 
birefringence. Birefringence is a 
peculiar property of a medium that is 
characterized by two orthogonal axes, 
called the "fast" and "slow" axes. 
These two axes have a different 
refractive index, dependent on the 
polarization of the incident beam. 

If an unpolarized laser beam 
strikes a block of birefringent crystal 
(Figure 2-5), the beam will become 
linearly polarized, and the "fast" and 
"slow" axes will divide the beam into 
two. Because the two axes are orthog­
onal, there will be a displacement of 
one of the two resulting beams (the 
"slow" or "E" axis). The displacement, 
of course, depends on the difference 
in refractive index of the two axes. 

In these mediums, the path of the 
light beam is split at the crystal/air 
interface and forms two distinct and 
separate beams traveling through the 
medium. Upon emerging from the 
medium, the beams may be close 
enough together as to be indistinguish­
able from a single beam. It will, howev­
er, have some unusual properties. 

Where the two beams overlap, 
the polarization vector will be unpolar­
ized, but the parts of the beams that 
do not overlap will have polarization 
vectors that are perpendicular to each 
other. 

If an unpolarized HeNe laser is 
aimed through a crystal such as this, 
the exiting beam will become two 
beams. If a polarizing sheet is held up 
to the eye, and the sheet is rotated 

What you are witnessing here is 
the filtering effects of a polarizing 
sheet on polarized light. The light 
reflecting off the horizontal surface is 
plane-polarized by reflection. And 
because the reflecting surface is hori­
zontal, the light coming from the sur­
face is horizontally polarized. When 
the polarizer sheet is in the same 
plane as the light from the surface, 
then maximum transmission can 
occur through the polarizer sheet. 

. If the polarizer sheet is rotated 
through 90°, the polarization planes 
will not be the same, and minimum 
transmission will result. Popular 
brands of anti-glare sunglasses work 
in this manner, by using vertically­
aligned polarizer sheets to block hori­
zontally polarized glare from the sea, 
lakes, wet roads, etc. 

Polarization is tricky to under­
stand, and takes a while to see all the 
vagaries and implications it embodies. 

Think about some of the other 
experiments with the sheet polarizer 
discussed earlier and see if you can 
figure out the results you saw. 

That's all for this month. Next 
month, we'll be looking at fundamen­
tal optical principles. We'll see how 
mirrors, lenses, and prisms work, how 
the spatial profile of a laser beam can 
be improved, and we'll also briefly 
look at fiberoptics and holography. 
NV 

Birefringent crystal\ Figure 2-5 - Birefringent polarizer 
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Keyboard Emulator 
circuit board. 

Whether you are stashing that old 
PC in a closet or in the dash of a 
truck, chances are you don't need a 
bulky keyboard. Here's how to get 
rid of that pesky appendage while 
keeping the PC happy. 

ired of playing sneaker net between my 
upstairs and downstairs PC, I decided to 
install a small local area network (LAN) 
to link the two. I did what most nerds do 
and recycled an old PC to serve as a 
router for the network. Finding an old 

PC was easy, I had a collection of them gathering 
dust in a corner. Finding a keyboard to spare for 
the project was another story. No big deal, I 
thought. It doesn't need one, and I prefer the 
router didn't have a keyboard, anyway (my cat 
loves the closet, and I can live without paw 
strokes). 

With the hardware fitted and the software 
installed, I smugly flipped the power switch, only to 
be greeted with, "Keyboard not connected. Press 
any key to continue." Not one to give up without a 
fight, I tried every trick I knew to make the system 
boot without a keyboard - all to no avail. 

Then the ol' light bulb came on. Maybe there's 
a way to fool the computer into thinking there's a 
keyboard attached. Armed with a just a PIC1 6F84 
microcontroller and plenty of enthusiasm, I set out 
to conquer the keyboardless PC. 

Is Anyone Out There? 

When you turn on your PC, it goes through a 
routine affectionately known as POST (Power-On 
Self-Test). During this test, the PC looks for 
installed hardware, initializes the video .. . and 
attempts to talk to the keyboard. Inside the key­
board is a microcontroller. This chip is responsible 
for all communications between the PC and itself. 

Like the PC, the keyboard goes through a self­
checking routine, called Basic Assurance Test 
(BAT). If the keyboard finds itself healthy, it trans­
mits an "AAh" (h denotes hex) message to the PC 
via the keyboard cable. If the PC doesn't receive 
this acknowledgment, it assumes the keyboard is 
missing in action or mortally wounded. (During my 
research, I noticed that the PC polls the keyboard 
about every 1 0 seconds to verify that the keyboard 
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include "P16c84.inc" 
;PIC-Based Keyboard Emulator 
;Author: Tim Hamel 
;Date: June 27th, 2k 

dta equ H'0001' 
elk equ H'OOOO' 
de la equ 12 
pass equ 13 
count equ 14 
pari~ equ 15 
sen equ 16 
delb equ 17 

org 0 
goto main 

;****Delay routine for 25kHz Clock**** 

delay 

delay1 

movlw .13 
movwf dela 

decfsz dela 
goto delay1 
return 

; ****Routine to Receive data from pc•-

PC_rx movlw 9 
movwf count 
movlw Ox02 
tris PORTA 

PC_rx1 call delay 
bcf PORTA.elk 

bcf STATUS, C 
btfsc PORTA, dta 
bsf STATUS, C 
rrf pass 

call delay 
bsf PORTA.elk 
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; Read in 8 bits + parity 

; What is the bit coming in? 

; High Bit 
; Shift in the Bit 

; Wait for Bit to Go High 

is still alive and well.) 

Proper Protocol 

Now that I knew what the PC 
was looking for, the next step was to 
duplicate the keyboard's response in 
the PIC. Unfortunately, I wasn't out 
of the woods, yet. Just knowing what 
the keyboard sends isn't the same 
thing as sending it. There's a small 
item called protocol. That is the 
scheme by which the encoded infor­
mation sent by the keyboard is 
understood by the PC and vise 
versa. 

"How am I going to figure this 
out?" I thought. I turned to my most 
valuable resource, that thing we call 

decfsz count 
goto PC_rx1 

next bit 

bcf PORTA.elk 
call delay 
bsf PORTA.elk 

wait bcf PORTA.elk 
call delay 
bsf PORTA.elk 
btfss PORTA,dta 
goto wait 

movlw 0 
tris PORTA 
bcf PORTA,dta 
call delay 
bcf PORTA.elk 
call delay 
bsf PORTA.elk 
bsf PORTA,dta 

return 

-** ; 

;- Transmit Routine**** 

KB_tx 
movwf send 
movlw 0 
tris PORTA 
call delay 
bcf PORTA,dta 
bcf PORTA.elk 
call delay 
bsf PORTA.elk 

movlw .8 
movwf count 
clrf parity 

sendnext 
btfss send,O 
goto shiftright 
ind parity,f 
bsf PORTA,dta 
goto send zero 

Kevless Kevboard 
~ ... 

the Internet. After a while of dead-end surfing, I 
came across a "Keyboard FAQ" site - with more 
in-depth details about keyboards than I wanted to 
know. 

I quickly discovered that the keyboard uses a 
bi-directional synchronous serial protocol for its 
communications. What this means is that the key­
board sends two signals over the connecting cable: 
a clock pulse train and the data stream. What the 
PC does is match the clock pulses to the data 
stream to decode the "secret" messages. (See 
"Synchronous Sawy.") 

Firmware 

With these protocol details duly noted, it was 
time to start writing the PIC program and load it 
into the flash EE PROM of the PIC controller. For 
this leg of the project, I made a keyboard "spy" that 
sits between the PC and the keyboard and pa~sive­
ly listens to the data zipping by. As it turns out, the 
"handshaking" actions are fairly simple. The PC 
sends an FFh reset command, and the keyboard 
responds with the correct answers. 

My plan of attack was to have the PIC sit in a 
constant loop waiting for an FFh code, and 
respond appropriately with FAh and then AAh. 
Sounded straightforward enough. It wasn't until 
later, though, that I realized that some PCs turn on 
the Num Lock function when they power up. 
Unfortunately, this set-up routine expects a differ-

; Are we done with 9 bits? 
; No, decrement 'count' and receive 

; Yes, clock out stop bit 

; Wait for PC to take DATA line low. 

; send ACK 

; Send a 0 start bit. 

; Start sending response byte 

Listing 1. l<BE Source Code 



Kevless Kevboard Figure 6· A simple feature you can add to 
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ent response pattern. 
When the PC wants to turn on the keyboard 

LEDs, it first sends EDh, waits for an acknowledg­
ment from the keyboard, and then sends another 
eight bits of data signifying which keyboard LEDs 
to turn on and off. I have no need for the EDh 
command, but if the keyboard doesn't respond, the 
PC will generate an error. To overcome this, I read 
in EDh, send an acknowledgment (FAh), and then 
read in the LED byte (which I promptly discard). 
The PC is happy, the PIC is happy, and I'm elated 
that it doesn't involve more than a shrug of the 
shoulder. 

The program is shown in Listing 1, and can be 
downloaded from the Nuts & Volts website 
(www.nutsvolts.com) under the name KBE.TXT. 
Much of the program is made up of little programs 
- called routines or modules - that do specific 
tasks. For instance, there's a delay routine that gen­
erates a 39-uS delay and another that deciphers PC 
commands. 

The actual program starts at Main: (original, 
huh?). When the PIC is powered up, it waits for 
approximately 6mS (about 154 ticks of the 39-uS 
delay clock) to simulate the keyboard BAT routine. 
After the delay, the PIC sends AAh to tell the PC 
that it has passed its check-up successfully. From 
then on, the PIC has a boring life waiting for FFh or 

shiftright 
bcf PORTA,dta 

send zero 
call delaJ. 
rrf sen ,f 
bcf PORTA.elk 
call delay 
bsf PORTA,elk 
decfsz count,f 
goto send next 

bsf PORTA.elk 
movlw OxFF 
xorwf parity,f 
btfss pari~,O 
~oto sen low 
sf PORTA,dta 

goto sendhigh 

send low 
bcf PORTA,dta 

sendhigh 
call delay 
bcf PORTA.elk 
call delay 
bsf PORTA.elk 

EDh from the PC. The 
branching Convert 
routine is responsible 
for deciphering the 
command sent by the 
PC and choosing the 
appropriate action to 
take. 

Construction 

Building this pro­
ject is a no-brainer -
even for a newbie 
hobbyist. With but six 
parts total - the PIC 
chip included (Figure 
2) - this project lends 
itself to a variety of 

Keyless 
Keyboard 
Emulator 

" Vdd 

*Pin 14 of16F84 

construction methods, including breadboard, point­
to-point, wire-wrap, perfboard, and etched printed 
circuit board. 

I built my prototype circuit on a RadioShack 
perfboard (276-148), but have since transferred it 
to an etched printed circuit board (Figure 3). The 
parts layout for the printed circuit board is shown 
in Figure 4. 

When fabricating this circuit, you must take 

deld decfsz dela 
goto dele 
return 

****** ; 

accommodate a pass-through port. 

Clock . 
To 

Data PC 
~ 

Ground ... 

+5\/ 
S1 

- ... 

> 1 k 

To "real" keyboard 

care not to short any pins together (especially to 
Vee or GND). Doing so could possibly fry your 
motherboard, resulting in a costly repair bill. 

While the construction method isn't critical, 
the parts layout is. It's especially important that 
you place the osci llator as close to the PIC's pins 
as you can. The bypass capacitors (C1 and C2) 
should also be cuddly close to the F'lC. If you plan 
on playing around with the programming code, 

;****Detennine what the PC Sent**** 

Convert movf pass,W 
xorlw OxFF 
btfsc STATUS,Z 
retlw OxAA 

movf pass,W 
xorlw OxED 

Status LEDs 
btfsc STATUS,Z 
goto test 

retlw OxOO 

test movlw OxFA 
call KB_tx 
call P(_nc 
return 

***** ; 

; Did the PC send a reset signal? 

; Yes, send Acknowledge 

; No, maybe PC is trying to turn on 

; EDh means "Set LEDs" 

; We don't care at this point, send 
; 'Acknowledge' anyway. 

call delay ; send STOP bit (1) main : bcf PORTA,elk 
bsf PORTA,dta 
call delay 
bsf PORTA.elk 
call delay 
movlw Ox03 
tris PORTA 
return loo pi 

****** ; 

;****Start-up Delay•-
longdly 

elrf dela 

movlw 9 
movwf de la 

dele movlw OxFF 
movwf delb 

delc decfsz delb 
goto delc 

movlw 
tris 

call 
movlw 
call 

movwf 
tris 
btfsc 
goto 

call 

call 
movwf 
movlw 
call 
movf 
call 

goto 
end 

OxOO 
PORTA 

longdly 
OxAA 
KB_tx 

Ox03 
PORTA 
PORTA,dta 
$-1 

P(_nc 

Convert 
pass 
OxFA 
KB_tx 
pass,W 
KB_tx 

loo pi 

; Make PORTA output 

: Initial start-up, send Mh 
; Transmit it... 

; Wait for DATA line to go low. 
; Meaning PC wants to TX. 

; Receive PC data. 

; What is it? 

; Send 'Acknowledge'. 

; Repeat all this endlessly. 
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Synchronous Savvy 
CLOCK 

DATA 

ATA 3 ? DATA 4 ? DATA 5 ? DATA 6 ? DATA 7 ? PARI ? STOP 

0 0 1 0 1 1 1 1 1 1 1 

FAh 

0 0 1 0 1 0 1 0 1 1 1 

AAh 

Figure 7: Communications between the keyboard and PC are done using an 11-bit packet. 

The wavefonns above show what it takes for the keyboard to converse with the PC. This is known as 
synchronous communication. Unlike asynchronous communication - the kind used by your modem 

to send messages over telephone wires - synchronous requires two signal lines (wires); a data line and a 
clock line. The clock and the data stream are in step with other, making it easier to extract the message 
from the encoded bit data line. The PC does this by comparing the clock pulses to the data stream. If 
there is a coincidence of pulses. that is, both the clock line and the data line being high (five volts) at the 
same time. the PC takes this to represent a logic 1 bit. On the other hand. if the clock line is high and the 
data line is low (0 volts). this represents a logic Obit. The data line is checked for pulse coincidence on 
the rising edge of each clock pulse. 

Like human language. the keyboard and PC talk in words. A keyboard word consists of 11 bits 
wrapped in an envelope called a packet. Each packet begins with a logic-low Start bit (logic low) that sig­
nifies the beginning of an upcoming word. Next comes the actual data. which is eight bits long. The data 
is sent least-significant bit (LSB) first. 

The 1 Oth bit is called a parity bit - a pulse that's used to confirm the validity of the word just sent. 
Keyboard protocol uses what's called odd-parity checking. Simply put. the keyboard counts the number 
of logic 1 bits in the word and checks to see if the sum is odd or even. If it is even. a parity bit is append­
ed to the end of the word; if it's odd, no parity bit is added. When the PC receives the packet. it counts 
the number of bits in the word and compares it to the parity bit. If the two agree, the PC assumes the 
word is correct and not corrupted by noise. The packet is ended with - what else - a Stop bit (logic 1). 

The received word is, of course. a number that the PC now looks up in a table that cross-references 
the number to a letter. The response FA(h), for example, is a command, and doesn't require a lookup. 

The opposite of synchronous is - you guessed it - asynchronous. Async and sync are similar 
except that the async clock line doesn't exist physically. Instead, the clock pulse is embedded in the data 
transmission. The receiver and transmitter agree on a "clock" by the length and position of the pulses on 
the data line - a protocol that requires frequent resetting of the two clock oscillators to keep them in 
step which, in turn, takes considerably more housekeeping overhead than synchronous 
communications. 

Kevless Kevboard .. .. 
consider adding a socket for the PIC so that you 
can swap it in and out during the development 
phase. 

The emulator plugs into the PC via a short 
connecting cable. I found it expedient to simply 
cut the plug and cord off a defunct keyboard 
rather than build one from scratch. (Alternatively, 
you can buy a keyboard extension cord for about 
$5.00.) 

But look at the plug before you snip. There 
are two types of keyboard connectors (Figure 5). 

Older, but still popular, is the five-pin AT type 
connector, which is found on many of today's sys­
tems with Baby-AT form factor motherboards. 
Newer systems sport the PS/2 keyboard connec­
tor, which is a six-pin mini-DIN found on most Low 
Profile (LPX motherboard) PCs. It's physically 
smaller than a standard DIN, hence the "mini" pre­
fix. Despite the difference in their sizes and pin 
arrangements, they have something in common in 
that they're both female sockets. Determine what 
kind of socket you'll be plugging into and wire 
your male plug according to Figure 5. 

In the photo of the finished project, you'll 
notice an LED, a switch, and a keyboard socket. I 
added these parts as an after-thought to accom­
modate a pass-through port. When the switch is 
on, the emulator is connected to the PC's power 
supply (via the keyboard cable). The LED lights to 
let you know the emulator is in control. When the 
switch is off, the emulator receives no power from 
the PC, allowing you to connect and operate a real 
keyboard normally without interference. You can 
easily add this optional feature by referring to 
Figure 6. 

Bye, Bye, Keyboard 

After all the sweat and tears, I was finally able 
to power up my LAN without an unwanted key­
board. So, whether you want to run a closet router 
like me, or slide a computer in your truck, with the 
keyless keyboard emulator, those days of 
"Keyboard Not Found" are gone forever! NV 

1.2 GHz 
MINIATURE 

VIDEO TRANS. 
500 FT L.O.S . 

HIGH POWER 
1.2 GHz VIDEO 
TRANSMITTER 
1000 FT L.O.S. 

3.5 INCH 
B/W MINI DOME 

CAMERA 420 TVL 
0.1 LUX 

B/W MINI CAM 
WITH INFRA-RED 
ILLUMINATORS 
OLUX@10FT 

WEATHERPROOF 
B/W BULLET CAM. 
420 TVL 0.1 LUX 

WEATHERPROOF 
B/W CAM WITH INFRA­
RED ILLUM . 420 TVL 

OLUX@10FT 

2.4 GHz MINI 
VIDEO TRANSMITTER 

1 1/2 INCH LONG 
500 FT L.O.S. 

2.4 GHz WIRELESS 
4 CHANNEL RECEIVER 
AUTO SWITCHING 
1.2 GHz: ECL-1200VR 

4 CAMERA $350 
DIGITAL RECORDING 

AND MONITORING SYSTEM 
VIEW CAMERAS FROM ANY 

LOCATION - IP ADDRESSABLE 
GREAT PLAYBACK RESOLUTION 
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12 INCH B/W 
MONITOR 

1000 TV LINES 

4 CH. VIDEO 
SWITCHER 

ADJ. DWELL TIME 

SPECIAL: B/W CAMERA WITH 4MM AUTO IRIS LENS 

4 CHANNEL 
B/W REAL TIME 

QUAD WITH SWITCHER 

PLUS OUTDOOR HOUSING AND BRACKET: $98 

. CALL NOW FOR YOUR FREE COLOR CATALOG! 

. 1-800-323-8746 WWW.CCTVOUTLET.COM 



*PROTOTYPE TO PRODUCTION* 
S/SIDED: 5-days, 10 Pcs. $275.00 
D/SIDED: 5-days, 5 Pcs. $300.00 
D/SIDED: 5-days, 10 Pcs. $350.00 
4-LAYERS: 5-days, 5 Pcs. $750.00 
4-LAYERS: 7-days, 10 Pcs. $850.00 
6-LAYERS: 5-days, 5 Pcs. $950.00 
6-LAYERS: 7-days, 10 Pcs. $1 , 175.00 
(Up to 30 sq. inch each, includes Tooling) 

*SERVICES* - UL Approved 
SMOBC, LP1 mask & Legend 

Photoplotting, Electrical Testing 
Thru hole/SMT, Gold/Nickel Plating 

Routing and Scored Panel, Instant Quotes 

PH : (888) 427-2920, Fax (847) 427-1949 
E-Mail : cir1920@aol.com 

LOWEST COST & FAST DELIVERY 

NEWS BYTES Continued from page 13 

NEW DIGITAL 
THERMOMETERS 

ASSURE COOKOUT SUCCESS 
AND SAFETY 

For anyone who barbeques there is 
a new generation of hand-held digi­

tal thermometers that will assure 
both success and safety when grilling 
outdoors. 

Have you ever stood over the 
grill, smoke billowing around you, and 
wondered if the steak, burger, or 
chicken you were cooking was done 
enough, yet? Or perhaps erred to the 
side of caution with burnt dinner as 
the result? 

Continued from page 60 
cmd = UCase(theCommand) 

Else 

Build Your Own 
BASIC Stamp™ and Save! 

Stamp Stacks~mount on any breadboard 
Robust, Repairable, Inexpensive 

Uses Genuine Parallax Parts 
Pie Compllers/Programmers/Protoboards 

Serial LCDs·IR Ranging Sensors 
Schematic/PCB Software 

HVW Technologies Inc. 
Tel : (403)730·8603 VISA/MC 
fax: (403)730·8903 www.HVWTech.com 

Easy-to-use, hand-held AcuRite® 
Sure Grip digital barbeque thermome­
ters take the worry out of food 
preparation and put the fun back into 
grilling outdoors. 

With consumer attention recent­
ly focused on bacteria-borne illnesses 
resulting from undercooked and mis­
handled foods, food preparation and 
safety has become of paramount 
importance.AcuRite's digital ther­
mometers have large, soft handles 
t hat make them easy to grip and they 
instantly read the temperature of the 
food being cooked. Plus, the FDA rec-

' command has parameter(s) 
' - get command 
cmd = UCase(Mid(theCommand, 1, delimPos - 1)) 
' extract parameters from command string 
param = Mid(theCommand, delimPos + 1) 

End If 

' process the command 
Select Case cmd 

Case '!RSET' 
ClearForm 
showData = True 

Case '!CLRM' 
If showData Then sbarMessage.SimpleText = '" 

Case '!USRS' 
If showData Then sbarMessage.SimpleText = param 

Case ' !AMIN' 
pbarAnalog.Min = CLng(param) 

Case ' !AMAX' 
pbarAnalog.Max = CLng(param) 

Case ' !AMUL' 
multiP,lier = CSng(param) 

Case !SPAN' 
SetSpan (param) 

End Select 

End Function 

Private Function Bin2Dec(ByVal binValue As String) As Long 

Dim temp As Long 
Dim binLen As Integer 
Dim x As Integer 

temp= 0 
binLen = Len(binValue) 
For x = 1 To binLen 

' add bit value if ' 1' 
If Mid(binValue, x, 1) = ' 1' Then 
temp = temp + 2 " (binLen - x) 

End If 
Next 

Bin2Dec = temp 

End Function 

Private Sub SetSpan(ByVal span As String) 

se habla Espanol 

BLOW-OUT SALE SPECIAL 
CBTV Remote: 10+ 100+ 1000+ 
We carry all models: S3.95 3.75 3.50 

Parts & IC: 25+ 100+ 1000+ 
PIC16C56A Sl.75 1.65 1.45 
PIC16C56RC/P 1.95 1.85 1.75 
PIC16C622 3.15 2.95 2.65 
40-pin MC68H705 4.95 4.75 4.50 

Global: 125ch 
Converter 

lOpc lOOoc 200oc 

$47.00 45.00 42.00 

Tel: 405-616-0100 
Fax:405-616-0212 

Lowest Cost & Fast Delivery 

ommended cooking temperatures are 
printed right on the product. These 
tools are available individually at fine 
retailers (for under $24.99/ea.). For 
availability see www.chaney 
instrument.com. 

"Expert or neophyte, your chefs 
will love the comfort of the Sure Grip 
handles, and because the thermome­
ters are so accurate and easy to use it 
means that their barbequed foods are 
safe, and delicious, too!" said Trish 
Koeppel, Chaney's product develop­
ment and marketing manager. 

There are several barbeque ther-

mometers in the AcuRite line, includ­
ing the Sure-Grip Burger Probe and 
Sure Grip Fork, which is ideal for 
steaks and chicken. The brand-new 
Burger Probe makes gauging the cor­
rect cooking temperature more pre­
cise with an exclusive angled 3/8" 
stainless steel probe which assures 
correct insertion depth every time. 
Both feature instant-response sensors 
and easy-to-read LCD displays, on/off 
switches, and soft-touch Sure Grip 
handles for easy control. 

For more information on food 
safety, including food preparation rec-

NEWS BYTES Continued on Page 76 

Dim comma As Integer 

comma= lnStr(1 , span, ',') 
If comma = 0 Then Exit Sub ' improper format - exit 

' update progress bar · 
pbarAnalog.Min = CLng(Mid(span, 1, comma - 1 )) 
pbarAnalog.Max = CLng(Mid(span, comma+ 1)) 

' update legends 
lblSpanMin.Caption = Str(pbarAnalog.Min) 
lblSpanMax.Caption = Str(pbarAnalog.Max) 

End Sub 

Private Sub ShowAnalog(ByVal aValue As Long) 

aValue = CLng(CSng(aValue) * multiplier) 

'show value 
lblAnalogValue.Caption = Trim(Str(aValue)) 

' check limits and show on progress bar 
If aValue > pbarAnalog.Max Then aValue = pbarAnalog.Max 
If aValue < pbarAnalog.Min Then aValue = pbarAnalog.Min 
pbarAnalog.Value = aValue 

End Sub 

Private Sub ShowDigital(ByVal digValue As Long) 

Dim mask As Long 
Dim led As Byte . 

For led = 0 To 3 
If (digValue And (2" led))> O Then 

' channel off - extinguish 
lblDigitallnput(led) .BackColor = &HSOOOOOOF 

Else 
' channel on - light 
lblDigitallnput(led).BackColor = vbGreen 

End If 
Next 

End Sub 

Private Sub ClearForm() 

ShowAnalog (0) 
ShowDigitaf (&HFFFF) 
sbarMessage.Simplelext = " 

' all off (active low) 

End Sub 
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2.4 GHz Wireless 
Transmitter & Receiver 

$89-$159 
Per Pair 

•Caller-ID 

•LED display 

• Audk> Output Jack 
• Real 20Hz Ring 

•$325 
PARTY-LINE TELCO S111ULATOR 

• Sbc. Extensk>ns 
•Caller-ID 

• Olstlnctlve Ringing 

• CPC Disconnect 
•$425 

Digitdl Prod11cts 
1£.l@J[00101rEJEJ 

• MODELS (WOOO AND 
RESIN). TO EVALUATE 
YOUR PARTS BEFORE 
YOU COMMIT TO 
MANUFACTURE A MOLD. 

•MOLD DESIGN AND 
BUILDING. 

• 
• PRODUCTION OF 

INJECTION MOLDED 
PARTS. NO ORDER 
TOO SMALL OR TOO 
BIG. 

• VERY COMPETITIVE 
ON HIGH LABOR 
PARTS. 

We can also inject your parts on manual low pressure 
machines for very small runs or prototypes of parts up to 
2 oz. At surprisingly low price. 
USA Office: V&V Mach. And Equip. Inc. 
Tel. (281) 397-8101, Fax. (281) 397~220. 
Please send blue prints or samples to: 
Marketing Tech. S.A. Alamo 93. 4 Piso Sta. Monica. 
Tial. Edo. De Mexico 54040 Tel. 011 (525) 361-3351 . 
Fax. 011 (525) 361-5996. ATTN: VICTOR M. MENDOZA. 

PLEASE VISIT OUR WEBSITE 
WWW.VANDVMACHY.COM 

Toplecret Consumertronics 
In business 25+ ears· established rofessionals 

Scrolling L.E.D. Signs 
• Wireless Keyboard 
• Includes Windows Software 
• Text & Graphics 
• Super Bright Multi-Color 
• Clock Functions & Scheduler 
• Real Time (Ascm Mode 
• 16K Flash memory 
• RS-232 & RS-485 Serial Ports 

303 Sherman Ave., Ackley, Iowa 50601 
(641)847-3902 Fax: (641)847-3889 

sales@ledvision.com 
www.ledvision.com 

New! 
Active Wire ™USB 

Simple USB Interface 

:B , , 
zH <.: ) ' ' 
:. _l - , 

• Internet Browser Sc,ipt-able 
• 24 MHz CPU core with USB 
• Firmware downloadable via USB 
• 16 bit parallel 1/0 
• Expandable add-on boards 
• New firmware and scripts 

available from website 

$59 plus shipping 

ActiveWire, Inc. 
www.activewireinc.com 

ph(650) 493-8700 lx(650) 493-2200 

•• 
www.pcbpro.com 

INSTANT 
ON·UNE QUOTES! 
(NO SIGN-UP REQUIRED) 

•Quick price comparisons 
•More options and added features 
•Prototype & production quantities 

AFFORDABLE 
CNC MACHINES 

Simple to 
Use 

Run From 
Any Version 
ofW/ndoWS-

Automated Machine Tools to Produce 
' Panels ' Chassis/Housings 
• PCB Prototypes • Any 3D Part 

FLASHCUT CNC TM 

1263 El Camino Real , Menlo Par1<. CA 94025 
4949 St. Elmo Avenue. Bethesda, MD 20814 
Tel 888-883·5274 Fax 650-853·1405 

www.flashcutcnc.com 

SOLAR PANELS, Multimeters, Calipers, 
Oscilloscopes, Camera Modules, PIC & 
ATMEL Programmer Kits, Relay Cards, 
Electronic Lab Kits, RF Codelock Kits, 

Computer Interface Kits, Strobe Lights, 
and much more .. . 

Toll Free Order Line: 

1-888-GO 4 KITS 
Secure On-Line Ordering 

www.qkits.com 
Call 613-544-6333 for free catalog 

49 McMichael St., Kingston, ON 
K7M 1 M8, CANADA 

~Cable TV Remotes 
JClJ1) Blow-Out Sale 

--= 
We carry all models 

10pc. 50pc. 100pc. 
$3.75 $3.50 $3.25 

300pc. 500oc. 1kpc. 
$3.00 $2.75 $2.50 

Rebelion-3 125ch. Converter 
12pc. 50pc. 100pc. 
$50.00 $48.00 $46.00 

Globaltech 1-(800)-582-5116 
View Our On-Line Display Catalog at: 
www.globaltechdistributon.com 

NEW! ~~IP& 
SERIAL LED MODULE 

ti Boight attractive highly visible display- super elfoclent 
ti Compatible size, mounting ·Nith LCD 2x16 display 
ti 4 digits (0.56' tall) plus decimal polnls 

. ti Customization available ~ 
ti Serial RS-232 and 12c interface -
ti 80mm wide x 36mm high (3.15" x 1.4 r) 8 

ti Low power- less than an LCD display with bacld;ght 
ti Reasonably p<1ced- $29 Jn 100's $43 each in sirigles 
ti Order a few today for your next project 

http://www.Trexon.com 

email: speff@trexon.com 
Trexon Inc. 905-271-44n Fax: 905:271-9838 

1. LaserPrint* 
2. Press On** 
3. Peel Off 
4. Etch 

Use Standard Copper Clad Board 
20 Shts $30/ 40 Shts $50/ 100 Shts $100 

\'isa/MC/PO/Ck/MO $4 S&H/Foreign Add $7 

• 
• 

Techniks Inc. 
P.O . Box 463, Ringoes NJ 08551 

ph . 908 . 788.8249 lax 908. 788.8837 
www.techniks .com 

Vist Our E-Store On-Line! 

$45 Converters 
. ._, ., .. ., Repeaters 

, Fiber Optics 
! Digital 1/0 
: 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: 

(5 1 3) 8 7 4 - 4 7 9 6 

• True Windows 32 bit Blll'lication 
• Schematic and PCB Design as standald 
• lnteltigent Cut, Copy and Paste - internal & external 

• Forward design changes - Schematic to PCB 
• Integrated Shape based AuooRouter (Optional Extra) 
• Shape based copper pour and spot power planes 
• And now version 4.0 with many new features II 

Call Ohio Automation (740) 5961023 
www.numberone.com 



• 't 
TOGGLE SWITCH 
SUPERMARKET 
WHOLESALE 
P CES 

FERTIK'S 
5249 "D" ST., PHILA., PA 19120 

LARGE VARIETY• FREE LIST 

PH/FAX 215-455-212 

FREE !i!J6) 
SAMPLE COPY! ~~~ 

TIQUE RADIO CLASSIFIED 
Antique Radio's Leading 

Monthly Magazine 
Articles - Classifieds - Ads for Parts & 
Services. Also: Ham Equip. - Books -
Telegraph - 40's, 50's & 60's Radios -
Early TV - Auction Reports & more •.. 

1-Year: $39.49 ($57.95by1st Class) 
6-Month Trial - $19.95. Foreign - Write. 

~ A.R.C., P.O. Box 802-G23 fiiiiii&1 
Uiid Carlisle, MA 01741 ~ 
Call: 978-371-0512 - Fax: 978-371-7129 

Web: www.antiqueradio.com 

ASSEMBLY & '. 
ENGINEERING . 

Producible designs since 1970 
Contract Engineering 

Embedded Microprocessors 
PCB Layout and Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 
AID and D/A 

Contract Assembly 
High-Speed Fuji Surface Mount 
Through hole 
Tum-key or Kit 
Run sizes one through thousands 
Test and bum-in available 

Bllocon Corp. 
800-736-5927 
425-353-2276 

www.bilocon.com 

CABLE CONVERTS 
TV86/3 86/CH TV86/3V/A 

$37.95 TRIVISON 550/3 
VIEW MASTER 2600 

125 CHANNEL UNITS 
TRI 860/3 IO LOT 
TRI 860/3V/ A IO LOT 
V/MASTER 3800/3V/A 

FOSS \V AREHOUSE DIS 
289 SCHENCK ST 

N TONAWANDA NY 14120 

800-473-0506 
800-488-0525 FAX 

716-694-6400 716-693-4322 FAX 

$49.95 
$59.95 

E/M FOSS@BUFFNET.NET 
WEB PAGE: WWW.FOSSW.COM 
NO DISCRAMBERS ONLY CABLE CONVERTS 

• 430 TV Lines Resolution 
• 9-14 VDC Operation 
• Infrared Sensitive 
• SX-800 has Audio Output 
• A-300 Camera Enclosure also available 

MATCO, l!NC. 
Schaumburg, IL 

1-800-719-9605 • 1-847-619-0852 FAX 
E-Mail - info@matco.com 

Website - www.matco.com 

PC BOARD 
SERVICES 

PCB Design Layout 
Thru Hole 
SMT 
Multilayer 

PCB FABRICATION 
In-house Prototypes 
Single and Double Side 
Plate Thru Hole 

ASSEMBLY 
Thru Hole 
Small Project Specialists 

Serving Engineers and Hobbyists 
for 16 Years 

MIDLAND TECHNOLOGIES 
800-726-8871 Voice 
406-586-0300 FAX 

For Sale 

3052 Spectrum 
Analyzer 

Plus microwave, vacuum 
pumps, lab, robots, and 

many other items!!! 

Always Buying & Selling, 
Send list!! 

www.westshoretech.com 

AIWAllTICK mn>ou ·-DATA IO_. M1C110 
XB.TllC SYSftM -- lee TKHllOLOGY CHROMA 

1295 iw-t.ch l...._._... 
195 Needham EMP-30 
169 EETool 1-z 
650 Xellek 5-<P"' Ill 
629 ICE Tech M~r LV 
469 X.lhk SuperPn> F 
419 Needham EMP-20 
419 EETool Megamax 
379 Xeltelc SuperPn> lX 
299 EETool ChipMax 
279 Xelhk Rom_ II 
209 Needham EMP-10 

Gana !'roan!m,,,.,. 4 TO a Soc:bta MIE 
CALL Aclva..-h labtool-141 IXGang r:llllRY 
1085 EET-1 TopMax W/SXGang SE,; SfiST 

689 Needham SA-20 ax Gang IN ;:,ION 
529 EETool MegaMax4G 4XGang lillo11,:, 
General Device Instruments 

Sales 916-393-1655 Fax 916-392-4949 
Order Only Tall Free 800-760-3820 

WWW.GEN ERALDEVICE.COM 
W_WW.LABTOOL.COM ::~::,: ;;,, 

CONTROL • MEASURE • INPUT 
MODEL 4<>-$109 
• RS-232 Interface 
• 28 lines digital 1/0 
• Eight analog inputs 
• PWMoutput 
• Three stepper ports 

<~#.1.~f> :·1~~-

!1~~;~~~i::1~ 

MODEL 100-$279 
• 12-bit 1 OOKHz AID • Four analog outputs 
• Three timer counters • 24 digital 1/0 

PRAIRIE DIGITAL, INC. 
920 SEVENTEENTH ST., INDUSTRIAL PARK 
PRAIRIE DU SAC, WI 53578 
TEL: (608) 643-8599 • FAX: (608) 64~754 

Electronics Manufacturing 
Technology a div. or Ledvision. 

@ El~T IS0-9001 
Compliant 

Bare Printed Circuit Boards 
• Design & Layout 
• Single, Double, & Multi-Layer 

Automated Assembl~ 
• SMT & Thro-Hole 

• Prototypes Thro Production 

• Product Engineering 

• Final Assembly & Test 

303 Sherman Ave., Ackley, Iowa 50601 
(641)847-3902 Fax: (641)847-3889 

sales@pcboardsinc.com 
www .pcboardsinc.com 

Visit our Website 
www.blkfeather.com 

~ 4400 S. Robinson Avenue 
~Oklahoma City, OK 73109 
~ FAX: (405) 616-9603 
~ Email: blkfeo@ool.com 

Or call & order today: 
1·405·616·0374 

THE STUFF YOU WANT 

Serial and Ethernet Stepper & Servo Controllers 
Keyboard Wedges Animatronics Controllers 

Ethernet to Serial Interfaces 
Robots 

www.CHAPP.com 

CodeDesigner™ 
Alhanccd l'IC \linn IDL t(ir \\'indm" 
Now it's never been easier to write BASIC programs 
for Microchip's PICmicros. CodeDesigner's advanced 
IDE lets you compile your BASIC source code and 
program your PICmicro in one easy step! 

CodeDesigner w/ PicBasic Pro Compiler $289.95 
CodeDesigner wl Basic Micro Pro Compiler $199.95 
CodeDesigner Basic Stamp Edi tion $59.95 
VISA· Master Card ·American Express· Discover 
1-888-820-9570 or 775-887-1538 CSMlcro Systems 

http://www.codedesigner.com 

Smart 
Battery 
Charger , .. , • 
~-~:"~-. 
~ ~--

FOR GEL.CELL or LEAD ACID BATTERIES 
features: Precision temperature tracking voltage ref­
erence & three mode charging sequence. Staooard 
kit is for 12V @ 1 /2 or 1 Amp, user selectable. can 
be connected to the battery indefinitely, will not 
overcharge. Weighs 2 pounds and measures 4 "WX5-
1 /2'Dx2-1 /2"H. Finished enclosure included in kit 
Complete Kit Only .. . .... . .. . ...... . . $59.95 
Assembled & Tested .... . .... . ...... . $79.95 

CA Residents add 7.50% sales tax. S&H: $6.50 (insured). 
Foreign orders add 20%. 

10-J A&A Engineering! visA l 
2521 W. La Palma #K • Anaheim, CA 92801 

(714) 952-2114 •FAX: (714) 952-3280 
www.a-aengineering.com 
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ommendations, check out the USDA's 
food safety site at http://www.fsis. 
da.gov/thermy/. For more information 
on AcuRite products go to www. 
chaneyinstrument.com. 

WEBCAM WATCHDOG 
BRINGS HOME SECURITY 

install any software to view the 
images being captured.All surveillance 
images can be viewed using Internet 
Explorer 4 or 5, or Netscape 4 or 5. 

Capturing 320-by-240 images at 
one per second, a 40 GB hard drive 
will hold I 0 days of video. Webcam 
Watchdog can automatically delete 
the oldest video files, allowing you to 
capture data forever in a mainte­
nance-free mode. 

Video for Windows compatible cam­
era. The program costs $69.95, and 
may be purchased securely online at 
http://www.webcam123.com/. You can 
download a free, fully-functional trial 
version from the same web address. 
For more information, contact 
Webcam Corp., 2 Primrose Lane, 
#3C, Fords, NJ 08863. Email: 
service@webcam123.com 

presented to an audience as a TV-style 
game show with an animated host and 
supermodel, flashy sets, catchy music, 
fun sound effects, automatic scoring, 
and comic relief. Up to four people or 
teams can play the quiz simultaneously. 
The program can automatically sort 
and present the quiz "Millionaire-style" 
with the questions getting tougher in 
higher rounds of play. 

TO THE WEB 

W ebcam Corp. has released 
Webcam Watchdog, a Windows 

application that provides around-the­
clock surveillance for your home or 
business. When Webcam Watchdog 
detects motion in the area being 
monitored by your web camera, it can 
sound an alarm, email you the cap­
tured image, and increase the record­
ing frame-rate speed to capture more 
high-quality images. 

The program's built-in web server 
makes it easy to retrieve your video 
archives securely and remotely. There 
is even a log that keeps track of who 
accessed Webcam Watchdog remote­
ly. In addition to using the program as 
a web server, it can also be used to 
upload webtam images to your web 
site. Other features include the ability 
to add text captions to the images, to 
place a date/time stamp on each video 
frame, and to adjust the frame rate, 
picture size, and quality settings. 

MAKE DULL TOPICS FUN 
WITH CUSTOM&ZED GAME 

Customizing options for the game 
show include giving the show a title, 
selecting a background set for the 
show, choosing the duration of the 
show and the question timer, adding · 
your name to credits, and adding an 
optional "Prize Presentation Scene." 

SHOW SOFTWARE 

Trainers, teachers, and speakers can 
present their information as a cus­

tomized game show with the new 
software Al Morale's Game Show 
Presenter created by Bodine 
Communications LLC, a developer of 
tech toys and humor products. 

The program features high quality 
sound and supports 800 x 600 and 
I 024 x 768 screen resolutions, so the 
output is suitable for many multimedia 
projection systems. The Presentation 
Edition is around $79.00 for a single 
user license. Version 1.3 is available 
now as a downloadable product from 
http://www.gameshowpresenter.com. 

Because Webcam Watchdog uses 
the Internet along with its built-in Java 
capability, there is no need to buy and 

Webcam Watchdog requires 
Windows 98/Me/NT4/2000 and a 

The Windows and Macintosh soft­
ware features a Quiz Editor for creat­
ing multiple-choice quizzes on any 
topic. Quizzes can then be instantly 

Use the classifieds, they're cheap and they get great results~ 
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 appro­
priate 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 
purposes. Include full payment - CLASSIFIEDS RUN · 
ON A PRE-PAID BASIS ONLY - and mail your com­
pleted order to: 

WORDS IN BOLD AND/OR ALL CAPS 
Words to be set in bold or CAPS are each I 0¢ 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 normally 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 abbre­
viation for states. 

PHOTOS. DRAWINGS.AND BOXES 
A photo or drawing may be run at the top of your classified 
ad for an additional $I 0.00 (I" 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 classad@nutsvolts.com. 

NUTS & VOLTS MAGAZINE 
430 Princeland Ct., Corona, CA 92879. EMAILING OR FAXING IN AD COPY 

RATE PER WORD You may email or fax in ad copy or changes before the clos­
ing date (S:OOpm on the 5th) 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 909-371-3052. Ads with-
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by Fred Blechman 

Build a 
Scraiiing 
LE[] Ciac~ 

An attention getter and conversation piece, 
the scrolling LED clock accurately shows hours 
and minutes by presenting each digit in a dot-matrix 
format moving from right to left in a ticker-tape 
format. 

It can be built from a very complete $49. 00 kit, 
or from scratch using the information in this article. 

S
tarting when digital clock 
kits became generally 
available in the mid-1970s, 
I've built at least three­

dozen digital clock kits of almost 
every description for the home and 
the car. 

One digital clock displays giant 
3.5-inch-high numbers formed from 
many red light-emitting diodes 
(LEDs). 

One looks like a large grandfa­
ther clock with three concentric cir­
cular paths along which LEDs 
march clockwise to indicate hours, 
minutes, and seconds. 

Another multi-function clock 
uses a blue fluorescent display 
with 14 switches to set various 

functions . 
One clock uses three different 

colored sets of seven-segment dis­
plays to advance biorhythm counts 
daily. 

Three others display the time -
to the second - in binary coded 
decimal notation, using different 
layouts. 

But the scrolling LED clock -
available as a kit from LNS 
Technologies - is one of the most 
unique of my clocks. It is fascinat­
ing to watch as the numbers scroll 
mysteriously across the blank red 
front panel, like the famous scroll­
ing news sign on top of the New 
York Times building. 

Each digit is formed from a 

The Scrolling LED Clock Kit 
Includes front and back panels 
allowing It to stand unaided. 
The base shown Is not needed. 

four-across by seven-high matrix. 
Starting at the right side, the tens­
of-hours digit moves to the left, fol­
lowed by the hours digit, then a 
colon to separate the hours from 
the minutes, then the tens-of-min­
utes dig it, and finally the minutes 
digit. The display then goes blank 
for a short period, then starts again, 
with a full hours/minutes scroll 
about every four seconds. 

Circuit Description 

Figure 1 is a schematic of the 
scrolling LED clock. At the heart of 
the circuit is an Atmel AT89C2051 
microcontoller integrated circuit, 
U 1. This must be programmed to 
perform the desired functions, and 
it is available from LNS 
Technologies already programmed 
in the kit, or available separately as 
a special item. 

When programmed, U 1 han­
dles a variety of functions, includ­
ing time-setting, time-keeping, LED 

First the hours (shown here) move 
across the screen, followed by a colon 

(: ), then the minutes. 

Minutes follow the hours as the 
numbers march across the screen 

from right to left. 
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dot-pattern display encoding, and 
scrolling . An 11 .0592 MHz crystal 
provides internal oscillator timing 
for Ul. 

Even though the microcon­
troller is doing most of the work in 
the scrolling clock, some additional 
circuitry is required. The entire cir­
cuit receives power from a 9VAC 
wall-mount transformer. The 9VAC 
power is rectified by the full-wave 
bridge DB 1, filtered by electrolytic 
capacitor C9, and then regulated to 
five-volts DC by U5. Electrolytic 
capacitor CB, and ceramic capaci­
tors C4, C5, and C6 provide further 
filtering to produce a very stable 
five-volts DC. 

In most localities, there is hard­
ly a more accurate timing function 
than the 60Hz power line. (Oh, 
sure, there are atomic clocks if you 
want split-second accuracy - but 
that's hardly necessary for a home 
clock!) The 60Hz power line fre­
quency is constantly monitored 
and adjusted to maintain an aver­
age of 60 cycles per second. For 
this reason, it makes an excellent 
source for time-keeping. 

In the scrolling LED clock 
design (and for most digital clocks 
plugged into home AC power), the 
AC waveform is used to assure 
time-keeping accuracy. Looking at 
Figure 1, the nine-volt AC positive 
half-cycles pass from bridge rectifi­
er DB 1 through current-limiting 
resistor R 15 to pin 1, the input to 
the internal LED of opto-isolator 
U6. The negative half-cycles bypass 
U6 through diode D 1. The NPN 
transistor built into U6 isolates and 
squares the signal, which then 
leaves pin 6 of U6 and goes to pin 
6 of U 1, the external interrupt. This 
is, in effect, a clocking pulse 60 
times per second. 

Next look at the displays , 
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Figure 1: Scrolling LED Clock Schematic . 

DISPl and DISP2, in Figure 1. Each 
has 35 LEDs arranged in a matrix 
of five vertical "columns" and seven 
horizontal "rows." (If you have trou­
ble remembering which are 
columns and which are rows, recall 
that columns in a rchitecture are 
vertical.) The LED anodes of each 
of the seven rows are connected 
together, and the LED cathodes of 
each of the 10 columns are con­
nected together. 

In the scrolling LED clock, the 
rows of both displays are bussed 
together to form a larger array of 70 
LEDs, now with 10 columns, but 
still with just seven rows. This con­
figuration allows any of the individ­
ual 70 LEDs to be lighted with only 
1 7 connections by properly power­
ing any of seven anode rows, or 
grounding any of 10 cathode 
columns. 

It is the combination of lighted 
LEDs that forms a number. In this 
design, each number - from 0 to 9 
- ·is composed in a 4 x 7 grid, as 
shown in Figure 2. 

Now comes the tricky part. 
How do you form the numbers and 
make them seem to move across 
the matrix? The programmed 
microcontroller, U 1, does this by 
apparently turning on the appropri­
ate LEDs at the right-hand column 
for a short time, then moving these 
to the next-left column and intro­
ducing a new column of lighted 
LEDs at the right, and so on. Each 
set of four columns displays a sin-

i'QI .,. cs "' 

~ ~=WDr ··· r~· 1 ~· 

gle number, appar­
ently moving from 
right to left. But all 
this is not as simple 
as it may seem. 

Ott o oo t o ou o Ott o 1000 
t oo t Ot t o t oo t t oo t eoto 
t oo t oo t o ooo t ooo e t Ot O 
t oo t oo eo oo t o oo t o .... 

Exactly how is 
this accomplished? 
The seven rows are 
controlled by seven 
outputs of U 1 (pins 
12 through 18) . 
Whenever a pin goes 
LO, the associated 
PNP transistor and 
resistors provide a 
negative bias, throw­
ing the transistor 
into conduction. The 
regulated five volts 
now appear at the 
anodes of all 10 

t oo t OO t O Ot OO ooo t oo t o 
t oo t OO t O t OOO t oo t ooto 
Ott o Ottt tut Ott o oo to 

tttt Ott o tttt Ott O Otto 
t OOO 900 1 t oo • t oo t t oo t 
ttt o t OOO OOO t to ot toot 
OOO t tltO ooo t Ott o Ottt 
000 1 to ot OOO t t oo t ooot 
t OO I t oo t ooo t t oo t too• 
Ott o Ott o ooo t Ott o Otto 

Figure 2: Each number is formed in a 
four-column seven-row pattern. 

LEDs in that row. But none of the 
LEDs can light unless the cathode 
is also grounded. 

That's where the CMOS decade 
counter, U2, comes into play. It pro­
vides a way to turn on each of the 
10 columns in sequence. But U2 
can't carry the required current 
directly, so U3 and U4 - NPN 
Darlington arrays - are used for 
LED current sinking. 

Two additional output lines 
from Ul 's internal oscillator - pins 
11 and 19 - go from Ul to U2. Pin 
11 is used to reset the U2 counter 
so the data presented to the display 
rows can be synchronized with the 
proper column. Pin 19 goes to U2's 
clock input to increment the count-

er. Each time the counter is incre­
mented, the next column is 
enabled. 

Confused? Follow this closely, 
referring to Figure 1. First, pin 11 of 
the programmed microcontroller, 
U 1, resets counter U2 at pin 15 to 
enable (ground) the left-most col­
umn (pin 6 of DISP2) through pins 
3 of U2 and pins 3 and 14 of U4. 
Next, data is output from pins 12 
through 18 of U 1 to the seven rows 
to turn on the appropriate LEDs in 
that column. The LEDs in that col­
umn are left on for only one mil­
lisecond! 

Next, a clocking pulse is gener­
ated internally by U 1 at pin 19 to 
increment U2 at pin 14. As U2 

All the parts, including the two 
side-by-side displays, fit on a 
single printed circuit board. 

increments, the first column is 
turned off and the next-right col­
umn (pin 10 of DISP2) is enabled. 
At the same time, the raw data is 
changed to turn on the LEDs in this 
column. This strobing sequence 
continues for each of the 10 
columns before the entire process 
is repeated. 

The entire display is strobed in 
10 milliseconds, or 100 times per 
second. The microcontroller 
sequencing is programmed to 
make the numbers appear to be 
moving from right to left, even 
though the 10 millisecond strobing 
is from left to right. At that speed, 
the human eye cannot perceive the 
strobing and the display appears to 
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Figure 3: Printed circuit board layout. Figure 4: Parts layout. 

be continuously, quickly scrolling 
leftward. 

Two switches are used for set­
ting the time. Switch S2 - a single­
pole three-position switch - allows 
you to select minutes-set, run, or 
hours-set. When setting the time -
either minutes or hours - push-but­
ton switch S 1 advances the non­
moving flashing digits about twice 
per second. You simply release the 

switch when you see the proper dig­
its. The clock counts hours to 12, 
and there is no AM or PM designa­
tor or alarm function. 

scrolling LED clock is one of the 
best kits I've built. 

Why such a strong statement? 
The kit is not only very complete 
regarding some hard-to-find parts 
(lacking only solder), but the parts 
are poly-bagged by type, with a slip 
in each bag describing each includ­
ed item. The microcontroller is pre­
programmed. The required wall­
plug transformer and pre-drilled 

The Kit 

I've built many, many (many!) 
kits in the over-40 years I've been 
an electronic hobbyist. The kit pro­
vided by LNS Technologies for this 

The Pocket Programmer 

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, Pie, Atmel, 40-Pin X16, Serial 
Eprom's, PLCC, Bi-Prom's, Eprom Emulator to 32K X 8 

and More.... Only $149.95 

Same Name, Address & Phone# for 19 Years •••• 
Isn't It Amazing ? 

lntronics, Inc. 
Box 12723 I 612 Newton St. 
Tel. (913) 422-2094 
Fax (913) 441-1623 

WWW.IN-KS.COM 

Add $7.00 COD 
Add $6.00 Shipping 

Visa/MC/Amex/Disc 
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IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT 
DON7 PITCH EM' - SEND THEM FOR REBUILDING I - SAVE$$ 

• WE INSTALL NEW N~CAD OR Nl·MH BATTERIES INTO YOUR CASE. rn 
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL. 

• WE FIX WHAT CAN7 BE FOUND. (OR AFFORDED) 
WE PROVIDE QUICK SERVICE. I EXTEND LIFE OF OLDER EQUIPMENT . . 

• WE OFFER FREE QUOTES. I 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 I EST. 1986 
• WE SAVE YOU ··- MONEY • ._ $S $S 
WE SERVICE RECHARGEABLE BATTERY ASSEllllBLJES FOR ALL TYPES OF ELECTRON/CS. 

RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE 

GENERAL ELECTRIC 

MPD PLS MPA 4850P $ 34.50 
MPD PLS MPA 4860P $ 39.50 
MPR MPS MPX 7631777 $ 39.50 
MONOGRAM 4506P1/3 $ 37.50 

MAXON SA-11551160 $ 39.95 

MOTOROLA 
MX300 HT600 MT1000 STX 
NTN 4686 4824 6414 $ 37.50 
NTN 6447 6621 6646 $ 37.50 
NLN 6860 NTN 4327 $ 39.50 

MIDLAND 
70-810 816 819 821 $ 39.96 
826 826 832 836 860 $ 39.96 

UN/DEN 
APX650 1050 1105 $ 32. 50 
1010 1070 1100 $ 32.50 
1120 1200 Serles $ 32.50 
8P2500 650mAh $ 19.50 
BP205 1600mAh $ 22.50 

/COM 
8P2 / BP3 /BP22 $ 19.60 
BP6 I BP23 I 24 $ 27 .60 
BP7 I CM71 BPS $ 34.60 
BP167/1741180 $ 34.60 
CM140/141/166 $ 41 .60 

YAESU 
FNB 3 4 12 14 16 $ 32.95 
FNB19 21 26 27 38 $ 32.95 
FNB 10 1117 26 36 $ 23.95 

RADIO SHACK 
HTX 202/404 $ 22.50 
NEW NIMh HTX pack 
8.4V 1650mAh $ 39.60 

KENWOOD 
P82/6/33/34 $ 28.60 
PB7/8/9/13/14118 $ 34.60 
KN86/7/12/14/15 $ 34.60 
P810/26/26/32 $ 24.60 

CORDLESS DRILLS 
50% MORE CAPACITY. 

Any brand 7.2V $ 21 .60 
Any brand 9.6V $ 29.60 
Any brand 12.0V $ 36.60 
Any brand 14.4V $ 39.60 
Any brand 18.0V S 44.60 

See our web pages about rebuilding battery packs used for Land Surveying. 

BA TTER·Y : REBUILD S~'f?·YICE,' I 

FOR INFORMATION ABOUT YOUR REQUIREMENTS .. . CONTACT US: 
USE THE EASY INFO. REQUEST PAGE AT http://www.primecell.com 
PHONE OR FAX : (814) 623-7000 E-MAIL TO: sales@primecell.com 
SEND PACKS FOR FREE QUOTATION BY: UPS, FEDEX, OR US MAIL 

CUNARD ASSOCIATES INC., 9343 US RT 220, Bedford, PA 15522 
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plastic front and back panels are 
also provided to "package" the 
completed clock, as shown in the 
photos. 

The 21-page step-by-step 
assembly instructions include the 
schematic and circuit description, 
the printed circuit board layout, the 
parts layout, and many clear illus­
trations. 

Of course, a detailed parts list, 
and operating instructions are 
included, as well as soldering and 
troubleshooting suggestions. Even 
nine required insulated wire 
jumpers, all cut to length, bent, and 
with insulation trimmed off the 
ends are supplied! Finally, the print­
ed circuit board is not only etched 
and properly drilled, but it is clearly 
silkscreened to show component 
locations. All in all, an outstanding 
kit. 

If you decide to build this proj­
ect from scratch, most parts you 
don't already have are available 
from Jameco, 1355 Shoreway 
Road, Belmont, CA 94002-4100, 
(650)592-8097, www.jameco.com. 
This does not include the pro­
grammed microcontroller or the 
displays, which are available from 
LNS Technologies. See the Parts 
List. 

Assembly 

Figure 3 shows the printed cir­
cuit board layout, and Figure 4 is 
the parts layout using this printed 
circuit board. Although you proba­
bly could build this clock on a per­
forated board with a different physi­
cal layout, you might run into trou-



Resistors: 1/4-watt, 5% carbon film or equivalent 
Rl-R7 ......... 100 ohm 
R8-R15 ........ 1,000 ohm 
R16-R23 ....... 10,000 ohm 

1 / 2 IN 
SPACER 

3/16 IN 
SPACER 

Capacitors: 
Cl ,C2 ........ 22 pF 50V, ceramic or monolithic 
C3 ............. 001 uF, 50V, ceramic or monolithic 

Parts 
List 1/4 IN 

#4 SCREW ~­~ 
1/2 IN 
#4 SCREW 

C4-C6 ......... 0.1 uF, 50V, ceramic or monolithic 
C7 ............ 10 uF, 16V, electrolytic 
CB ............ 100 uF, 16V, electrolytic 
C9 ............ 470 uF, 16V, electrolytic 

Semiconductors: 
UL .......... AT89C2051 microcontroller IC, programmed (see text) 
U2 ....... CD4017 decade coun.ter IC 
U3,U4 ... ...... ULN2003A NPN Darlington driver IC 
U5 ............ LM7805T 5VDC voltage regulator IC 
U6 ... ......... 4N27 or 4N28 opto-isolator 
Ql-Q7 ........ 2N2907 PNP transistor 
DISPl, DISP2, LTPl I 57 AE 5x7 LED matrix display, cathode columns, anode 
rows (see text) 

BLACK 
PLASTIC 

Dl.. .......... 1N914 or 1N4148 signal diode 
DBI.. ......... Diode bridge rectifier, 200PRV, IA 

RED 
PLASTIC- PC BOARD 

Miscellaneous: 
PCB ........... Etched, drilled and silk screened printed circuit board 
CYl... ... ..... 11.0592MHz or 12MHz crystal 
S 1.. ...... .... Momentary push-button switch 
S2 ............ Single-pole three-position slide switch 
TXFMR ......... 9VAC 500mA wall transformer 
20-pin IC socket; (three) 16-pin IC sockets; six-pin IC socket; (four) seven-pin 
strip sockets; black plastic back panel, red transparent plastic front panel, panel 
mounting hardware, nine jumper wires. 

52 SWITC 

The following items are available from LNS Technologies, P.O.Box 67243, 
Scotts Valley, CA 95067, (831) 438-2028 or http:// www.techkits.com 

Complete Scrolling Clock Kit including all parts listed above: $49.00; pro­
grammed U 1 microcontroller IC: $12.00; DISPl and DISP2: $3.50 each; etched, 
drilled, and silkscreened printed circuit board: $10.00. Add $5.00 USA shipping 
and handling per order. CA residents add 8% sales tax. VISA/MC accepted. No 
COD. 

ble with stray radio-frequency inter­
ference. 

-- Sl SWITCH 

Assembly is straightforward, 
but you have to be very careful 
about parts orientation of the elec­
trolytic capacitors, the diode, the 
bridge rectifier, the integrated cir­
cuits, the transistors, and the dis­
plays. 

Assuming you have a blinking 
12, move switch S2 upward to the 
"set minutes" position. Pressing 
and holding push-button switch S1 
will advance the number of minutes 
until you release the switch. Now 
put S2 in the "set hours" position 
and set the hours with S 1. When 

Figure 5: Final assembly of t he kit sa ndwiches t he clock assembly 
board between the red front and black back pa nels, using t he sup­

plied spacers a nd screws . 

Start by first installing the nine 
jumpers, then the resistors, diode, 
crystal , bridge, and regulator, being 
careful about polarity. Four seven­
pin strip sockets are used for the 
displays, and standard IC sockets 
are used for the integrated circuits. 
Next, install the transistors, capaci­
tors (polarity for the electrolytics!) , 
and switches, then the power leads 
from the wall-plug transformer. 

There are over 200 solder 
joints, so solder very carefully to 
avoid poor joints or unwanted sol­
der bridges. Putting the entire kit 
together took me just under two 
hours, working slowly and carefully. 

Finally, plug in the displays and 
ICs (careful about the orientation!) 
and you 're ready to test the clock. 

Testing 

Te.sting the clock is simple 
enough. Put switch S2 in the center 
RUN position and plug the wall 
transformer into 117 VAC. The dis­
play should light up, blinking "1 2" 
(without the quotes) . If some of the 
LEDs are not lighting, you 'll need to 
do some troubleshooting, as I had 
to do later. 

you have the hours and minutes I position and watch the scrolling 
set, move S1 to the center "run" digits! 

www.INTELLICAMSYSTEMS.com 
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~. .. : . .~ :y- . ' $ 3 9 . 0 0 

All Cameras Shipped With PlugnPlay Cable With RCA Video 
Out and Standard DC Barrel Plug. Enclosed Cameras Come 
With Miniature Mounting Bracket. All Products On This 
Page Use 12 Volts DC Standard!! Please Call 1-800-903-
3479 For More Information or Email: 
Sales@JntellicamSystems. Com 
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nclosed B/W 
inholes 
r om $39.00 

Color Board 
Pinholes 
Starting At 
$79.00 

4 Inch TFT Color 
Display 

With Audio And Iaage 
Reverse. 

RCA Connectivity 
Operates On Standard 

12 Volts J>C. 89,622 
Pixels For Excellent 
Resolution. Ideal 

For Setting Up Video 
Surveillance Systems. 

Compatible With All 
Video Game Consoles. 
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Hi gh Res Col or 
En cl osed Pi nhole s 

Fro11 $99.0 0 

Your New H e:1 dq11 .irrers For 2.'I Gig:1herrz \'(' ireless Solurions. All 
of our wireless tr.111smicrers .ue FCC l"0111pli.111t. l)u cputs \':Hy from 

\

. IOmw (no lio:•nsc req uired ) ro l.1\\' enforl"emenr gr:Hie high power 

· outpurs. Some ourpurs do require l"crt;1i11 FCC lin:·11 ses. 

Camera and 

j :~:·~:om 
Supermini COLOR 
CCD Wireless Starts 
at $139.00 

Matching 4 Channel 
Receiver Available 
Starting at $49.00 

Our24-IOO 
•ia Wireless 
'II' Transmitter is 4 

channel switchable 
and is the worlds 
smallest PLL 
Crystal Controlled 
TX. Available. 
Starts at $49.00 

From Board Level Pinhole Cameras To Specialty 
Underwater Color Infrared Cameras, We have what 
you're looking for at true wholesale prices. Call us now 
at 1-800-903-3479. Dealers Always Welcome. 
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The two displays combine to form a 10-column seven-row matrix. 
Transistors and resistors, together with counting and LED current­

booster integrated circuits, light individual matrix LEDs in 
sequence to create the moving effect. 

Troubleshooting 
Because all 10 columns were not 
used, I could not even be sure all 
the columns were working! 
However, placing S2 in the " run " 
position allowed scrolling, and all 
the columns were operating. Now it 
became a question of why rows two 
and seven were not lighting. 

Standard 60Hz 117VAC is used both to power and time-keep 
the scrolling LED clock. An opto-isolator driven by 60Hz provides 

precise clock-timing pulses to a programmed microcontroller. 

Normal troubleshooting is to 
check for proper part orientation 
and good solder joints. But let me 
tell you what happened to me. 

I'm 73 years old, and legally 
blind in one eye. This makes build­
ing electronic kits a bit more chal­
lenging, since I've lost stereo vision, 
and getting the component lead, 
soldering iron, solder, and the print­
ed circuit board all in the same 
place at one time is a chore. 

It is tricky to know exactly 
where each of these elements is, 
since there is no depth perception 
- especially at this close distance 
- with one eye. 

So, I was very careful in 
assembling the scrolling LED 
clock. Yet, when I plugged it in, I did 
not get a "12." LED rows two and 
seven were not lighting! Hmmmm. 

Looking at the parts layout in 
Figure 4, I verified that all parts 
were properly placed and oriented. 
That left solder joints as the next 
suspects, since experience has 
taught me that defective parts are 
usually not the problem. 

Looking at the schematic 
(Figure 1 ) , I decided to trace from 
pins 14 and 2 of DISP2 back to pins 
13 and 18 of U 1, respectively, 
checking each solder joint along 
the way. Using a strong magnifying 
glass, I found two solder joints that 
looked like they were not properly 

holding the leads. I re-soldered 
them - and everything worked per­
fectly! Or so I thought ... I set the 
minutes, then the hours, and the 
clock scrolled the time. 

Packaging - and More 
Trouble! 

Thinking everything was now 
perfect, I assembled the board 
between the red front and black 
back panels, using the hardware 
supplied, as shown in Figure 5. I 
decided to put it by my front door, 
together with two other digital 
clocks and an odd device called 
"The Eye of the Storm." This odd 
unit has streaks of orange-colored 
"lightning" dancing inside a clear 
glass globe. This is fascinating to 

Miniature Transmitters and Receivers 

1 .... $22.95 
5 ..... $19.95 ea 
10 ... $16.95 ea 

RF300XT 

1 .. .. $25.95 
5 .... . $22.95 ea 
10 ... $19.95 ea 

• 300' (XT), 150' (T) Range 
• Frequency: 318 MHz 
• 59,049 Settable Security Codes 
• 12 Volt Battery and Keychain Included 
• Current Draw: 4.8 ma 
• Fully Assembled in Case 
• Dimensions: 1 .25" x 2.0" x .5" 
• Push both buttons for the 3rd Channel 
• Slide Button Cover Included 

1 .... $27.95 
5 ..... $24.95 ea 
10 ... $21.95 ea 

• 250' Range 
• Frequency: 318 MHz 
• 6,561 Settable Security Codes 
• 12 Volt Battery and Keychain Included 
• Current Draw: 4.6 ma 
• Fully Assembled in Case 
• Dimensions: 1.35" x 2.25" x .5" 
• Push combination of buttons to achieve 

up to 15 channels 

• Alarm Systems • Magic Props • Industrial Controls 
• Garage I Gate Openers • Medical Alert • Surveillance Control 
• Lighting Control • Monitoring Systems • Motor Control 

2-4 Data/ 3-15 Channel 
Receivers 

RF300RL 
RF300RM 

1 .... $27.95 
5 ..... $24.95 ea 
10 ... $22.95 ea 

RF304RL 
RF304RM 

1 .... $29.95 
5 ..... $26.95 ea 
10 ... $23.95 ea 

• Compatible with 300/4 Transmitters 
• 11-24 volts DC Operating Voltage 
• 13 ma. Current Draw 
• Latching (L) or Momentary (M) Output 
• Kits Available (subtract $5.00 ea.) 
• Dimensions: 1.25" x 3.75" x .5" 
• 2 (300) I 4 (304) Output Data Lines 
• Binary to Dec I Hex Converter can 

achieve up to 15 channels 

• Schematics Available 
• Receiver Board Layout Available 
• Custom Design Consulting Available 

V. "t t I (510) 651-1425 Fax: (510) 651-8454 Email: Support@Visitect.Com 
ISi eC nC. P.O. Box 14156, Fremont, CA 94539 Visa I Mastercard, COD 
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watch, and when you put your fin­
gers on the outside, the lightning 
goes right to your fingertips, mak­
ing them appear to glow. 

I set the scrolling LED clock to 
the same time as the two other 
clocks and went about my busi­
ness, having completed another 
successful project. 

But about eight hours later, the 
scrolling LED clock was about 50 
minutes fast! Yoiks! Something was 
wrong! Did I have a microcontroller 
chip programmed for 50 cycles of 
power, rather than 60 cycles? That 
would make it count a minute in 50 
seconds rather than 60 seconds, or 
gain 12 minutes in an hour, or 96 
minutes in eight hours, not just 50 
minutes. Hmmmm. 

I plugged the clock several 
other places around the house, and 
it kept time perfectly! This meant 
something in the original location 
was causing this clock to run fast, 
though not affecting the other two 
digital clocks. Simple troubleshoot­
ing involved unplugging one of the 
other three items - and since the 
Eye of the Storm might be causing 
radio frequency interference (RFI) 
and causing random clocking sig­
nals, I unplugged it first. 

Problem solved! It seems the 
scrolling LED clock is somewhat 
sensitive to nearby strong radio fre­
quencies, although the other two 
nearby digital clocks were not 
affected. Subsequent investigation 
with a digital counter and portable 
AM radio verified that The Eye of 
the Storm was generating a goodly 
amount of RFI at about 38MHz. 

Summary 

Everything considered, this is 
one terrific project. If assembled 
carefully - and kept away from 
strong radio frequency interference 
- you 'll have a real accurate and 
unique time-keeper, and a great 
conversation piece! NV 
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n the time warp that is paper 
publishing, I'm writing this col­
umn in spring, but y'all will be 
reading it along about mid­
summer. One of twe recurrent, 
maddening events associated 

with spring here at the Robot Ranch 
is the arrival of carpenter ants inside 
our house (the other is the 
onslaught of pollen, which makes 
both Shoshana and me wish we 
could uninstall our sinuses and send 
them to Arizona for the duration). 

Ants have always fascinated me. 
They are tiny biological robots that, 
viewed individually, aren't too bright, 
but viewed as an extended superor­
ganism are brilliant. In fact, they 
seem to have the upper hand at the 
moment. 

All this combat with the ants 
gave me plenty of opportunity to 
watch ants in action . Carpenter ants 
are fairly big, up to a half-inch long 
in these parts. They are thus easy to 
observe (man, are they agile). I've 
filed a few ideas away for Tall Grass, 
you bet, and I'm doubly eager to get 
my Heavy Iron CNC machine finished 
so I can mass produce robots based 
on ant locomotion. Now, if I could 
just convince one of the ants to 
stand still while I make measure­
ments with my calipers .. . 

This month, therefore, I'm get­
ting back into the thick of the Heavy 
Iron project. I've got a passel of old­
time tips, tools, and techniques on 
how to improve the action of the X­
y tables, and then I finish with a trio 
of book recommendations. 

Here we go. 

Preparing the X-Y Tables 

You can use kerosene, paint thin­
ner, TSP, or even good old soap 

and water and elbow grease to 
remove the waxy cosmoline gunk 
coating the Enco X-Y tables. It's a 
good idea to take your tables com­
pletely apart to familiarize yourself 
with how they are put together and 
to get rid of any molding sand 
trapped in odd crevices. Once 
cleaned, be sure to dry everything 
and coat all bare metal surfaces 
with light oil to prevent rust. 

As long as you use the right 
tools and don't use too much force, 
you shouldn't be afraid of breaking 
or misaligning anything. In order to 

get these tables into shape, you'll 
need to do a fair amount of tinker­
ing - adjusting the gibs and 
smoothing any rough spots on the 
ways at a minimum - so become 
comfortable with all the pieces. 

Depending on what your goals 
are for your Heavy Iron CNC 
machine, you may need to make 
more than just adjustments. For 
simple PC board drilling and routing, 
you likely won't have to do much 
more than adjust the gibs, but to 
use Heavy Iron to machine metal, 
you might have to do some more 
work. You might want better preci­
sion, smoother action, and to 
achieve this you may need to do one 
or more of the following : counter­
bore the leadscrew brackets to 
accept Torrington needle thrust 
bearings to reduce friction and play 
(www.torrington.com); replace the 
existing 10 TPI Acme lead nuts with 
anti-backlash nuts (www.picdesign. 
com) to reduce friction and back­
lash; hand scrape the dovetail ways 
to get more accurate, smooth sliding 
contact between the ways' bearing 
surfaces. 

I'll leave the Torrington bearing 
and the anti-backlash modifications 
for another time. They aren't 
absolutely essential to building a ver­
sion of Heavy Iron capable of drilling 
the holes in circuit boards. Later, I 
will show you how to extend Heavy 
Iron's machining capabilities, but for 
now, we'll just aim for circuit boards. 
It's better to spend less money and 
effort up front and get some experi­
ence with what your CNC machine 
can do. Then you'll have a better 
idea of what changes to make in the 
future. 

Enco Backlash 

Anumber of readers have 
expressed concern with how 

much backlash they perceive in the 
cross-feeds of the Enco X-Y tables 
I've recommended for this project. 
There will always be some backlash 
- also known as slop - in machine 
tool cross-feeds; some of it can be 
eliminated by proper adjustment of 
gibs and thrust bearings, etc., but 
some slop will always remain. 
Indeed, some backlash is desirable 
to free operation of machine tools. 
By providing extra clearance in the 
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mating of feed screws with their 
nuts and meshing of gears, your 
machine tool will be quieter, will 
wear longer, and will optimally use 
the strength engineered into its 
components. 

There are ways to drastically 
reduce backlash in cross-feeds by 
using special components such as 
ballscrews instead of plain Acme 
screws, but these are expensive; you 
really want to be sure you need 
them before you spend the money 
for them. For Heavy Iron, I'm assum­
ing that everyone will use Acme 
screws. Since you can't and don't 
want to eliminate backlash with 
Acme screws, you have to learn to 
live with it. One of the first things 
you learn in machine shop is how to 
compensate for backlash. 

I learned to run lathes and 
milling machines in a typical commu­
nity college machine shop. The shop 
had a variety of machine tools, new, 
old, expensive, cheap, in all possible 
permutations. One thing they had in 
common after years of being abused 
by students was slop in their feeds. 
How were we expected to maintain 
tolerances of 0.001" when there 
might be as much as, say, 0.100" 
slop in the cross-feed? 

As my shop teacher was fond of 
saying, anyone can get good results 
from a brand-new, properly adjusted 
machine tool, but it takes a real 
machinist to get good results from 

FIGURE 2 

an old, worn-out machine. 
Fortunately, compensating for back­
lash isn't that hard. 

Compensating for Slop 

First of all, you must get an idea of 
how much backlash is in your 

feed screws to begin with. After 
you've adjusted the gibs, hand­
wheels, and thrust collars to mini­
mize other slop that can be mistak­
en for backlash, tighten up the gib 
screws a little more to lock the 
machine table in place (some tables 
are provided with thumb setscrews 
for this purpose). 

Now gently turn the feed wheel 
counterclockwise until it meets firm 
resistance; note the reading on the 
graduated collar, then turn the 
wheel the other way and note what 
the graduated collar reads when the 
feed wheel stops in this direction. 

The difference between these 
two readings is the feed's backlash. 
If you want to be really thorough, 
you can perform this backlash mea­
surement several places along the 
feed screw and average the results 
together. (Don't forget to readjust 
the gibs or the setscrew for normal 
operation after you've measured 
backlash.) 

The effect of backlash is that 
the same position of the machine 
table will show different readings 
depending from which direction you 
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approach that position. To compen­
sate for backlash during manual 
operation, then, you could add or 
subtract the appropriate amount of 
known backlash from what you read 
on the graduated collars each time 
you make a cut. However, that would 
be inefficient and error-prone. 

A better way is to always bring 
the cross-feed graduated collar back 
to zero - or whatever offset you 
are using - from the same direction 
for each cut. Say you are measuring 
the feeds for your cuts by turning 
the relevant feed handwheel clock­
wise. Each time you want to make a 
new feed change from zero, you 
should turn the wheel counterclock­
wise past zero by a little more than 
the backlash amount, then clockwise 
through zero to your desired feed 
reading, all the time maintaining 
constant pressure on the feed 
wheel. If you should overshoot your 
desired position, back off to take 
out the slack and try again. 

This is all much easier to do 

84 JUL'/ 200t/Nuts & Volts Magazine 

than to de.scribe. Even better, the 
CNC software you'll be using allows 
you to enter backlash compensation 
parameters for each controlled axis. 
There are still a few gotchas - as 
well as work-arounds to deal with 
the gotchas - but I'll talk about 
those in future articles. 

More Precision? 

If you want more precision, one 
place where it really pays to spend 

time is truing up the dovetail ways of 
the X-Y tables. The surface finish of 
the ways leaves something to be 
desired with both Enco X-Y tables I 
bought. These are not precision 
ground bearing surfaces the way 
they come from Enco, and lacking 
access to a surface grinder to correct 
this, I resorted to hand scraping the 
mating surfaces to get a better fit. 

Hand scraping the ways is not 
necessary for the PCB version of 
Heavy Metal, though it's certainly 
worth your time to remove any 

machining burrs and scrape down 
any noticeable rough spots. I outline 
the more rigorous precision scraping 
process below because the tech­
niques and tools mentioned are gen­
erally useful for the construction of 
the rest of the project. 

The art of hand scraping is actu­
ally quite easy to learn, and the level 
of precision you can reach using the 
technique is astonishing . It was the 
method used to make true surfaces 
for the first precision machine tools 
two centuries ago, before there 
were the tools to make the tools. It 
is still in use today to finish new pre­
mium machines and recondition old 
ones. Using hand scraping, you can 
produce surfaces as perfectly true 
and smooth as you wish, to mil­
lionths of an inch, if you have the 
patience. 

Surface Plates 

In hand scraping, one surface 
serves as the test standard against 

which one or more other surfaces 
are measured. Sometimes the stan­
dard will be the surface of a part 
meant to mate with another part, 
such as a shaft to run in a bearing, a 
tapered plug to fit in a tapered sock­
et, or the inside angles of a dovetail. 

A more general test standard is 
a precision surface plate - a slab of 
granite or cast iron with a perfectly 
flat surface. With either type, you 
apply a thin coat of indicator color 
to the test surface to show up high 
spots on the work when you rub the 
work against the test standard. 
Dykem Hi-Spot Bluing Paste (Enco 
#505-1387, $4.46 a tube) is a good 
indicator color, but Prussian blue oil 
paint available from art supply stores 
will do also. 

A surface plate is used in two 
ways: "wet" as a test standard to 
which is applied an indicator color 
as above; "dry" as a reference sur­
face for doing precision layout on 
machine parts. In a shop where I 
once worked, I used a surface plate 
exclusively for the latter purpose, 
and I miss having one. Surface 
plates are quite expensive, though; 
an 18x24 Starrett pink granite sur­
face plate - .00026" unilateral toler­
ance - runs about $300.00 includ­
ing shipping in the continental US (a 
good thing, since this baby weighs 
165 lbs.). 

You can also find cheaper 
import brands. For instance, Enco's 
#640-0140 18x24 black granite sur­
face plate is just $49.99, and it 
sometimes goes on sale for less than 
$40.00. Depending on where you 
live, though, you may pay more for 
shipping than for the surface plate 
itself. It weighs 180 lbs., and truck 
freight from Enco's warehouse in 
Nevada to Pittsburgh, for instance, is 
about $80.00, enough to deter me 
from buying one just yet. 

Just Scraping By 

Anyway, once you've got the high 
spots indicated on the work, you 

use a hand scraper to scrape metal 
from high spots to gradually bring 
them down. You can buy 4" machin­
ist scrapers from Enco in triangle, 
flat, and half round styles (Enco 
#380-0030, #380-0020, and #380-
0025, respectively); they cost only 
$1 .65 each, so I recommend getting 
a couple of each. They are a bit 
small for hand scraping large sur­
faces, but quite useful for deburring 
and scraping small areas. 

You can also make a larger 
scraper from an old file by grinding 
it to the profile shown in Figure 1. 
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The end A should be ground at right 
angles to the centerline of the file, 
and the teeth should be ground off 
on a flat taper about 1-1/2" long, 
varying in thickness from about 
1/16" at A to the thickness of the 
file at B. The end should be very 
slightly rounded at D so the corners 
of the scraper won't dig into the 
work. 

In grinding the file, you must 
grind lightly and cool the file fre­
quently in water. You don't want to 
draw the temper by allowing the 
metal to become too hot while 
grinding. If this should happen, the 
metal won't be hard enough to cut. 
A half second of grinding followed 
immediately by several seconds cool­
ing in cold water should do the 
trick. Once the proper profile is 
ground, finish the scraper by honing 
it on an oil stone until sharp and 
smooth. 

To use the scraper, hold it as 
shown in Figure 2. Hold the scraper 
at a shallow angle with respect to 
the surface to be scraped and push 
smoothly along the work to remove 
thin shavings of metal. 

If the scraper chatters, you are 
probably holding it at too high an 
angle; the higher the angle, the 
deeper you cut. Chatter can also 
occur if the edge isn't uniformly 
sharp. 

Move the scraper in one con­
stant direction for each pass over 
the work using short strokes about 
1/2" to 1" long, all in the same 
direction. Reapply the work to the 
surface plate to indicate the new 
high spots, and go over the entire 
work again with the scraper using 
strokes at right angles to the previ­
ous direction. 

The third pass you may stroke 
the same direction as the first or 
half way between the directions of 
the first and second. The fourth 
pass should be at right angles to the 
third. 

Continue this process of rub­
bing the work on the test surface 
and scraping the high spots until the 
high spots are all small and evenly 
distributed. When you begin, there 
may be only a few high spots repre­
senting a small percentage of area 
contact between the surfaces. 

The contact points become 
more numerous and closer together 
as you scrape the surface true. A 
dead-flat surface would have 100% 
contact, but it's better to shoot for 
75% contact; this is a good compro­
mise between enough precision for 
the job and good friction and wear 
characteristics. 

Alternatives to Surface 
Plates 

Agood quality bench level with 
milled surfaces will work in 

place of a surface plate, as will any 
precision machined surface such as 
a drill press table. Plate glass -
because of the way it is manufac­
tured - also possesses the necessary 
smoothness and flatness, provided 
you support the glass so it won't 
flex. Ordinary window glass won't 
do (it's not precise enough). 

If you can find plate glass 1 /2" 
thick or more, that is ideal, though 
in my area anything thicker than 
1/4" is a special order item. I have 
heard of laminating thinner blanks 
of plate glass together, but you 
would have to be very careful about 
how you perform the lamination -
the adhesive used must be a close 
thermal match for the expansion 
rate of plate glass. 

In our case, we're interested in 
the bearing surfaces of dovetail 
slides. A surface plate would only be 
able to help indicate the trueness of 
the accessible flat bearing surfaces 
of the slide (it's of no use, directly, 
on the inside angles). 

On disassembling the larger X-Y 
table (Enco #201 -2536), the accessi­
ble bearing surfaces are the top and 
bottom of the saddle. For the smaller 
table (Enco #201 -2826), the accessi­
ble bearing surfaces are the top of 
the saddle and the top of the base. 

To sum up, if you have - or can 
improvise - a surface plate, feel free 
to try your hand at hand scraping. 
For very little money, you can turn a 
mediocre machined surface into a 
thing of precision beauty. 

Full House 

What do a drunkard's walk, the 
disappearance of 0.400 hitting 

in baseball, the Boston Marathon, 
and the dominance of bacterial life 
on Earth have to do with each 
other? For Stephen Jay Gould, they 
are all systems - natural and artifi­
cial - that illuminate the nature of 
evolutionary trends. In Full House: 
the Spread of Excellence from Plato 
to Darwin, Gould uses these systems 
and more to shine daylight on some 
commonly held - but erroneous -
beliefs about trends and progress in 
nature. 

Why should a book about evolu­
tion - even one as entertaining as 
this one - be of interest to robot 
builders? First, all engineering 
design is evolutionary; there are no 
truly blank paper designs, all engi-

neering depends on what has gone 
before. When we design a new 
robot, we add incremental changes 
to previous robots, we combine ele­
ments from other robots in some 
new way, or - more often - we do 
a bit of both . Successful robots tend 
to be the ones that get copied . 
Variation with differential descent: 
that, dear reader, is evolution in a 
nutshell. 

Second, in the last 20 years, 
we've used evolutionary techniques 
to create software - so-called genet­
ic algorithms. Moreover, in the past 
year, we've begun to use these same 
techniques to evolve and manufac­
ture complete mechanical designs 
for robots with minimal human 
intervention. Within the next 20 
years, I expect it to become the 
norm for new robots to be evolved 
in computers rather than designed 
by hand. 

Both of these are good reasons 
for amateur robot builders to learn 
the subtleties of evolutionary 
processes, and Gould, in this and 
other books, is extraordinarily lucid 
in explaining how it all works. Full 
House is particularly important 
because it shbws how to tell the dif­
ference between evolutionary 
change brought about by random 
variation versus trends being "driven" 
by biases. 

Bias Bugs 

For genetic algorithms and robot 
evolution, ifs crucial to distin­

guish normal random variation from 
bias-driven trends; the former is 
desired for the efficient search of 
the solution space and the latter 
may indicate bugs in the simulation . 
Evolutionary robots depend on faith­
ful simulation to evaluate the "fit­
ness" of each design, so if there are 
biases, we want to know about 
them . 

Gould's arguments can be sum­
marized by the following : 

1) Life must necessarily have 
begun at a "left wall," the minimal 
complexity for organized matter to 
be considered alive. As Gould says, 
you can't precipitate a lion out of 
the primordial soup. 

2) These minimal-complexity 
forms are very close to the domi­
nant form of life on earth - bacte­
ria. Bacteria are the "mode" on the 
distribution curve of life's complexity, 
and they have been for 3.5 billion 
years. There is no driving tendency 
to "progress" to higher forms. While 
it is true that the mean complexity 
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of organisms has increased through 
t ime, the mode has stayed the 
same. If there were a bias toward 
more complex life in evolution, you 
would expect the mode of the curve 
to move rightward as well, but the 
mode has remained the same for bil­
lions of years - bacteria rule. 

3) The successful expansion of 
life over time forms an increasingly 
right-skewed frequency distribution. 
Life began at the left wall, so the 
only direction to expand was to the 
right. Purely on a random basis, 
some lineages will wander away from 
the left wall and form a right tail of 
the curve. One such lineage is our­
selves, but remember we are vanish­
ingly rare compared to bacteria . 

4) It's a distortion to character­
ize a distribution by its outliers. 
Suppose you sampled through time 
the extreme right edge of complexi­
ty, what sequence would you see? 
Gould suggests it might be: bacteri­
um, eukaryotic cell, marine algae, 
jellyfish, trilobite, nautiloid, placo­
derm fish, dinosaur, saber-toothed 
cat, and Homo Sapiens. Except for 
the transition from ba"cterium to 
eukaryotic cell, not one of these 
organisms would be an ancestor of 
the next. Each arrived on the right 
extreme by chance via less complex 
ancestors on the left. The tail does 
not wag the dog. 

5) The cause of the increase in 
numbers and kinds of life resides at 
the left wall and in the spread of 
_variation. The right tail of the curve 
is a consequence, not a cause. 

6) Away from the wall there 
appears to be no bias for a given lin­
eage to move closer or farther from 
the wall. 

7) Over time many different 
organisms have been the extreme 
outlier. If we could replay the game 
of life again and again, always start­
ing at the left wall and expanding 
from there, we would always get a 
right tail to the distribution. What 
organisms inhabited this region of 
greatest complexity would be wildly 
unpredictable for each run. 

We are not the apex of evolu­
tion, but the extreme tail of a very 
old, very skewed distribution. If 
there is anything unique about us, it 
might be that we may be the first 
species that will have the chance to 
design our own posterity. Which 
brings me to the next two books. 

Darwin Among the 
Machines 

George B. Dyson wonders if trees 
think and whether machines 
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might have souls. He comes to these 
questions not through foggy mysti­
cism but through crisp knowledge of 
computation in its many guises. 
Darwin among the Machine's: the 
Evolution of Global Intelligence is 
foremost a book about the compu­
tational processes evident in mar­
kets, ecologies, evolutionary adapta­
tions, brains, and, of course, com­
puters. It is also a book about what 
computers have been and may 
become, a history of the ideas and 
thinkers who imagined, theorized, 
and eventually built computing 
machines. 

Dyson deftly weaves together 
the stories of these thinkers, some 
well-known, some obscure, and 
some surprising: Andre-Marie 
Ampere, Charles Babbage, George 
Boole, Samuel Butler, Charles 
Darwin and his grandfather Erasmus 
Darwin, Thomas Hobbes, Gottfried 
Wilhelm von Leibniz, Warren 
McCulloch, John von Neumann, 
Isaac Newton, Nobert Wiener, Alan 
Turning, and many others. I'm 
reminded of James Burke's 
Connections series, but Dyson's con­
nections are less whimsical and 
more thoughtful and deep, making 
for fascinating history and great 
stories. 

I suggest reading this book only 
after getting a good grounding in 
evolution (Gould's Full House above 
is perfect for this), but do read this 
book, read it and soar. It will sur­
prise and delight you with its gar­
dens of the mind, and its digital 
ecologies of the machine. 

Emergence 

John H. Holland, the "father of 
genetic algorithms" has written a 

wonderful, ambitious book that 
attempts - and largely succeeds -
to unify such seemingly disparate 
things as board games and neuro­
science, economics and literature, 
and physics and evolutionary biolo­
gy. It is a broad exploration of emer­
gence, the simple idea that the 
whole can be more than the sum of 
its parts. 

Holland says in Emergence: "We 
are everywhere confronted with 
emergence in complex systems -
ant colonies, networks of neurons, 
the immune system, the Internet, 
and the global economy - where 
the behavior of the whole is much 
more complex than the behavior of 
the parts." He is fascinated with a 
vine emerging from a seed, life 
emerging from physics and chem­
istry. Much coming from little. 

Cybernetics and Evolution 
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How can this happen and why 
is it at once both so common and so 
rare? In any attempt to answer 
these questions, you run smack into 
the paradox that much does indeed 
come from little - much, much too 
much. The complex behavior of 
emergent systems blinds us to the 
underlying simplicity that drives 
them. 

A good way to deal with com­
plexity is with a model. Models -
Holland conceives - include maps, 
games, paintings, and even 
metaphors and poetry. A good 
model exhibits the same complexity 
and emergent phenomena of the 
system it models, but with confusing 
details sheared away. Models cap­
ture the regularities of emergence. 

Another way to attack complexi­
ty is with well-understood building 
blocks. The building blocks them­
selves can be quite complicated, but 
as any software designer knows, 
once you can reduce something to 
predictable inputs and outputs and 
put it in a black box, you've gone a 
long way to conquering a larger 
problem. 

Holland's agenda is to find and 
formalize regularities in how com­
plexity emerges in all kinds of sys­
tems obeying simple rules. There's a 
good deal of mathematics in this 
book, but all the hairy stuff is set off 
in boxes; the text itself is written so 
you can skip the math if you want 
and still get most of the meaning. 

I particularly enjoyed Chapter 4 
on Arthur Samuel's checkers player 
program (which taught itself in the 
1950s how to play checkers better 
than Samuel), and Chapter 5 is the 
best introduction to the behavior of 

real neurons and neural networks 
I've ever read, bar none. (Be aware, 
though, there is an error in Figure 
5.5c and repeated in Figure 5.6). 

I would recommend the book 
on the strength of those two chap­
ters alone, and there's lots more 
great stuff in the other 10 chapters. 
Definitely read this book. Combined 
with Full House and Darwin Among 
the Machines (and the other books 
in the sidebar), it's a super way to 
triangulate on the broad field of evo­
lutionary robotics and computation. 
Think of it as re-tooling your mind 
for the revolutions to come. 

Journey to the Ants 

That's all the space I have this 
month. Reading the books I rec­

ommended has helped me under­
stand how an anthill can be so 
smart when individual ants are so 
dumb. The carpenter ant colony I've 
been battling with the past couple 
weeks showed all the signs of being 
smarter than me, but I finally got 
their number: they have a collective 

- sweet tooth. The poisoned ant baits 
from the super market work much 
better now with a tiny bit of maple 
syrup rubbed in the poison. The tide 
has turned . See you next month. 
NV 

If you have suggestions, 
questions, or comments about 
amateur robotics topics, you can 
now reach me at: 

Robert Nansel 
Box 228 

Ambridge, PA 15003 

Email: bnansel@nauticom.net 



t the end of Raiders of the 
Lost Ark, the mystical and 
treasured Ark of the 
Covenant, which Indiana 
Jones had spent the 

entire movie risking life, limb, and 
fedora to rescue, is placed inside a 
warehouse that seems to stretch on 
towards infinity and beyond. (Oh wait, 
that's the slogan from Toy Story. Sorry 
- wrong movie!) 

It's placed along side a vast num­
ber of other priceless artifacts. (Sure 
the shot is a rip-off from the end of 
Citizen Kane, but every film borrows 
something from Kane or 200 I.) Well, i 

the computer lover's equivalent of : 
one of Indy's archaeological digs is ' 
Silicon Valley's Computer Museum 
History Center in Mountain View, CA 

While it plans to open a proper, 
more museum-like facility in 2005, 
currently, the Computer Museum 
History Center (or CMHC for short) 
is housed in Building # 126, a World 
War II-era storage facility on the . 
grounds of NASA's Moffett Federal ' 
Airfield. 

Behind it, creating an ominous, 
overpowering feeling, simply by its 
sheer size, is the enormous Hangar 
One, 200 feet wide and 1,000 feet 
long. (One thousand feet! In other 
words, it's bigger than TV's original 
starship Enterprise, which was sup­
posed to be 'only' 947 feet long.) 

Hangar One was built in the early 
1930s for the Navy's rigid 

Hindenburg-sized dirigibles. It totally 
overwhelms the museum's facilities, 
and graphically illustrates a theme of 
miniaturization, which has benefited 
both aircraft and computers. 

The CMHC's current home is 
divided into two rooms, 'T' style, with 
one large room filled cheek to jowl 
with mainframes and supercomput­
ers, and the other filled with PCs, 
robots, even a computer-equipped 
bicycle, along with other oddities, rar­
ities, and peculiarities of the comput­
er world . The museum's web site at 
http://www.com puterhi story.a rg/ 
highlights both the scope of the col­
lection and its history. 

Let's look at the museum's col­
lection of mainframes and supercom­
puters; they're the history, the 
bedrock, the foundation that today's 
PCs are built on. 

Heeeeeeeeere's Johnniac! 

One of the first computers visi­
ble when walking through the 
CMHC's front door is Johnniac, a 
hugely influential - and just plain 
huge - beast of a computer from the 
early 1950s. 

Built by the RAND Corporation, 
Johnniac's exterior features styling 
perfectly in tune with the early 50s -
all rounded edges and bakelite finish­
es, sort of like a giant, I 0 foot square 
refrigerator. (Which it was . Air-condi­
tioning equipment installed on the 

Photography by Art: Puliafico 
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floor below Johnniac pumped in cool 
air over the machine's over 2,000 vac­
uum tubes to keep them from over­
heating.) 

Turning the old cliche of 'form 
follows function' on its head , Chris 
Garcia, the Museum's historical col­
lections coordinator, says that it's 
quite possible that the case came 
before the guts of the computer. "I've 
seen an early painting of Johnniac that 
is dated 1951," he says, "and that pre­
cedes the machine by almost three 
years, so I don't know. It's a very 
interesting question, and I've tried to 
get a more solid guarantee on that, 
but I don't know if it will ever come 
- most of those guys are either 
gone, or are slowly going away." 

While Johnniac's massive exteri-
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or case is all sober I 950's design, its 
name must rank as a high point of 
silliness in the otherwise staid, tweed 
jacket, and briar pipe world of mid­
century computer engineers . The 
Johnny in Johnniac comes from John 
von Neumann, one of the early com­
puter pioneers, who cut his teeth 
designing ENIAC. 

Von Neumann was actually none 
too happy at RAN D's choice of a nom 
de mainframe. In a benign forecast of 
the rather more virulent Gates/Jobs 
wars of the early 1980s, Garcia says 
that Von Neumann wrote off a very 
nasty letter, saying, "How dare you 
name this machine after me!" No one 
is sure what prompted the slight, but 
Garcia speculates that it was Von 
Neumann's ego getting in the way, 

tN r 

since he had little or no input on his 
namesake other than the fact that it 
used his basic computer architecture. 

The RAND Corporation built 
Johnniac to aid in the design of 
national defense projects at the height 
of the Cold War, but it also performed 
more mundane workday tasks like 
running RAND's weekly payrolls. It 
even had an early time-sharing system 
called JOSS, or the Johnniac Open 
Shop System. Garcia says, "It did a lot 
of really important work for RAND, a 
lot of it which only recently has been 
made available to the public ." 

Amazingly, Johnniac soldiered 
into 1965 as a regularly used main­
frame, and it was only by 1968 that it 
was slowly phased out. 

To put into perspective 

Johnniac's size, and to reduce any 
qualms about computer-envy, consid­
er what Willis Ware , one of Johnniac's 
original designers, was asked a few 
years ago at a symposium at the 
museum. "In today's terminology, just 
for comparison, suppose you're build­
ing Johnniacs for sale, you want to put 
an ad in the Computer News, and sell 
the thing. What clock speed, how 
much RAM did it have, how many 
ports - what kind of capacity . . . " 

Ware's response? "Zero, zero, 
zero, and zero," causing much laugh­
ter around the room. Ware said , "It 
had no clock; it had no ports, in the 
current meaning of that word; had 
very nominal memory, 4,000 words 
by eight bytes per word - five, 
rather, excuse me." 

That faint sound you're hearing is 
your PC laughing its printed circuits 
off. 

Raiders of the Lost 
Johnniac 

So how did the museum get 
Johnniac? According to John C. Toole, 
the museum's Executive Director and 
CEO, Johnniac had been on display at 
a Los Angeles county museum. One 
day, Willis Ware was horrified to see 
his baby sitting in the museum's park­
ing lot! "They were just getting rid of 
it," Toole says. "It was one of these 
things where the accession records 
were probably lost over a period of 
time, and somebody said, 'we've got 
to clean this out for a new exhibit, get 
rid of it!'" 

In the late 1980s, the predeces­
sor to the Computer History 
Museum was located in Boston. 
"Ware apparently called the 
Computer Museum because he knew 
Gwen." Gwen was Gwen Bell, the 
wife of Gordon Bell , and the two 
were the cofounders of the Boston 
version of the current Computer 
Museum History Center. So having 
been rescued from computer obliv­
ion, Johnniac was crated up and 
shipped to Boston, where it was on 
display until it returned west, along 
with the rest of the museum's con­
tents, in the mid- I 990s. 

The Mother of All Air 
Defense Computers 

Those 2,000 vacuum tubes inside 
Johnniac seem positively minimalist 
when compared with SAGE (Semi­
Automatic Ground Environment), 
which contains a whopping I 00,000 
worth . The 400 square feet of SAGE 
hardware in the museum's collection 
came from one of the last survivors of 
a family of 28 identical computers, 
part of a project begun in the early 
1950s and online by 1958, networked 
together to create an embryonic 
Cold War air defense system against 
Soviet nuclear bombers. 

The museum's SAGE is particu­
larly noteworthy, since it was the last 
operational SAGE to be removed 
from service in North Bay, Ontario, in 
1983. 



A Bicycle wi~h a Trailer and Robo~s1 
In a Co111pui;er Museu11111 

0 f course, Dr. Strangelove-style Cold War super computers are far 
from the only equipment in the Computer History Museum's collec­
tion. In the visible storage facility, there is a room filled with robots, 

many of the most historically significant personal computers of the 1970s and 
80s, and a bicycle with a trailer. 

Yes, I was curious about that last one, too. So I asked Chris Garcia just 
what is the deal with the damn bicycle stuck in the middle of a room other­
wise filled with robots, video games and PCs. He explained that it's called 
BEHEMOTH, or the "Big Electronic Human-Energized Machine, Only Too 
Heavy." 

In 1983, Steve Roberts, a computer consultant and ham radio experi­
menter was getting bored with the humdrum of suburbia, and was overtaken 
with a sense of wanderlust (these things happen in suburbia - even other­
wise sedate Ohio suburbia - from time to time). So Roberts decided to take 
to the open road on a cross-country bicycle trip. He built a couple of first­
generation super-bikes, one of which he dubbed the Winnebiko, until he finally 

In a way, SAGE may have been the 
'Star Wars' project of its time. Just as 
the fear of the Space Defense 
Initiative was enough to cause the 
Soviet Union to begin to unravel in 
the late 1980s, in the 1960s, even if 
SAGE never would have worked, larg­
er-than-life rumors of its existence 
made it enough of a bluff to have 
helped keep the peace, especially dur­
ing the Cuban Missile Crisis. Which is 
fortunate , because by the time SAGE 
was active in the early 1960s, it was 
essentially obsolete, as it was too 
slow to track hypersonic ICBMs. 

Whatever its flaws, Garcia says 
that the SAGE program had "massive 
innovations in its architecture. Things 
like modems, CRTs, a decentralized 
network, and the light gun interface," 
which would allow the operator to 
click on SAGE's monitor and pull up 
information from various databases. 
The knowledge derived from SAGE 
would later be used in another avia­
tion computer project, American 
Aviation's Sabre airline reservations 

system. 
Each complete SAGE installation, 

encased in hardened concrete, was 
huge, Garcia says. "I've never gotten a 
good tonnage answer, but the way I 
had it described to me by one of the 
gentleman who had worked in it, was, 
'If you took Fenway Park, filled it with 
electronics, buried it a half mile 
underground, that was one SAGE 
installation."' 

In addition to the massive size of 
each SAGE installation, the project's 
hyperbolic style included the number 
of people who programmed it, which 
was "somewhere around half of the 
world's programmers in the late 
1950s," Garcia says. 

Cray: In the Border 
Between Functional and 
Aesthetic 

While the late-1970s ushered in 
a new era of cheap, relatively low-cost 
personal computers, eventually devel­
oping into the PC or Mac that sits on 

realized exactly what he wanted to do while bicycling -
basically, the simple, everyday things that everybody wants 

to do on their bikes: word processing, sending email via 
Compuserve, and talking on ham radio. (Given England's 
environmental concerns, Q Branch is probably modifying 
a Schwinn for James Bond with all of these features, and 
an ecologically balanced laser cannon in the front fender, 
to boot.) 

Robert's 'pneumatic research lab' cost 1.3 million 
dollars for all of the technologies he wanted integrated 
into it. Garcia says that Robert's Ober-Schwinn allowed 
him to ride more than 16,000 miles, write a book, "write 
articles for every magazine known to man, give interviews 
for magazines and television stations, and just all sorts of 
other neat stuff." 

After one final jaunt through the Midwest, Robert's 
wanderlust began to develop sea legs, and the BEHE­
MOTH was eventually retired to the museum. His cur­
rent passion is building a 'tri-maran' (a catamaran with a 
hull to spare) with similar features to sail around Florida 
with. Perhaps that too will end up in the museum, display­
ing man's ability to interface technology with any vehicle 
imaginable. 

Robots, for Earth and Beyond 

The BEHEMOTH isn't the only mobile computing 
machine in the museum's collection. Several robots sit 
next to it.And what interesting robots they are! They 

include the early- I 960s Rancho Arm, which is often referred to as 'the first 
real robotic arm,' and its cousin, The Stanford arm, which was the first suc­
cessfully computer-controlled arm. 

Then there's Shakey, a mobile robot so named because whenever it would 
go over doorway jams, the top portion, which "wasn't completely stable," 
according to Garcia, would shake very violently. 

Shakey, despite's its derisive name, was very important and influential in 
the generations of mobile robots that followed it. It sits near a machine with 
four tank treads, and a Jet Propulsion Laboratory logo, which is a Mars Rover 
prototype from the early 1970s that never left Planet Earth. Garcia says that 
NASA planned to send the Mars Rover to map and explore the planet. "The 
project was scrapped, in favor of manned spaceflight," Garcia says, "that 
became NASA's real baby at that point." Although in the 1990s, a new Mars 
Rover was developed and successfully deployed. 

But Garcia thinks that in the 1970s, NASA may not have had the technol­
ogy back then to accurately send the commands to the robot from Earth to 
Mars, 35 million miles away. 

your desk, there were (and are) more 
than a few big gargantuan computers 
still being produced - the most well 
known of which are named after their 
designer, Seymour Cray. He's "proba­
bly as close to a rock star as the com­
puting industry has," Garcia says. 'The 
museum has been very lucky to be 
able to document his history, dating 
back from even pre-Cray, when he 
was with Control Data, and the 
NTDS, which he designed for 
Remington-Rand-Univac." 

Garcia says the museum has two 
Cray- Is, two Cray-2s, parts of a Cray-
3, and boards from Cray-4, which he 
says, "was never actually produced as 
a whole machine." 

According to Garcia, Cray 
Research, Inc ., sold about 150 of these 
supercomputers, evenly divided 
among the I, 2, and 3 series. What 
made these multimillion-dollar 
machines so desirable was their 
speed, coupled with the elegance of 
their design, both internally and 
externally. Cray "really lived in the 

border between the functional and 
the aesthetic," Garcia says, and quotes 
him as saying, "If you're going to pay 
$20 million for a supercomputer, you 
might as well have a nice sculpture, 
too." 

And the best of Cray's works are 
beautiful, functional sculptures, taking 
machine aesthetics to a new high, if 
often employing idiosyncratic, per­
sonal touches . On the Cray- I, picture 
a seven-foot high column curved into 
the shape of a C, with a padded love 
seat running around the base. That's 
the Cray-1 's design. 

The C shape both reduced wire 
lengths, and also told you immediate­
ly just who designed this hulking great 
sculpture, and the love seat was on 
top of the unit's power supplies. "So it 
was functional, in that it was a place 
for the power supplies to be, without 
having to run all sorts of conduit and 
such," Garcia says, "but also, it was a 
great way to have a nice little seat for 
people." 

However, in terms of exterior 
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CRAY-2 

styling, perhaps the most elegant of 
the Crays was the Cray-2, with its 
ingenious visible glass waterfall. This 
waterfall allowed its Fluorinert liquid 
to perform deoxygenating and cool­
ing functions . In comparison, Garcia 
says that other machines using the 
same technology often look "like a 
milking machine from a cattle farm ." 

What's Fluorinert? It's a blood­
plasma substitute that's an excellent 
carrier of oxygen, and non-reactive in 
most cases. It's such an excellent car­
rier of oxygen, that it was featured in 
the movie The Abyss, in the scene 
where a mouse is 
immersed in the stuff and 
keeps breathing - that 
was actual Fluorinert, not 
special effects trickery. 

The $400.00 a 
Gallon Pause That 
Refreshes 

itself." 
To cool the few remaining Crays in 

operation, 3M still makes Fluorinert, at 
about $400.00 a gallon, which lasts up 
to six months. "That's one of the rea­
sons why Crays sort of started to fall 
out, because they were very expensive 
to operate, and Fluorinert is harder and 
harder to find ." 

Why go to all the trouble to use 
a $400.00 a gallon liquid to cool a 

Garcia says that the 
Crays' technicians "would 
actually cool down the 
Fluorinert, and pump it 
into the machines, and it 
would circulate through, 
and as it was circulating, it 
would get heated and it 
would bubble up. It was 
the equivalent to having 
immersed the entire 
machine in a cooling liquid 

Johnniac tube 
close-up 
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computer? Because from the late 
1970s, until the mid- I 990s, Crays 
were the fastest vector-processing 
computers on the market. It was only 
in the mid- I 990s that they were final­
ly largely replaced by even faster (and 
cheaper to operate) multi-processing 
supercomputers. Garcia believes that 
at least two or three Cray-3s are still 
operating to this day. 

The Angry Wife Syndrome 

How do such incredible 
machines wind up in the museum's 
collection? As we've already seen, 
Johnniac ended up there because of a 
chance discovery and a phone call 
from one of its original designers . 
Whereas the computers in the col­
lection from Digital Equipment 
Corporation ended up in the museum 
because DEC wasn't able to support 
and maintain its own exhibit space. 

Many of the museum's PCs come 
from donations, often from what 
Chris Garcia calls "the angry wife syn­
drome." He says a number of hus­
bands have cleaned out their garages 
or basements as a result of gentle 
pressure from their wives, and come 
across a manual, a book, or even a 
whole computer. 

But before you call the museum 
to donate your equipment, Garcia 
says there are certain items they have 
plenty of. "We get probably 50 per­
cent of our donations for the same 
three or four machines: the TRS-80, 
the Commodore PET, the Sinclair ZX-
80 or 81, and the Commodore 64. A 
lot of people call about those." 

But beyond what Toole describes 
as "the more traditional kind of things 
on the PC side," there are a number 
of items that the museum wishes to 
add to their collection. "It could be 
software, it could be manuals, it could 
be pictures that are associated with 
things at that time." These items are 
becoming increasingly important to 
the museum to flesh out the collec­
tion, as it gets closer to actually being 
a more functional exhibit space. 

JOHNNIAC 

The Best Bargain in 
Computing 

Unfo rtu nately, at the moment, 
the museum's 'visible storage facility' 
is just that. "We haven't any kind of 
curated exhibit space there at all. 
Things come in on forklifts, and we 
try to put them in an open way, so 
that you have a sense of things that 
are going on." 

But it's not a museum, in the 
same way that say, New York 
Metropolitan Museum, or 
Philadelphia's Franklin Institute is. 
But it will be, soon. When will that 
occur? 

Basically, there are two compo­
nents to upgrading the museum. The 
first is that NASA is planning to con­
vert Moffett Field from an aging Navy 
air facility to a 220-acre combined 
research and historical park, with 
Hangar One being turned into a giant 
air and space museum devoted to 
California's role in this field . 

As for the Computer History 
Museum itself, "We expect to break 
ground in 2003, and be operational in 
2005, on a three-acre tract of land, 

' just in front of the big Hangar One, 
which isn't too far from where the 
current Visible Storage Area is locat­
ed. We're going to build about a 
I 14,000 square foot building on that 
parcel." 

How much does it cost to visit 
the Raiders of the Lost Computers? 
John Toole says that until the muse­
um's new facilities open in 2005, 
"Right now, it's free.You can get an up­
close and personal tour of some of 
these things, like no place else in the 
world that I know of, bar none, can 
you see these machines side by side, 
and I just wish we had more space 
and time and energy to put more of 
them out, but we expect to do that in 
2005, when we really become opera­
tional." 

Which may just be the best bar­
gain, bar none, in the world of com­
puters. Give the museum a call at 650-
604-2579 and stop by soon! NV 



Objective 

I've been experimenting with SBCs since the 
old Cosmac Elf days. I use microprocessors for 
appl ications in the control of sca le model rai lroads 
and just for having fun. 

One of the neat features of the OOPic is that 
you can quickly program it using Visua l Basic and 
a simple adapter cable to your PC. The compiled 
code is stored in EEPROM so you can disconnect 
the CPU from the PC and run it in a free-standing 
hardware set-up. 

Al l you need is a power supply adequate for 
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Figure 1 : Four BIT Address Out Selects 
One BIT Data In 

Learning to interface this versatile microprocessor 

by building expansion modules. 

by 
Robert Fink 

Graphics 
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Shelley 
Klingelsmith 

TTL and the interface you wil l be using . Ah, but 
there's the rub! Level changing and interfacing 
any computer seems to be the most complicated 
job of all. 

I take the simple way out when I see a new 
application . I build some basic modules that w ill 
allow me to input data and have the computer 
run routines that verify my ideas. Then I increase 
the complexity and move up to more complicat­
ed, combined modules to connect. The first 
"boards" can be on experimenter or prototype 
frames, but I like to draw out and etch my own 
printed circuit boards (PCBs) right from the start 

+5VDC 

• ----116 
BIT• 

• • • • 1 +- Plug Sets any 
'• • • BIT Low :c • - • 0 

Q • z • (!> 

.s • ID • :a s • u 
ID • a; • (I) 

• • 

GND 

after an idea has been tested. 
Most model railroad/computer applications 

have exactly the same requirements as roboti cs or 
many other control outcomes. 

I need to input digital data usually from many 
different "one bit" points, then have it processed 
in a log ic routine. Finally, the outcome of the 
computer's decision must be output and convert­
ed to suitable current, voltage, or mechanical 
parameters to complete the loop. 

Nothing new or unique here, but there are 
many things going on at once in the operation of 
trains and the track equipment and that means a 
lot of inputs. 

The OOPic has 32 bi-directional input lines 
which are fine, but I wanted to be able to multi­
plex 16 inputs into the machine and have it seek 
one of these usi ng on ly a four-bit address. At 
other times, I need all 16 lines passed in so my 
contro l module has two modes of operation. 

A Dual Design 1/0 Module 

The approach I have used is to use a single 
7 4150 16-bit multiplexer to have any of the lines 
addressed by the computer input alone. There is 
also a "bypass" of the lines around the IC and 
directly into the OOPic 1/0 connector so I can also 
have program routines interpret a 16-bit "number" 
from the input data . I also like to have an output 
point that is available for any form of hardware 
and the old "open col lector" will do just that . 

To bui ld the board shown, I used the advan­
tage of the OOPic 40-p in IDE connector by using 
a standard IDE disk drive cable. Everyone seems 
to have these lying around or they can be pur­
chased and cut off to yield a short cable, or even 
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Figure 4. Software to poll 
16 input bits 

'Software for an OOPic Multiplexer 

'Using the 7 4150 input multiplexer 
'This software polls 16 bits as 
'one-bit inputs by send ing a four­
'bit add ress and outputs their 
'state on a one-bit output 

Dim OUT1 As New oDio4 
Dim ARN As New oByte 
Dim IN1 As New oDio1 

Sub Main() 
OUT1 .IOGroup = 2 
OUT1 .Nibble = 0 
OUT1 .Direction = cvOutput 
IN 1.loline=23 
IN 1.Direction = cvlnput 

Do 
For ARN = 0 TO 15 

OUT1 .Value = ARN.Va lue 
Stall 

Next ARN 
Loop 

End Sub 

Sub Stall() 

DIM I AS new Obyte 

For I = 1 to 10 
Next I 

End Sub 

The basic design theory of the mult iplexer is 
shown in Figure 1. The 16 lines are all pu lled high 
using in-l ine resistors and a two-pin header is pro­
vided fo r each line to pul l it to ground if we 
desire. In th is way, we can mechanically build any 
16-bit number we need for a sing le application. 
The lines are fed to the inputs of the 74150 IC 
and the computer supplies a four-bit data address 
which "chooses" one of the 16 lines and outputs 
it state on a f ina l pin which can be used for 
device operation or fed to the computer as one­
bit information. 

Software Considerations 

The program I've provided as Figure 4 is as 
simple as it gets . We set up a loop and "poll" 
each line by sending the loop counter as an 
address to the IC. The input va lue is read in and 
also turns on the data state LED when a data line 
is low. Any other subroutine cou ld be used to 
actually read a 16-bit data number if that were 
desired. 

Testing It Out 

all three connectors can be retained and two 
modules connected in "daisy change" fashion. 

tor must be checked as you test your designs. 

After you have built the circuit and checked 
the wiring, fire it up. Enter the software and, if 
there are no mistakes during the "Make" phase, 
then "Make and Download" it. The nature of the 
clock speed of the CPU allows some delay as the 
pol ling goes on . Shunt block a line of the data to 
ground and notice the LED begin to blink . Shunt 
another and you have changed the blink rate . 
Does this begin to suggest counter applications to 
you? Or how about varying the bit pattern you 
pull low and notice the Morse code effect. 

You must be carefu l if you are going to rely 
on the OOPic five-volt power as the onboard reg­
ulator can "only supply a few hundred milliamps. I 
have used separate power supplies for some of 
my other modu les, but overheating of the regula-

The place to start in any interface is knowing 
the pinout of the 40-pin 1/0 connector. Figure 2 
shows the underside view as you will need to 
view it when designing a PCB. To keep it simple, 
the three "groups" of eight-bit 1/0 lines and the 
power taps are about all you need . 

There are a lot of things that we can do with 
microprocessors, but the first step is always mas­
tering the interfacing phase. Once you start sim­
ple and have that mastered, there's no telling 
what you'l l be connecting your computer to . NV 
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This month's sponsor ... 

All Electronics 

$50.00 
Gift Certificate 

Towards Purchases 

Check out their ad on page 38!! 

PAID SUBSCRIBERS ARE 
AUTOMATICALLY 

ENTERED EACH MONTH! 

To Subscribe - Just fill in and mail the card supplied in the maga­
zine or call our toll free order line at (800) 783-4624 with a Visa or 
MasterCard. · 
If you do not wish to order a subscription, but would like to be entered in our drawing, 
simply send or email your name, address, and telephone number to Nuts & Volts, 430 
Princeland Ct., Corona, CA 92879 or drawing@nutsvolts.com. No phone entries accepted. 
All orders/entries must be received by the last day of the month to be included in that 
particular month's drawing. 



EVERSECURE ES-8960 

Mateo introduces its EverSecure ES-
8960 real-time/ time-lapse VCR that 

offers 15 selectable recording speeds 
ranging from 2-960 hours. 

Record up to 24 hours of real-time 
video with audio or up to 960 hours of 
time-lapse video images on a standard 
VHS T-120 tape. Playback is also possible 
on conventional consumer-grade VCRs . 

Connect it directly to your security 
system's cash registers or Mateo's IC-113 
motion detection camera. 

An easy access back panel, remote 
control, and front panel lock-out switches 
make this unit the best value in profes­
sional recorders. OEM and VAR are wel­
come. 

For more information, contact: 

MATCO, INC. 
The affordable, high-quality, four­

head unit displays a horizontal resolution 
of 300 lines for color or 350 lines for 
back and white surveillance monitoring. A 
multifunctional remote control allows 
recording manually or it can be pro­
grammed to record at specific days and 
times. 

2246 N. PALMER DR., UNIT 103 
DEPT. NV 

SCHAUMBURG, IL 60173 
847-303-9700 FAX: 847-303-0660 

SALES: 1-800-719-9605 
EMAIL: info@matco.com 
WEB: www.matco.com 

Showcase your 
New Products here! New Product News 

430 Princeland Court 
Corona, CA 92879 

or E-Mail to 

Send all press ~ 
releases or •"" 

information and • • photos to: •• 

LOW-COST HIGH­
PERFORMANCE INFRARED 

PRODUCTS 

Microchip Technology, Inc. , 
launches its first low-cost, high­

performance infrared wireless com­
munications products family : The 
MCP2120 encoder/decoder and 
the MCP2150 infrared communica­
tion control ler supporting the lrDA® 
Standard. 

nous receiver transmitter (UART) 
and industry-standard infrared 
transceiver to create an infrared link. 
With a reliable and high-speed con­
nection, this device translates UART 
bit streams to pulses while consum­
ing very little power. 

The MCP2120 offers both 
hardware and software programma­
ble baud rate selection and is pack­
aged in 14-pin PDIP and SOIC pack­
ages. 

The MCP2150 infrared com­
munication controller is the sim­
plest, lowest-cost solution for 
adding lrDA standard wireless con­
nectivity to embedded systems. 

Support for the lrComm, 
TinyTP, lrLMP, and lrLAP layers of 
the lrDA standard protocol stack (up 
to 115.2k baud) is embedded on­
chip along with the bit 
encoding/decoding portion of the 
lrPHY layer. 

POCKET PHOTO CJ-100 
DUAL-USE DIGITAL CAMERA 

M.E.M. Electronics Co., 
announces the newest in a 

line of digital dual-use cameras. ~ 
This unique digital/ PC cam- ~.::-~ 

era offers a high-resolution CCD 
sensor (350,000 pixel) in a minia­
ture size (35 x 134 x 20mm) that 
fits right into a shirt pocket. The 
camera stores up to 127 (640 x 
480) .jpg images and can be 
viewed or downloaded instanta­
neously through the built-in USB 
interface. 

One of the special features of 
this camera is the built-in TFT­
LCD, .44-inch color display that has a pullout magnifier. This display 
makes picture-taking easy whi le it can also be used as a playback mon­
itor to make sure pictures are exactly what you want. 

An on-screen display shows battery life, image quality mode (high 
or normal), the number of pictures taken and the number remaining. 

Five easy-to-use buttons are mounted on the rear of the camera 
that allow for quick picture taking and playback. The "Snap" button will 
take the picture and return the camera to real-time mode. The "Erase" 
button allows a single image to be erased or the entire memory. In play­
back, the "Fwd" and "Rew" buttons lets you review pictures that have 
been taken. 

In addition to the USB connection, is an NTSC standard video out­
put jack so pictures may be viewed on any monitor or television 
equipped with a "video-in" jack. 

The lens is a four-element-glass lens that also has a "macro" mode 
for close images. Pictures can be taken from 10 cm out to infinity with 
very sharp resolution. 

Included in the package is a CD loaded with software to use with 
this camera. Photo-EZ saves the captured pictures to an album, Video 
Monitor automatically senses the movement of a trespasser in a room 
and records video in the camera and sounds an alarm, Video Games 
provides three easy video games to play with the camera, Video Email 
records a moving picture and sends it via email, Photo Magic edits your 
pictures, Photo Card makes various cards including Christmas cards, 
New Year's cards, etc. , Net Meeting executes the Net Meeting program 
of Microsoft, and the Browser manages the saved pictures. 

The camera uses two standard "AA" batteries that will take up to 
1,000 pictures without replacement. System includes camera, soft­
ware, video cable, USB cable, camera stand, batteries, and manual. 

This unique camera system is currently priced at $179.95 with 
small and large quantity discounts direct from M.E.M. Electronics. 
Dealer inquiries invited. 

For more information, contact: 

SG-239 SMARTUNER 
ANTENNA COUPLER 

M.E.M. ELECTRONICS CO. 
3119 BURN BRAE DR., DEPT. NV 

DRESHER, PA 19025 
215-657-3119 

EMAIL: mocenter@erols.com 
WEB: www.memelectronics.com 

multi-resonant antenna at the window of 
a condo in a big city or the smal l roof of a 
house. 

The new SG-239 fits the coupler 
requirement of the many low-cost HF 
transceivers on the market including -
among others - Scout, Yaesu FT-817, 
Kenwood TS-50, ICOM IC-706, and the 
K2 kit. Of course, the SG-239 is ideal with 
the SG-2020 transmitter. 

These user-friendly devices 
offer high-performance, low-cost 
solutions with benefits of low-power 
consumption and lrDA standard 
support in space-saving packages. 

The MCP2120 is a fully static 
infrared encoder/ decoder that is 
used with any universal asynchro-

All of this functionality 1s 1n 
small form-factor 20-pin SSOP, 18-
pin PDIP, and SOIC packages. 

For more information, contact: 

MICROCHIP TECHNOLOGY, INC. 
2355 W. CHANDLER BLVD. 

DEPT. NV 

The SG-239 ushers in a renaissance of 
HF communications, as it will work 

with any transceiver to provide long dis­
tance communications across borders 
and continents. 

Performance features of the SG-239 
are far ahead of its $199.00 price tag. The 
unit wil l work with si lent receiver tuning 
or within the range of 1.5 to 200 watts 
with a high-power transceiver. It has 170 
memory bins, with fast, accurate tuning 
via independent sensors, including 
VSWR, phase, magnitude, low imped~ 
ance, and forward sensing. 

For more information, contact: 

SGC 
13737 S.E. 26TH ST., DEPT. NV 

BELLEVUE, WA 98005 
425-746-6310 

CHANDLER, AZ 85224-6199 
480-786-7200 FAX: 480-899-9210 

WEB: www.microchip.com 

By using the SG-239 antenna cou­
pler, anyone can achieve great resu lts 
with a long-wire antenna or a coaxial-fed FAX: 425-746-6384 



Enclosed Switching Power Supplies 
Single, Dual & Triple Output Models 

Triple Output Supplies 
lOOW, 5V/12V/-5V As Low as $44.00 
lOOW, 5V/12V/-12V As Low as $44.00 

UL 
Approved 

Single Output Supplies 
(5V, 12V, 15V & 25V) 

Dual Output Supplies 

25 watt series As Low as $20.55 ea.! 
60 watt series As Low as $27.95 ea.! 

150 watt series As Low as $42.95 ea.! 
200 watt series As Low as $50.00 ea.! 

100 W, 5V /12V As Low as $38.00 ea 

100 W, 5V/24V As Low as $38.00 ea 
50 W, 5V /24V As Low as $27 .00 ea. 

Note: These are NOT SURPLUS! 

See Our web site for Details! 
Auto-Temp 
Solder Station 
with Ceramic 

Power Cord 
2so•c.4so· c (470°F-
9000F) 
Fast Heating Feature 

or More Info See www.web-tronics.co 

CCD B&W Board Cameras 
ASIC CCD Area Image Sensor 

• Extremely I.ow Power Consumption 
• 0.5 L.ux Min Illumination 
• Built-In Electronic Auto Iris for Auto Light Compensation 

Detailed Specs on the Web 
VM1030PA-B 30mmx30mmx25mm, Pinhole lens, I 2V $39.00 any qty. 

VM1030A 30mmx30mmx26mm, Standard lens, 12V $39.00 any qty. 

Protek 
lGHz RF r.r.~~~ 
Field 
Strength 
Analyzer 

• Frequency Range: 
IOOKHz to 2,060MHz 

• Narrow Band FM (NFM), 
Wide Band FM (WFM), 
AM and Single Side Band 
(SSB) Modulated Signals 
May Be Measured 

• Pll Tuning System for 
Precise Frequency 
Measurement and Tuning 

• LED Backlight LCD 
( 192xl92 dots) 

• Built-In Frequency 
Counter · ~~~~~:~d and Battery #3201 

• All Functions are Menu Selected 
• RS232C for PC Interface and Printer 

See the web site for details 

Removable Hard Drive Rack 
For IDE/Ultra DMA Hard Drives 
This product can be used with any 3- 1 n IDE hard 
drive up to I " high. It includes an electronic keyloc 
for safe removal and insertion. Made of ABS 707 
fireproof plastic. Use this product to protect sensit 
hard drive data, take your hard drive between work any qty. 
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.S.I. 
include RH IO series and RH20 series, which are RH- I OC-IDE 
interchangeable within the same interface design (I DE or SCSI). 
Other Models are Available. See www.web-fronics.com under "hard drive and 
accessories" for more details and pictures. 

Removable Hard Drive Rack with 
Auto Door And Cooling Fan 

Auto door on the outer frame 
ABS material of outer frame, High 
efficiency cooling fan 
Worldwide patent pulling function 
handle 
CE Approved 
Coating iron bottom cover 
For IDE interface 
For I"' high 3.5'" HDD 
Not compatible with our RH I 0 & RH20 
series. Compatible with our RH 17-IDE 

-
model. Details atwww.web-tronics.com 

Mini CCDs (B/W & Color) 
Sensational NEW Design for Small 
O bservation Cameras. Smaller and Better! 

Ultra Miniature Design 
Black & White Versions Only 25mm x 
25mm 
Color Versions Only 32mm x 32mm 
Available in Standard Lens or Pinhole 
I.ens 
All Include Pre-Wired Cable Harness for 
Video & Power 
12V Regulated Power Supply Required (120mA typical 
power consumption} 
0.1 L.UX Rating (B/W}, 1 L.UX (color} 
CCD Area Image Sensor for L.ong Camera Life 
Back Light Compensation Circuit 
Built-In Electronic Auto Iris Lens 

VM1035A 42mmx42mmx25mm, Standard lens, I 2V with back light compensation $49.00 any qty. 

VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEDs, I 2V $49.00 any qty. VMCW-H11 A 32mmx32mmx30mm, Color CCD with standard lens, pre· 
wired cabling for video/audio, I 2V DC Power $139.00 I $1 29.00 5 or more VM1036A 32mmx32mmx25mm, Standard lens I 2V, reverse mirror image feature $49.00 any qty. 

ullet CCD Cameras 
B&W and Color 
• Smart Rugged Metal Housing Detailed Specs on the Web 
• Extrememly Low Power Consumption 
• 12 Volt 
• CCD Area Image Sensor for Long Camera Life 
• Built-In Electronic Auto Iris tor Auto Light Compensation 
• No Blooming, No Burning 
• 0.1 Min Lux Illumination (B& W}, 1 Lux Min Lux Illumination (color} 
VMBLT1020 B&W, 21mm(D)x55mm(L) 154,oo any qty. 
VMBLT1020W B&WWeatherproof (no audio), 21mm(D)x58.5mm(L) 179.00 any qty. 

VMBLT JC19BW COLOR! Weatherproof (no audio), I 7mm(D)x88mm(L) $139 .00 any qty. 

COLOR CCD Mini Board Cameras 
Low Power Consumption 
1 L.ux Illumination 
Built-In Electronic Auto Iris for Auto 

BEST 
DEALS! 

VMCW-H12A 32mmx32mmx I 9mm, Color CCD with pinhole lens, pre-wired 
cabling for video/audio, I 2V DC Power Input $1 39.00/ $129 .00 5 or more 

VCC-3232 32m111 x 32111111 x 10111111, CMOS COLOR, std . lens, see web for 
specifi cations $79.00 I $72.00 5 or more 

VMPS· 71 SA 25mmx25mmx30mm, B/W CCD with standard lens, pre-wired 
cabling for video/audio, I 2V DC Power Input $59.00 / $4 9.00 5 or more 

VMPS-250A 25mmx25mmx I Smm, B/W CCD with pinhole lens, pre-wired 
cabling for video/audio, I 2V DC Power Input $5 9 .00 / $4 9.00 5 or more 

O'Scope Offer 
30MHz! ONLY $299! 

Light Compensation 
Internal Synchronization N 0 w Offering 
12Volts 
400 TV Lines Dish Network 

VM301 OPA 33mmx33mmx I 8mm, Pinhole lens with audio $129.00 any qty. 

VM3011-A 45mmx40mmx24mm, Standard lens with audio, single board $99.00 any qty. & 
VM3010-A 33mmx33mmx32mm, Standard lens with audio $1 29.oo any qty. _______ ) Direct TV 

newr~ DC to AC Power Inverters ! 
150 watt up to 3000 watt models! 

lSOw modified si ne wave:$29.95 (G-12-0ISB)Check Our Low Prices! 
300w modified sin e wave:$39.95 (G-12-030) 
l SOw pure si ne wave:$69.00 (G-12-1 SOS) 
300w pure sin e wave:$ 109.00 (G-12-300S) 
800w modified si ne wave:$139.00 (G-12-800) 
lOOOw modified sine wave: $179.00 (G-12-100) 
3000w modifed sine wave(phase corrected) , 

(G-12-300) .... ............. .... $489.00 

See Our web site for DETAILED Specs.! 

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 
• True RMS Mode • K Type Temperature Probe Included 
• I OM Hz Frequency Counter • Pulse. S i~nal f~r Logic & Audible Test 

r M d . h Al Cl k • Cont1nu1ty/D1ode Test 
• 1me o e wit arm, o c , • Logic Test 

~d ~~.P ~atch • Auto Power OFF/"Keep ON" Mode 
• 

1 
Ou~ isp ay M • Fused 20A Input with Warning 

• . ocat1on emory . Beeper 
• ~~d~ax,Avg and Re lative • Back Light 

• Decibel Measurement • Data Hold/Ru n Mode 

• Cap and Ind. Measurement : ~~~t~c~v".'i~~l~t; ~ 244 
& VDE-04 I 

1 

• Temperature Mode (C/F) • Si licon Test Leads 

Reg.$169 

More Details 
on our 

Web Site 

PROTEK 506 

Great Equipment & Service 
See Our Website for our 

Incredible Offers ! 
Also GREAT HDTV Prices ! 

•Dual Channel 
•Dual Trace 
•Vert Trigger 

#OSC-1030 

•I Year C.S.I. Warranty! 
Includes I oscilloscope probe 

Manufactured for CSI by a leading 
O.E.M. manufacturer. See our website 
for detailed specifications! 

Digital Read Out 3Amp Bench Power Supplies 
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. 

Line Regulation: 2x I 0 .., +I ma 
LED Accuracy: Voltage ± I% + 2 digits 

Current± 1.5% +2 digits 
Wave Line Noise: $ I mvrms 
Dimensions: 291 mm x I SBmm x I 36mm 

CSI3003 :0-30v/0-3amp 1-4 / $99.00 5 +I $89.00 

CSl5003:0-50v/0-3amps 1-4 / $129.00 5+ I $119.00 
Bookmark our WEB Site! Many more Power 

upplies are Available. Look Under Test Equipment 



COPIES EVERm•G 
PllllllOID, 0/S, 

THEWOIU 

EUMlllA1U DEFECTS 
OI SCSI lllD IDE DRIVES 

PAUWL PORT PRINTS 
TEST RESUU'S 

lllSTllfllY CLONES lllY 
SCSI OR IDE DRIVE 

CLONE, TEST OR REPAIR 
ANY HARD DRIVE 
'1HE MOST COMPLETE HARD DRIVE WORKSTATION WE'VE SEEN!" BOB ROSENBLOOM, DIGITAL VIDEO, INC. 

DRM SERVICE STATION 
Copy entire hard drives with ease. 

Drive duplicators are essential tools 

for dealers and system builders. Don't 

spend hours installing and formatting 

drives. Do it instantly with the Pro. 

Set up any SCSI or IDE drive with 

your original software. Connect blank 

drives to the Pro and presss start. 

You'll copy entire drives faster and 

more accurately than is possible on any 

PC. With our combination IDE and 

SCSI model, you can even copy data 

between diffferent interfaces. All 

models include both 2.5 11 and 3.5" 

interface adapters. The Pro also 

supports SCA and Wide SCSI drives. 

Choose the Pro, and you'll also have 

an entire factory drive test and repair 

system for under $1000. The Pro gives 

BUY MANUFACTURER DIREO: $995 

408 330·5525 
you the ability to copy, reformat, 

repair, translate, and test any hard 

drive. Use the Pro to put any hard 

drive through its paces. A full 

factory final test and performance 

analysis is performed. Complete test 

and repair reports are sent to any 

standard printer. 

The Pro will also reassign and 

eliminate drive defects. Here's how 

it works: First, a precise media 

analysis system scans the disk for 

errors. Defects are mapped out, 

and effectively "erased." The error 

correcting system then "trains" the 

drive to permanently avoid defective 

areas. Data is stored only on the safe 

areas of the disk. Capacity is reduced 

by an insignificant amount, and the 

drive works Aawlessly once again. Get 

the technology used by major repair 

shops and data recovery centers. The 

Pro repairs all disk defects caused by 

normal wear. Drives with mechanical 

damage may not be repairable. 

CORPORATE SYSTEMS CENIER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.DRIVEDUPLICATORS.COM 

Call today for high volume multi-drive copiers and CD Duplicators 
Sold and intended for backup purposes only. Copyright laws must be observed. 
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Ta lking instruments, 
mometers, ca lcu lators and 
Stamp-controlled Halloween 
projects are within easy reach ! 
Parallax now has support for the 
stamp industry's best sound tools -
the Quadravox QV430P Sound Program­
mer (#27968 - $69.00) and the QV306 Play­
back Modu le (#27967 - $5 .oo) . 

With the QV430P Sound rogrammer and uadra­
vox's simple Wi ndows interface you will e ·s ly, lo d pr; · 
recorded *.wav fi les into the QV306 Playba k odule. The QV306 
supports up to four minutes of sound in as many as 240 sound fi les. O ce Ip ~· the 
QV306 may be con nected to your BASIC Stamp and a speaker for imme iatr pl r ac 
using the BASIC Stamp's SEROUT command. The qua lity of the recorded sound is nearly 
as high as the original record ing . 

I 

The QV306 is ship1ped witml pre-recorded speech fi les. The documentation and sample 
source code will let you p pduce a ta lking thermometer within an hour. This requires 
the DS1620 Digita l Thermometer (#604-00002 - $6.80), a pushbutton and a few resis­
tors. To use the QV430P So nd Programmer Board you' ll need a PC with a sound card, 
a speaker and two cables These optional accessories are also available from our web 
site. 

Download all document 1ion and sample source code from www.parallaxinc.com. 
Quadravox has hundreds of professionally-recorded speech files also available for down­
load. 

BAS IC Stamp and the Para llax logo are registered trademarks or Pa rallax, Inc. Quadravox is a trademark or Quadravox, Inc. 

NUTS & VOLTS MAGAZINE 
430 PRINCELAND COURT 
CORONA, CA 92879-1300 
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