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

24GB Ultra SCSI OAT Tape Drives 
No Minimum Bids! 

Sun Workstations and File Servers 
No Minimum Bids! 

Cisco Routers and Hubs 
Bids Start at $50 

15,000 RPM Ultra 160 Hard Drives 
$1 0 Minimum Bid 

Disk drives cost too much. Take advantage of dot-com closeouts and bankruptcies. We're 
liquidating thousands of PCs, hard drives, and accessories. Visit www.scsidrives.com and name your 

own price! Join our mailing list for advance notice when special sale items arrive! 

CORPORATE SYSTEMS CENTER 
3310 Woodward Avenue, Santa Clara, CA 95054 (408) 588- 11 I 0 
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• AHA-1 535/1535A- SCSI! & SCSI2 conn. 

• Special!! • m.® with .@Dl!.SCSI HOI 

• New units, OEM pkg, 90-day warranty 

HSC#19397 $24.95! 

Cat5 Patch Cable 

Just under $.50 each by the case!! 
• 'Foxconn' #CT88B 12T88-A 17 

• Yellow, 12ft. - 80 cables/case 

• New, sold by case only 

HSC#19234 $39.95/case 

Win-based Terminal 
• WYSE 'Winterm 2315SE' 

• Virus-proof - high security 

• Easy access to server apps. 

• Up to 32 users/servers, tiny footprint 

• VT220, VTt 00 and VT52 emulation 

• Mouse, keyboard power supply included! 

HSC#19346 $89.50 

USB Network Adapter! 
• Compact - perfect for notebook PCs 

• Dual-speed 10/100 RJ45 jack 

• Plug 'n play with Win 98, 2000 

• Powered by USB port 

• 12VDC @ 0.06A, std. 2-pin pwr conn. 

• Measures: 80 x 25mm (3.125" x 1.0") 

• Buy 'em by the case and save! 

Std PC power New ... 

~ w~Jv 

HSC# 80153 $1.95! 

HSC# 19422(#80CASE)$99.00 

PCMCIA Card Reader 
• SSP Argus 2000 ISA-type reader/writer 

• Dual PCMCIA Type 1111, or one Type Ill 

• DOS/W3.1 driver diskette included 

• Win95/98/NT ready 

• New, w{Jnterface, manual 
& cables 

HSC# 19410 $24.95 

L 

Compact Keyboard! 
• 88/89 enhanced key layout 

• Finger glide mouse function 

• Space Saving design 

• Only 8.5" X 11.28"! 

• Free PS/2 connector adapters! 

• New, w/mouse driver diskette and 
manual 

HSC# 19328 

Disk Drive Deals! 
9.1GB ULTRA SCSI 4.3 GB SCSI1/2 HEIGHT 

• Seagate ST19171WC, 80-pin 

• 7200RPM, 4.6mS av. latency 

• Wide to std. SCSI adapters - $7.50!1 

• HSC 90-day warranty 

HSC# 18753 

$ 19.95! 

• ST15150N hard drive 

• 21 Hds, 11 Disks, 3, 711 Cyl. 

• 7,200 RPM, 9.0 mS avg. seek 

HSC# 18412 

$ 14.95! 

• tU (1-3/4") high 19" quality-made 

• 15-5/8"W x 16"D - outside dimensions 

• Reversable mounting flange 

• Pulls from working svc. some scratches 

HSC#19437 $19.95! 

HSC Web Specials! 
You can find these in the "Specials" area of our on-line shopping pages at 

www.hatted.com ... 
check them out, and use our secure site to place your order. 

56K Modem/Hub 
HSC# 18942 $17.50 10/100 Ethernet Card 

HSC# 19334 $12.50 
Internet Video Phone 
HSC# 19334 $1 2.50 

10-Base T card, ISA 
HSC# 18943 $4.95 

4MB PCI Video Card 
HSC# 19332 $9.95! 

30 Watt Audio Amp! 
HSC# 80638 $19.95 

• 
Digital Call Recorder! 
HSC# 19350 $49.50! 

200W Power Supply 
HSC#19267 $19.95 

PCMCIA Ethernet 
HSC# 19125 $9.95 

PCMCIA SCSI Card 
HSC# 19160 $49.50 

7-bay tower cabinet 
HSC#80544 $29.50 

PCMCIA 10BaseT 
HSC# 19336 $12.50 

Initio SCSI Cntlr, PCI 
HSC# 1821 8 $9.95 

2000W Variable Xformer 
HSC#AEEC2090 $95.00 

SOW Power Supply 
HSC# 18415 $12.50 

6VDC, 12Ah lead-acid 
HSC# 19283 $9.95 

AT Mid-Tower Cab. 
HSC# 19327 $14.95 -. Pixie2 Tranciever Kit 

HSC# pixie $9.95 

DVM, w/flip-up LCD 
HSC#AEEC2890 $39.95 

ATX, 145W Power Supply 
HSC# 18350 $9.95 Table Top Solder Pot 

HSC#AEEC1 OP $32.00 

Compact Power Supply 
HSC# 18415 $12.50 

Bargain DMM ATX 200W Power Supply 
Server Cabinet, ATX HSC#AEEC1504 $14.95 12V,3.4A Power Supply HSC# 18665 $14.95 
HSC# 80541 $149.95 HSC# 19312 $9.95 

12VDC & 120VAC Built-In! 115VAC Unit 
• Model No. VHS-1 OS player deck • Magna vox video player, working pulls 

• Std NTSC VHS format, frnt-pnl cntrls • Standard 'F' & RCA connectors 

• Perfect for on the road! • Switch selected Ch. 3 or Ch. 4 output 

• Working pulls, HSC 90-day 

HSC# 19152 

$17.50 

RAID Controller! 

• 'Mylex' Model No. 960P-3 

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

• 1 to 45 drives as one logical drive 

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

• Pulls, online support info 

HSC# 19427 

Since 1963!... 

SCA to SCSI 1 Adptr 
• Converts SCSI1 to SCA wide 

• Standard 4-pin power connector 

• Jumpers for LED, SYN, Dl Y, MTF, ID0-3 

• Jumpers & config sheet incl. 

• New, 90-day warranty 
Speciall! ... just $7.50 
with 1m SCSI Hard Drive 

HSC#SCS3700 

• Fits in PCMICA slot 

+ For sensitive files/databases 

• Restricts unauthorized access 

• Comes with 2 cards, diskette, manual 

• New, retail-boxed, 90-day warranty 

HSC# 19433 $19.95 

RF Goodies! 
50 Ohm cable assemblies 

• RG-58 size coax - two lengths avail. 

• Male TNC to male SMA connectors 

HSC#19438 13" 

HSC#19439 18" 

• 1/8" high-quality 50 ohm coax 

• Male to male SMA connectors 

• 18" long 

HSC# 19440 

• Mini-Circuits Model No. SAT-20 

• 20dB atten.- 0 to 1500MHz, 50 ohm 

• Male-to-male SMA connectors 

• Cable assembly pulls, 90-day warr. 
HSC# 19441 $9.95 

• Multi-platlorm compatibility 

• New, 90-day warranty 

• Emerging Display Tech. # ED24200GL YU 

• 1.406"H x 5.5625"W overall, 0.4375"D 

• Data sheets: http://www.halted.com/ 
online/index.htm 

• New, OEM pack, 90-day warranty 

HSC# 19400 $9.95 

Silicon Valley's 1-8oo-4-HALTEo (442-5833) 

El 
. M k I or ... ONLINE, AT: www.halted.com 

ectroniC ar etp ace Terms: Some quantit ies limited; all items are subject to 
prior sale. Minimum order: $10.00 plus shipping. 

3 Retail/Wholesale Locations: Santa Clara 1-408-732-1573 
1-916-338-2545 
1-707-585-7344 

Orders under $20.00 subject to $2.00 handling fee, i.o. 
addition to shipping. All orders shipped by UPS Surface 
unless otherwise specified. $6.00 UPS charge added for 
COD. Visit our website for detailed information on 
domestic and international shipping methods. 

Main Office - Mail Orders ... 
3500 Ryder St. Santa Clara, CA 95051 

Sacramento 
Rohnert Park 
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ATOM 24 MODULE 

ONLY $59.95 

OEM ATOM 

ONLY $59.95 

ATOM 40 MODULE 

. ONLY $79.95 

ATOM 28 MODULE 

ONLY $64.95 

ATOM SUPER DEVELOPMENT BOARD 

ONLY $69.95 

Introducing the Explorer Robot. The Explorer Robot is great for the robot enthusiast, 
educational programs, hobbyist or ju t about anybody interested in robotics ! 

The Explorer Robot chassis is made from anodized brushed aluminum. This high quality 
chassis provides a sturdy base for mounting servo motors, controller board and any 
number of add-ons. Each chassis includes elongated slots for mounting flexibility. Easily 
customize the Explorer Robot chassis to suit your needs. 

Each Explorer Robot comes complete with two infrared obstacle sensors, ARC controller 
board (Based on the new Atom Pro), front caster wheel, chassis, modified servos, wiring, 
battery holder, software and manual. Plus the book "Expirenmenting with the Explorer 
Robot", which ontains several useful projects for your new Explorer Robot. 

Several Add-ons such as, Ni-Cad Cable adapter, Line Follower and more are available 
for the Explorer Robot. 

The brains of the Explorer Robot, the ARC controller board, includes a socket for an 12C 
eeprom to give your robot memory, L293D motor driver to replace the servo motors or 
add DC motors. The ARC controller board is designed as the ideal robotics controller 
board. (The ARC controller board can also be purchased separately) 

Order your Explorer Robot Today ! 

EXPLORER ROBOT KIT 

0NL Y $ I 99.95 

The Basic Atom is an easy to use self contained 
microcontroller. Download your program, apply 5 volts and 
your are up and running. From beginners to professionals, 
programming microcontrollers has never been easier ! 

Experiment and test code changes on-the-fly! Bring your 
projects to life quicker and easier with the Basic Atom IDE ! 
Stop wasting time strategically planting debug statements 
throughout your entire program. The Basic Atom software 
includes a built-in lCD (In Circuit Debugger). Watch your 
program run on screen with variables, SfRs and RAM values 
being updated as each line of code executes on the Basic Atom. 
The Basic Atom's lCD is so easy to use, even a first time user 
can have it up and running in minutes ! 

BS2p compatible syntax, with a complete expanded set of 
powerful and easy to use commands ! Serin, Serout, 
If .. Then .. Elseif .. Else .. Endif, Do .. While, While . .Wend, OWm, 
OWout, ADin, Pulsin, Pulsout, PWM, Xin, Xout and more! 

32 Bit Floating Point Math. The Basic Atom supports 32 bit 
floating point and integer math. This includes 32 x 32 bit 
divides and multiplies. With 32 bit math you can have variables 
containing values of up to 4 billion. 

300 bytes of RAM. No more wasting time trying to save 
variable space in your program. Plus additional features include 
a built-in Analog to Digital converter, UART, 2 PWMs and 
more. 

Order your Basic Atom today ! 

0 
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BASIC MICRO 
TECHNOLOGY AT WORK 

The Basic Atom is a registered trademark of Basic Micro Inc. 

To ORDER VISIT WWW.BASICMICRO.COM 

OR CALL US AT I -800-869-5095 
(M-F 9 AM TO 6 PM ESTl 
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I 0 THE ELECTRONIC MUSIC BOX 

This note-worthy project incorporates 
features to simulate the old-style 
melodious sounds of mechanical 
music boxes, and can be used in 
battery-powered, as well as 
AC-powered applications. 
by Richard Panosh 

16 SIMPLE INTERFACE USES 
COMMON TOOLS 
Using a BASIC Stamp, lnByte, and 
Microsoft Excel (of all things!) to make 
a "homebrew" interface program to 
read bytes of data . 
by Mark Van S teenburgh 

24 AN IN TERNET ENAB LE D 
STRIP CHART 
With Radio-SkyPipe software, you can 
share strip chart information with fellow 
amateu r radio astronomy observers over 
a network, or use the data in a myriad of 
other applications such as remote 
weather monitors or seismographs. 
by Jim Sky 

32 USING X-10 TO CONTROL 
CHRISTMAS LIGHT DISPLAYS 
'Tis the season to put X- 1 0 technology to 
work to build your own awesome holiday 
light display. 
by Richard Haendel 

DEPARTMENTS 

44 ULTRA-LOW POWER TV 
REMOTE CONTROL 
TRANSMITTER - PART 2 
Ready to go wireless? This month, we 
expand on September's project and build 
a remote control encoder. 
by Mark Buccini 

67 IDENTIFY T HOSE NOISE LEAKS 
Whether you're using a ham set, radar 
detector, CB radio, or one of the new 
long-range cordless phones, there is plenty 
of "noise" around yo u to disturb normal 
operation. 
by Gordon West 

70 HOUSTON, 
WE HAVE 
A ... PIC 
PROJECT% 

Going "NASA" style 
with a model rocket 
launcher controller. 
by Bill Ruehl 
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47 
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43 
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Mind over matter becoming a reality; Atomic 
anchors promise improved MRAM; Dude, you 're 
gettin ' a Dell (even if you don 't know it); Mac 
line-up moves to dual-processor models; 
Studying sea birds by remote control ; Betama?C, 
rest in peace; and Chip sales grow 5.8 percent in 
second quarter 2002. By Jeff Eckert 

OPEN COMMUNICATION 20 
The Most Complex Two-Way Radio Ever Built. 
A technology update on cell phones. 
By Louis Frenzel 

STAMP A PPLICATIONS 30 

Page 31 

Page 10 

Classified Ads 57 

Play It Again, Stamp! Build a programmable 
sequencer using the BASIC Stamp to control 
anything from lights to flash ports to squibs . 
By Jon Williams 

LASER INSIGHT 48 

Advertiser's Index 66 

Gadget-o-rama Contest 40 

NV Bookstore 80 

Publisher's Info 14 

ELECTRONICS Q & A 36 
What's Up: Solar power, battery power, and PC 
power put to work. Got a grab bag of compo­
nents you need to identify? Here's two hints. The 
nemesis of the remote-controlled world (broken 
keypads) finally fixed. And a challenge for the 
inventor and/or shuttle bug. By TJ Byers 

Aligning more complex laser systems plus tips 
regarding additional optical elements found on 
some of these lasers. 
By Stanley York 

AMATEUR ROBOTICS 
GNU C for your 68hc12 robots. 
Guest Hosted By Karl Lunt 

50 
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SPECIAL PURCHASE, 2.4GHz ANTENNAS, PERFECT for LONG RANGE VIDEO or WIRELESS LAN APPLICATIONS. FIVE MODELS AVAILABLE, ACHIEVE PERFORMANCE YOU THOUGHT IMPOSSIBLE 
SELECT from FIVE MODELS: TWO OUTDOOR PARABOLIC or A RADOM£ PROTECTED YAGI, OMNIDIRECTIONAL Right Angle WHIP or TABLE TOP MOUNT AS WELL! 

Choose from the LARGE. 24dB. 10 deg. beam width or the MEDIUM. 20dB. 13 
deg. beam width PARABOLIC DISH. !shown far left) each provides an 
environmentally sealed "N" type male termination attached to a 30" long cable. 
large size is 27" x 30" and weighs 5.3 lbs, the medium size is 20" x 24" and 
weighs 3 6 lbs. Can be either horizontal or vertical polarization. Quasi log 
Periodic end fire array feed. Both hove a commercial quality. light grey, powder 
coal finish. California Amplifier part no's oreo 130135 and 130120. The two 
omnidirectional offerings, shown left and right are "Rubber Duck" style, the 
surface mount(shown near leftl offers a black. 1/4 wave radiator. The overall 

size is 3.5"H x 2.7" diam. base. A five foot long RG58-AU cable is terminated 
with a gold. SMA female connector. The straight 1/2 wave whip is 4.4"l 

and features a right angle mounted, female SMA connector. Perfect 
for portable applications. Both omnis are black and very rugged. 
A UV stable, polycarbonate. radome protects the 13.9dB YAGI, type 
PC2415N from Cushcraft.lshown far rightl Max. input power is 500 
Watts, the 15 element, one piece radiating design is extremely 
rugged. Size is 26" l, weight is 1 pound. Antenna is terminated 
through a pigtail connector to a "N" type female connector .. 

PARABOLIC 24dB ....... $129ea., PARABOLIC, 20dB .•.... $99ea., DESK OMNI.. ••••• $5ea., WHIP OMNI... •.. $3ea. 

" BUDGET ASTRONOMICAL " PERFORMANCE, 600 Lines Resolution. 
NEW! 0.0001 Lux, Black & White, NIGHT VISION CAMERA! 

State of the Art Video, Our GMV-
6K, Tokes the Prize. For covert, 
military & scientific applications. 
this is it. Unbelievable 0.0001lux 
@ f0.8 performance is enhanced 
through low speed electronic 

shuttering, digital frame integration 

• 
and advanced DSP. Did we mention 600 

line resolution? Auto sensitivity mode starts as it 
becomes dark. 24 hour surveillance is possible with the 

optional 11.2 auto iris lens shown below. Seven Gain/Shutter 
modes ore user selectable. Normal, X4, X8, X16, X24. X32. X64. 

These provide frame roles of 60. 15, 8. 4, 3, 2 and 1 per second. Auto/off 
BlC. S/N >52 dB, Mirror on/off, Go in on/off. auto electronic shutter 1/60 to l/120,000 sec., 
Alum. housing, duol1/ 4x20 mtg. Specso 1/2" CCD, 7681HI X 494M, with 380K pixels, 12VDC 
±1V@200mA. Std. video out on BNC. Size, S1mm x 51mm x115mm long. Regulated power 
adopter included. All functions externally controlled. C-mounllens not included. 
GMV-6K ••• $449ea. High performance auto iris lens, 12mm, f1 .4 •• $129 

NEW, GM-DVR100, DIGITAL VIDEO RECORDER, 
Digital Recording provides 
superior quality images, Hard disk 
hot-swapping capability, Pre­
Alarm image recording, 
Compatible vvth most 
multiplexers. Time lapse ond reo I 
time recording, Refresh rote up to 

60 Fields, Quick Search by dote/time, alarm events & recording list, playback of recorded 
video at various speeds, On-screen setup menu and system timer, Password protection, 
Stable Non-PC based proprietary system, Built-in M-JPEG compression/decompression, 
Audio recording capability, Selectable time-lapse speeds, Data con be stored in 
CompoctFiosh, Operation status record log, Continuous, Alarm, Pre-Alarm & Scheduled 
Recording Modes, User-selectable settings for image rote, quality and resolution, NTSC 

GM-DVRlOO, DIGITAL VIDEO RECORDER ......... $679ea. 

BRAND NEW, SPELLMAN +25,000 VDC POWER SUPPLY 
SL Series, 250Watts, and it's only 1/ 34 " HIGH! 

f' I CJ 
These new, boxed units ore the lypeo Sl25P250. Utilizing resonant topology, the 
proprietary control system maintains high frequency over the entire operation output 
range. High Frequency operation allows dynamic response time of less than 5 
milliseconds and one of the lowest ripple specifications available. 
Providing +25000VDC@ lOrna with low ripple of 0.02% rms, line and load regulation 
is 0.005%. Current load regulation, 0.05% of full current for voltage changes and 
Current line regulation ± 0.05% of full current over the specified input voltage range. 
115VAC powered. Size, 1/34'H x 19"W X 19"0 rock mountable. Weight iso 171bs. Stability 
of 0.01% per hour after 1/2 hour worm up. 0.02% per 8 hours typical. Temperature 
coefficient: lOOppm per deg C. Ambient operating temperature: -20C to +40C. Front 
panel on/off circuit breaker. Other features include, Internal fault protection, front panel 
indicators for line power, High voltage OFF and ON, Overload, Interlock status and over 
temp. These supplies hove no front panel controls. The 1/0 interface is via o 24 position 
terminal strip at the rear. External 20Kohm pot, not supplied con be used to remote 
control the current . Outputs are provided for external metering of output. Complete with 
original instruction manual, schematics, HV output cable and AC line cord. These units 
ore factory set for 25KV out instant on as provided. These are hazardous and 
potentially deadly voltages. Do not purchase if you do not know what you ore doing. 
Must be over 18. All soles final. SPELLMAN, SL25KV ••••• $499ea. 

POWER to SPARE, 
12 VOLTS at 17.2 Ah, 
NEW EX/DE SEALED 

RECHARGEABLE LEAD 
ACID BATTERY 

Type NP-18-12, Now is your chance 
to perk up those power projects. 
Perfect for powering many portable 

. ~ devices such as GPS, laptop or 
>7 telescope, fish finder or underwater 

camera. The list is endless. Don't be 
left out of this opportunity. The size is 
0 manageable 7"W X 6.75"H X 3"0, 
weight is 14 lbs. Heavy duly post 
type connections. Use two in parallel 
for 34 Ah WOW' ltd. qly. 
EXIDE-NP1812 ••••. $24ea. 

Case of 4, EXIDE-NP1812-4 •• $89 lamp Charger, EX-CHGR •• $15ea. 

NEW! 0.005 Lux, COLOR NIGHT VISION CAMERA! 
UNBELIEVABLE LOW LIGHT PERFORMANCE. 

State of the Art Video, Exclusive ON SCREEN, menu driven setup of 
all camera parameters! 

For covert. military & scientific applications 
that must be color, this is it. Unbelievable 
0.005lux@ fl .2 performance is enhanced 
through low speed electronic shuttering, 
digital frame integration and advanced 
DSP. Auto sensitivity mode starts as it 

becomes dark. 24 hour surveillance is possible with 
the optional fl .2 auto iris lens shown below. Seven Gain/ 

Shutter modes ore user selectable. Normal, X4, XB, X16, X24, X32, 
X64. These provide frame rates of 60, 15. 8, 4, 3, 2 and 1 per second. 

Auto/Man. while balance 3200' to 10000'K, auto/man BlC, Si N >52dB, Mirror on/off, 
Gain on/off, auto electronic shutter 1/60 to 11120,000 sec., Alum. housing, dual1/4x20 
mtg. Specso 1/2" CCD, 7681HI X 494M, with 380K pixels, 470 lines, 12VDC ±lV@200mA, 
Std. video out on BNC. Sizeo 51mm x 51mm x115mm long. Regulated power adopter 
included. All functions con be externally controlled . c-mount lens not included. 
GMV-3K-OSD ...... $449ea. Superior Auto Iris lens, 12mm, f1.4 •••• $129 
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MOTOROLA, MVME 147, SINGLE BOARD COMPUTER 
FEATURES, 33.33 MHz MC68030 enhanced 32-bit microprocessor. MHz 

MC68882 floating point co­
processor, 16MB of shared 
DRAM, with programmable 
parity, 4K x 8 SRAM and 
lime-of-day clock with battery 
backup, 
Four 28/32-pin ROM/PROM/ 
EPROM/ EEPROM sockets, 16 
bits wide A32/032 VMEbus 
master/slave interface with 
system controller function, 

EIA-232-D serial 
communications ports. Centromcs® printer port, Two 16-bit timers 
and watchdog timer, SCSI bus interface with DMA. Ethernet transceiver 
interface, 4-level requester, 7-level interrupter. and 7-level interrupt handler 
for VMEbus, On-board debugger and diagnostic firmware. 
COMPLETE SPECS: http:llmcg.motorolo.comlusldslpdflds0037.pdf 
MVME147-023A 33 MHz, 16MB, Ethernet & SCSI. .$1495ea. 

. . . 
• •bt•• 

The model VM-10 connect to any standard v1deo signal and you've got an 
electronic "watchman· diligently watching the entire scene. Or ony 
adjustable sized area within the scene. Such as a doorway or even a 
drawer or cabinet. A state of the art security aid. The unit will close a 
contact when it senses a change. Auto or manual reset. Internal buzzer 
with volume control and adjustable on time. VCR record and VCR stop 
output. luse with time lapse VCR.) llOVAC powered. Adjustable sensitivity. 
Video loop through. VMl 0 .... $179ea. 

PULNIX, TMC7 INDUSTRIAL 112 ", COLOR CCD CAMERA, 
with Pentax Lens. For No Compromise Performance. 

Specso l/2" CCD, 460 
lines resolution. 
x 494V Pixels, 2lux 
sens. @11.4, Auto/ 
Man AGC, Auto/Man 
Shutter: 1/60 to 1/ 
10,000 remotely controllable via 6 pin connector lnot incl.) Auto/Man white 
balance, Manual gain and hue controls ore externai.Complimentary color filter. 
12VDC @320mA, Pwr supply incl. Pentax, 16mm fl.41ens, A real glass lens. 
Included. Std. NTSC video out on BNC. Y /C IS-Videol output available on 12 pin 
connector supplied. SUperior construction. Compact size onlyo 1.6"W x 1.25'H x 
5.5" long. Perfect for use in process monitoring, medical, surveillance and 
microscopy. Used, excellent condition, Regular price $600. limited quantity. 

PULNIX, TMC-7 ............. $139ea. or 2 for $249 

Circle #5 I on the Reader Service Card. 

SONY EX-VIEW CCD for the best "ASTRONOMICAL " 
PERFORMANCE available in an uncooled affordable camera! 
With 600 Lines Resolution. NEW! 0.00005 Lux, Black & White 

State of the Art Video, Our GMV-EX·6K. Takes the Prize. For covert, military & scientific 
applications, this is it. Unbelievable 
O.OOOOSl ux@ 10.8 performance is 
enhanced through low speed 
electronic shuttering, digital frame 
integration and advanced OSP. 
sensitivity mode starts as it becomes 
dark. 24 hour surveillance is possible with the 
optional 11.2 auto iris lens shown below. Seven 
Gain/Shutter modes are user selectable. Normal. 
X4, X8. X16, X24, X32, X64. These provide frame rates 
of 60, 15, 8, 4, 3, 2 and 1 per second. Auto/off BlC, S/N >52dB, 
Mirror on/off, Gain on/off. auto electronic shutter 1/ 60 to 11120,000 sec .. 
Alum. housing, duol1/4x20 mfg. Specso 112" CCD, 768IHI X 494NJ, with 380K pixels, 12VDC 
±1V@200mA, Std. video out on BNC. Size, 51mm x 51mm xllSmm long. Regulated power 
adopter included. All functions externally controlled. C-mounllens not included. 
GMV-EX6K ••. $529 High performance 6mm, f1.2 Manual Iris Lens ••• $69 

NEW, 2.4GHz VIDEO + STEREO AUDIO 
TRANSMITTER and RECEIVER PAIR 
Simply connect ANY VIDEO SOURCE to the 
completely self contained 2.4GHz transmitter. All 
cables supplied. You con transmit up to 700 feet 
clear line of sight' Companion 
matching receiver works with 
any TV or VCR. Internal patch 
antennas. 12DC. loll pwr. 
adopters and cables included! 
Con also be used to transmit VCR 
or camcorder output to another TV 
for remote viewing. Brand new, boxed 
set. OCTOBER SPECIAL, 

AST -1 .. ....... . $89 set. 

NEW, PRICE BUSTER, GM-210 
"MINI CCD STEALTH CAM" Top quality, 
black and white. mini ceo camera at a super price. 
Packaged in a super rugged cost aluminum housing that 
fits like a glove' 
I Not flimsy sheet 
metal) 
Removeable 
mounting brocket 
included as well as 
on 8", plug in 
cable with BNC 
video & DC power 
jock for. no sweat 
hook up. Why fool 
around with on 
open P.C. board? 
Now you can have 
the GM210 for the 
some price as a 
simple board camera • 1/ 3" • 420 lines • 0.3 lux • AGC 
• Auto Shutter • Power, 12V @100mA • 270k pixels • 
Standard 4 mm, 78° FOV lens • Focus from lOmm to 
infinity • NTSC video • 2 ounces • Size: 1.8" Square x 1.3" 
deep, including lens, GM-210 STD ........ $49ea 

QTY SPECIALS .... 5 for $220 ...... 10 for $390 
SPECIAL camera & 9" Monitor only $135 

NEW! 6.B" LCD COLOR, TFT, ACTIVE MATRIX DISPLAY, A huge 
23sq. inch VIEWABLE AREA, Super Deal. 2.8X the VIEWING AREA of 
a 4" WOW! We wish you could see the color saturation and resolution of this superior 
LCD display. Excellent contrast ratio, high 
quality, full color images ore comparable 
to a CRT. Perfect, portable, general 
purpose color monitor for standard NTSC 
color or B&W video. Fully compatible with all 
our cameros as well as Camcorders, VCR's, 
DVD's etc. OEM "component" style unit has 
no outer cabinet. Designed to be installed in 
YOUR housing via four mounting tabs as 
shown. Specso Resolution, 1152H x 234V, 
270K Pixels' Viewing angle, Top 10', 
Down 30', left 45', Right4S'. Brightness, 
300 nit, Sizeo W x H x D lmm/in), 157.2 x 
122.6 x 8.0, 6.2" x 4.83" x 1.1·. Weight, 10oz. Suppl ied with 30" input cable. Video input via 
BNC jock , 12VDC input via a standard barrel connector. 

BRAND NEW, FIRST QUALITY. GMTFT68 ....... $169ea. 
Regulated 12 VDC/11 OVAC power supply ••••••• $8.95ea. 

NEW, SECURITY MONITOR. NOW YOU HAVE THREE CHOICES! 
Commercial quality, Hi-resolution B&W and Color monitors. Brand new, 90 day warranty. 

BNC video in and loop through. Rugged block steel 
case. Three models ore ovoilobleo choose a 9" or 15" 
Block and White with 1000 lines of resolution or a 14" 
color vvth 450 lines of resolution. You will be amazed 
at how much better they will make your video look' 
There is no substitute for a real monitor. With Ul, FCC 
and FDA approvals. 

SPECIAL, BWMONITOR-9HR ••.• $94 ea. 
BWMONITOR-15HR ........ $159ea. 
COLORMON-14HR ......... $219ea. 
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Advanced 
Technologies 

Mind Over Matter 
Becoming a Reality 

For many years, the concept 
of wiring a human brain to 

external machinery has provid­
ed great raw material for sci­
ence fiction writers, but it was 
pretty much assumed to be too 
complicated for practical appli­
cation. But research at Arizona 
State University (www.asu 
.edu) tends to indicate other­
wise. 

Prof. Andrew Schwartz, of 
the College of Engineering and 
Applied Sciences, is looking 
into ways to interface the brain 
with the outside world to, for 
example, allow a paralyzed per­
son to control mechanical 
devices. Schwartz is the princi­
pal investigator of a team of fac­
ulty members, post-doctoral fel­
lows, graduate students, and 
research technicians working 
on "Advanced Neuroprosthetic 
Systems," a three-year, $6 mil­
lion grant project underwritten 
by the US Defense Advanced 
Research Project Agency. 

Describing the research , 
Prof. Schwartz said, "Arrays of 
electrodes implanted in the 
cerebral cortex of monkeys 
record the electrical discharges 
of 50 to 80 individual brain cells 
as a small sample of the billions 
of neurons that communicate 
with each other during move­
ment. The signals intercepted 
by these electrodes are sent to 
a computer where they are 
'decoded' or matched to differ­
ent arm movements. This code 
is saved in the computer and 
used by the animal to move a 
ball or spherical cursor through 
a virtual space to a specified 
target when its arms are 
restrained." 

Apparently, monkeys learn 
to perform the task by chang­
ing the way the neurons code 
for movement direction . By 
tracking these changes with an 
adaptive decoding algorithm, 

both the subject and the com­
puter program learn together. 
This approach leads to very 
good performance, allowing 
subjects to move the cursor 
with direct "brain control" 
almost as well as they can with 
their free hands. 

The research team plans to 
replace the virtual cursor with a 
robot arm that will be used by a 
monkey to reach and retrieve 
food while its own arms are 
restrained. Through a sort of 
"neural bypass," the team 
hopes this approach might help 
human patients with paralyzed 
arms. With further progress, 
the technique might be used 
not only to activate external 
devices, but to provide function­
al electrical stimulation of the 
patients' own muscles, allowing 
them to bypass the paralysis 
and use their own limbs again. 

Unfortunately, perhaps, 
other research has shown that 
the process can be reversed; 
that is, computer signals can be 
used to control the brain . Last 
May, Dr. John Chapin, working 
with colleagues at the SUNY 
Health Science Center at 
Brooklyn (www.sunybkly 
nem.org/) , inserted an implant 
into a rat's brain that a llowed 
him to instruct a tra ined ra t to 
turn right or left or move for­
ward in response to keystrokes 
on a laptop computer. Test rats 
were rewarded with stimulation 
to a pleasure center when they 
made the right decision. A pro­
jected application is to create 
armies of "robo-rats" that are 
equipped with small video cam­
eras and linked via wireless 
Ethernet. This may be a useful 
concept while we're talking 
about rats , but if your employer 
or spouse hears about it, you 
could be in for trouble. 

"Atomic Anchors" 
Promise Improved MRAM 

A patented technique devel­
oped at Sandia La bs 

(www.sandia.gov) allows 
manufacturers to deposit flat, 

Final 
State 

ultra-thin metallic layers on thin 
oxide layers , and the process 
promises to bring improve­
ments in the size and perform­
ance of magnetoresistive ran­
dom a ccess memory (MRAM). 
One of the nice applications 
would be to allow computers to 
boot up almost immediately 
from the MRAM storage rather 
than s lowly loading the operat­
ing system and associated soft­
ware from a hard drive. 
Acco rding to Sandia, the 
process reduces material cost, 
requires less electricity, and can 
be implemented on equipment 
that is already in place in chip 
manufacturing plants. 

MRAMs use magnetic tun­
nel junctions in which an ultra­
thin layer or insulator (typically 
aluminum oxide about 1 nm 
thick). is sandwiched between 
layers of a magnetic metal. 
Whe n current flows through the 
device, the magnetic orienta­
tion of the metal layers can be 
switched, which results in differ­
ent tunneling current values. 

These different values are used 
to represent bits of computer 
memory. Eliminating the 
bumps makes it much easier to 
grow thinner layers, which can 
operate with lower switching 
currents. 

Working with cobalt as the 
magnetic metal, researchers 
have determined that, by incor­
porating hydroxyls on the sur­
face of the oxide, the cobalt 
atoms can cause the release of 
a hydrogen gas molecule, and 
the cobalt atoms then become 
oxidized and link up with newly 
available oxygen atoms to form 
"anchors" on the top layer of 
the oxide (see figure) . These 
embedded metal atoms are 
scattered at points that amount 
to about one anchor for every 
1 0 oxygen atoms in the top 
layer. This eliminates the prob­
lem of metal atoms clustering 
together as bumps on oxide 
surfaces. Such bumps produce 
poorly crystallized metal films , 
which offer lower performance. 

According to Sandia , 
although the experiment was 
conducted using cobalt, the 
method also should be effective 
for iron and nickel - two other 
metals under consideration for 
MRAM, as well as metals such 
as copper, ruthenium , and 
rhodium. 

Computers and 
Networking 

Dude, You're Get tin' a 
Dell (Even If You Don't 
Know It) 

I n the US and elsewhere , 
many cheap, unbranded PCs 

(known as "white box" comput­
ers) are sold by local compa­
nies to small businesses, 
schools, and government agen­
cies. About 40 percent of them 
are built by the vendors them­
selves (e.g., Mexican computer 
vendor Alaska, a subsidiary of 
Mexmal Mayorista SA de CV, 
and Brazil's Tropcom). But 60 
percent are actually purchased 
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from other manufacturers, and 
Dell Computer Corp. 
(www.dell .com) recently was 
reported to have its eye on that 
market. Its first offering is the 
"White Box 51 OD" machine, 
which is sold only to registered 
dealers. A company can buy a 
generically-packaged 51 OD 
from Dell, slap on its own brand 
name, and sell it for whatever 
price it can get. The base con­
figuration of the machine 
includes a 1.7 GHz Celeron 
processor, 128 MB of RAM, a 
CD drive, and a 20 GB drive . It 
also comes with Windows XP, 
but not with a monitor. At 
$499.00, it may be cheaper 
than building your own. 

This may seem like a rela­
tively insignificant "cottage 
industry," but according to mar­
ket research firm IDC 
(www.idc.com), the white box 
market is doing well in compar­
ison to slumping sales by big­
name suppliers. In 2001, 13.7 
million unbranded units were 
sold in the US, and the number 
is expected to climb to 16.7 mil­
lion in 2005. 

Mac Line-up Moves to 
Dual-Processor Models 

For a brief time, the PowerPC 
chip - built by both IBM and 

Motorola - was the fastest PC 
microprocessor in the world. 
But as processing technology 
approached the 1 GHz level, 
Intel and AMD took over leader­
ship in the clock rate race. As a 
result, Apple Computer Corp. 
(www.apple.com), which uses 
the PowerPC chip in its 

Macintosh machines , has had 
to resort to some fai rly exotic 
technologies to maintain per­
formance parity. In fact , recent 
(unconfirmed) rumors have 
surfaced that Apple has long­
range plans to convert its 
machines to Intel chips. 

In the meantime, however, 
the company is staying in the 
race by unveiling a new Power 
Mac® G4 line that featu res dual 
processors in every model. 
Three versions are available , 
employing 867 MHz, 1 GHz, 
and 1.26 GHz processors . The 
Xserve architecture supports 
up to 2 GB of double data ra te 
(DDR) memory operating at up 
to 333 MHz, an ATI Radeon 
9000 Pro graphics card, and 
internal storage of up to 500 
GB. 

According to the manufa c­
turer, the top model can per­
form better than 18 Gflops and 
runs processor-intensive soft­
ware (e.g. , PhotoShop) up to 90 
percent faster than a 2.53 GHz 

Apple stays in the performance 
race with a line-up of dual­
processor Macintosh models. 
Photo courtesy of Apple. 

ew Timer and Counter kits ILow cost!l 
kits all use a microcontroller and crystal for accurate, low-cost timing and counting. 

4 Digit LED multiplexed displays are used. Complete documentation on each kit is 
available from our and Handli USA Canada $8.95 Other $12.95. 

r1>t1"PrPnt timing 
Modes and 

ranges are set by 
·tches. Timing 
range between 255sec (! sec steps) 

42.5h(!Omin steps) PCB size 1.9"x3.8" 
12VDC Order Code: CPS141 $15.95 

4-digit Timing Module Kit 
6 Types of firmware available. 
The included firmware is a 
programmable down timer of 
I 0,000 sec. PCB size 2"x2.6" 
Timing accuracy: 0.04% 
9-1 2VDC Current: SOmA 
Order Code: CPSI48 $9.95 

Up/Down Counter Kit 
Count range is from 0000, I ,2 
... to 9999. It can also count 
down. Maximum count rate of 
about 30 counts per second. 
Two counters can be connected together to 
make an 8 digit counter. PCB size 2"x2 .5" 
9-15VDC Order Code: CPSI29 $16.95 

Presettable Down Counter Kit 
Starting count can be set. The 
counter has four modes to con­
trol how the output behaves 
when it reaches zero. Max 
rate of 30/sec or 30,000/sec. 
PCB size 2"x2.5" 9-1 2VDC 
Order Code: CPS !54 $16.95 

TOLL FREE: 1-888-549-3749 (US & 
Tel: (330) 549-3726. Request a FREE catalog or visit us 

www.electronics123.com for more products. 
Amazon Electronics, Box 21 Columbiana OH 44408 USA. 
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Pentiu m 4-based PC. 
Performance is also enhanced 
with the Velocity Engine and up 
to 1 MB of DDR backside level 
3 cache per processor. (The 
Velocity Engine concept is 
based on a single-instruction, 
m ultiple-data function that 
allows several calculations to be 
perfo rmed in the same instruc­
tion , which enhances the per­
formance of complex calcula­
tions.) S hipping with the OS X 
version 10 .2 ("Jaguar") prein­
stalled , the machines also 
include two FireWire ports and 
fou r 12 Mbps USB ports, built-in 
10/1 00j 1000Base-T Ethernet, 
AirPo rt® wireless network 
capability, and a range of other 
featu res . Suggested retail 
prices for the machines are 
$1 ,699.00, $2,499.00, and 
$3,299.00, depending on 
processor speed and other fea­
tures . 

Circuits and 
Devices 

Studying Sea Birds by 
Remote Control 

f you've been lying awake 
nights wondering why the 

Leach' s Storm petrel 
(Oceanodroma leucorhoa) - a 
s mall seabird - prefers to live 
and breed on Great Duck Island 
rather than any of the other 
thousands of islands that lie off 
the coast of Maine, you needn't 
fret much longer. This summer, 
researchers from the University 
of California, Berkeley 
(www.berkeley.edu), with the 
aid of the Intel Research 

Berkeley laboratory, installed a 
network of about two dozen 
sensors to keep track of the 
birds' activities. The sensors, 
referred to as "motes," detect 
light levels, barometric pres­
sure, temperature, and relative 
humidity. The motes relay col­
lected data to a single above­
ground "gateway sensor," which 
relays the information at a 40 
kB/s rate to a laptop computer 
located in the island's light­
house. The motes can operate 
for six months on two AA cells, 
while the laptop- which is con­
nected to the Internet via satel­
lite - is powered by photoelec­
tric cells. 

The 237-acre Great Duck 
Isla nd is located in Maine, 12 
miles from the Acadia National 
Park, believed to be one of the 
largest petrel breeding loca­
tions in the eastern US. The bird 
spends most of its life offshore, 
though , and only returns to 
land for the May through 

EPROM+ 
A device p rogramming system 
complete mfo at www.arlabs.com 
+EXCEPTIONAL POWER FOR THE PRO 
+ EASY-TO-USE FOR THE NOVICE 

Here's what you get: A rugged, portable programming unit includ ing the power pack and printer port 
cable both of which store inside the case. A real printed user and technical manual which includes schematic d iagrams 
for the programming unit plus diagrams for all technology famil y adapters•. Comprehensive, easy-to-use software 
which is specifically designed to run under Windows 95, 98, ME and DOS on any speed machine. The software has 
fea tures which let you REA D, PROG RAM, COPY and COMPARE plus much more. You have full access to your 
system's d isk including LOA DING and SAVING chip data plus automatic ~rocessing of INTEL HEX. MOTOROLA 
S-RECORD and BINA RY files. For detailed work the system software prov1des a fu ll screen buffer edito r including a 
comprehensive bit and byte too l kit with more than 20 functions. 

Broad device SUpport: Including FIRST GENERATION EPROMS (2708, TM S27 !6•, 25XX etc.) 
SECONO GENE RATION EPROMS (27 16-27C080)(8 MEG), 40 and 42 PI N EPROMS* (27C I024-27C322)(32 MEG) 
EE PROMS (2816·28CO IO) PLUS ER590 1, FLAS II EPROM S (28 F,29C,29EE,29F)(32 MEG), NVRAMS ( 12,20,X22 10112) 
8 PIN SERI AL EEPROMS* (24 ,25 ,85, 93, 95, 800 11 A) PLUS ER1400/M58657* 

BI POLA R PROMS* (74S/82S), SERIAL FPGA CONFIG RATORS ( 17CXXX) $ 2 8 9 
MICRO • (874X,875X,87C5X,87C75X,89C) ATMEL MICROS*(89S,90S)(AVR) 
PI C MICROS* 8, 18, 28, 40 PIN ( 12CXXX, 16C5X,6X,7X,8X PLUS FLAS H & 17C) 
MOTOROLA MICROS* (68705P3/U3/R3, 68HC705C8/C9/J2/P9, 68HC II all fami lies) 

:" y~ u~~ ~A~k~Y~u~o;~·~~~~'~d~~~ti~~~~E~~~~~~~·~•entals $7.00 SHIPPING -:- $6.00 C.O .D. 

• REQUI RES SNAP-tN ADAPTER (ORDER FAC roRv otREcr o R BUILD v o uRSEL>I VISA • MASTERC ARD • 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 MAD E IN TilE U.S.A. 



October breeding season. 
During that period , the birds 
stay hidden to avoid predators 
and typically come out only 
after 10:00 PM, so you aren't 
likely to see one in person. But 
you can see photos and track 
the birds' activities by logging 
onto www.greatduckisland 
.net. 

Betamax: Rest in Peace 

Something of a milestone 
was reached late in August, 

when Sony Corp. 
(www.sony.com) announced 
that it will discontinue the 
Betamax video product line, 
sending it to the technological 
graveyard to join eight-track 
audio tapes and Timex com­
puters. Over the past 27 years, 
Sony sold 18 million of them, 
but only 2800 were shipped 
during Sony's last fiscal year. 
Reportedly, 2000 more units 
will be coming off the assembly 
line before it stops forever, after 
which Matsushita's VHS format 
can be officially declared the 
winner in the long-running 
video format battle. 

The victory is likely to be 
short lived, however, as VHS 
continues to lose ground to the 
DVD format. Electronics retail­
er Circuit City recently 
announced that it will be phas­
ing out YHS equipment from its 
shelves. Various sources have 
reported that DVD players are 
the fastest-selling consumer 
electronics products of all time, 
and rentals of DVD-format 
movies grew 126 percent in the 
first quarter of 2002, to a level 
of $633 million. 

Industry and the 
Profession 

Chip Sales Grow 5.8 in 
Second Quarter 2002 

A ccording to the 
Semiconductor Industry 

Association (www .semichips 
.org) , quarterly sales of semi­
conductors increased 5.8 per­
cent to a quarterly average of 
$11.35 billion in the April­
through-June quarter from a 
quarterly average of $10.73 in 
the previous quarter. According 
to SIA president George 
Scalise, "The semiconductor 
industry is continuing the 
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recovery that started late last 
year, and we are encouraged by 
the progress we have made 
pulling out of the 2001 down­
turn." He added, "While com­
puter and computer-related sec­
tor demand is lagging, wireless 
and consumer sectors continue 
to strengthen. These two lead­
ing sectors are stimulating 

strong sales in flash, digital sig­
nal processors, application spe­
cific products , discretes and 
analog, all of which increased 
by double digits rates in the 
June quarter." 

rently underway. Sales in 2002 
are still expected to result in 
approximately three percent 
growth from 2001, and the SIA 
continues to expect the growth 
rate to accelerate to 23.2 per­
cent in 2003 and 20.9 percent 
in 2004, with wireless and digi­
tal consumer products leading 
the growth of sales. NV 

In June, the SIA released its 
mid-year market forecast pro­
viding an overview of an indus­
try-wide recovery that is cur-

35 WATT lPFM STEREO TRANSMITTER, ' , 

. .... ..... 1t • 

. . ;. <tt~ . 
./ 35W RF output, VSWR protected 
./ Automatic audio & power controls 
./ Digital synthesized PLL 
./ Full front panel control 
./ 11 0/220VAC, 12VDC operation 

Whether your application is export or LPFM, the PX1 has you covered. From the 
over-rated continuous duty power supply & power amplifier to the 2 line vacuum 
fluorescent display, your station will be the easiest to setup and the most reliable 
for continuous operation. Full microprocessor controls provide a "virtual engi­
neer". Check out www.highpowerfm for full details. 
PX1 35W Professional FM Stereo Transmitter $1,795.95 

ElECTROCARDIOGRAM HEART MONITOR 
./ Visible and audible display of your heart rhythm 
./Re-usable sensors included; just like visiting the hospital! 
./ Bright LED "beat" indicator ,.-fflfl,/1::' 
./ Monitor output for oscilloscope display Af.•!f!"~ · 
Enjoy learning about the inner workings of the heart while cov· 
ering the stage by stage electronic circuit theory of ECG/ EKG 
systems. Be heart smart and learn at the same time! Simple 

and save 9V Battery operation. 
ECG1 Electrocardiogram Heart Monitor Kit $34.95 
CECG Matching Case & Knob Set $14.95 
ECGP10 Replacement Reusable Probe Patches (10-Pack) $7.95 

PG13 
PS12 

IG7 
AC125 

PlASMA GENERATOR 1/t- · . 
r ./ Generate 2" sparks to a hand held screwdriver! 

./ Build your own plasma balls! 

./ 25KV at 20 KHz from a solid state source! 
Generate really impressive sparks, build your own plasma 
ball, light fluorescent tubes without wires! From a solid 
state source, generate over 25KV at 20KHz for the most 
dazzling displays! 

Plasma Generator Kit 
14VAC Output Power Supply 

$59.95 
$19.95 

ION GENERATOR . - Nf. ·. 
./ Generates negative ions with a blast of fresh air! 
./ 7.5KV DC negative, 400uA - that's a lot of ions! 
./ Steady state DC voltage, constant current, not pulsed! 
Learn the basics of ion repulsion by building this ion generator! 
Creates a continuous blast of fresh air charged with a ton of 
ions. Perfect for pollution and air freshening; just smell those 
ions! Solid state wind generation; you'll be amazed! 

Jon Generator Kit 
11 0 VAC Power Adapter 

$59.95 
$9.95 

TOUCH-TONE TONE GRABBER ;;;. #f. · .. 

-.o4'1./~[~~r:: ./ Color during the day, I R B&W at night! 
./Automatically turns on IR Illumination! 
./Waterproof to IP57 standards! 
./ Black anodized housing with universal mount 
Best of both worlds! This video camera is a water­
proof COLOR camera during the day. When the 

~--, light level drops, it automatically changes to B&W 
and turns on its built-in IR illumination, with 10 IR 
LEOs. Powered by 12VDC and terminated with a 
professional BNC connector. B&W only model 

also available if color is not needed. Both in heavy anodized black housing. 
CCD309 Color/B&W IR Waterproof Bullet Camera $169.95 
CCD308 B&W IR Waterproof Bullet Camera $109.95 
AC125 110 VAC Power Adapter $9.95 

in IR illumination! 
./ Sees in total darkness! 

t:l 

./ Black aluminum housing with swivel bracket 
What a deal! This miniature B&W video camera has 6 
high power IR LEOs built into it to provide illumina­
tion in total darkness! No need for externaiiR illumi­
nators. Attractive black aluminum housing easily 
mounts at any angle with the built-in swivel bracket. 
Runs on 12VDC, and includes professional BNC out­
put plug-in harness. 

CCD303 Mini B&W IR Illuminated Camera $59.95 
AC125 110 VAC Power Adapter $9.95 

Check out all our other new cameras at www.ramsevkits.com! 

PROFESSIONAl FM STEREO RADIO STATION 
./ Synthesized 88 to 1 08 M Hz with no drift ! 
./ Built-in mixer - 2 line inputs and one 

microphone input! 
./ High power module available for export use 
./ Low pass filter for great audio response 

Our FM1 00 is used all over the world by serious 
hobbyists as well as churches, drive-in theaters, 

and schools. Frequency synthesized PLL assures drift -free operation with simple 
front panel frequency selection. Built-in audio mixer features LED bargraph 
meters to make setting audio a breeze. The kit includes metal case, whip antenna 
and built-in 11 0 volt AC power supply. 
FM1 00 Super-Pro FM Stereo Radio Station Kit 
FM1 OOWT 1 Watt, Wired Export Version 

~P.!fii'P!' 

$249.95 
$399.95 

./All new design & features for 200~1~r;r/l::' ./ Fully adjustable RF output ~r._lf!'/· · 
Our #1 kit for years has just gotten ISetter for 2002! 
Totally redesigned, the FM25B has all the features 
you've asked for. From variable RF output, F con­
nector RF output jack, line input, loop output, and 

more. Includes case, power supply, whip antenna, audio cables. 
FM25B Synthesized FM Stereo Transmitter Kit $129.95 

AND ... OUR FAMOUS MINI-KITS 
These are easy to build kits that can be used either stand­

' alone or as building blocks for more complex projects. 
TS4 Tickle-Stick Shocker $9.95 
BN9 Super Snoop Amplifier Kit $8.95 
Bl1 lED Blinky Kit $3.95 
TD1 Tone Encoder/Decoder Kit $6.95 
TT7 Touch Tone Decoder Kit $19.95 
CP03 Code Practice Oscillator Kit $9.95 
UT5 Universal Timer Kit $8.95 
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The Electronic uslc Box 
By Richard Panosh 

This note-worthy project employs a low-end, eight-pin Microchip microprocessor 
with only an eight-bit timer, and can be used in battery-powered or AC-powered 

applications such as music boxes or doorbells. 

any hobbyists avoid construction projects that employ 
microprocessors because they do not have the capability to 
write the programs or to burn a canned program into mem­
ory. In many cases, however, a microprocessor may provide 

the most eloquent solution to a design. This project employs a Microchip 
PIC 12C509, eight-pin minidip, that is uniquely designed to reduce the 
number of components to a minimum to masquerade as a music box or 
door annunciator. 

The first music boxes are credited to Swiss watch makers in the lOth 
century. They produced two types that employed either a disc or a cylin­
der to store the sequence of notes. The cylinder type is most common and 
has tiny pins that lift the teeth in the comb to produce a note much like a 
tiny tuning fork. Today, the precision craftsmanship of mechanical devices 
is giving way to electronics. There are currently many integrated circuits 
available that play music. The simplest of these are the tiny chips sealed 
with epoxy in greeting cards, to the more expensive and sophisticated 
electronic keyboards. While these circuits produce music, they do not 
replace the more melodious music box. 

Two features of the mechanical music box differentiates it from elec­
tronic music chips. In a mechanical music box, the first note is somewhat 
random depending upon where the drum has stopped. Another feature is 
that the melody is repeated several times as the cylinder revolves, but as 
the spring weakens, the tempo slows and a person's thoughts are magi­
cally transported to another time. This article employs a low-end, eight-pin 
Microchip microprocessor with only an eight-bit timer. The program incor­
porates features to simulate a mechanical music box. It can be battery­
powered for applications in music boxes or AC-powered for applications as 
a doorbell. 

Briefly, this microprocessor contains an internal 4 MHz RC oscillator, 
internal pull-up resistors, low-power consumption, sleep mode, and a 
1,024 word memory. These features will be discussed later when we 
describe the construction. The Microchip microprocessor is an excellent 
choice for beginners. Microchip Technology, Inc. , at their web site 
(www.microchip.com) provides many application notes for their product 
line, as well as a complete development software called MPLAB. 
Alternately, you can request a CD disc of their product line that contains 
data sheets, application notes, and the MPLAB software. MPLAB can be 
installed on your computer for free to write, edit, and simulate your code 
in software for debugging. The simulator allows you to run the code you 

Figure 2. Typical Board Layout of the Electronic Music Box 
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Figure I. Circuit Diagram of the 
Electronic Music Box 
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write and step through it line-by-line to make sure it executes properly. It 
also allows you to alter canned programs for your specific application. The 
Microchip microprocessors can execute code at a speed as high as 200 
nsec per instruction, if required, and the simplified instructions consist of 
as little as 33 words. 

While Microchip also supplies hardware burners to program their 
microprocessors, individual suppliers can provide the hobbyist that pro­
grams infrequently greater savings. MicroEngineering Labs, Inc. 
(www.melabs.com), for example, sells the EPIC Plus programmer assem­
bled for about $60.00 and provides the board with software for as little as 
$35.00 (you supply the parts). 

If you begin programming your own microprocessors, you have the 
choice of installing your program into a windowed EPROM memory micro­
processor, an OTP (One Time Program), or an EEPROM memory version 
(such as the 16C84). Both the windowed EPROM and OTP are electrical­
ly programmed. The windowed version is reusable by erasing the memo­
ry, whereas the OTP cannot be reused. The EEPROM version is both pro­
grammed and erased electrically. So if you plan to use the quartz win­
dowed EPROM version, you will also require a bright ultraviolet light 
source that is used to erase this version. Several companies including Digi­
Key produce EPROM erasers for about $40.00. 

While we are discussing programming, it should be mentioned that 
the Microchip microprocessors like the 12C509 that contain a 4-MHz RC 
oscillator are also supplied from the manufacturer with a calibration factor 
for these oscillators. An external quartz crystal can be used that is 
extremely accurate, but requires more components and cost. A ceramic 
resonator is also an option that is less expensive, but also requires anoth­
er part. The internal RC oscillator is the least expensive and simplest solu­
tion for this project. 

Since the RC oscillator is the least accurate clock, the manufacturer 
provides a calibration factor that can be used to trim the frequency. This 
calibration factor is installed in the last memory location at the time of 
manufacture. If you read an empty microprocessor from the manufactur­
er- like the 12C509- all memory locations will read h'OFFF' (hexadeci­
mal or all 1 'sin binary) except the last memory location at h'3FF' that will 
contain a value like h'OC50'. The h'OC' is the instruction MOVLW (move lit­
eral to W) when the microprocessor either powers up or wakes up. This 
instruction places the calibration h'50' in the W register where it can be 
used, if desired, by moving it into the OSCCAL (Oscillator Calibration) reg­
ister to trim the RC oscillator frequency. For this reason, a windowed 
EPROM version with an internal RC oscillator option should not be erased 
before reading this value. The best method is to read the microprocessor 
memory and save it to a file such as CAL509.hex for future use. Later, if 
the EPROM memory is erased, the calibration factor can be reinstalled by 



The Elec-tronic Music Box 
programming it with the CAL509.hex file. 

One additional caveat to mention if you program an expensive quartz 
windowed EPROM, is to never enable code protection. The code protection 
option was provided to protect your intellectual property from being pirat­
ed from unscrupulous people and works well with OTP microprocessors. 
If enabled with the erasable EPROM version, it will make the part unusable 
and worthless. 

The simple circuit is illustrated in Figure 1. The microprocessor- Ul 
(PIC12C509) -can operate from 2.5 to 5 volts, so that power can be sup­
plied from either one lithium coin cell (3V), a pair of silver oxide coin cells, 
a nine-volt battery with regulator, or maybe even be powered from a wall 
wart transformer with a regulator, depending upon the application. The 
simplest power source is the lithium coin cell and is suitable for an appli­
cation as a music box. The microprocessor draws about 550 microamps 
during play and, at the end of the song, goes into sleep mode. In the sleep 
mode with the box open, it draws about 30 microamps and when the box 
is closed, it draws less than one microamp. 

The difference in current draw in the sleep mode is due to the internal 
pull-up resistor associated with the microswitch. A CR2025 lithium coin 
cell is rated at three volts and a service capacity of 155 mAh (milliamp­
hrs). This would power the circuit in the sleep mode for the shelf life of the 
battery ( 10 years) when the box is closed, 200 days with the box open, 
play the song about 9,000 times (two minutes long), or a more reasonable 
time combination of the two. If you plan to use a nine-volt battery and reg­
ulator, remember to include the voltage regulator power consumption in 
your calculations. The commonly available 78L05 regulator idles at about 
2 rnA current. 

Microswitch SWl activates the play or sleep mode of the micro­
processor in an application as a music box. It is wired so that when the 
box is opened, the normally-closed contact pulls pin 4 low to begin the 
song. When the box is closed, the switch is in the open state and pin 4 is 
high. This arrangement was chosen because the box is normally closed 
and the microprocessor current drain is the lowest. As mentioned earlier, 
the current drain is different in these two modes because when pin 4 is in 
the low state, current is conducted through the internal pull-up resistor. 
The use of the internal pull-up resistors eliminates the use of an external 
resistor. R 1 is installed to provide protection from possible static electric 
discharge to this pin from the open microswitch. 

Since the microprocessor consumes such little power in the sleep 
mode, it is never turned off or powered down. For this reason, when the 
box is closed and the song stops playing, the last note to be played is still 
resident in memory and the song will begin again where the song ended 
just like a mechanical music box. The song contained in the memory is 
Edelweiss that consists of 55 notes plus a repeat song indicator written 
into the Notes table. The last note in the table is always zero that is the 
repeat song indicator. The Notes table is located between the program 
instructions. As a result, all Call routines occur within the upper half page 
of the program memory. This is required, since the Call instruction is lim­
ited to an eight-bit word or to the first 256 memory locations. The program 
instructions occupy about 200 words. The Notes table ends at line 229 
and leaves room for an additional 26 notes or a song that contains 82 
notes. 
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Parts Ljst lor the 
Electron•c Mus•c Box 

3V Lithium Coin Cell Panasonic CR2032, Digi-Key P-189 
Battery Holder Memory Protection Devices, Digi-Key 

BA20323 
Piezo Speaker Projects Unlimited, AT006 (0.3-5kHz) . 

Marlin P. Jones & Assoc., 9123-SP (0.3-4kHz) 
100 ohm, 1/4W carbon resistor 
0.1 uFd, ceramic capacitor 
Microswitch Omron D2F lever, Digi-Key SW154 
Eight-pin DIP socket 
Microchip 12C509 microprocessor OTP version, Digi-Key 

PIC12C509-04/P 

Preprogrammed version is available from Vista , P.O . Box 125, 
Bolingbrook, IL 60440. 

Order Music Box IC by mail. Include a check or money order for a 

C1 
0.1 

Figure 3. 
Typical Music 

Box 
Construction 

.______ ,_____ ____ j 
The length of the note determines the tempo of the song and is 

defined in another table called Duration. The Duration table consists of 
two eight-bit words. The first word is the Lo-order byte followed by the Hi­
order byte. The Duration table is located in the upper half page of memo­
ry page 1. Since two words are stored for each note length, each time the 
Timer (TMRO) is reloaded, the Hi and Lo byte are suitably decremented to 
determine how long the note will be played. Since the period of each note 
varies, the Duration table must be adjusted accordingly to hold the note 
for the correct tempo. The Duration table ends with two zeros that are 
detected to repeat the song over again. 

A note is generated by toggling two output pins differentially (pins 6 
and 7) at twice the frequency of the note. This creates a squarewave with 
a 50% duty cycle at the desired frequency of the note. Each time the timer 
(TMRO) counts up and rolls over to zero, it is reloaded with the required 
number of Ticks to generate the proper tone. The number of Ticks is 
defined in the program as: 

Ticks= 256 - (125kHz- 1) 
2 * Note 

where the Note is the desired Note frequency in Hertz. For example, C 
above middle C has a frequency of 523Hz that requires 137 Ticks entered 
into the timer each toggle of the output pin. Thus, additional notes can be 
added and defined, as required. For Edelweiss, seven notes have been 
defined plus a Rest (pause). The rest consists of a one-millisec delay times 
the Duration to generate a Rest time. 

Each time a new note is entered, a 16-bit counter is decremented to 
keep track of the total number of notes played in the song. When this 
count becomes zero, the microprocessor powers down in its sleep mode. 
The count is set in the program to play 145 notes. This counter also estab-
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total of $7.50 (postage included). 1 

Miscellaneous perf board, solder, case, audio amplifier, and parts 
depending upon the application. 

Figure 4. Ci rcuit Diagram 
of the Electronic Door 

Annunciator 
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Box 
lishes the approach of the end of the song and begins increasing the 
pause between notes to slow the tempo as the electronic spring winds 
down. This pause increases when the last 30 notes are to be played and 
increases geometrically. 

The layout is not critical and the prototype was constructed on a perf 
board for coin cell battery operation. Figure 2 illustrates the completed 
circuit. The microswitch was affixed to the corner of the perf board with 
five-minute epoxy after roughening the surfaces with sandpaper. The 
microprocessor should be installed in a socket. Carefully check your 
wiring for errors and install the microprocessor in the socket before con­
necting the battery. 

One application for the music box is illustrated in Figure 3. The board 
slides into the end of a wooden box purchased from a hobby craft store 
such as Hobby Lobby, Michael's, or Pier 1 Imports. Small 1/ 4" square 
wooded rails were glued inside the box to receive the board and hold it ver­
tically at the left end of the box. A piece of thin cardboard was also glued 
between two rails to prevent the contents of the box from shorting the cir­
cuitry out. A small 1/4" square block of wood was glued to the front and 
rear edges of the cover. The rear block prevents the board from creeping 
up when the box is closed and the front block activates the microswitch 
when the box is opened. Perhaps a better design would have been to install 
the circuit board in the top of the box. Essentially, the top of the box is not 
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The Powerbite personal stereo amplifier 
provides 30 Watts (15 x 2) of audio power to 
boost the output of your computer, portable 
CD player, portable TV or video game. 
Provides a clean, full sound that can be 
played through bookshelf or larger speakers. 
This ergonomically designed desktop amplifi· 
er has a trackball-like volume control, tone 
control and LED power indicators . Includes 
hook·up cable (3.5mm stereo to RCA plugs) 
and power supply. Attractive retail packag­
ing. Speakers not included. 

CAT # AMP-30 $19 00 
1 12 for $15.oo each I each 
I Resettable Circuit Protector I 
Raychem " Polyswitch" # RXE-0655-1 ~ 
Unlike traditional fuses, they automatic-
ally reset when fault condition is cleared. 
Can be paralleled for higher ratings. 
Current: 0.65 Amps. Trip Current: 1 .3 Amps. 
Max Voltage: 60 Volts. 0.33" dia. UL, CSA. 

CAT# RXE-065 100 for $20.00 

3 for $1 00 500 for $85.00 
1 000 for $150.00 

acters. 
5 X 8 dot format. 
LED backlight. 0.63" x 3.7" viewing area. 
1.53" x 4.7" module size. Removed in good 
condition, from new equipment. Prepped 
with 4" wire leads terminated with 15 pin 
socket connector (0.075" centers). 
Includes hook-up diagram. $950 
CAT# LCD-74 each 

QUALITY Parts 

FAST Shipping 

DISCOUNT 
Pricing 

Here's one of the best deals we've seen on a 
"plug-and-play" color video camera with audio. 
The Corel CC2000 camera was designed for 
video conferencing. Its unusual housing was 
designed to sit on top of a monitor facing the 
operator. The lens swivels about 30 degrees in 
any direction and has settings for normal or 
wide angle viewing. The camera also has a 
th readed fitting for mounting on a tripod or cam­
era bracket. Beige housing with a built-in lens 
cover that can slide closed when not in use. 
Overall dimensions 7" x 3.6" x 3.25." 6' cord 
with adaptor has RCA plug outputs for video 
and audio and a coax jack for DC power. 
Includes 9Vdc 1.5 Amp power supply. Works 
with any NTSC monitor or video recorder. 

cAT#VC-127 $4g oo 
each 

2 " Serial Thermal Printer 

Panasonic (Matsushita) # EPT-1 014LW2 
24 character, 144 dot matrix 
printer for 2" (50mm) paper. 
FPC flexi-connector with 
20 pin (1 .25mm pitch} 
connector. Mates with 
Molex 52045-2010 
connector. Removed in good 
condition from new equip­
ment. Includes spec sheet. 
CAT # PRNT-4 

5mm Blue LED Special 

High-brightness blue LED. 1000 MCD. ~ 
Water-clear in off state. Special price. 

CAT# LED-86 10 for $1 .50 each 

$175 100 for $1.15 each 
each 1000 for 95¢ each ....______.. 

is uncomfort-
able for anyone 
nearby. Only 
2.3" long x 1.7" x 1.5" , it has an 
adjustable metal mounting bracket and comes 
with 6' of wire. Operates on g-12 Vdc. 
Includes a clip for operation with a 9V battery. 
Ideal for auto or home alarms. Large quantity 
available. CAT# ES-12 
$300 ~1~0~fo-r~$~2~.5~0-e_a_c~h ~ 

each 100 for $1.50 each 

222 Watt Power Supply 

Input: 100-240 Vac. 

Enclosed, fan-cooled computer 
power supply. Push on/off power switch on 
12" cord. Has special power harness in addition 
to the common Molex-type power connectors. 
IEC power inlet. UL, CSA. 5.9" x 5.5" x 3.4." 

CAT# PS-511 1650 
lease of 8 for $12.00 each! $ each 

Tiny Vibrating Motor 

Low voltage, low current miniature ~ 
vibrating motor. Operates on 1.5 - 3 Vdc 
@ 62 mA. Tiny motor with offset 
weighted shaft is used in cell phones 
and pagers for vibrating alert signal. 
A removable black rubber boot surrounds 
the motor and provides a flat mounting sur­
face . Without the rubber boot the motor mea­
sures 0.24" dia. x 0.5" longThe shaft and 
weight add an ex1ra 0.21 " to the overall 
length. Prepped with 0.42" long metal tabs. 
CAT # DCM-204 

$1~~ch 
10 for $15.00 

100 fo r $1 00.00 

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

MAIL ORDERS TO: 

ALL ELECTRONICS CORP. 
FAX (818) 781-2653 • INFO (818) 904-0524 

E-MAIL al/corp@allcorp.com P.O. BOX 567 • 'AN NUYS, CA 91408-0567 
NO MINIMUM ORDER • All Orders Can Be Charged to Visa, Mastercard, American Express or Discover • Checks and Money OrdersAccepted by Mail • 
Orders Delivered in the State of California must include California State Sales Tax • NOC.O.D • Shipping and Handling $6.00 forthe 48 Continental United 
States- ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping • Quantities Limited • Prices Subjectcb change without notice. 

II MANUFACTURERS - We Purchase EXCESS INVENTORIES ... Call, Write, E-MAIL or Fax YOUR LIST. II 
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used and the lower compartment 
would be completely available to 
store your items. 

Do not use a piezo electric 
alarm element for the piezoelectric 
speaker. An alarm element is res­
onate at one zero sharp frequency 
to provide a large amount of audio 
efficiency and the different square­
wave notes can excite these 
modes to produce a very displeas­
ing sound. Use only a piezo elec­
tric element designated for speak­
er applications that provide a flat­
ter frequency response and high 
impedance. Such elements are 
available from many electronic 
parts suppliers. 

The microprocessor and pro­
gram can also be utilized (as illus­
t rated in Figure 4) as a doorbell 
annunciator. In this application , 
the microprocessor power can be 
obtained by rectifying , filtering , 
and regulating the bell transformer 
power. Alternately, power can be 
obtained independently from a 5V 
wall wart. If you use a wall-wart 
supply, verify that it provides no 
more than five volts or regulate the 
output. The power to the micro­
processor is supplied by means of 
the normally-dosed contacts of a 
relay. When the doorbell button is 
pressed, the relay opens up. When 
the button is released, the relay 
applies power to the microproces­
sor and, upon power-up, it begins 
playing the song from the first note 
through to completion. When the 
song is completed , the micro­
processor goes back to sleep. Pin 
4 must be left open in this applica­
tion for the power-up to begin play­
ing the song. 

For the doorbell application, 
the audio output can be amplified 
as illustrated in Figure 4 by means 
of a LM386 audio amplifier driving 
a small 4-8 ohm speaker. The 
input attenuator is used to adjust 
the speaker volume. 

The assembly level program 
and compiled hex file are available 
on the Nuts & Volts website. As 
indicated in the parts list, we will 
sell a preprogrammed micro­
processor to those who wish to 
purchase a programmed chip. 

Many happy tunes to you. NV 



Polaris Industries, Inc. 
WIRELESS VIDEO LIPSTICK CAMERA MONITORS OVER 800 PRODUCTS IN STOCK!! DIGITAL RECORDERS ANTENNAS MICRO CAMERAS 

DX·7811S 1/3 " HIGH RESOLUTION DSP COLOR CAMERA 

DX-78115 $169.96 

•. I 

' - ,~ 
, 0' 

DX-7811 5 Our NEW Dtgil.a• 
Signal Processing (DSP) C M r· 
offers you a Day/Night Camera with 
Digital Zoom, Mirror Function , 470 
lines of resolution, backlight com-

\ . 
pensation, gain control & low lux. 
An excellent addition to your current 

security system or a great beginning to a 
new system. 

This camera has all the features of the brand 
names without the brand name price! 

Build your own speed dome or motor zoom camera with ease. 
The Polaris 220X camera module will fit right into your case easi­
ly. The life of the 220X motor is 5 times longer than any other 
brand named camera. All camera features are controllable with 
included PC remote software. 

AFZ-220X is compact and 
lightweight. This zoom cam­
era will magifiy images up 
to 220 times and fits into a 
variety of applications. 

AFZ-220X - $349.95 

CAR REAR VIEW VIDEO SYSTEM 
The RVK-01 adds visual safety to your car, truck and 
recreational vehicle. Each unit includes: 

- Rear-view Mirror With Built-in TFT Display 
-Weatherproof, Wide-Angle Infrared Camera 
- Mounting Hardware & Accessories 

Built-in TFT 

RVK-01 $449.95 
Visit Our Website For Full Specifications 

COLOR IR DOME CAMERA 

VPD-50 Infrared day/night color camera 
with vandal-resistant technology, 470 TVL 
Enhanced DSP, all in a rugged housing. 

BOARD CAMERAS 

20 Different Models 
Available 

MB-780U B/W BOARD 
CAMERA $29.95 

VPD-50- $199.95 VISIT OUR WEB IT !!' 

COLOR MICROSCOPE CAMERA 

MS-140X This color camera is exceptional 

for variety of applications. Its high resolution 
of 4 70 TVL allows you to see the smallest ele­
ment in manufacturing, nature, even verifying 
authenticity of $20. 

Works With: 
-PC 
-Monitor 
-VCR 

DIGITAL MONITORING & RECORDING SYSTEM 

The PV-140 Series 
turns your PC into a 
commercial grade dig­
ital security system in 
a few minutes. This 
incredible series inte­
grates a color quad 
processor, multi-zone 
video motion detector, 
multiplexer, and a real~-----"" ... 
time digital video recorder (DVR). By ordering addition 
cards, you can increase your surveillance up to 16 dif­
ferent cameras. 

PV-140 PACK 
4 Pieces/One Pack 

$1099.95 

PV-140A/B/C/D - $299.95 

Software 
Included!!! 

System Requirements: 
- Windows 98/ME/2000/XP 
-Pentium III-550Mhz or higher with free PCI slot(s) 
- 128 MB+ System Memory 
- PCI/AGP bus graphics card (24 bit high color or 64 bit 
- Sound Card (optional) 
- Hard Disk Space - 1 GB+ per camera; 

10GB+ is recommended 
- Microsoft DirectX or higher version 
- CD-ROM I DVD-ROM device 
-Cameras up to 1/2/4/8/12/16 

Real· Time Video Digital Recorder 

PENCAM is the newest member to our line of covert cameras. 
It's small, lightweight design allows the PENCAM to slip into your 
shirt or coat pocket, Each unit has a built-in mic for audio and 

PENCAM - $225.95 

Visit Our Website For Full 

Now you can enjoy peace of mind with our 
new wireless observation system. Each 
comes with a 5" wireless monitor & wireless 

Introducing Polaris Industries' newest Miniature Cameras!!! 

camera. Just plug & play for perfect winales•fjr:.iii!iiiiiii•···~~ 
video any time! 

Great for around the 
house, office or technical 

field work. 

Circle #41 on t he Read er Se rvice Card. 

Each camera is compact and lightweight making it 
perfect for covert applications where little space is 
available. The MC-780U B/W Camera offers 
420TVL at 0.5 Lux and the MC-790U Color Camera 
provides 380 TVL (480 Enhanced) at 1.0 Lux. 
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Reader Feedback 
Dear Nuts & Volts: 

I just wanted to take the time 
to say I enjoyed the article by Walt 
Noon on his Halloween animation 

project in your September issue. I 
would usua lly like an a rticle with a 
little more detail in it (such as 
mechanical dimensions, since I am 
by no means a mechanica l person) 
than this one had, but I have con­
cluded that it had enough informa­
tion that I can play around until I get 
it right, which is what most of us 
Nuts & Volts readers like to do, 
anyway. 

I have been wanting to do some 
a nimated Halloween decorations 
using pneumatics for a number of 
years, but thought the complexity 
would be too much. This article has 
convinced me that this is the year to 
actually do it! 

Thanks for your continuing 
excellence in your magazine! 

Dear Nuts & Volts: 

Dave Clarke 
Melbourne, FL 

I just wanted to thank you for 
the "Avoiding PIC-falls" article by 
John Patrick in the Sept. 2002 
issue. I have been using PIC micro­
processors for about two years. 
When I saw the article I thought to 
myself, "I have to sit down and real-

ly study this." 
Many of the pitfalls sounded 

very familiar - especially the RA3 
pullup resistor, table reads across 
boundaries, and stack overflow. I 
wish I had the article two years ago! 
Thanks again for the good article. 

Dear Nuts & Volts: 

Bob Lang 
via Internet 

Loved Walt Noon's 'Bait and 
Switch' article in this month's issue. 

Articles of this type are very 
appealing, and Walt both knows his 
stuff and presents it in a very read­
able fashion. 

Keep it going! I hope to see 
more articles from him. 

Dear Nuts & Volts: 

John 
via Internet 

The premier issue of "The Nuts 
& Volts of Amateur Robotics" is fan­
tastic! I enjoyed reading every detail 
and felt the layout and content were 
expertly accomplished. The color is 
excellent and fine paper quality plus 
good font size makes reading enjoy­
able. I greatly look forward to future 
issues. 

Mike Otis 
via Internet 

www.SMDRework.com 
~ 

U""''~~-""' 

800-394-"1 984 

Dear Nuts & Volts: 
As you know, since you sell my 

books, I am not exactly a beginner 
in electronics. However, having con­
centrated for 40+ years on the 
broadcast side of things, I have lim­
ited knowledge in many areas. This 
is why I love Nuts & Volts. Having 
retired from broadcast engineering 
a few years ago, I have had the 
opportunity to venture into new 
areas of study. 

I say all that to say this: The 
robotics insert was fascinating and, 
even though I am not currently into 
robotics, I have carefully filed it 
away for reference. 

If you are an inventor and exper­
imenter, you never know where the 
next project may lead you. I just 
worked a deal to design a series of 
interactive arcade games for a com­
pany in Canada. Who knows what 
they may ask me to make these 
games do? 

I would also like to comment on 
the critic of the regen circuit. I have 
always told my students, and stress 
it in my books, that you learn the 
most basic circuits and then let your 
creativity use these to create new, 
more complex, things. There may 
be a use for regen that none of us 
have ever thought of before. 

Keep up the good work. Even 
an old codger is learning a lot. 

George Whitaker 
Arlington, TX 

Dear Nuts & Volts: 
I don't know if you'll get similar 

mail about the cover of Robotics 
Supplement #1, but when my wife 
and 1Oth-grade son looked at the 
cover, the first thing noticed was the 
hand gesture. It doesn't appear to be 

Continued on Page 64 

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

analyzer AND multimeter. Display simultaneously Record for 365/24 without a PC even if power 

on large screen! 100MS/s 8-bit or 1.2MS/s 12-bit or fails. Monitor 30 sensors 400 yds away. With cience fairs! Supplied with 

333kS/s versions. Great for schools, test depts, etc. cables and easy software. Remote audio 

Input to Excel! LabView/NT drivers included. alarm. Use TC-08 for most thermocouples. 

eady-to-run software and 

ots of physics/chem exp ' ts . 

Stocked in NY by Saelig Company: Virtual Ins truments, /2C and embedded controllers, BIT/ink 2-wire 
networks, RS232/422/485, CANbus, etc. See www.saelig.com for Product of the Month ! 
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Tl MSP-FET430 Flash 
Emulation Tool 
- JTAG-based, real-time, 

in-system emulation 

- Includes interface box, 

target board , cable and 

device samples 

- CD-ROM with Kickstart IDE, 

assembler, linker, simulator 

and 4KB C compiler 

Soft Baugh 

~TEXAS 
INSTRUMENTS 
AUTHORIZED DISTRIBUTOR 

SoftBaugh D437 
Demo Board 
- Optimized for low-cost 

and low-power handheld 

prototyping 

- Texas Instruments 

MSP430F437 MCU with 32K 

of Flash memory, 1 K RAM, 

1 USART and a 12-bit ADC 

in an 80-pin QFP package 

- Processor pins at pin headers 

for flexible interfacing with 

external circuitry 

- LCD supports a wide variety 

of product concepts, allowing 

immediate development of 

eye-catching prototypes 

- LED, switches and a variable 

resistor for user interaction 

- CR2032 coin-cell power supply 

- 32 KHz watch c rystal 

- JTAG programming and 

emulation speeds up 

development 

Get started today on your power-sensitive design using 

the Texas Instruments (TI) MSP430 family of 16-bit 

RISC ultra-low-power Flash MCUs. Take advantage of 

this limited-time offer made availab le exclusively 

through Insight during October and November 2002. 

For only $99 you can obtain : 

• Tl MSP430 Flash Emulation Tool (FET)­

JTAG-based, real -time, in-system emulation system 

• SoftBaugh 0437 Demo Board-featuring the Tl 

MSP430F437 MCU and an extensive set of peripherals 

• CD-ROM with all the development software you 

need to jumpstart your design 

Call Insight today; offer expires Nov. 30, 2002 

1·888·488·4133, ext. 510 

lnsig.bl 
www.insight.na.memec.com 
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Simple Interface Uses 
Common Tools 

By Mark Van Steen burgh 

Making use of a BASIC Stamp, lnByte , and Microsoft Excel to read a byte. 

T
his article is intended to demonstrate how to make use of 
some of the tools many of us already have available in our 
office, lab, or hobby shop. I am a firm believer in making full 
use (sometimes even over-use) of the tools available to me 

before investing in additional tools. This sometimes requires a step or 
two "out of the box" as they say. We will be making use of Microsoft 
Excel, a BASIC Stamp, and lnByte (a simple serial interface program 
that is freely distributed on the web). Many would argue that Excel is not 
the best choice as an interface program. However, the beauty of the 
ideas and concepts demonstrated in this article are that they do not 
require special programming skills or access to a copy of Visual Basic. 

For clarity sake, the examples used for this article will be kept sim­
ple. This application will make use of a single byte of information trans­
mitted from a BASIC Stamp (or Hyper Terminal for testing, if you don't 
have access to a BASIC Stamp). We will use serial communication to 
get the byte of information into our computer via lnByte and we will use 
DDE (Dynamic Data Exchange) to get our byte of information from 
lnByte to Excel. For those of you that need to know, a byte of data is 
eight bits of binary data, that is a maximum of 255 in decimal, and FF 
in Hex. ASCII characters are each assigned a byte value. For example, 
when you use Hyper Terminal to send data to another source via a ser­
ial connection, typing the letter "A" transmits a byte of data via the ser­
ial port. The decimal equivalent value of "A" is 65 and "a" is 97. Many 
sources are available that list the entire ASCII code table from 0 to 255. 
For the sake of space conservation, I will end this discussion here. 

Getting back to the application at hand, a byte of data representing 
either eight discrete inputs or one analog input will be transmitted from 
a BS 1 (BASIC Stamp 1) to a PC serial port using 2400 N81 (2400bps, 
no Parity, 8 data bits, 1 stop bit) settings. lnByte will receive the byte and 
make it available to other applications via DDE. In our case, we will use 
Excel to read the byte from lnByte. 

For the purpose of our example, let's take a basic look at the format 
we will need to make use of DDE. To establish the DDE link, the follow­
ing format will be used: Program Name I TopicName!DataName. Look 
closely at the separators. The separator between the ProgramName and 
TopicName is "pipe" and the separator between TopicName and 
DataName is "exclamation point." lnByte will make the data available to 
other programs. We will use Excel to link with the data. See Excel help 

~ 

l!i Mocrosoft Excel - ddelnByte.xls -
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for more information on DDE. 

In Byte 

lnByte is a simple interface program that has been compiled using 
Visual Basic. To keep things simple, and to focus on the use of the DDE 
interface, we will not be discussing the development details of lnByte. 
InByte receives data on the user-selected serial port at 2400 N81. Once 
running, lnByte monitors the selected comm port of the computer and 
displays and makes available- via DDE- the most recent byte of infor­
mation received in decimal format. As mentioned earlier, this value will 
range from 0 to 255. For DDE communication, the ProgramName is 
"lnByte," the TopicName is "Byte," the DataName is "byteVal." lnByte is 
available for free download at http:/ femergingtech-llc.com/ 
downloads. In Byte will run under Win 98/NT /2K. 

The Excel Interface 

Moving on to the Excel interface, a few things need to be said. I used 

Add-Ins ~ 0 Mocrosoft E><cel - ddelnByte.xls , 

I ~ Bfe ~dit ~ iflsert FQrrnat Iools Qata Y!)ldow tie_, 
B_dd-Ins avaUable: 

Access links 
W I 
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r Analysis TooiPak- VBA 
r Autosave Add-in 
r Conditional Sum Wizard 
r Euro Currency Tools 
r Internet Assistant VBA 
r L.ool<.up Wizard 
r MS Query Add-in r ODBC Add-in 

Analysis TooiPak 

• OK 

Cancel 

§.rowse ..• 

FIGURE 2 
~ 

Provides functions and interfaces for financial and scientific 
data analysis 

16 OcTOBER 2002/Nuts & Volts Magazine 

D ~ ,_ i!i [9. ~ ~ <J 1D 1oo% • [ZJ •• w • :w: =Iii m 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

83 
A 

FIGURE 3 

14 4 • H ~eu1 Sheet2..{ Sheet:! J 

E F G H J K L 

7 6 5 4 3 2 1 0 

lo~F~ ~N I ~N I ~N I ~N I ~N I ~N lo~FI 
cRaw Data In Declmlll Format 

0 50 100 150 200 250 

14J 
Dr.aw • ~ A~toSMpes • '-. 0 0 li!J .(II]] ~ • ..!. • A. • = ;;::..:; ::; • • 

Ready 

M N • 

I . •. ,, 



Si~nple ln't:er'face Uses Co~n~non Tools 

0 Mtcrosoft Excel - ddelnByte.xls -:··~, 

~ fie ~dt ~ Insert F~rmat Iools ~a l!ijndow l:1eiP 

j Cl ~ ~ ~ ~ m, o 10--: ID tOO% • (l) 
810 

B c D E F G 
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Excel 2000 for this example and found that the 
standard install works fine for the DDE portion of 
the example. Although a couple of additional 
functions used on the spreadsheet ( dec2bin & 
bin2hex) will require enabling and/or installing 
the Analysis ToolPak add-in, if this has not previ­
ously been done. Figures 1 and 2 show the steps 
to enable the add-in. Excel will prompt for the 
install disk in the event the add-in needs to be 
installed. 

I have used a simple convention on the 
spreadsheet. Cells with yellow background have 
formulas entered in them. Cells containing blue 
text indicates those values are used by another 
cell. Figures 3 and 4 show the spreadsheet in nor­
mal mode and again with the formulas displayed. 

I D ... ,.. . ..... , .... 

FIGUREr-4- -..,, , 1--------10------100----~ 
~\Sheett /::ShMZ 1 ~3 J. __ _ _ _. •••••• _!_! r 

l otaw • ~ (!.; Al,jtoShape$ • '\. " 0 0 Iii 41 Lll l & • ..! • A. • = ~ e .. . 
REiildy - 1 rT 1 r 

The DDE communication formula is shown in 
cell B3 and looks like this: =InByte I Byte!byteVal. 
Before entering this formula, you may want to 
have lnByte running. Excel will look for it once 
you press the enter key. Cell B4 contains the func­
tion to convert a decimal number to a binary 
number. This function only supports numbers up 
to 10 bits with the 1Oth bit as the sign. This is not 
a problem for our application since only eight bits 

Mruosoft Excel .. :! 

The worldlook you opened contains Momatic Inks to ilformatlon In another worldlook. Do you want to ~e this 
wai<book with chanoes made to the other worl<book? 

• To update all linked Information, ckk Yes. 
• To keep the existinQ Information, ckk No. 

1 c··-·-··-·· -11 ....... X.~ ........ .J 
are required. 

Connect To ·: ,_ Connection DescriptioJ! 
Cell B5 contains the func- r -

tion to convert a binary number 
to hexadecimal format . This 
function has the same 1 O-bit 
limitation. See Excel help for 
additional information on these 

24~81 FIGURE 7 ~ New Connection 

functions. Cells D through K in 
row four are using the MID 
function . I have used the MID 
function to break out the indi­
vidual bits from the byte. Of 
course, there are a number of 
different ways to do this; this is 
just one. This is valuable for 1 

monitoring of discrete inputs. 
The way I have used the MID 
function, it takes the eight-bit 

Enter details for the phone runber that you want to dial: Enter a name and choose an icon for the connection: 

Ar§acode: 

fhone number: 

Connect using: 

binary value and returns a sin- OK 
gle character from the position 
specified , starting from the left. 
For example, the formula in cell E4 takes a single character from the 
second position from the left of the value of cell B4. This happens to be 
discrete input 6 of our example. Additionally, cells D through K in row 
five are using the IF function . I have used the IF function to turn the ones 
and zeros into information that makes more sense. I have used the 
words "OFF" and "ON" to indicate the state of the input. 

Since I have used the MID function , the values in cells D through K 
of row four are now in text format. The IF function logically tests the tar­
get value and returns a representation for a true or false result. I have 
set a true result to return the word "ON" and a false result to return the 
word "OFF." For additional information regarding the MID and IF func­
tions, see Excel help. 

Additionally, I have placed a bar graph on the sheet to represent the 
byte value in decimal. This can be valuable for monitoring when the byte 
represents an analog input. To create the bar graph, I simply selected 
cell B3 (the byte value in decimal format) and used the chart wizard to 
set up a bar graph and add it to the sheet. 

When starting the ddelnByte.xls spreadsheet, a message will be dis­
played (see Figure 5) asking you if you would like to update the links in 
the sheet. Answer yes to this question to start the DDE link to lnByte (of 
course, lnByte must be running to establish the link) . 

Lastly, with regards to the spreadsheet, I made adjustments to the 

Name: 
I2400N81 

Cancel FIGURE 6 ._ __ o_K __ ~~ ---~--c_el~ 

chart format and the sheet options to get the look I wanted. Chart for­
mats are accessible by right clicking on the chart and selecting the for­
mat option. Sheet options are available by selecting TOOLS, then 
OPTIONS from the main spreadsheet menu. The ddelnByte.xls spread-

PHOTO I 
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Si~nple ln't:er'face Uses Co~n~non Tools 

4 DDETEST.BAS- Notepad . ·:~· 

:oescription: ddeTest Program for BSl 

'!=ile Name: 
'Author: 

I . 
' Date: . 

ddeTest.bas 
Mark van steenburgh 
Emerging Technologies, LLC. 
(920)684 -0216 
www.emergingtech-llc.com 
06/05/2002 

LISTING I 

~ymbol portval·bO 'storage byte for pins value 
'bO is used since it can be addressed 
'at the bit level by Bi t O t o Bit7 
'since Pin 7 is used for serout 

·---------------< . 
oirs • ~0000000 

'Bit 7 will always be set to zero 
'after Pins is passed to portval and 
'before serout of portval 

Intialization >----------------------------­
'set all pins as inputs except pin7 
' is output for serout 

·---------------<Main Routine >------------------------------
' 
Start: 

portva 1 - Pi nsA~lllllll ' 1 nvert pins so sw "oN" is a 1 
bit7 • 0 ' clear last bit of portval 
serout 7, N2400, (portval) I 

goto start 

COM2 Properties · ::· 

Port Settings ] 

B.its per second: j2400 ::J 

Q. at a bits: Is 3 

farity: !None 3 

~top bits: j1 ::J 
flow controt 

FIGURE 8 B.estoreDefaults 

~-===============~======-----===========~~====~ I 
-----------~===oK==~~-----c~--ei~----~-P~----~ 

sheet can be downloaded at http:/ femergingtech-llc.com/downloads. 

Test Using Hyper Terminal 

You can test all of the software discussed prior to connecting the 
BASIC Stamp hardware by connecting to a separate serial port or com­
puter using Hyper Terminal and a null modem cable. Hyper Terminal is 
supplied with Windows. At start-up Hyper Terminal will request a name 
for the new connection. I used the name 2400N81 (see Figure 6). Next 
you will be prompted by the "Connect To" window (see Figure 7). Select 
your comm port from the "Connect using" pull-down box. Then the 
Properties Window will prompt you (see Figure 8). Select 2400bps, 8 
data bits, no Parity bits, 1 stop bit, and None for flow control. Now you 
are ready to send data. As mentioned earlier, the ASCII character "A" is 

.-----to complier serial port pin2 r to com pl.ter serial port pin 5 

BS1 

represented by the decimal value of 65. With lnByte and ddelnByte.xls 
running and Hyper Terminal connected, when the letter "A" is typed into 
Hyper Terminal, the number 65 is displayed on lnByte and in cell B3 of 
ddelnByte.xls. Now that we have tested lnByte and ddelnByte.xls, we 
can add our BASIC Stamp hardware. 

The BASIC Stamp Application 

In an effort to keep things simple, the example BASIC Stamp hard­
ware (see Photo 1 and Figure 9) is set up for seven switch inputs and a 
serial output. Pin 7 is used for serial output functionality, therefore only 
pins 0 through 6 are available for discrete input. The maximum byte 
value with all seven inputs on will be 127. See Listing 1 for the BS 1 pro­
gram listing. Connect the BS 1 to the PC comm port selected on lnByte. 

Run the BS 1 program, and with In Byte and 
ddelnByte.xls running, you can switch the switch­
es and watch the display update. 

In Conclusion 

+5Vdc 
10K all 

r--r-r--.-.--.-.-~---•5Wc 

All of the examples here should be fairly easy 
for the average Nuts & Volts reader to put togeth­
er. lnByte, ddelnByte.xls, and the BS 1 listings can 
be downloaded from the Emerging Technologies, 
LLC. , downloads web page. This should make it 
easy to get things up and running on your bench 
in short order. 

>» 
prog 

_l_ 

FIGURE 9 
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inplA 6 

lnplA 5 

input 4 

inp!A 3 

inplA 2 

Input 1 

inplA 0 

_l_ 

For more information on the BASIC Stamp, 
visit the Parallax web site at www.parallaxinc 
.com. If you are interested in testing the analog bar 
graph, you can set up the circuit described in the 
BASIC Stamp Application Note #2 available for 
download from the Parallax downloads page. 
Application Note #2 is part of their 126 page 
BASIC Stamp 1 Application Notes download. If 
you set this up, you will need to change the serout 
code from "Serout S_out,N2400, (#b0,13,10)" to 
"Serout S_out,N2400,(b0)." NV 

Mark Van Steenburgh is the founder of Emerging 
Technologies, LLC. Mark has been a part of the automation 
industry since 1986. He can be reached at mvansteen 
burgh@emerglngtech-llc.com or (920) 684-0216. 



World's Best 
Video Camera 
Value! 

• Super Tiny .95" Square 
• 240 Line Res , 0.5 Lux 
• 86 Degree F.OV. 

• Latest Gen CMOS Imager 
• Auto Shutter. Gain. Backlight 

Low Smear And Blooming Suppression 
• Draws Only 20 mA At 12 Volts DC 
• Plug And Play Cables 
•I Yea r Warranty And 30 Day MBG 

PCI66XS B/W Video Camera ........ $19.95 

2.4 CiHZ VIDEO/AUDIO 
TRANSMITTER SYSTEM 

• Resolution Is 330 Lines 
• 1/4" Sharp CCD WI Auto Features 
• 1.5 Lux Low Light Performance 

• Only 2. 5" Wide X 1.6" High X 4" 
• 2.4 GHz Transmits Up To 300 Feet Line Of Sight 
• FCC Part 15 Approved For License Free Operation 
• 3 Channel With Auto Switching Capability 
• Standard Video And Audio Inputs/Outputs 
• 12 Volts DC With Included AC Adapters 
• I Year Warranty & 30 Day Satisfaction Guarantee 

• 50° Field Of View Precision Lens 
• Plug And Play Cables 
• 12 Volts DC. I OOmA 
• Tilt/Swivel Mounting Bracket 
• 30 Day MBG/ 1 Yea r Warranty 
• Perfect For Robotics or RIC Action 
• Great For Low Cost Security 

MVLI9 2.4 GHz TX/RX 9.95 PCI35XS Color Camera ........... ........ . 

960 HOUR TIME LAPSE VCR·· ONLY $299.95 WIRELESS VIDEO 
700 Foot Range, 

Under $110! 
This security VCR 

lets you record up 
to 960 hours on 

a T·160 videotape·· 
That's a whole 

month! 

• Overh ead Location Gives A 
Commanding View Of Offices. 

• FCC Part 15 Approved Warehouses & Retail Stores 
• Se ecta 2 Hours • Transmits Video And Aud io • Pinhole Camera Mounted In Base 
• Easy-To-Use On Screen Programmi ng • Transmitter Is 2.5" x 3.2" x .65" At Angle For View Over Large Area • ~,,... .,..,. . 
• Alarm. Panic, Repeat and Timer Options • 4 Channels • 3.6MM Microlens With 80 Degree FOV 
• Diamond Like Carbon Coated Head For Super Durabi • Both Units Operate With The • Color Lux Is 1.5, B/W Is 0.5 Lux 
• 24 Hour Real Time Recording Mode Included 12 Volt Power • Color Res Is 380 Lines. B/W 4 10 Lines 
• Endless Loop Recording--Set It And Forget It Supplies • I Year Warranty And 30 Day MBG 
Comes witft eas!J connection instructions and a one !Jear manufacturers warrant!J. • I yea r warranty/30 day MBG PC~ 158 B/W Sprinkler Camera ... $I 99.95 
VCR960-5 960 Hour Time Lapse VCR ...... ..... ........ ..... ...... .... .. ...... $299.95 MVLIO Wireless Link .. $109.95 PC~ I 59 Color Sprinkler Camera. $349.95 

~------------------------------~------------._ ____ ___ Pen has 
remote 

transmitter. 
Others are 
built-in . 

WIRELESS COVERT VIDEO CAMERA SYSTEMS 
High quality pinhole cameras provide excellent video in nearly 
undetectable concealments. Range is up to 700 feet with the 
included receiver. You get t he " locked on" crysta l clear 
performance of an IC controlled FM synthesized transmitter 
design, the efficient 900 megahertz band . combined with the drift-free signa l 
recept ion of a phase lock loop receiver. All units are operate on 9 vo lts 
and use a high quality Panasonic CCD camera . A ll units come with 
concealed camera . matching recei ver. 30 day money back guarantee and 
a one year warranty. Li cense required for lega l operation. 
WCV9-PG Color Covert Phone Camera ................................ ...... $549.95 
WCVIO-PG B/W Covert Pen Camera ................. ......................... $449.95 
WCV8-PG Color Covert Cigarette Camera ................................. $399.95 
WCV 12-PG Color Covert Calculator Camera ............................. 95 

----------------------------PC·152C VIDEO 
CAMERA 

Our lowest 
priced black 

and white 
C·mount 
camera 

ever! 

Announcing a 
breakthrough 
camera that 

virtually sees 
in the dark! 

• Sees In Virtual Darkness! 
• Phenomenal 0.0003 Lux! (BIW PC- 164C) 
• Amazing 0.05 Lux! (Color PC-165C) 
• Revolut iona ry New Sony Super HAD Ex-View CCD 
• Super Sharp 420 Line Resolu tion BIW PC-l64C 

Actual PC-164C images • Excellent 350 Line Resolution Color PC-l65C 
of Saturn and Jupiter's • Switchable Auto Iris/Electronic Shutter 

moon shot through a • Super Compact 2.5" x J.l 25" x l. J 25" 
telescope by James Ferreira • 12 Volts DC At I 00 rnA. C/CS Lens Not Included 
of Livermore. California . • I Year Manufacturer's Warranty And 30 MBG 

Because of the PC- l 64Cs incredible low light abilities it has been widely used in 
amateur astronomy. The super low 0.0003 lux rating means that it can see objects 
at least two magnitudes fainter than the super sensitive 0.04 lux PC-23C. In 
addition . a number of deep sky objects ca n now be observed in real time with 
moderate to large aperture scopes. Thi s new camera has qu ickly been embraced by 
amateurs. particularly those doing planetary, l unar, and asteroid imaging. 
Comes witft eas!J connection in structions, I !Jear warrant!! and 30 da!J mone!J-8ack satisfaction 
guarantee. Lens not included . 
PCI64C 8/W Ex~View Camera ........................................................... $129.95 

PC~l ~~~~Ri~;R~~ 



The Most Complex Two-Way Rad1o Ever 8UJit by Louis E. Frenzel 

Open Communication 
Due to circumstances beyond 
my control, Part 2 of my column 
"How to Put 1 0 Pounds in a 
Five-pound Bag Or Squeezing 
Higher Data Rates Into 
Narrower Bandwidths" will 
appear in the December issue 
rather than this month. Instead, 
we'll be looking at the most 
complex two-way radio ever 
built - the cell phone. 

C 
ell phones . Another 
sophisticated technolo­
gy we take for granted. 
Over 60% of US house­

holds have a cell phone and that 
percentage is continuing to grow. 
The percentage is even higher in 
Europe where practically every­
one has a cell phone. But do you 
know anything about your cell 
phone? Do you know what type 
you have and how it works? 
Probably not if you are an average 
user. Who cares about the techni­
cal details? But if you are an elec­
tronics communications wonk 
like me, you may want to know 
more about what has to be 
absolutely the most complicated 
two-way radio system ever invent­
ed. On top of that, you really 
should know about the significant 
changes that are taking place in 
the cell phone industry. If you 
have a cell phone, you will be 
impacted. Here is an overview to 
bring you up-to-date. 

The First Generation 

The cell phone concept was 

actually invented by Motorola 
back in the 1980s. The idea was 
to use many limited-range cell 
sites with overlapping coverage 
and frequency channel reuse to 
permit as many subscribers as 
possible to use the system reli­
ably. 

This concept works great. 
The earliest cell phones were bet­
ter referred to as car phones as 
they were big and bulky and 
installed in the trunk of the car. 
But over the years, the cell phone 
evolved into a handheld unit. By 
the early 1990s, these popular 
portable units became the cell 
phone standard. While you can 
still get a car cell phone, few have 
them since the handheld units 
have become smaller, cheaper, 
and more reliable than ever. 

The first generation cell 
phones were based upon analog 
technology and referred to as 
AMPS (Advanced Mobile Phone 
System). It used radio spectrum 
in the 800 to 900 MHz range that 
was freed up when the FCC 
(Federal Communications 
Commission) took away channels 
69-83 in the upper UHF TV allo­
cation because they were rarely 
used . There are actually 832 
duplex (simultaneous two-way) 
channels each 30 kHz wide. The 
modulation is FM. The early car 
radios operated with a maximum 
power of three watts , but the 
handheld units use up to 600 
mW. 

While this analog system 
worked well , the growth in sub-

FIGURE I. 
Extending battery life 
is a key issue for new 
wireless handheld 
devices. Power-hun­
gry features such as 
color displays, sup­
port for streaming 
media, and multiple 
modes of wireless 
connectivity require 
a new approach to 
power management. 
Philips' single-chip 
power management 
unit reduces power 
consumption by up 
to 70% in smart 
phones and wireless. 
Courtesy Philips 
Semiconductor. 
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scribers had the cell phone com­
panies scrambling for more radio 
spectrum to expand. The total 
number of subscribers was over­
whelming the systems, especially 
in the big metro areas. Since 
spectrum space is scarce if avail­
able at all, the cell phone compa­
nies began to resort to technical 
solutions that would make more 
efficient use of the existing spec­
trum. The result was the develop­
ment of the second generation 
cell phones. 

The Second Generation 

Second generation (2G) cell 
phones are digital. Your voice is 
digitized by an analog-to-digital 
converter (ADC), then digitally 
compressed and used to modu­
late the radio carrier. Digital voice 
is far more immune to noise than 
analog voice, and more reliable. 
In addition, digital circuits are far 
more power-efficient, so they 
make the handhelds smaller and 
the batteries last longer. As 2G 
and later generation phones get 
more complex, the power con­
sumption and battery life become 
key design issues. New power 
management chips have come to 
the rescue. See Figure 1. 

But the biggest benefit of dig­
ital cell phones is that they incor­
porate multiplexing methods that 
permit more subscribers to share 
the limited number of radio chan­
nels available. 

Europe experienced the spec­
trum crowding problem first and 
really developed the earliest 2G 
cell phones. Their system - origi­
nally called Groupe Special 
Mobile - is now better known as 
the Global System for Mobile 
communications or just GSM. The 
GSM system uses 200 kHz wide 
channels, but time multiplexes 
eight subscribers per channel. 
This technique is known as time 
division multiple access (TDMA). 
The serial digital data from eight 
subscribers modulates the carrier 
by Gaussian minimum shift key­
ing (GMSK). 

GMSK is a form of frequency 
shift keying where the binary Os 
and 1 s to be transmitted are used 
to shift between two distinct carri­
er frequencies. GMSK first filters 
the binary data to minimize its 
bandwidth, then uses only a small 

shift in frequency to further mini­
mize bandwidth. The result is a 
very spectrally-efficient form of 
modulation. What that means is 
that the modulation allows you to 
transmit very fast digital data in 
minimum bandwidth. In GSM, the 
basic serial data rate is about 270 
kbps and that is occurring in a 
200 kHz channel. We say that 
there are 270/200 = 1.35 bits/ Hz. 

In the US, most of the cell 
phone companies also adopted a 
TDMA system that used the exist­
ing 30 kHz wide AMPS channels. 
Because the bandwidth was more 
limited , the system only allows 
three subscribers to share a 30 
kHz channel. But that still permits 
a threefold increase in system 
capacity. And the new digital sig­
nals easily co-exist with the ana­
log signals. Not a bad deal at all. 

The US TDMA digital system 
was called by its Telecommunica­
tions Industry Association (TIA) 
standard IS-54. Later, this stan­
dard was updated and called IS-
136. It uses differential quadra­
ture phase shift keying (DQPSK) 
modulation which has to be one 
of the most spectrally-efficient 
modulation methods around as it 
transmits at a rate of 48.6 kbps in 
the 30 kHz channel for an 
extremely efficient 1.62 bits/Hz. 

Another second generation 
cell phone is based upon the 
modulation and multiplexing 
method generally known as 
spread spectrum. Developed pri­
marily by the company 
Qualcomm, this spread spectrum 
system is called code division 
multiple access (COMA). The rel­
evant TIA standard is IS-95. 

In CDMA, the digital voice sig­
nal is given a unique pseudoran­
dom code to identify it and then 
modify it by what is called a chip­
ping signal that effectively 
spreads the information over a 
1.25 MHz chunk of spectrum. Up 
to 64 subscribers can use the 
channel simultaneously. Because 
the signals are encoded and 
spread, they each appear to be 
low-level background noise to one 
another. A complex correlation 
receiver sorts all the signals out. 

Despite its complexity, CDMA 
has grown in popularity because 
it provides more users per band­
width making it a real money­
maker for the carriers who use it. 
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FIGURE 2. Many 3G and even 
2.5G phones have built-in digital 
camera and/or video capability. The 
camera eye at the top of the unit 
digitizes your picture and transmits 
it while you can display the caller's 
photo on your color LCD screen. 
This is Motorola's A820 3G phone. 
Courtesy Motorola. 

And it offers the advantage of 
good performance in fading con­
ditions with mulitpath signals so 
common in mobile applications. 

The chances are that you cur­
rently have a 2G phone. What 
kind? It is hard to tell by just look­
ing at one. You typically have to 
go by what carrier you use. AT & 
T Wireless and Cingular mostly 
use IS-136 TDMA phones and 
both carriers are switching over to 
GSM. Sprint is a CDMA carrier. 
Verizon uses CDMA while Voice 
Stream uses GSM. 

In some cases, a carrier may 
use all three types because of var­
ious mergers and acquisitions 
that have been common in this 
field. If you have a PCS phone it is 
probably Sprint and operates in 
the 1900 MHz (1.9 GHz) band. 
Most TDMA and CDMA phones 
are also dual mode phones mean­
ing they typically have an analog 
phone built in. If you happen to be 
roaming in an area where there is 
no 2G CDMA or TDMA coverage, 
the phone automatically reverts 
to analog operation. Analog oper­
ations are still supported through­
out the US, despite the fact that 
few new phones contain it. 

The Next Generation 

The cell phone manufacturers 
and the carriers have been work-

ing on the next generation sys­
tems called third generation (3G). 
The goal has been to expand 
upon the digital capabilities of the 
2G phones by including packet 
data transmission that can be 
used to send emails and access 
the Internet. 

To help in this regard, the ITU 
(International Telecommunica­
tions Union) established a basic 
set of definitions and standards 
for 3G. Known as IMT-2000 or the 
Universal Mobile Telecommunica­
tions Standard (UMTS), it outlines 
a high-speed wideband CDMA 
(WCDMA) system that uses 5-
MHz channels. It is designed to 
make upgrades from GSM sys­
tems fairly simple. 

The objective has been to pro­
vide data transmission rates up to 
2.048 Mbps in a fixed position, 
384 kbps in a slow moving pedes­
trian environment, and 144 kbps 
in a fast mobile environment. 
That, of course, is much faster 
than any standard dial-up modem 
and even faster that some of the 
DSL and cable modem connec­
tions available today. 

As it has turned out, no one 
has yet built a fully functioning 
UMTS 3G system. There are 
numerous test sites in Europe 
and one in Japan , but none in the 
US. The level of technical com­
plexity and the very high cost of 
implementation has delayed 3G 
systems. 

In the US, the lack of suffi­
cient spectrum has essentially put 
3G off for the time being. On top 
of that, many US carriers are still 
trying to amortize the cost of their 
2G systems and recent upgrades. 
What is happening is that carriers 
have decided to make upgrades 
to existing systems that provide 
an interim step to 3G known as 
2.5G. 

2.5G Phones 

The basic approach has been 
to take an existing TDMA or 
COMA 2G system and make min­
imum modifications to give them 
packet data handling capability. 
Carriers using IS-136 TDMA have 
essentially decided to switch over 
to GSM then add the popula r 
European upgrade called General 
Packet Radio System (GPRS). 

What GPRS does is to steal up 
to four of the eight time slots in a 
GSM data frame and put packet 
data in it instead of voice signals. 
The change is minimal in the cell 
phones and the base stations, 
as it is more of a software 
upgrade than new hardware. The 
result is a data capability of about 
56 kbps. Already, many US carri-

ers have adopted it and are offer­
ing GSM/GPRS phones that can 
access the Internet and send 
emails among other data applica­
tions. 

Another somewhat more 
complex upgrade to a 
GSM/GPRS system is known as 
Enhanced Data for GSM 
Evolution (EDGE). It uses an 
eight level phase shift keying 
(8PSK) modulation to squeeze 
more speed from the available 
bandwidth. Speeds up to 384 
kbps are possible. That's close to 
3G standards. EDGE is not yet 
available most places, but it is in 
the works in those carriers that 
have adopted GSM/ GPRS. 

CDMA carriers and phone 
vendors also have developed 
2.5G phones. Qualcomm's new 
cdma2000 phones contain a data 
capability called lXRTT that 
gives packet data transmissions 
up to 144 kbps. It can be upgrad­
ed to something called EV-DO 
which is a higher speed version of 
cdma2000 that can reach 2.4 
Mbps. 

Clearly, this is in 3G territory, 
but it is not the UMTS WCDMA 
system defined by the ITU. 
Already some cdma2000 sys­
tems are fully operational and car­
riers are rolling them out across 
the country. 

So while 3G isn't really with 
us yet, you can enjoy the benefits 
of data capability today with avail­
able 2.5G phones. Some are ask­
ing whether we really need 3G. 
The big question is not so much 
when as what will we do with it? 

3GApps 

Okay, so you have a data 
capable phone. Now what? Do 
you really want to access the 
Internet from your cell phone? In 
fact, it doesn't really make sense 
since you have no keyboard and 
the screen is so small as to be 
ridiculous. You could add a key­
board, of course, and enlarge the 
screen, but it still won't be as 
good as a laptop or regular PC. 

But you can send and receive 
emails if they are short and don't 
contain attachments. 

Emails and Internet access 
have been made easier by a new 
class of cell phone that is a com­
bination of a personal digital 
assistant (PDA) like those from 
Palm and Handspring. They have 
bigger color screens and key­
boards, so they do a reasonable 
job of email. So does the special 
email-optimized Blackberry hand­
held by RIM. It has a good, but 
small full keyboard and a pretty 
big screen. 
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PICmicro MCU development tools 
from microEngineering Labs, Inc. 
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LAB-X Experimenter Boards 
Assembled development platforms. "'=== 
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circuit programming connector, 
power supply, plus other hardware. 
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Write programs for PICmicro MCUs in 
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DOS (includes Windows editor/IDE 
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84, 9xx, 16CE62x, 16F62x, 7x, 8x, 
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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· 559.95 
Assembled w/AC adapter, cable and ZIF adapter· S99.95 

PICProto Prototyping Boards 
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volt regulator, oscillator, capacitors, DB9·25 
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But, unless you are a real 
gung-ho road warrior, your cell 
phone still has one main function: 

voice. Digital data capabil ity 
aside, the killer app for cell 
phones is still talking on the 

Semiconduc tors , Optos, LEDs, Lamps, Panel Meters , Wire, Cable, & 

Accessories,Connectors, Cable Assemblies, Sockets, Terminals, Resistors, 

Potentiometers, Thermistors, Varistors, Capacitors, Crystals, Oscillators, 

Resonators, Inductors, Transformers, Power Supplies, Switches, Relays, Circuit 

Breakers, Fuses. Batteries, Speakers, Audio Devices, Fans, Heat Sinks, Knobs, 

Hardware, Cabinets, Racks, Cases,Test Equipment, Tools, Prototyping .... 
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phone. Big deal ... 
Yet, it looks like we are going 

to get other applications whether 
we want or need them. After all, 
that is the way of the electronics 
industry to give us stuff we don't 
really want or need, but that we 
get hooked on like 2-GHz Pentium 
PCs and MP3 players. One of the 
potential applications is called 
location services. 

The US government has man­
dated that all cell phone manu­
facturers and carriers include 
technology so that any cell phone 
user can be located within 1 00 
yards. This is called the Enhanced 
911 program. It is designed to 
provide location data so that 911 
emergency response units can 
find a caller who can't say where 
they are. 

E911 is turning out to be a 
big headache for the cell phone 
manufacturers and carriers. 
Providing such location informa­
tion is extremely difficult and 
expensive. One system chosen by 
most of the carriers is Enhanced 
Observed Time Difference 
(EOTD) that uses a triangulation 
scheme. 

The cell phone signal is 
picked up by two or three cell 
sites and the time of arrival of the 
signals is used as a measure of 
distance and location. While the 
system works, it has not yet pro­
vided the accuracy specified by 
the government. 

Another more accurate, but 
very expensive scheme is based 
upon the Global Positioning 

Laipac Technology Inc. 
Tel: (905)762-1228 Fax: (905)763-7137 

Email: info@laipac.com 

7 415 WHITEHALL STREET SUITE 117, TEL (81 7) 284 -7785 
FORT WORTH, TX 76118 FAX (817) 284-7712 
www vellemanusa com email Ve ll emon lnc~,)vellemon be 
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System (GPS). This is the govern­
ment satellite system used by the 
military and now others for navi­
gation. Modern IC GPS receivers 
can be built into each cell phone, 
but the cost is very high. CDMA 
carriers are using a version of 
such an arrangement called 
SnapTrack developed by 
Qualcomm. The government is 
allowing carriers to phase in their 
location systems because of the 
cost and complexity problems. 
But all are required to have it by 
the end of 2005. 

What do you do with it? Well, 
besides providing 911 units with 
location data, the carriers are try­
ing to figure out a way to make 
money selling your location infor­
mation to others. For example, 
restaurants, parking lots, and oth­
ers may send you ads for their 
services to your cell phone as you 
pass by. Most people will appreci­
ate this. 

Or maybe there will be a serv­
ice that you can access when you 
wish to locate some nearby fast 
food place, a post office, or what­
ever. In fact, some subscribers are 
a bit nervous about their cell 
phone carrier knowing exactly 
where they are when using their 
phones. Whatever happened to 
privacy? 

It is anyone's guess just what 
might be the real popular applica­
tions for 3G phones once they 
arrive . In Japan and Europe , 
games are popular, but that is not 
true in the US. A neat feature that 
is getting some attention is a built­
in still digital camera. See Figure 
2. You can point the built-in cam­
era at yourself and take a still 
color photo that can be sent to 
another phone and seen on a 
small color screen. This works so 
well that it is expected to be one 
of the more popular features of 
2.5G and 3G phones. It is doubt­
ful that full video will be an appli­
cation. It would be expensive. And 
besides, who wants to watch a 
movie on a two-inch screen in a 
moving car? 

If you are a techie, you can 
start taking advantage of all this 
digital data stuff from your cell 
phone right now. In the larger 
cities, GSM/GPRS and cdma2000 
are already available. If not, it 
soon will be. Most of the carriers 
will be using their experiences 
with 2.5G phones to find out what 
applications might be best for 3G. 
Who knows when we might get 
those, if ever. In the meantime, 
just realize that the technology we 
take for granted only increases 
our expectations for even more 
spectacular applications. I can't 
wait. NV 



.. .. 

use. 
& 9600 Baud support 

El~.s;,c:X eLf 

$Lf9.9.5 FOrY TJ 

lines of Basic code per second the BasicX-24 
Basic programmable microcontrollers. 

ram area. 
ith 8 1 OBit ADC's. 
ng and Serial UARTs. 

TM 

FOrY .T.I 

with backlight 

re controllable backlight and contrast. 



An Internet Enabled 
Strip Chart 

By Jim Sky KH6SKY 

While Radio-SkyPipe software was initially designed to facilitate amateur radio astronomy observations, there 
is no reason that you could not use the system for a host of other purposes. Seismographs, remote weather monitors, 
radio-based meteor detectors, and Geiger counters are obvious possibilities. 

T
he computer-based strip chart has almost completely 
replaced its mechanical ancestor. Gone are the clogged 
pens and paper jams that so often spoiled our observations 
in years past. The project described here marries the co m­

puter-based strip chart with the Internet. Using this software with a sim­
ple analog-to-digital converter (ADC) or your computer sound card 
allows you to share strip chart information across a network in near 
real-time. 

The Software Concept 

Radio-SkyPipe is Windows 95/98/Me/NT /200/Xp software written 
in Microsoft Visual Basic 6. The program has three primary modes of 
operation: Stand Alone, Server, and Client Mode. In Stand Alone Mode, 
the program simply acts as a data collection program, accepting data 
via the sound card or an ADC connected to the parallel port. The atta in­
able sampling rate depends on the computer speed and how busy the 
CPU is maintaining other processes. Typically, the sampling rate will 
not be faster than 10 to 20 samples per second. You may average a 
number of samples for each data point, if you so desire. 

In Server Mode, Radio-SkyPipe can pass data over a local network 
or the Internet to another Radio-SkyPipe equipped PC. Because each 
data sample contains its own time stamp, brief Internet delays are 
inconsequential. The strip chart is recreated on the Client Mode PC as 
it is produced on the Server Mode PC along with the appropriate time 
markers on the chart. 

.Eile Y:iew Mode .Qptions Iools ':Ji.ave ~dmin .t!elp 

Public Observations 

Most of us are not blessed with permanent IP addresses on the 
Internet. Usually, you will receive a new IP address each time you log 
on to your Internet Service Provider (ISP). To get around this, I installed 
a proprietary Internet Locator Service (ILS) on my website. If you so 
elect, when in Server Mode, you may have Radio-SkyPipe publish your 
current IP address on the ILS. Client mode users will then see a brief 
description of your observatory in their list of available servers. The 
client mode user can simply double click on your observatory listing 
and the connection will be established directly between the server and 
client computers. The serving computer may be configured for as 
many client connections as can be adequately handled by the com­
puter. 

Privacy Please 

If the connection is to occur inside a private network where IP 
addresses are fixed, then there is no need to make the server public. 
Server addresses can be set up in a private list on the Client PCs. I use 
th is method to monitor receivers out in my workshop while I am in my 
office. You may also maintain a private connection between two PCs 
over the Internet, but in order to do so, you must still know the IP 
addresses of the two PCs. This is easy to accomplish if the PCs have 
fixed addresses, otherwise each time the addresses change, they must 
be manually entered into the Radio-SkyPipe program. 

.d.Ql~ Two-Way Usage 

08131/2001 2142 UT by BIRO tn Papa Hawaii 
A separate Client-only window can be sum­

moned while in Server or Stand Alone Modes 
thus allowing the user to act as both a Server and 
a Client. This allows simultaneous two-way 
exchanges of charts between users. This was one 
of the primary goals in writing Radio-SkyPipe . 
There has always been a need among amateur 
scientists to correlate observations in order to 
exclude the effects of noise or equipment glitch­
es. We have been using this system to share radio 
astronomy observations for well over a year now 
(see Jupiter's Mysterious Radio Noise Storms in 
the sidebar) . If we see a solar flare or Jupiter 
signature, we pretty much know it is real and not 

~tart Chart 

Bl j: JEJ 

~±t~:L~~ 
..!J.:!IW~ 
.QJ~ I •••• . ·t· i~! 

QjlJJ =~ : ·-· 

Get Chat Users I 
Clear Chat 

12972 -

9729 -

6486 -

3243 -

0 -~~~~~--~t=~==~~==~ 
I I I I I 

22:38:00 UT 22.40 00 UT 22 42:00 UT 22 44 00 UT 22:46:00 UT 

13:31>BIRO There ts great solar flare tn progress 

jDtd you catch it? 

!Listening on 64.75.181126 : 1730 j2 JS erver Mode 

Figure I. Strip chart of a solar flare observed on 8/3 I /200 I using Radio-SkyPipe software and two 
short-wave receivers set to different frequencies. Note the chat window that allows remote 
observers to exchange comments during observations. 
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1 our neighbor's neon beer sign emitting a burst of 
static. 

Chart Features 

You may scroll around in the chart even as it 
continues to collect data. Charts may be reposi­
tioned and resized in most any useful manner. 
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While the free Standard Version of Radio-SkyPipe is limited to c reating 
new charts with only a single channel, you may still use the free version 
to receive multiple channel charts from Pro Version users. Pro Version 
users can record and serve up to eight simultaneous channels using the 
analog-to-digital converter, or two channels of data derived from the 
sound card. Both versions have a chat window so you can communi­
cate with any of the users connected to a given Radio-SkyPipe server. 
Not only is this feature fun , it has proven to be very helpful during 
group observations. Using chat, it is possible to clarify the nature of 
chart events that might otherwise be m isinterpreted. 

Sound Card Usage 

Audio sources such as radios and microphones can be fed to the 
Line In or Microphone input of the sound card. Radio-SkyPipe can 
detect and record averaged peaks from these signals and present them 
to the strip chart. You cannot use the sound card to record steady or 
very slowly varying DC signals , but if your source to be measured pro­
duces an audio output, you may use this method of input to the com­
puter. We use this method for recording solar flares and Jupiter noise 
storms by directly taking the output from a short-wave receiver and 
running it to the Line Input jack of the sound card. The method is 
appropriate wherever the averaged value of the sound is the desired 
information. 

When using the sound card for data collection, it is important not 
to overdrive the sound card input. It might be possible to damage the 
circuitry if too much voltage is applied to the input. You should a lso 
familiarize yourself with the sound mixer panel of your computer. The 
mixer panel has an input and output side, sometimes refe rred to as 
record and playback panels. On a "standard" Windows mixer panel, 
you may toggle back and forth between these panels by selecting 
Options and then Properties. Adjust the recording panel's line input or 
microphone volume control to adjust the level detected by Radio­
SkyPipe. 

Analog-to-Digital Converters 

There are presently two analog-to-digital converter circuits sup­
ported directly by Radio-SkyPipe. A single-channel circuit based on the 
MAX187 integrated circuit or an 
eight-channel device based on the 
MAX186 may be used. Both cir­
cuits are easy to build and provide 
accurate 12-bit data to the com­
puter via the parallel port. A 
schematic for the eight-channel 
unit is provided here, as it is prob-

Parts List 

Figure 3. Schematic of 
the eight-channel ADC for 
use with Radio-SkyPipe 
Software. 

Repeat R 1 and input jack for 
each pin 1-8 (Ch1 1-8) 

Figure 2. The eight-channel ADC built up on a printed circuit board and 
installed in a compact metal enclosure. The circuit is simple enough that it 
could be built on a small piece of protoboard instead. 

ably the one you will want to build. Plans for the single channel unit are 
available on my website (http:/ / radiosky.com). 

The circuit is simple enough that it may be built on an integrated 
circuit breadboard like the ones available from RadioShack. You can 
also purchase bare boards from my website. I suggest you go ahead 
and use an IC socket for the ADC chip. The wiring isn't that critical and 
you could spare the IC from overheating . It might be possible to power 
the circuit from the parallel port, but I never recommend this. A small 
wall-wart type 9V DC supply will work fine if it is fairly well filtered. Even 
a 9V battery will last quite a while. The current draw is quite low. 

Note that although they are not shown in the schematic, each of 
the eight analog inputs to the MAX186 (pins 1 through 8) are brought 
to ground via a 1 00-kilohm resistor. I have found this necessary to 
reduce noise on these high impedance inputs, especially the ones that 
are left floating, that is , not connected to a voltage source for mea­
surements. 

The 12-bit resolution of the ADC gives you the ability to measure 
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All parts are available from Digi­
Key at www.digikey.com. The 
MAX186 IC is also available from 
Radio-Sky Publishing at 
http://radiosky.com for $18.00 
plus shipping. A partial kit, includ­
ing a bare board, IC, and various 
components is also available. 
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Jupiter's Mysterious Radio 
No·se Storms 

f you are a short-wave radio listener or a ham radio operator, you may 
have already heard radio signals from the planet Jupiter. The first time 

that I heard these signals was early one morning in the early 1980s when 
I was listening for DX amateur radio stations in the 21 MHz band. The sig­
nal manifested itself as strong "whoosh-whoosh-whoosh" in my head­
phones. What I was hearing were L-Bursts (the L stands for long) , pro­
duced by electrons spiraling in Jupiter's tremendous magnetic field . L­
Bursts sometimes sound much like waves crashing on a beach. Later, I was 
to find that Jupiter also produces a short burst (you guessed it, S-Bursts) 
signal that sounds like sputtering or pebbles on a tin roof. You can hear 
sound files of these noises at some of the websites listed below. Next to the 
huge radio bursts sometimes produced by the Sun, Jupiter's radio emis­
sions are the strongest natural cosmic radio emissions we can hear from 
Earth. 

Jupiter's signals can be heard from about 14 MHz to almost 40 MHz 
here on our planet's surface. The low frequency limit is set by the Earth's 
ionosphere which usually blocks extra-terrestrial radio signals below this 
frequency. The high frequency limit is imposed by Jupiter's own magnetic 
field. This natural upper cut-off to Jupiter radio storm emissions actually 
allowed us to predict the strength of Jupiter's magnetic field long before 
the Voyager space probes arrived at the planet to measure the field direct­
ly. Experience has shown that the best frequencies to listen for Jupiter actu­
ally run from about 18 to 24 MHz. Jupiter's emissions are broad in nature 
and so may be detected over regions hundreds of kiloHertz or even many 
MegaHertz wide. Thus, there is no set frequency on which to listen. You sim­
ply tune around a bit for a clear area close to the frequency for which you 
have designed your antenna . 

Though I have been referring to these "decametric" emissions of 
Jupiter as "storms," the analogy is only partially correct. Like weather 
storms on Earth, these signals are not totally predictable. You can never be 
exactly sure when you might receive these signals, however, because the 
signals arrive here in a beamed fashion - somewhat like a lighthouse bea­
con - we can say when the signals are more likely to be heard. Actually, 
Jupiter acts a bit like a lighthouse with three separate beacons . 
Imaginatively enough, we call these emission modes A, B, and C. 
Emissions from the A, B, and C regions can also be affected by the posi­
tion of Jupiter's inner-most moon, lo. You may have seen some of the dra­
matic NASA pictures of lo, with its active volcanoes spewing sulfurous, ion­
rich clouds to tremendous heights above the moon's surface. These ion-rich 
clouds form a giant ring or torus around Jupiter and seem to be at least par­
tially responsible for lo's semi-predictable effects on Jupiter's radio signals. 
You can get predictions of the most probable times to hear Jupiter noise 
storms from several places, a few of which are listed in the links at the end 
of this sidebar. 

In order to hear Jupiter, you are going to need a short-wave receiver 
capable of tuning in somewhere between 18 and 25 MHz. The receiver need 
not be state-of-the-art, but should be sensitive enough that when the anten­
na is attached, the noise background rises significantly. This noise should 
be the cosmic background noise, and hopefully not noise from artificial 
sources like arcing power lines. You can use AM or SSB/ CW detection 
modes, but I prefer the latter as it is easier to tell when I may be nea r an 
interfering signal. If you can, turn off the automatic gain control (AGC) of 
the receiver. 

You will also need a pretty good external antenna. If you are a ham 
radio operator with a 15-meter Vagi beam, you are well equipped to hear 

down to .001 volts. The ADC tops out at 4 .095 volts . You should limit 
voltage measurements to this range. Use a simple resis tive vo ltage 
divider if your measurement target exceeds 4.1 volts. Conveniently, the 
output fed to the computer is a number between 0 and 4 ,095 a nd thus 
the chart reads in millivolts when an ADC is the data source. A stable 
internal reference inside of the MAX186 provides good a ccura cy. 

One interesting way to package the ADC is in a printer A-B switch 
box. You must use the mechanical switch type that has all 25 p rinter 
port leads passing through the switch. This allows you to switch back 
to your printer when you need to, and eliminates an extra box a nd cable 
to be dealt with. I have purchased these printer switch boxes for less 
than $10.00 at computer shows and hamfests. 
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Dual Dipole Antenna (Top View) 

A. of RG-59 (Coax) 
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B 

Figure 4. Dual dipole antenna used by many Jupiter radio listeners. The V's 
shown at each corner are not part of the antenna, but are guy ropes used to 
support the I 0-foot sections of 2" PVC pipe which serve as a support at the 
end of each dipole. The dimensions here are for an antenna that operates at 
20.1 MHz. 

Jupiter noise storms when they occur while Jupiter is low in the sky. 
However, when Jupiter is overhead, you will need to either point the beam 
upwards or use a different type of antenna. The simplest antenna on which 
Jupiter might be heard is a half wave dipole set about 1/8 to 1/4 wavelength 
above ground. Participants in NASA's Radio Jove project most often use a 
dual dipole arrangement, shown here in Figure 4. This antenna is simple to 
construct and has proven to be sensitive enough to pick up plenty of 
Jupiter activity. The dual dipole has about twice the gain of the ordinary 
dipole. Placing the antenna at a height of about 10 feet, (three meters), 
above ground helps concentrate the sensitivity to an area directly overhead. 
This means the antenna will best receive Jupiter when it is within 30 
degrees of the "zenith." The arrangement also reduces sensitivity to terres­
trial station interference. You can get plans for the Jove Project dual dipole 
antenna at the Jove Project website listed below. 

Observing Jupiter's radio noise storms is a challenging and education­
al activity. If you ever wanted to get involved with radio astronomy, this is 
an excellent first step, and now that we have a tool like Radio-SkyPipe soft­
ware, you don't have be alone when you are observing! 

If you would like to learn more about observing Jupiter's radio noise 
storms, I suggest you purchase a copy of Richard Flagg's excellent book 
Listening to Jupiter, available at http:/ / radiosky.com. This is the only 
authoritative book on the subject written with the amateur observer in mind. 

Be sure to visit NASA's Jove Project website at 
http:/ jradiojove.gsfc.nasa.govj. The Jove Project was developed to help 
put hands-on radio astronomy into schools, but individual amateur scien­
tists are welcome to join in. 

Jupiter Sounds , predictions, and more information 
http:/ /radiosky.comjrjcentral.htm. University of Florida Radio 
Observatory (includes prediction tables) - www.astro.ufl.edu/radioj 
index.html. 

Windward Community College in Hawaii streams Radio-SkyPipe charts 
and live audio from its Jupiter/ Solar radiotelescope 
http:/ /jupiter. wcc.hawaii.edu/. 

Yet Another Way to Get Data In 

By the time this article appears in print, there will be yet another 
way for you to get data into Radio-SkyPipe. This method requires a lit­
tle p rogramming abil ity on the part of the user, but it will allow the use 
of virtually any data source. Radio-SkyPipe will be able to accept for­
matted data from a TCP / IP connection . The idea here is that a small 
p rogram can be written which can read voltages from any ADC. This 

Other Links 
Radio-SkyPipe Help Pages 

http: / / radiosky.comjskypipehelp/ 
skypipehelpindex.html 



An In-terne-t Enabled S-trip Char-t 

small custom program passes the data to Radio-SkyPipe via a LAN or 
Internet connection using the appropriate formatting and the TCP/IP 
protocol. The custom program thus acts as a go between, overcoming 
the inherent problem of requiring the data collection program - Radio­
Sky Pipe -to understand the workings of a particular ADC. A skeleton 
program in Visual Basic will be provided to make the job of writing 
your interface program easier, however, if you are happier writing in C, 
Delphi, Java, or any other language, you are free to do so. It is my 
hope that people will donate their SkyPipe interface programs for oth­
ers to use. One nice thing about this scheme is that the actual ADC 
does not have to be connected to the PC on which SkyPipe is running . 
In fact, there is no reason that 

monitor equipment temperatures and voltages at remote installations 
such as amateur radio repeaters. Any detector that produces a voltage 
or a sound signal will work with Radio-SkyPipe. If enough interest 

develops in any one area to warrant a special ILS, I will be happy to 
implement one. That way, observations of a particular type will not 
appear in everyone's available servers list. NV 

'' l-ast Call for the MSP~O c:Ejad9et-0-1<8t1'ta 2.002-
E:.I'l"tJY' Oeadli11e <:::;)c,.;f"obel'" ~1s-t!! 

• See Pa9e 40 for ittfo! 

the machine has to be Windows 
based! A Linux box or Mac could 

do the interfacing job just as well. 

Obtaining the Software 

You can download Radio­

SkyPipe software from my web­

site at http:/ jradiosky.com. 
The software comes in a self­
extracting executable zipped file . 
The Standard version will provide 
you with loads of functionality. It 
is free to all non-commercial 

users. There are no time limits or 
annoying nag screens. If you 
wish to upgrade to the Pro ver­
sion, you will get a key to unlock 
many great features like trig­
gered wave file recording, 

observer log, remote administra­
tion, eight-channel serving capa­
bility, time server synchroniza­
tion , automatic FTP of charts to 
your website, and more. New ver­

sions come out fairly often, so I 

have included a feature under 
Help that will check the webite 
for the latest version. 

Possible Applications 

While the software was ini­
tially designed to facilitate ama­
teur radio astronomy observa­
tions, there is no reason that you 

could not use the system for a 

host of other purposes. 
Seismographs, remote weather 
monitors, radio-based meteor 
detectors, and Geiger counters 
are obvious possibilities. You 
could also use the system to 

Jim Sky - Author's Bio 

Confronted with starvation after 
receiving my degree in biology in 
1976, I worked for the next 22 
years in the technological end of 
the banking industry in 
Kentucky. Lately, I have struck 
out on my own as a software 
developer and publisher in 
Hawaii. My interests include radio 
astronomy, electronics, and 
aquatic biology. I hold an 
Amateur Extra Class license 
K4SKY/ KH6. 

Tired of Expensive Inkjet Cartridges? 

Save 90% on Inkjet Inks ! 
Refill kits Black (8 oz) Color (4 oz C, Y, M) #of Refills Cost/Refill Kit Price 
Printer (Call for Others Not Listed!) Black I Color 
HP500 Series, 400, Officejet 300, 350, Fax 
HP600 Series, Officejet 500, 570, 600, 610 630, 700 
HP820C, 855C, 870C, 1 OOOC, 1150C, Copier 120, 210 
HP720C, 722C, 712C, 880C, 890C, 895C, 1120C, 1170C 
HP900C Series, P1000 Series, Officejet G55, G85, G95 
HP2000C Pro Color Printer, 2200, 2500 
Canon BJ-1 0, 200, 210, 240, 250 Apple Style Writer 1200,1500 
Canon BJC-4000 Series, 2000, 5000 Series, Multipass Series 
Canon BJC-6000, 3000, S400, S450, S600, Multipass 755 
Epson Stylus Color 400, 600, 800, 850, 1520, Photo 
Epson Stylus Color 440, 660, 670, 740, 760, 860 
Epson Stylus Color 480, 580, 880 
Epson Stylus Color 777, C60, C50 (Requires Resetter) NEW 
Lexmark 3200, 5700, Z11 , Z12, Z31 , Z32, 

Compaq IJ300, IJ600, IJ700, IJ750, IJ900 Xerox XK Series 
Lexmark Z42, Z51, Z52, Z83, Compaq IJ1200, A1 000 
Combination Kits Black dye 4 oz I Color 2 oz each 
Combination Kits Black pigmented 4 oz I Color 2 oz each 

Printer 
Call for Others Not Listed! 

Canon BJC-6000, 3000, S400, S450, S600, S800, Multipass 755 
Epson Stylus Color 400, 500, 600, 800, 850, 1520, Photo 
Epson Stylus Color 440, 660, 670, 740, 760, 860 
Epson Stylus Color 750, 900, 980, 1200 
Epson Stylus Color 480, 580, 880 

7 
7 
6 
6 
6 
6 
14 
60 
14 
20 
20 
20 
18 
15 
15 
15 

Epson Stylus Color 777 , 870, 875, 1270 Requires Empty Return ! 
Epson Stylus Color C60 NEW 

Mon - Fri 8:30 - 5:30 PDT 11 :30 - 8:30 EST 

See us Online or Call for Other Models 

14 
14 
12 
12 
12 
12 
20 
60 
8 
17 
17 
17 
18 
17 
17 
17 

Black I Color Black I Color 
4.71 2.85 32.95 39.95 
4.71 3.21 32.95 44.95 
6.67 3.33 39.95 39.95 
6.67 3.75 39.95 44.95 
6.67 3.75 39.95 44.95 
6.67 3.75 39.95 44.95 
2.15 2.00 29.95 39.95 
0.50 0.67 29.95 39.95 
2.85 1.67 39.95 39.95 
1.50 2.65 29.95 44.95 
1.50 2.65 29.95 44.95 
1.50 2.65 29.95 44.95 
1.66 2.22 29.95 39.95 
2.67 2.35 39.95 39.95 
2.67 2.65 39.95 44.95 
2.67 2.65 39.95 44.95 

44.95 
49.95 

See Us For All Your 
Printing Needs ! 

• Inkjet Cartridges 
• Laser Cartridges 
• Thermal Fax Rolls NEW 
• Copier Refills NEW 
• Refill kits 
• Photo Papers 

w .inkjetsw.com 1-800-44 7-3469 
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WE BUY AND SELL 
Inquiries 307-635-2269 • Fax 307-635-2291 

Orders 800-538-1493 

2701 Westland Court, Uni t B, Cheyenne, Wyoming 82001 

ll•t19 II «•t1tt•144i;ftiltlj 4{1•1 ;II¥ 
OSCILLOSCOPES 
PROBES 
TEKTRONIX 1101 Accessory Power Supply, forFETprobes ............. $175. 00 
TEKTRONIX A6902B Voltage Isolator, 

DC-20 MHz, 20 mV-500 V/division 
TEKTRONIX P620t 900 MHz 1 XI t OX/1 OOX FET Probe 
TEKTRONIX P6202 500 MHz 1 OX FET Probe ....... 

FUNCTION GENERATORS 
HP 33120A-001 15 MHz Function/ Arb. Waveform Gen., 

................ $ 500 .00 
.. ..... ... $ 400.00 

.. $ 150.00 

phaselockoption ... ......... ..... ........ ... ........ ........... ..... . .. $1250.00 
HP3324A21 MHzFunctionSynthesizedGenerator, HPIB ....... ... .. ... $2250 .00 
HP3325A21 MHzSynthesizer/FunctionGenerator, HPIB ....... .. ......... $ 9 50. 0 0 
HP 33256-002 Synthesizer/ Function Generator, 

1 uHz-21 MHz, HPIB ...................................... $4000 .00 
TEKTRONIX AWG51 02 Arb. Waveform Gen., 

20MS/s, 12bits, 50ppmsynthesis <1MHz .. ...... . .... ..... ... . $ 650.00 
TEKTRONIX AWG51 02-opt.2 Arb~rary Waveform Generator, 

dual channel option .. . .......................... $ 800 .00 
TEKTRONIX 00501 Digital Delay & Burst Gen., 

forfunction&pulsegen's .... ... . ....... $ 200 .00 
TEKTRONIX FG501 0 Programmable 20 MHz Function Generator, 

TMSOOOseries .. ..... .............................. . ..... .. .... $ 600 .00 
TEKTRONIX FG50211 MHz Function Generator, 

TM500series ................ . ............................. $ 275. 00 
TEKTRONIX FG503 3 MHz Function Generator, 

TM500series ........... ... ..... . ...... .. $ 250 .00 
WAVETEK 288 20 MHz Synthesized Function Generator, 

GPIB ... . ..................... . .... $ 650 .00 

PULSE GENERATORS 
BERKELEY NUC. 7085B Dig~l Delay Gen., 

Q-100mS, 1 nSres. ,5Hz-5MHz 
HP 214B 10 MHz Pulse Generator, up to 50VI 50 Ohms .. 
HP 214B-001 10 MHz Pulse Generator, 

pulse counting option .......... .............. . 
HP8007B 100MHz PulseGenerator .... . 

............. .... $ 400 .00 
.... .. $ 1200.00 

HP 8012B 50 MHz Pulse Generator, variable transition time 
HP 8013A 50 MHz Dual Output Pulse Generator 

...... ... .. ... .. $ 1400.00 
.. ..... $450 .00 
...... $600 .00 

.......... $500 .00 
············ $600 .00 

............ $ 3000 .00 
.... $ 2500 .00 

HP 8013B 50 MHz Dual Output Pulse Generator ... 
HP 8112A 50 MHz Pulse Generator, HPIB . 
HP 8116A 50 MHz Pulse/Function Generator 
HP 8116A-001 50 MHz Pulse/Function Generator, 

burst&logsweepoption .. .. ..... ..... ... ... ...... .... ..... .... ... ...... ..... ... $ 3250 .00 
TEKTRONIX PG502 250 MHz Pulse Generator, 

TM500series .. .......... ... . ..... .... ..... ..... ...... ... ......... ........... $ 500.00 
TEKTRONIX PG508 50 MHz Pulse Generator, 

TM500 series .. . ............. ..... .... . ........ .. $ 350 .00 

VOLTMETERS 
FLUKE 845AR High Impedance Vo~meter I Null Detector . . ... ... $ 3 50. 0 0 
HP3456A6-1/2digitVo~eter, HPIB .... ...... .... .... ... ....... .... . .. .. $ 450 .00 
HP3478A5-1/2digitMultimeter, HPIB ............. . ... .... ..... .. $ 450 .00 
KEITHLEY 181 6-112 dig~ Nanov~meter, 

10 nV sens~ivity, GPIB ... ... . $ 675 .00 
TEKTRONIX DM501 0 4-1 /2 dig~ Multimeter, 

TMSOOO series .. ... . ....... $ 300 .00 
TEKTRONIX DM501 A 4-112 digrt Multimeter, 

TM500 series .......................................... . ..... ... ...... . $ 22 5. 00 

CALIBRATION 
FLUKE510AAC Reference Standard, 10VRMS, Q-10mA ................. $ 4 5 0 .00 
FLUKE 5220A Transconductance Amplifier, 

DC-5kHz, Q-20A .. . . ........ .... ...................... $1250.00 

VOLTAGE SOURCES 
HP 6115A Precision Power Supply, 

Q-50V0.8A/Q-100V0.4A ..... 
TEKTRONIX PS5004 Precision Power Supply, 

0-20 V Q-300 rnA, 1 mV res. 

CURRENT METERS & SOURCES 

.. $650 .00 

.... $ 950.00 

HP4140B DCV Source i Picoammeter, HPIB ................................ $ 3500 .00 
HP6177C DC Current Source, to50V, 500mA .. .. .......... $500 .00 
HP6181C OCCurrent Source, to 100V,250mA .. ...... ..... ........ ......... .. $ 500 .00 
KEITHLEY 225 Current Source, 

0.1 uA-100mA, 1Q-100Vcompliance .. ... .... . 
TEKTRONIX P6022 AC Current Probe, 

935Hz-120MHz,6Apeak ... 
VALHALLA 2500 AC/DC Current Calibrator, 

........ $450 .00 

................ .... .... $ 250.00 

2uA-2A, DC-10kHz .... ...... .... .. .. .. ............... .... ......................... $500 .00 

L.C.R. 
BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH . 
BOONTON 72BD 1 MHz Capacitance Meter, 

2-2000 pF f.s. 3 digits .... ... .. .... ... .... ........ .. . 

..... $ 500 .00 

.... $ 800 .00 
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BOONTON 72C 1 MHz Capacitance Meter, 
1-3000pFf.s.analog ... ................... .. ......................... $ 8 00.00 

GENERAL RADIO 1658 RLC Digibridge, 120 Hzl 1 kHz ... ..... ...... ... $1 0 00.00 
HP4262A 3-1 /2 digitLCRMeter, 120 Hz/ 1kHz/ 10 kHz ..................... $ 9 50. 00 
HP4274A5-1 /2 digitLCRMeter, 100 Hz-100kHz, HPIB ....... .... ...... $2750.00 

STANDARDS 
E.S.I. SR-1 Standard Resistor, various values ........ .. ...... .... . 
E.S.I. SR1 010 Resistance Transfer Standards, 

1 Ohm-1 00 Klstep . . . .. .. . . . . . .... . . . .. . . . . . . ..... ... ...... .... . .. 
GENERAL RADIO 1406-series Standard Air Capacitors, 

GR900 connector, 0.1% ace 
GENERAL RADIO 1409-series Standard Capacitors, 

0.001-1 .0 uF values available . 
GENERAL RADIO 1433-J 4-Decade Resistor, 

Q-11 .11 Kilohms, 1 Ohm steps ...... .. 
GENERAL RADIO 1433-K 4-Decade Resistor, 

....... $125. 00 

.... $5 00 .00 

........... .. $ 2 7 5 .00 

. $150 .00 

.. $150.00 

Q-1.11 Kilohms, 0.1 Ohm steps ..... ... . ... ... ............ ... ..... ... ... $1 50. 0 0 
GENERAL RADIO 1433-P 5-Decade Resistor, 

Q-1 .1111 Megohms, 100hmsteps .. ..... ..... ... .... . ... $2 0 0 .0 0 
HP4440BDecade Capacitor,40pF-1.2uF ............. ......... . .. $750. 00 

HI & LO RESISTANCE 
HP 4329A High Resistance Meter, 

500 Kilohms-2x 1 Oe16 Ohms .. ......... .............................. ..... $875.00 

T. D.R. 
TEKTRONIX 15038-03,04 TOR, 

Q-50,000 feet; chart rec. & battery options .. ......... ...... ...... ... $250 0.00 

SINGLE OUTPUT 
HP 8011 A Q-20 VI Q-1 20 A/ 1000 Watts max.,\ 

CV/CCSupply ..... .... ...... .. .. ............ ................................ .......... $1 8 00. 00 
HP 8028A Q-60 V/Q-10 A/ 200 Watts max. 

Autoranging Supply . ... .. . ..... $1 0 0 0. 0 0 
HP 6033A Q-20 V/Q-30 A/ 200 Watts max. 

Supply,HPIB . . ..... $12 00.00 
HP6038A Q-60 VI Q-10A/ 200 Watts max 

Supply,HPIB .... . ..... ..................................................... $12 00 .00 
HP6203BQ-7.5 VQ-3ACVICC Power Supply .................................. $175 .00 
HP 6205C Dual Power Supply, 

Q-40V300mA/Q-20V600mA ..... .... ...... .... . . ..... ... . $ 300 .00 
HP6207BQ-160VQ-200mACV/CC Power Supply .. . ..... ... ... $ 200 .00 
HP6209BQ-320VQ-100mACV/CC Power Supply . . ..... .. ..... $3 2 5 .00 
HP6263BQ-20VQ-10ACV/CC Power Supply... .... ..... ..... .... . .. $3 7 5 .00 
HP6266BQ-40VQ-5ACV/CC PowerSupply .... .... .... . ... $3 75. 00 
HP 6267B Q-40 V Q-1 0 A CV/CC Power Supply . . .................... $ 55 0 . 0 0 
HP6271BQ-60V Q-3ACV/CC Power Supply .................................... $375 .00 
HP6274BQ-60VQ-15ACV/CC Power Supply .................................. $ 6 5 0.00 
HP6384A4.Q-5.5Vat8ACVICLPowerSupply ................ .. ............... $1 2 5. 00 
HP8443BQ-120VQ-2.5ACV/CC Power Supply ................................ $375. 00 
HP6515AQ-1600V5mACVICL PowerSupply ................................. $275 .00 
HP6525AQ-4000V Q-50mACV/CC Power Supply ....... ... .... ...... ...... .. $650 .00 
HP6552AD-20V Q-25 ACV/CCPowerSupply ..... . ............. $ 1000.00 
HP6843AQ-35 VQ-6 A CV/CC Power Supply, HPIB .. .. .. ...... ........ .. .. $12 00.00 
HP6652AQ-20V Q-25ACV/CC Power Supply, HPIB .. .. .. .. .......... .... $1 875 .00 
KEPCOATE 36-8M Q-36 V Q-8A CV/CC Power Supply ..................... $3 00 .00 
SORENSON SAL 20-1 2 Q-20 V Q-12 A CV/CC 

Power Supply ... .... ..... ...... .. .......................................................... $350 .00 
SORENSONSRL6Q-8Q-60V Q-8ACVIcc PowerSupply .................. $450 .00 

MULTIPLE OUTPUT 
HP6228B Dual Power Supply,Q-50VQ-1 A,CV/CC .................. .. .... $375. 00 
HP 6236BTripleOutput Supply, +i-20V0.5A& Q-6V 2.5 A . $375 .00 
HP6237BTriple0utputSupply,+i-20V0.5 A&Q-18V 1 A ................. $375.00 
HP 6253A Dual Power Supply, Q-20 V Q-3 A, CV/CC ......... $37 5. 00 
HP6255A Dual PowerSupply,Q-40VQ-1.5 A, CV/CC ........... ... ....... .. $375.00 
HP 6622A Dual Output Supply, 

Q-20VQ-4AorQ-50VQ-2A, HPIB ...... ..... ...... ... .... .............. ... .. . ... $1850 .00 
HP 6627 A Quad Output Power Supply, 

Q-20V2AorQ-50V800mA ........................................................ $2750. 00 
TEKTRONIX PS503A Dual PowerSupply, TM500series .................... $ 200 .00 

MISCELLANEOUS 
ACME PS2L-500 Programmable Load, 

0-75V/ 0-75A/500Wattsmax. ... ............... ..... . .. .. $ 300 .00 
HP 6626A Bipolar Power Supply I Amplifier, 

+i-50V1 A max. . $ 900 .00 
HP 6827 A Bipolar Power Supply I Amplifier, 

+1·100V +I-500mA ............................. ........ ....... ..... ......... .. ....... $900 .00 
KEPCO BOP 5Q-2M Bipolar Amplifier/ Power Supply, 

to50V,2A ....... .... ..... .... .............................................................. $400 .00 
TRANSISTOR DEV DAL -SQ-15-1 00 Programmable Load, 

Q-50V,Q-1 5 A, 100Wattsmax. ...... .. ........... $200.00 

UNIVERSAL COUNTERS 
HP 5314A 100 MHz/ 100nS Universal Counter .. ... .... . ............. $ 17 5 .00 
HP5315A 100MHz/ 100nS Universal Counter ..... $35 0.00 
HP5315A-{)Q3100MHz/ 100 nS Counter, 1 GHz C-channel .... $450 .00 
HP5315B 100MHz/ 100 nS Universal Counter ....... . $ 3 7 5.00 
HP 5316A 100MHz/ 100 nSUniversaiCounter, HPIB ........................ $450.00 
PHILIPS PM6672/4111 20 MHz/ 100 nS Universal Counter, 

1 GHzC-channel . ........ ............... . ............. ..... $300 .00 
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TEKTRONIX DC5009135 MHz/ 10 nS Counter/ Timer, 
TMSOOOseries ... . ....................................... $ 350 .00 

TEKTRONIX DC503A 125 MHz/ 100 nS Universal Counter, 
TM500series ................ . ....................................... $ 250 .00 

TEKTRONIX DC509135 MHz/ 10 nS Universal Counter, 
TM500series .... ...... ... .... ...... . .. $275 .00 

FREQUENCY COUNTERS 
EIP 548A-06 26.5 GHz Frequency Counter 

& mixers for 26-60 GHz 
EIP 578-{)2,05 26.5 GHz Source Locking Counter, 

GPIB& power meter .. .. ................................................... .. 
EIP 578-06 26.5 Source Locking Counter, 

extendable to 110 GHz ... 
HP 5342A 18 GHz Frequency Counter 
HP 5343A-001 26.5 GHz Frequency Counter, 

...... $ 3950 .00 

$2750 .00 

.. $ 3500 .00 
. ..... ... . $ 900 .00 

OCXOreference ... .......... ............ ... .... ... ...... ... ...... ... ..... ..... ....... $ 2500 .00 
HP 5345A/55A/56B26.5GHzCW/ Pulse Frequency Counter ........... $ 3500 .00 
HP 5352B-D1 0 40 GHz Frequency Counter, 

OCXOreferenceoption. .. ...................... $ 7500 .00 
HP5384A225MHzFrequencyCounter, HPIB . . ........... $ 450.00 
XL MICROWAVE 3401 40 GHz Source Locking Frequency Counter, 

GPIB ......................... .............. ..... .... .... .... ..... . ... .... $ 5500 .00 

STANDARDS 

SPECTRUM ANALYSIS 
HP 3586C Selective Level Meter, 

50Hz-32.5 MHz, 50& 750hms .... . ... .. $ 1000.00 

DISTORTION ANALYZERS 
HP8903AAudioAnalyzer,20Hz-100kHz, HPIB .... $ 1200.00 
HP 8903B-{)Q1 ,010,053 Audio Analyzer, 

20Hz-100kHz, HPIB .. .... ....... ... ..... ..... ..... .. .. .... ........ ....... . ..... $ 1850.00 
HP8903EAudioAnalyzer,20Hz-100kHz, HPIB ......... $ 1650 .00 

RMS VOLTMETERS 
FLUKE 8922A True RMS Vo~meter, 

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

OSCILLATORS 
TEKTRONIX SG502 Sine/ Square Osc., 

5Hz-500kHz, 70 dB step atten., TM500 
TEKTRONIX SG505-opt.2 Oscillator, 

10Hz-100kHz; IM test & 50/150/600 Ohms ..................... . 
WAVETEK 98 1 MHz Synthesized Power Oscillator, 

GPIB $750.00 

MISCELLANEOUS 

. .......... $ 4 50 .00 

. .. $200 .00 

.. $ 800 .00 

HP 3575A Phase-Gain Meter, 1 Hz-13 MHz, single display ....... ...... ... . $600 .00 
HP 3575A-001 Phase-Gain Meter, 1 Hz-13 MHz, dual display ............. $7 50 . 00 
KROHN-HITE 3200 High Pass I Low Pass Fi~er, 

20 Hz-2 MHz .... . ............ $ 275 .00 
KROHN-HITE 3202 Dual HP/LP/BP/BR Filter, 20 Hz-2 MHz ............ $ 37 5 . 00 
Krohn-Hite 7600 Wideband Amplifier, 

0-42 dB gain, DC-1 MHz, 1 0 Watts .... 
ROCKLAND 852 Dual Highpass/ Lowpass Filter, 

0.1 Hz-111 kHz 
TEK AM502 1 MHz Differential Amplifier, TM500 series 

SPECTRUM ANALYZERS 
HP 11517 A/19A/20A Mixer Set, 

.... $750.00 

.......... $ 650.00 

... ....... $450 .00 

18-40GHz, forHP8555A / 8569A .. . ... ... ....... ... . $4 7 5.00 
HP 11970AWR28HarmonicMixer,26.5-40GHz ...... ... .. ..... .. $ 1000.00 
HP 11970KWR42 Harmonic Mixer, 18.Q-26.5GHz .. . ...... . $ 1000.00 
HP 119700 WR22 Harmonic Mixer, 33-50 GHz .............. ... ........ .. $14 00. 00 
HP11970UWR19HarmonicMixer,4Q-60GHz . . ............ .. $1600.00 
HP 11971A WR28 Harmonic Mixer, 26.5-40 GHz, for 8569B .............. $8 00 .00 
HP 11971 K WR42 Harmonic Mixer, 

18.Q-26.5GHz, for8569B .... .. ......................... $800.00 
HP 1197 4A WR28 Prselected Mixer, 26.5-40 GHz . . ...... $ 8 0 0 0. 0 0 
HP 11975AL.O. Amplifier,2-8 GHz ........ ......... .. .... .. ............ . .. $1400.00 
HP 3335A Synthesized Level Generator, 

200 Hz-81 MHz, -66.98+13.01 dBm ........... .. .. .... ..................... $3250 .00 
HP 65840A Tracking Generator, 

300kHz-2.9GHz, forHP8560series ... ... .......... .... .. .. .. $4000 .00 
HP 8569B Spectrum Analyzer, 

10MHz-22GHz, 100Hzmin.res.bw ... ..... .. ..... $ 5000 .00 
TEKTRONIX WM782V WR15 Harmonic Mixer, 

5Q-75GHz ....... $1 500.00 

NETWORK ANALYZERS 
HP 11650ANetwori<AnalyzerAccessory K~ . . ..... .. . $ 500.00 
HP 11650A Network Analyzer Accessory Kit, APC7 .......................... $6 0 0 . 0 0 
HP 11665B Modulator, 0.15-18 GHz, for HP 8755/617 . . ...... ... . $2 50. 0 0 
HP 11665B Modulator, 0.15-18.0 GHz, for HP 8755/617 ................. .... .. $ 2 50 . 0 0 
HP3577BNetwori<Analyzer,5Hz-200MHz .......... .. ..................... $ 9500.00 
HP 4191 A RF Impedance Analyzer, 

1-1000MHz, 1 milliohm-100Kilohms .. . . $ 3750 .00 
HP 4193A Vector Impedance Meter, 

400kHz-110MHz, 100hms-100K ... ... .... ... .. . .. $ 4500.00 
HP 8502B 75 Ohm Transmission/ Reflection Test Un~. 

0.5-1300MHz ........... $675. 00 
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HP 85044B 75 Ohm Transmission! Reflection Test Unit, 
300kHz-2GHz . .. .......................... $1250 .00 

HP85054AType N Calibration Kit, forHP8510series ..................... $1800 .00 
HP8717B-001 Transistor Bias Supply .................................... $350 .00 
HP8751A-001 ,002 Network Analyzer, 5 Hz-500MHz . ... $12500 .00 
HP8756AScalarNetworkAnalyzer, HPIB .. .... .. .. .... .. . $1375 .00 
HP 085026A WR22 Detector, 

33-SOGHz, forHP8757series ..... $1375.00 
HP R85026A WR28 Detector, 

26.5-40GHz, forHP8757series ... $1200.00 

SIGNAL GENERATORS 
FLUKE 60608/AK Signal Generator, 

0.1-1050MHz, 10Hz res ........................................................ $1250.00 
FLUKE 6060B-130,830 Signal Generator, 

0.1-1050 MHz, 10Hz res., GPIB ....................... .. .. 
GIGATRONICS 1018 SignaVSweep Gen., 

0.05-18 GHz, 1 kHz res., +8 dBm 
GIGATRONICS 600/6-12 Synthesized Source, 

.. ........ $1600 .00 

.... $5000.00 

6-12GHz, 1 MHzres., GPIB ..... .. ........................... $1500.00 
GIGATRONICS 600018-16 Synthesized Source, 

8-16GHz, 1MHzres., GPIB 
GIGATRONICS 6061 A-830 Signal Generator, 

0.1-1050MHz, 10Hz res., AM, FM, GPIB 
HP 11707 A Test Plug-in, for HP 8660 series 
HP 11720A Pulse Modulator, 2-18 GHz, 80 dB on/off ratio 
HP 8341 B Synth. Signal Generator, 

.... $2250.00 

....... $1900 .00 
...... .. $400.00 
......... $450.00 

10MHz-20GHz, 1kHz res., AM, FM .... ... $16000.00 
HP 83554A WR28 Frequency Doubler, 26.5-40 GHz .. .. $50 0 0. 0 0 
HP8642MSignaiGenerator,0.1-2100MHz, 1 Hzres., HPIB .......... . $3750 .00 
HP 8656B-001 Signal Generator, 

0.1-990MHz, 10Hzres., HPIB,OCXO . 
HP 8657 A Signal Generator, 

0.1-1040MHz, 10Hz res., AM, FM, HPIB 
HP 8680C/603AI633B Signal Generator, 

1-2600MHz, 1 or2Hzres. ,AM, FM 
HP 8660D/603A-002 Signal Generator, 

1-2600 MHz, FMIPM, includes 86635A 
HP 8671 A Signal Gen., 

.. .. $2000 .00 

... $2500.00 

.... $3250.00 

... $6000.00 

2.0-6.2GHz, 1 kHzres.,CW, FM,+8dBm, HPIB ................... .. $2750.00 
HP 8672A Signal Generator, 

2-18 GHz, 1-3kHz res., AM, FM, +3 dBm 
HP 8672A-008 Signal Generator, 

2-18 GHz, 1-3kHz res., AM, FM, +8 dBm 
HP 8673C Signal Gen., 

0.05-18.6GHz, 1kHz res. ,AM, FM, Pulse, HPIB 
HP 8673D-H15 Signal Gen., 

0.05-26 GHz, 1 kHz res., AM, FM, HPIB 
HP 8673H-212 Signal Generator, 

2.0-12.4 GHz, 1 kHz res., AM, FM, +8 dBm 
HP 8673M Signal Generator, 

2·18GHz, 1 kHzres., AM, FM,+8dBm 
HP 8683B Signal Generator, 

2.3-6.5 GHz, cavity tuned, AMIWBFMI Pulse 
HP 8683D Signal Generator, 

2.3-13.0 GHz, cavity tuned, AMIWBFMI Pulse 
HP 8664B Signal Generator, 

5.4-12.5 GHz, cavity tuned, AMIWBFMI Pulse 
MARCONI2019 Signal Generator, 

............ $4500.00 

$5000.00 

...... .... $14000.00 

.. $15000.00 

...... . $8500.00 

........ . $9500.00 

... $2250.00 

.... $3750 .00 

..... $2250 .00 

80kHz-1040MHz, 10or20Hzres ............................................. $850.00 
WAVETEK 955 Signal Generator, 

7.5-12.4GHz, +7dBm,AM, FM . ...................... .. 
WAVETEK 957 Signal Generator, 

12-18GHz, +7dBm,AM, FM. 

SWEEP GENERATORS 
HP 8350B/83522A Sweep Oscillator, 

10-2400 MHz, + 13 dBm levelled ................... . 
HP 8350B/83525A Sweep Oscillator, 

.. .......... $750.00 

.. .. $750 .00 

.. .... $3750 .00 

1 0 MHz-8.4 GHz, + 13 dBm levelled 
HP 8350B/83540A-002 Sweep Oscillator, 

2.0-8.4 GHz, 70 dB step atten ...... 

..................... ...... ... $5000.00 

HP 8350B/83545A-002 Sweep Oscillator, 
5.\l-12.4 GHz, + 16 dBm, step atten .... 

HP 8350B/83550A Sweep Oscillator, 
8-20 GHz, +20 dBm levelled output 

HP 8620C Sweep Oscillator Frame 
HP 86222B-002 RF Plug-in, 

10-2400 MHz, + 13 dBm, 70 dB step atten. 
HP 86222B-E69/8620C Sweep Osc. & frame, 

$3250.00 

.. ........... $3750.00 

.. $5000.00 
........ $500 .00 

.. $1250 .00 

0.01-2GHz&2-4GHzbands .... .. .. ................................ $1200.00 
HP 86240C RF Plug-IN, 

3.8-8.6 GHz, + 16 dBm unlevelled ..... 
HP 86241 A RF Plug-in, 3.2-6.5 GHz, +8 dBm unlevelled .... 
HP 86245A RF Plug-in, 5.9-12.4 GHz, + 16 dBm unlevelled ...... 
HP86251A RF Plug-in, 7.5-18.6GHz, +10dBm levelled 
HP 86280A RF Plug-in, 12-18 GHz, + 10 dBm unlevelled 
HP 86280A-H04 RF Plug-in, 

10-15 GHz, + 10 dBm unlevelled . 
HP 86290B RF Plug-in, 2.0-18.6 GHz, + 10 dBm levelled ..... 
HP 86290C RF Plug-in, 2.0-18.6 GHz, + 13 dBm levelled . 
WAVETEK 2001 Sweep Generator, 

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

1-2500MHz,+13dBm,GPIB ... 
WILTRON 6647M Sweep Generator, 

10MHz-20GHz,+10dBm, GPIB ..... ............ .................. .. 
WILTRON 6869A-Q3 Sweep Gen., 

0.01-40 GHz +0 dBm levelled, GPIB .. .. .......... ....... . 
WILTRON 6869B-02,03 Sweep Gen., 

0.01-26.5 GHz/ K conn.& 26-40 GHz/WR28 
WILTRON 6717B-20 Synthesizer/ Sweeper, 

. $450 .00 
.. ... $250.00 

.. $400.00 
... $500 .00 

.......... $400.00 

.. ... $400.00 
.. . $1500.00 
... $1750 .00 

.. ... $750.00 

...... $1750 .00 

...... $4500.00 

.. ..... $6500.00 

....... $7500.00 

10 MHz-8.4 GHz, + 13 dBm,GPIB .......... ...... .. ..... ..... $6000.00 

POWER METERS 
BOONTON 42B/41-4E Analog Power Meter, 

with 1 MHz-18 GHzsensor ........ .. .. $4 00 .00 
HP 11683A Range Calibrator, forHP435/617!8 ... $750 .00 
HP 4358/8481 A Power Meter, 

-30to+20dBm, 10MHz-18GHz ............ .. ...... .... $ 900 .00 
HP 436A-022/ 8481 A Power Meter, 

-30to+20dBm, 10MHz-18GHz,HPIB .. . $1200.00 
HP 436A-022/6482A Power Meter, 

-30to+20dBm, 100kHz-4.2GHz,HPIB ................................ $1200.00 
HP 436A-022/ 6484A Power Meter, 

-70to -20dBm, 10MHz-18GHz, HPIB .. .. ................. ......... $1200.00 
HP 436A-022/ 6485A Power Meter, 

-30to+20dBm, 50 MHz-26.5GHz, HPIB .. $1500.00 
HP 436A-022/6485D Power Meter, 

-70to-20dBm, 50MHz-26.5GHz, HPIB .............. $1 700 .00 
HP 438ADuaiChanneiPowerMeter.. .. ....................... $3000.00 
HP 8477 A Power Meter Calibtator, for HP 432 series ...... .... ...... .... .... $4 0 0. 0 0 
HP 8487D High Sensitivity Sensor, 

-70to-20dBm, 50MHz-50GHz,2.4mm ............ $1850 .00 
HP8900D/84811A Peak Power Meter, 

0.1-18GHz,0-20dBmpeak ....... .. ...... $2500 .00 
HP Q8486A Power Sensor, 

33-SOGHz, -30to+20dBm, for435/617/8 $1500 .00 
HP R8486A Power Sensor, 

26.5-40GHz,-30to+20dBm, for435/617/8. .. ...... $1500.00 
HP R8486D Power Sensor, 

26.5-40GHz, -70to-20dBm, for435/617/8 ... $1750.00 

RF MILL/VOLTMETERS 
BOONTON 92C RF Millivoltmeter, 

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

-70to+20dBm, 10kHz-2GHz,GPIB .................................... $750.00 

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RES. 50AR15 Amplifier, 

50Watts,46dBgain,0.1-15MHz ........ .. .. $1 000.00 
BOONTON 82AD Modulation Meter, AMI FM, 10-1200 MHz ..... $50 0 . 00 
HP 11713ASwitch / Attenuator Driver, HPIB .............. $800.00 
HP 11729B-003 Carrier Noise Test Set, 5 MHz-3.2 GHz ................. $1 900 .00 
HP 3730B/3738B Downcooverter, 

5.9-8.9GHz&8.7-11 .7GHz .. 
HP415ESWR Meter 
HP8347ARFAmplifier, 

.. $1200.00 

..... $200.00 

25dBgain, 100kHz-3GHz,+20dBm,HPIB ............ $2750.00 
HP8349AAmplifier, 15dBgain,2-20GHz,+20dBmoutput ............ $1 650.00 
HP8349BAmplifier, 15dBgain,2-20GHz,+20dBmoutput ...... $3250.00 
HP 6403A-002 Pulse Modulator, 

0.8-2.4 GHz, 80 dB dynamic range .... 
HP 6406A Comb Generator, 

1/ 10/100 MHz increments, to 5GHz 
HP 6447 A-001 Dual Amplifier, 20 dB, 

0.1-400MHz, +6dBm Po, NF <7dB 
HP 6447D-01 0 Preamplifier, 

25 dB gain, 0.1-1300 MHz, <8.5 dB NF .... .. 

.. ..................... $450.00 

................... $500.00 

.... $650.00 

.. ..... $750.00 
HP 6447E Amplifier, 22 dB, 0.1-1300 MHz, + 13 dBm output . 
HP 6447F-H84 Dual Amp., 

.. .... $650.00 

0.01-50 MHz 28 dB & 0.1-1300 MHz 25 dB 
HP 8901 A Modulation Analyzer, 

150 kHz-1300 MHz, HPIB ......... 
HP 8901 B-001 Modulation Analyzer, 

150 kHz-1300 MHz, HPIB .......... 
MPDLAB-1-510-10Amplifier, 

48dBgain,500-1000MHz, 10Watts. 
RACAL 9009 Modulation Meter, 

............... $900 .00 

.... $1350.00 

......... $1900.00 

.. .. ... $750.00 

30-1500MHz,AM, 1.5-100kHzpkFM . .. ...................... .. ........ . $350.00 
RF POWER LABS ML50 Amplifier, 

2-30 MHz, 47 dB gain, 50 Watts, metered, 28 V 
ROHDE&SCHWARZ ESH2 Test Receiver, 9 kHz-30 MHz 

AEROWAVE 28-3000/10 WR28 Directional Coupler, 
10dB,26.5-40GHz ....................................... .. 

AMERICAN NUC. AM-432 Cavity Backed Spiral Antenna, 

.. .. $200 .00 
..... $3250.00 

.. .. $300.00 

LHC, 2-18 GHz, TNC(f) •NEW• .... . .. ....... $9 5 . 0 0 
AVANTEKAMT-400X2WR28Active Doubler, +10dBm in&out ........ $450.00 
BIRD8201 500Watt0il Dielectric Load, DC-2.5 GHz ....... $350.00 
FXR!MICROLAB SL-03N Stub Stretcher, 

0.3-6.0GHz, 100Wattsmax., N(m/f) .. .... ....... .. .......... $75.00 
GENERAL RADIO 874-LTL Constant Impedance Trombone Une, 

0-44cm, DC-2GHz ... .. ................. $400.00 
HP 11590A-001 Bias Network, 1.0-18.0 GHz,APC7 .... $450.00 
HP 11691 D Directional Coupler, 22 dB, 2-18 GHz, N connectors ........ $450.00 
HP 11692D Dual Directional Coupler,22 dB, 2-18GHz . .. ...... $800 .00 
HP 33327L-Q06 Prog. StepAttenuator, 

0-70dB, DC-40GHz,2.9mm . .. ........ $1000.00 
HP778D-011 DuaiDir.Coupler,20dB,0.1·2.0GHz,APC7 ............... $450.00 
HP 8498A-030 30 dB Attenuator, 25 Watts, DC-18 GHz .................. .. . $50 0. 0 0 
HP 87300C-020 Directional Coupler, 20 dB, 1.0-26.5 GHz, 3.5mm ...... $4 7 5. 00 
HPK422AWR42FiatBroadbandDetector, 18.0-26.5 GHz ................. $350.00 
HP K532A WR42 Frequency Meter, 18.0-26.5 GHz ...... .. .... .... . $450.00 
HPK752CWR42Directiona1Coupler, 10dB, 18.0-26.5GHz .............. $450.00 
HPK752DWR42DirectionaiCoupler,20dB, 18.0-26.5GHz .............. $450.00 
HPK870AWR42SiideScrewTuner, 18.0-26.5GHz .... $275.00 
HP K914BWR42Moving Load, 18.0-26.5GHz ...... .... ... $250.00 
HP 0752D WR22 Directional Coupler, 20 dB, 33-50 GHz . .. .. $65 0. 0 0 
HP R281AWR28x2.4mm(f)Adapter ....... .. ........ .. ... $600 .00 
HP R422AWR28Crystal Detector,26.5-40GHz .......................... ... $400 .00 
HP R752A WR28 Directional Coupler, 3 dB, 26.5-40 GHz ..... . $450 .0 0 
HP R752D WR28 Directional Coupler, 20 dB, 26.5-40 GHz ................ $4 50 . 0 0 
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HPR914BWR28MovingLoad,26.5-40GHz ......................... $250.00 
HPV365AWR151solator,25dB,50-75GHz ...................... .. $750 .00 
HPV752DWR15 Directional Coupler, 20dB, 50-75GHz ... ............... $650.00 
HP X870AWR90SiideScrewTuner ... .. .. $150.00 
HUGHES 45322H-111 0/1120 WR22 Directional Couplers, 

10or20dB, 33-SOGHz . . $350.00 
HUGHES 45712H-1 000 WR22 Frequency Meter, 33-50 GHz ............. $7 50.00 
HUGHES 45714H-1000WR15Frequency Meter, 50-75GHz ....... $900.00 
HUGHES 45722H-1000 WR22 Direct Reading Attenuator, 

0-50 dB, 33-50 GHz ....... .. .... $1000.00 
HUGHES 45724H-1000 WR15 Direct Reading Attenuator, 

0-50dB,50-75GHz .. .... ........................................................... $1000.00 
HUGHES 45732H-1200 WR22 Level Set Attenuator, 

0-25dB,33-50GHz ...... .. ................. $250.00 
HUGHES 45752H-1 000 WR22 Direct Reading Phase Shifter 

0-380,33-SOGHz .............................. .. 
HUGHES 45772H-11 00 WR22 Thermistor Mount, 

-20 to+ 10 dBm, 33-50 GHz . 
HUGHES 47316H-1111 WR 1 0 Tunable Detector, 

75-110 GHz, pos. polarity 
HUGHES 47741 H-2310WR28 Phase Locked GunnOsc., 

..... $1400.00 

.. ...... $400.00 

... $600 .00 

32GHz,+18dBm ........................................ .. ....................... .. $2000 .00 
HUGHES47742H-1210WR22 Phase Locked Gunn Osc., 

42GHz,+18dBm .... .............. .. 
KRYTAR 201020010 Directonal Detector, 

1-20 GHz, SMA(f/f)/SMC 
KRYTAR 2616S Directional Detector, 

1.7-26.5 GHz, K(f/m)/SMC 
MIA-COM 3-19-300/10 WR19 Directional Coupler, 

10dB,40-80GHz ................... .. 
NARDA 3000-series Octave Band Directional Couplers, 

N connectors .................................... .. . 
NARDA 3024 Bi-Directional Coupler, 20 dB, 4-8 GHz 
NARDA 3090 Precision High Directivity Couplers 
NARDA 368BNM Coaxial Hih Power Load, 

.... ... $2750.00 

....... $200.00 

........ $200.00 

.. ........ $450.00 

.. ..... $150.00 
..... $375.00 
.... $225.00 

500Watts,2-18GHz, N(m) ............... .. ................. $500.00 
NARDA 3752 Coaxial Phase Shifter, 0-180degJGHz, 1-5 GHz ......... $900.00 
NARDA 3753B Coaxial Phase Shifter, 

0-55degJGHz,3.5-12.4GHz . 
NARDA 4000-series Octave Band Directional Couplers, 

SMA connectors 
NARDA 4247-20 Directional Coupler, 

.. .. $950.00 

...... $75 .00 

20dB, 6.0-26.5GHz, 3.5mm(f) ........ .. ......................... ........ $200.00 
NARDA 5070-series Precision Reflectometer Couplers ....... $ 3 0 0 . 0 0 
NARDA562DCB1ock, 10MHz-12.4GHz, 100Vmax.,N(m/f) ... .... .. .. $65.00 
NARDA 765-1 0 1 0 dB Attenuator, 

50 Watts, DC-5GHz, N(m/f) ........ .. ................................ $165.00 
NARDA 791 FM Variable Attenuator, 0-37 dB, 2.0-12.4 GHz ................ $5 00 .00 
NARDA 792FF Variable Attenuator, 0-20 dB, 2.0-12.4 GHz ...... $3 7 5. 00 
NARDA 793FM Direct Reading Variable Attenuator, 

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

0-40 dB,4-8GHz ...... ..... .. .................. . .. $375.00 
OMNI-SPECTRA 2085-8010-00 Crystal Detector, 

1-18GHz,neg.polarity,SMAmlf ... ................... .. ....... $50.00 
PAMTECH KYG1014 WR42 Junction Circulator, 18.0-26.5 GHz ........ . $250.00 
SONOMA SCI. 21 A3 WR42 Circulator, 20 dB, 20.6-24.8 GHz .............. $7 5. 0 0 
TEKTRONIX2701 StepAttenuator,0-79dB, DC-1 GHz .... . ............... $150 .00 
TEKTRONIX WM782U WR19 Harmonic Mixer, 40-60 GHz ...... $1 5 00 .00 
TRG B51 0 WR22 Direct Reading Attenuator, 

0-SOdB, 33-SOGHz .................................................................... $900.00 
TRGV551 WR15FrequencyMeter,50-75GHz ...................... $600.00 
TRG W510WR10Direct ReadingAttenuator, 0-SOdB, 75-110GHz . $1000.00 
TRGW551 WR10FrequencyMeter, 75-110GHz .... .. .... $750.00 
WAVELINE 100080 WR28 Terminated 

Crossguide Coupler, 30 dB ............. ............ .. . .. ... ..... $200.00 
WEINSCHEL 150-110 Programmable Step Atten., 

DC-18GHz, SMA ................... .. ..... $450.00 
WEINSCHEL DS109 Double Stub Tuner, 1·13GHz, N(m/1) . .............. $150.00 
WEINSCHEL DS1 09LL Double Stub Tuner, 

0.2-2.0 GHz, N(mlf) .. .... . ...................... . ... $150.00 

HP 37204A-003 HPIB Extender, 
fiber-optic connection •unused•.. .. ... $250 .00 

HP 4934A-J02 TIMS; CCITT option; battery power . .. ........... $1 650 . 0 0 
HP59401AHPIBBusAnalyzer ........................................... .. .... $375 .00 
TAMPA MW. LAB BUC1 W-02W-CST Ku band Upconverter, 

1 Watt 14.0-14.5GHzWR75.NEW· ............................................ $150 .00 
TEKTRONIX 1411R-opt.04PAL Test Gen., 

w/SPG12,TSG11 .TSP11 ,TSG13,15,16 ....... ... $1400.00 
TEKTRONIX 147 A NTSCTest Signal Generator, 

wllhnoisetestsignal ........................ . ...................... $800 .00 

EG&G/ P.A.R. 5302 / 5316 Lock-in Amplifier, 
100mHz-1 MHz,GPIB / RS232C 

FLUKE 2180A RTD Digital Thermometer ... 
HP59307AHPIBVHFSwitch ... 
P.A.R. 5206-95.98 Two-Phase Lock-in Amp., 

2 Hz-100kHz, GPIB . .. .............. .... . 
TEKTRONIX TM5003 TM5000-series 

3-slot Programmable Power Module . 
TEKTRONIX TM5006 TM5000-series 

.......... $2250.00 
.. .. $500.00 
... $200.00 

...... .. $1250.00 

. $450.00 

6-slot Programmable Power Module .................. .. .. ...... $50 0. 00 
TEKTRONIX TM503 TM500-series 3-slot Power Module ..... $1 50.00 
TEKTRONIX TM504 TM500-series 4-slot Power Module ................... $1 7 5. 00 
TEKTRONIX TM506 TM500-series 6-slot Power Module .... $2 50.00 
TEKTRONIX TM515 TM500-series 5-slot Portable Power Module ..... $2 50 .00 
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Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips by Jon Williams 

Stamp Applications 
Play It Again, Stamp! 

One evening, we were strolling the famous Las Vegas strip and stopped in front of the Bellagio hotel to 
watch an incredible fountain display. While my friends and the thousands gathered on the sidewalk 
that evening were in awe of the beauty of it all, the only thing I could think about was the control 
system required to create such an incredible display. Honestly, I think I was salivating - it was just 
that awesome. 

I 
n August, I made a quick trip to Las Vegas to visit friends. I love 
that city. It never sleeps and no matter how wacky you think you 
are, there's a good chance you'll encounter someone even wacki­
er in Las Vegas. 

One evening , we were strolling the famous Las Vegas strip and 
stopped in front of the Bellagio hotel to watch an incredible fountai n dis­
play. Those of you who have seen it know what I'm talking about; it's 
nothing short of spectacular. In front of the hotel is a pond that I would 
guess covers about three acres of ground. In the pond are hundreds of 
water jets that are synchronized to music. The jets move and modulate 
the water in seemingly magical ways. 

While my friends and the thousands gathered on the sidewalk that 
evening were in awe of the beauty of it all , the only thing I could think 
about was the control system required to create such an incredible dis­
play. Honestly, I think I was salivating - it was just that awesome. 

On returning to Dallas, I got an email from a customer in California . 
He was looking to make a programmable sequencer with the BASIC 
Stamp. With the thoughts of the fountain fresh in my mind, I jumped 
right on it. He was just looking for guidance, but I couldn't help myself 
- I wrote a whole program. 

So that's what our project is this month. A programmable sequencer 
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Protect 

using the BASIC 
Stamp. My outputs are 
going to be LEDs (see 
Figure 2). If you want to 
control something else, 
you'll need to add 
appropriate condition­
ing circuitry to drive 
your loads. By the way, 
my new friend in 
California? ... his out­
puts are connected to 
e I e ctro n i ca lly-c on­
trolled flame throwers. I 
can't wait to see that in 
action! 

With Halloween this 
month and the holiday 
season right around the 
corner, this is a useful . 
little project. And for 
those of you in the film 
or theater s pecial­
effects business, this lit-

tie controller can be used 
for anything from lights to P8 

470 n 

flash pots to squibs. 
P9 

How ltWorks 
P10 

The concept is very 
simple. After reset, we will P11 4 
set the channel input p 12 5 
switches for a given step 
and then press the Load P13 6 
button (for us "old timers" 
this is reminicent of the way P14 Load I Limit 
we programmed computers 
way back when .. . ). If the 
step is good, the Load/ Limit 

Figure 2 

LED will blink. So long as we don't press Play, the sequence will contin­
ue to build up to our defined step limit. Once we do press Play, the 
sequence will be run on our outputs at a rate determined by the 
StepTime potentiometer. 

Pressing Play also resets the step counter and allows us to repro­
gram a new sequence. If you want to protect your current sequence, it's 
a simple matter of breaking the ground connection to the channel 
switches and Load input button (see Figure 1 ). 

Let's go ahead and jump into the details . Once the 1/0 pins are ini­
tialized, the program waits for a Load or Play input and takes action. 

Main: 
GOSUB Scan Inputs 
IF (play :-Yes) THEN Play Back 
IF (load : No) THEN Main -

' check switches & buttons 
' play current sequence 
' nothing to do , scan agai n 

Most of the time we're going to be waiting for an input. Let's take a 
look at the code than actually handles the button and switch inputs. 

Scan Inputs : 
swinputs : %11111111 
FOR idx : 1 TO 10 

swinputs : swinputs & -Inputs 
PAUSE 5 

NEXT 

Check Channel Count : 
numChans : 0-
FCR idx : 0 TO 5 

numChans : numChans + swinputs .LowBit(idx ) 
NEXT 
IF (numChans <: MaxChannels) THEN Scan Exit 
swinputs : swinputs & %10000000 -

Scan Exit : 
RETURN 

' assume all are active 

' get current inputs 
' delay between readings 

' add channel value 

' count okay 
' mask out channel i nputs 
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Figure 3 
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Most of this code should 
look familiar as we've used it in 
the past. The first part of the 
subroutine scans and 
debounces the input switches 
and buttons. This is done by 
starting with the assumption 
that all are active, then using a 
loop to AND the current inputs 
with our result value. Since the 
inputs are active low, the inver­
sion operator (- ) is used. If at 
any point during the loop a 
button or switch opens 
(bounces), that bit will 
become zero in the swlnputs 

variable. Since zero ANDed with anything is zero, the channel will be 
excluded from the current scan. We can fine-tune the debounce per­
formance by changing the number of loops and the delay time between 
each. 

The second section of the subroutine is used to control the number 
of simultaneous outputs when we playback the sequence. On some 
devices, we may not want to allow all six output channels to be on at the 
same time. This bit of code counts the switch bits that are set by taking 
advantage of the LowBit modifier. LowBit allows us to specify an index 
so we can cycle through the switch bits with our loop control variable , 
idx. If the number is less than or equal to the MaxChannels limit, the 
scan will be allowed . If there are too many inputs, all switch channels are 
cleared - as if they'd never been closed. The Load input is also masked 
out so that we don't create a blank spot in our sequence. The Play but­
ton is still available for the scan. 

When a valid input is accepted and it was not the play button, the 
new step will be recorded. 

Check Limit : 
IF (numSteps < maxSteps) THEN Record_Input 
LoadLED = On 
GOTO Main 

Record_Input: 
numSteps = numSteps + 1 
WRITE SeqLen, numSteps 

' room for this step? 
' - no Load LED on solid 

' update count 
' write events count to EEPROM 
' mask out Load & Play buttons swinputs = swinputs & %00111111 

WRITE (Sequence+ numSteps- 1) , swinputs ' write step data to EEPROM 

LoadLED = On 
PAUSE 50 
LoadLED = Off 

' show good load 

Before we record a step, we need to make sure we haven't hit the 
step limit. If we have, the Load/Limit LED will be lit solid and the pro­
gram will cycle back to main to wait for another input. This will let us 
detect the Play button . 

If can record a new step, the events counter is incremented and 
saved to the EEPROM. The input channels are also saved to the 
EEPROM. The reason for this is that we can have longer sequences than 
could be stored in RAM and we won 't lose them on reset. The 
Load/Limit LED will blink to let us know that the step was accepted. 

With the current step recorded, we need to make sure that the Load 
button is released before looking for another step. This will prevent us 
from filling our step memory with the same data, no matter how long we 
hold the Load button. 

Wait For Clear : 
GOSUB Scan Inputs 
IF (Load =-Yes) THEN Wait For Clear ' force release of Load button 
GOTO Main - -

There's no magic here- we simply scan the inputs again and check 
the Load button. If we want to create a longer section with the same 
channel data , we'll just press and release that Load button multiple 
times. There is no blanking between steps unless we deliberately insert 
it. 

Okay, now that we have our steps in memory, we can play them 
back. Pressing the Play button runs this bit of code: 

Play_ Back: 
READ SeqLen, numSteps 
IF (numSteps = 0) THEN Main 
FOR idx = 0 TO (numSteps - 1) 

READ (Sequence + idx ) , LEOs 
GOSUB Play Delay 

NEXT -

GOTO Initialize 

' get length of sequence 
' nothing to play back 

' put step data on LEOs 
' delay between steps 

' reset everything 

We start by reading the length of the sequence from EEPROM. This 
lets us run a previously-stored sequence after a reset or power-up. Then 
it's just a matter of reading the events table to the outputs and inserting 
our step delay. At the end of the sequence, we jump back to the initial­
ization code where the outputs and step counter are cleared. We can cre­
ate a repeating sequence by holding the Play button or placing a SPST 
switch in parallel with it. 

The delay between steps during playback is controlled by a poten­
tiometer and read using RCTIME. 

Play Delay: 
HIGH StepTime 
PAUSE 1 
RCTIME StepTime, 1, stepDelay 
stepDelay = (stepDelay */ $013C) + 100 
PAUSE stepDelay 
RETURN 

' discharge RCTIME cap 

' read pot value 
' convert to 100 - 1000 

Figure 3 shows a standard RCTIME circuit. When using RCTIME, 
we start by discharging the capacitor. Since the other end of the capac­
itor is tied to Vdd, we'll make the StepTime pot pin high. With a 0.1 uF 
cap and a 220-ohm resistor, it doesn't take long to discharge the capac­
itor, so the one millisecond PAUSE is plenty of time to get the job done. 

The pot position is read using RCTIME and the raw value is placed 
in stepDelay. On my prototype, the maximum RCTIME value returned 
was 728. What I wanted to have was a step delay that was a minimum 
of 100 milliseconds and a maximum of one second ( 1,000 millisec­
onds). What I need to do is scale 728 to 900. I needed a scaling factor 
for the stepDelay value. This is done by dividing 900 by 728 - the 
result is 1.236. 

Now we all know that the BASIC Stamp doesn't do floating-point 
math, but it does have that tricky *I (star-slash) operator. The *I oper­
ator multiplies by a fractional value expressed in units of 1/256. To find 
our *I parameter, then , we simply multiply our fractional value by 256. 
In our case, the result is 316 (1.236 x 256). My habit is to convert this 
value to hex ($013C) because the upper byte represents the whole part 
of the value. The Stamp doesn't care and will happily work with any 
numeric forma t you choose. In our delay conversion code, we add 100 
to guarantee a minimum step delay when the pot is turned all the way 
down to zero. PAUSE takes care of creating the delay. 

Taking It Further 

This project is really simple, yet incredibly useful and an excellent 
candidate for further development. Here are a few ideas that you could 
incorporate to stretch the project and your Stamp programming skills. 

By using our old favorites , the 74HC165 and 75HC595, we could 
monitor eight inputs and control eight outputs using only five Stamp 
pins. This frees a lot of Stamp 1/0. 

With enough free 1/ 0 pins, you could add an LCD display and a 
couple of control buttons (i.e., Step Forward, Step Back). This would be 
especially useful for long sequences and making adjustments without 
reprogramming the whole series. 

Need really long sequences? Add an 12C memory like we did 
with the data logger project. 

Want to get really fancy? Read the pot when you press Load and 
store the timing with the step data. 

I hope you find this project as fun and useful as I did; it really can 
be adapted for a wide variety of applications. Please let me know if you 
do something interesting with it. Well , that's enough for this month. Have 
a safe, sane, and happy Halloween. Until next time, Happy Stamping. NV 
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X-10 
Christmas g t Displays 

By Richard Haendel 

Combine X-I 0 t echnology and a PC 
to create your bes t holiday display yet! 

T
ake some inexpensive X-10 lamp modules, mix in the appro­

priate power line interface, stir with a simple hardware con­

troller, sprinkle lightly with Visual Basic programming, add 
a heavy dose of imagination, and what do you have? A 

recipe for the best Christmas light displays on the block! 

'Tis the season 

In recent years, decorating houses, bushes, trees, and almost any­
thing else you can imagine with lights at Christmas time has become 
quite a popular pastime. Even I have been guilty of participating in this 
annual ritual. However, my display has been so lame that I'm almost 

ashamed of it. Aside from the fact that I have an extremely large yard, 

I prefer motion lights. Lights, that is, that blink, flash , or dim in some 
predetermined order, pattern, or sequence. Another problem is that I 
really don't like the small , low voltage bulbs that are almost always 
used in motion displays. l prefer the larger, C-9 bulbs, especially for 
outlining the house. These, of course, rarely ever blink , chase, or what 

have you since they don't come with built-in controllers. In other words, 
they're dumb lights. For the last few years, I've had this idea that X-1 0 
could turn my dumb lights into smart lights. So this year, finally, is 
going to be an X-1 0 Christmas! 

x-whatt 

X-1 0, short for experiment number 10, has been around since the 
late 70s. It was developed for BSR as a wireless control method for 
their audio equipment. It was so popular that it quickly became more 
important than the equipment it was supposed to control. 

My first X-1 0 system (circa 1979) was really high tech! It consisted 

of a light switch module, an appliance module, and a desktop con­
troller. It was really just a curiosity to me since, at the time, I didn't have 
a home automation budget, or even a home - just an apartment. 
Therefore, my X-1 0 system wound-up on the shelf and was, for the 

FIGURE 2. Board 
w ith all components 
installed. 
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FIGURE I. System overview. 
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most part, forgotten. Besides, the most important element was miss­
ing - the personal computer! 

X-1 0 from the PC 

The PC is the perfect X-1 0 companion. After all, who wants to auto­
mate their home manually? Of course, there are already several good 
systems that combine hardware and software into a total home control 
solution . And, although I've never tried any of them, l assume they are 
excellent packages and quite good at what they do. I'm sure that 
some, if not all , could even be used to create the kind of display I'll 
describe later in this article. 

However, if you only want to blink a few lights, the above systems 
m ight be overkill. My system, on the other hand, is simple and cheap 
(I wouldn't use it if it weren't) . If you want to expand on it, you can. But 
you certainly don't have to. It won't cost so much that you have to feel 

PCX 2 Xl 0 Controller Copyughl 2002 Rrchard Haendel lll!lliJ EJ 
r-----------,-----, 

P11ttern [ House Codes l 
A!o Bl Cl Dl El Fl Gl HI 

0002~010FF _ 
0003~020N 
0004~020FF Un« Codes-------------, 
0005~030N 
0006=A:030FF 1 on r. 2 on r 3 on r 4 on r NONE r 
0007.-A:040N 1 oil r 2 off r 3 off I 4 off I ALL I 
0008=A: 040 FF 
0009=A:ALL 
001 O=A:NONE 

~~ 
~~ 
~~ 

! Speed 

I Fast 

Medium r 
Slow r 

r Port 
L coM1 r coM2 r. 

Serial Plix is a tradem<l"k of MicroMint Inc 
X10 is a trademark ofXlO [USA) Inc 

Run 

Stop 

Exit 

~======================~ 
FIGURE 3. PC to X-I 0 contro l program. 



Using .X-1 0 -to Con-trol Chris-t~nas Ligh-t Displays 

bad about tossing it into the same box as the other decorations and 
storing it away in the attic. 

How do theyt 

So much X-1 0 information is already floating about the Internet, 
that I won't talk about the details here. Nor will I describe how the Plix 
chip works. Micromint's website (www.micromint.com) has all the 
information you need for that. What I am going to talk about, howev­
er, is the PC to X-1 0 system I've designed and built. This system con­
sists of a hardware interface board based on the Serial Plix chip and a 
software program I call PCX to control it. I'm also going to describe 
one simple - yet interesting - way to use it. 

Requirements 

To control lights with my PC to X-10 system, you need the follow­
ing (shown symbolically in Figure 1): 

Input and control: A Windows 95 (or better) PC; a special pro­
gram to create/edit/send X-10 commands; a Serial Plix chip with sup­
port circuitry; and a PL513/TW523 power line interface module. 

House wiring: Something for the signals to travel through (not 
real lightning) . 

Output: At least one X-10 lamp module for each channel/color 
and Christmas lights. 

The easy way 

Because X-10 has some critical timing requirements, it's much 
easier to use a custom device of some sort. Of all the ones available, 
I chose Micromint's Plix chip mostly because it's simple to interface 
and easy to program. Micromint has two versions: one that's parallel 
and one that's serial. For some reason, they offer a demonstration 
board that plugs into the printer port for the parallel version, but not 
for the serial version. I really wanted to use the serial version. Not just 
because it's easier to program from Visual Basic, but also because, 
these days, you're much more likely to have an extra serial port hang­
ing around than you are an extra printer port. 

Just DIY it ••• 

I did. It wasn't difficult (see schematic). The circuit is derived most­
ly from the Serial Plix data sheet. Jumper J4 was added so you can 
use the (uni-directional) PL513 instead of the (bi-directional) TW523. 
U2 is simply a MAX667 , low-power regulator for the +5 volt supply. 
Since current drain is very low- about 1.6 rnA when idling and rough­
ly twice that when processing commands - an ordinary nine-volt bat­
tery lasts a long time. In fact, I was unable to fully exhaust one during 
all of my testing. 

Construction 

The easiest way to build the Serial Plix interface board is to purchase 
a complete kit from me (see the parts list for ordering information) . 
Note that I offer (professionally manufactured) bare boards and fully 
assembled units, as well. In any event, be aware that only my assembled 
and tested units include the Plix chip. All products, however, include 
extensive documentation and full source code to the PCX.EXE program. 
You must be extremely careful when inserting integrated circuits into 
their sockets. Be sure to ground yourself and make sure the pins are 
straight. Carefully line them up with the holes and gently, but steadily, 
push the IC into its socket. Visually inspect the installation to be sure no 
pins were accidentally bent during the insertion. 

Check-out and set-up 

The completed board should look similar to Figure 2. A nine-volt 

FIGURE 4. 
Layout for a 
'swinging bell ' 
light animation. 

battery connects to the blue terminal block. Note that the inside pin 
(the one closest to the phone jack) is positive. The only way to check 
out the board is to use it. The only set-up required is jumper J4, as pre­
viously discussed. The best way to get it running is to be patient and 
read on. 

Control freak 

With the Serial Plix interface board designed , built, and working, it 
was now time to control it. I wrote the program you see in Figure 3 to 
do just that. It was written in Visual Basic because VB includes the 
MSComm control, making serial communications (especially one­
way) almost trivial. This program, called PCX, allows you to create, 
edit, and run control sequences that I call patterns. Patterns are X-1 0 
like instructions stored in a list box that is cycled through, from the top 
to the bottom, over and over again. Creating a pattern is just a matter 
of pressing buttons and checking boxes in PCX.EXE. For example, if 
we wanted to blink all lights that are plugged into an X-1 0 lamp mod­
ule , we'd do the following: 

1. Press ERASE to clear any previous pattern. 
2 . Choose a house letter from the House Codes box. 

FIGURE 5. Typical installation. Note the use ofYelcro to 
hold the battery securely. 
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IMPORTANT SAFETY NOTICE 
The X-1 0 modules described in this article are for indoor use only. If your displays 
are located outside, then you MUST protect all wiring from the elements. Leave 
your lamp modules inside and run extension cords where necessary. Always use 
Ground Fault Circuit Interrupters (GFCls) when running electricity outdoors 
(whether it's required or not- just do it) . SmartHome (www.smarthome.com ) 
has lots of good products and information on virtually anything related to X-10. 
Always consult a licensed electrician. 

3 . Press ADD to create the first pattern (e.g., 000 1=A:NONE). 
4 . Press ADD again to create the second pattern (0002=A:NONE). 
5 . With the second pattern still highlighted, select ALL from the 

Unit Codes box (notice the pattern changes to 0002=A:ALL). 
6 . Press RUN. 

PCX starts running your pattern continuously, over and over again, 
from the top to the bottom, until you press STOP, EXIT, or turn off the 
computer. During this time, all controls except STOP, EXIT, and 
SPEED are disabled. Most aspects of PCX.EXE should be fa irly obvi­
ous, however a couple of controls may need fu rther explanation. 

SAVE an d LOAD buttons. Press SAVE to write the pattern list to 
a file called "X10.TXT" in the root folder of the current drive. LOAD, of 
course, looks for said file and reads it into the pattern list, overwriting 
the current one, if any. This not only allows yo u to save complicated 
patterns, but also to use a text editor to create new ones. 

SPEED (Fast, Medium, S low). What can I say? X-1 0 is slow! 
Painfully slow. Of course, that's not usually a problem for everyday 
control of coffeepots and garage doors. For blinking lights , however, it 
could be. Chasing lights? Out of the question, in my opinion. I think 
it's fast enough for animations, though. 

Note: I consider my PC to be somewhat typical (i.e ., Pentium Ill , 
1000MHz, 512 meg RAM, Windows 98)- not too old and not too new. 
I've been using this set-up to run lights on my desk for the entire time 
I've been writing this article. Although the constant blink, blink, blink 
is about to drive me bonkers; my computer has not been affected at 
all. Don't worry about tying up your computer while running displays. 

SCHEMATIC +5V . U2 

Just press the minimize button and you probably won't even know it's 
there. 

Ready, set, animate 

Okay, so you've got a power line interface and some lamp mod­
ules , the Serial Plix interface board, and an assortment of Christmas 
lights. You 've also got a Windows PC with PCX.EXE installed and 
you're asking yourself - now what? Let's animate. 

Whoa Nelly - a little background first • •• 

The type of animation I'll be describing is called "frame" animation. 
That is , each time an object is displayed, its position changes slightly. 
Therefore, viewing the object, frame after frame in rapid succession, 
makes it appear to have become animated. Ergo animation. 

Also , construction of the forthcoming display will be covered in 
complete detail next month. Showing you how to animate something 
that hasn't been built yet might appear to be out of sequence. However, 
the main purpose of this month's article has been to get you started 
with the electronics portion of a Christmas display. Perhaps you don't 
need my help in building it, or maybe you 've already got one? In that 
case, great, you can sit-out next month. Otherwise, you'll have plenty 
of time to get your (electronic) ducks lined up before we build the real 
thing. 

Christmas bells 

That said, let's look at what might be considered , by some, to be 
a classic: the swinging bell (shown graphically in Figure 4) . This par­
ticular animation requires three separate strands of lights: red, blue, 
and green. It also requires three X-1 0 lamp modules, all of which 
should have their house codes set to A and their unit codes set to 1, 2 , 
and 3. Plug each lamp module into a separate electrical outlet. Plug 
the red lights into the first lamp module, the blue lights into the sec­
ond, and the green lights into the third lamp module. 

Elsewhere , close to your PC, 

Se 
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rial Plix interface 
0 

MAX667 0 1 J3 

plug a PL module into some nearby 
outlet. If you're using the PL513, 
don't forget to install the jumper at 
J4. Next, connect a nine-volt battery 
snap to the interface board's power 
terminals (watch that polarity!) . Plug 
the board directly into your comput­
er's COM1 or COM2 port (see Figure 
5). If it doesn't fit , simply lay it on the 
table and use an ordinary RS-232 
cable to make the connection. 
Whatever you do, NEVER allow the 
board to touch anything metallic! If 
you do, it could be seriously dam­
aged or even destroyed. 
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Next, connect the board's modu­
lar phone jack to the power line inter­
face's modular jack. You must use a 
phone cord that is wired straight 
through (i.e ., 1-to-1, 2-to-2, etc.). 
Note that not all phone cords are like 
this. Some use only two wires and 
some, when they do use four, actual­
ly reverse two of them. If you're 
unsure, do a continuity check or just 
make your own. Finally, connect a 
nine-volt battery to the snap. Since 
the board has no power switch, you'll 
have to disconnect the battery any­
time you wish to turn it off. Velcro® 
is good for holding the battery 



UsingX-10 
securely in place (see Figure 5, again) . Next, start PCX.EXE and cre­
ate the following pattern: 

0001=A:010N 
0002=A:O 1 OFF 
0003=A:020N 
0004=A:020FF 
0005=A:030N 
0006=A:030FF 
0007=A:020N 
0008=A:020FF 

1st, turn the red lights on 
2nd, turn the red lights off 
3rd, turn the blue lights on 
4th , turn the blue lights off 
5th, turn the green lights on 
6th, turn the green lights off 
7th, turn the blue lights on again 
8th, turn the blue lights off again 

Press the SAVE button to store your pattern. Finally, press RUN, sit 
back, relax, and watch your lights start blinking . Notice that the red 
lights blink first, then the blue ones, and then the green ones. Finally, 
the blue ones blink again and the pattern starts over. It's this blinking 
action that makes the bell appear to swing back and forth . You can 
always add some Christmas music, and a few "ding-dong" sounds to 
improve the effect. Now, just mix in a generous amount of imagination 
to create that killer display which will drive your neighbors wild with 
envy. 

Conclusion 

For the last few pages, I've touted the virtues of X-1 0 so much that 
you might think (that I think) it's the only way to do Christmas a ni­
mations. Well it isn't. You could do the same thing by building special 
dimmers, flashers, chasers, blinkers, and so on. They undoubtedly 
could make the lights blink faster and the total cost might even be less. 
However, you'll have to deal with the dangerous, possibly lethal , 120 
volts AC flowing through your house. Also, you may or may not, have 
other uses for that special hardware. 

The system I've presented here avoids those pitfalls. All you have 
to build is a simple, inexpensive, and safe, low-voltage interface board. 
The grunt work is done by the PCX program that could be modified 
(see parts list for a note about the source code) to perform other 
tasks. Expand it to handle more house codes and/ or unit codes. Make 
your patterns start or stop automatically. Or don 't! The choice is yours . 

Merry Chris tmas and Happy Animating! NV 

Parts Lis• 
Resistors (1/4W, 5%): 
Rl -lK 
R2- 22K 
R3,R4- 4.7K 

Capacitors: 
Cl ,C2- 22 pF ceramic 
C3 - 10 mF electrolytic 
C4- .01 mF ceramic (Ul bypass cap, 

not shown on schematic) 

Crystal: 
XI- 8 MHz 

Semiconductors: 
Dl- 1N5819 
U1 - Serial Plix chip 
U2 - MAX667 low-power voltage 

regulator 

Jacks: 
Jl- DB9, female 
J2 - Modular phone 
J3- .197" (5mm) two-pin terminal 

block 
J4 - Jumper, .1 " header and shorting 

block 

Misc.: 
Circuit board, lC sockets, nine-volt 
battery and snap, Velcro. 

Note 1: 
All parts (except U1 ) are available 
either from Jameco (www.jame 
co.com) or Digi-Key 
(www.digikey.com). U1 is a custom lC 
available from Micromint, Inc. , 
( www.micromint.com). 

Note 2: 
The following items are available from: 

Richard Haendel 
6002 Covey Run Drive 

Edmond, OK 73034 

1. Custom-manufactured, double­
sided, circuit board only $19.95. 
2. Complete kit of all parts, except 
U1 , only $49.95. 
3 . Fully assembled and tested unit, 
including Ul , only $79.95. 

Each is shipped postpaid to the 48 
contiguous United States and includes 
full documentation with the Visual 
Basic source code to PCX.EXE on 
diskette. All prices are in US dollars. 
Sorry, no credit cards. 

See http:/ /rhtools.home.att.net for 
more information. 

C e l ebrating our 19th Year Of Service!! 

VISIT US AT WWW.UNICORNELECTRONICS.COM 

What Do We Have ? 

• TTL • 74LS •74C 
• EPROMS •EEPROMS •PAL's 
• GAL's •CMOS •Z80 
• Linear • Generators • 8000 series 
• 6500 series • 6800 series • Capacitors 
• Oscillators •Connectors •Crystals 
• Trimpots •I. C. sockets •Switches 
• Diodes •Kits ·Tools 
• Vises • Laser Diodes ·LED's 
• Vises ·Transistors ·Resistors 
• And much, much more! 

• Order Line- (BOO) 824-3432 • International - (724) 495-1230 • Fax Orders - (724) 495-7882 

• Technical Support- (724) 495-1 231 • $25.00 Minimum Order •UPS 3 day, Blue, Red, & Fed. Ex. 

Shipping Available (Call for charges) • PA Res. Add 7 % Sales Tax •Open Mon-Fri 9:00 AM - 5:00PM 

(EST) • Corporate Accounts I Quantity Discounts Avai lable • We accept M/ C, VISA, Discover & AMEX 

with no surcharge • Call For FREE Catalog ($2.00 Outside U.S.) 

• We Carry A Complete Line Of Electronic Components • Ema il - unielect@ aol.com 

Visit us on the web ! www.unicornelectronics.com Unicorn Electronics 
1142 State Route 18 

FREE SHIPPING!! on pre-paid o rders Aliquippa, PA 15001 

Circle #72 on the Reader Service Card . 

Connects. to t,he l[SB Port - Up and 
runmng m mmutes 

12 Bit AID Inputs (SE or DI) 
(+/- 1 Ov- 4096 scans/sec) 

Variable Gain Amplifier ( 1, 2, 4, 8) 
Adjustable Analog Outputs 
Setable Digital Outputs 
Digital Triggering Input 

Oscilloscope Graph Display with 
format controls 

Definable Logic and Math Processing 
Continuous operation or snap and hold 
Min/Max Displays 
Adjustable time marks on graph 

Proces~ed Data Display and Raw Input 
Dtsplays 

The GoldLab Virtual Panel Meter is a 

$499 

product of: Complete 
ForMost Systems- 5377 Lauby Rd NW Data 

North Canton, Ohio 44720 . . . 
Voice: 330-818-0100 - FAX: 330-818-1119Acqu1Sitlon 

www.forrnostsystems.com System 
emai l: info@forrnostsystems.com 
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Ozone Conscious 

• How hard would it be to 
come up with a project for 

an ozone meter with an LCD read­
out, to measure the level of 
smog? I realize that ozone is only 
one component, but nonetheless 
it would be interesting to measure 
it. 

Derek Casari IV 
via Internet 

• It's not easy because the 
air is a mixture of many 

gases and particles, and sorting 
out just the ozone molecules in 
this s lurry can be a daunting task. 
There are basically two methods 
in common use. The first is the 
UV absorption method, where a 
UV light source is passed through 
an air sample and the ozone level 
calculated. The light is emitted by 
a low-pressure sodium lamp with 
a principal spectrum line at 253.7 
nm (nanometers), and passed 
through a tube containing the air 
sample (Figure 1) . The amount of 
UV passing through the sample is 

detected by a sensor and com­
pared to a reference. The differ­
ence between the two figures is 
processed by an algorithm and 
displayed as micrograms per 
cubic meter - typically in the 
range of .01 to 0.12 uG. To obtain 
a zero reference and compensate 
for lamp aging , the sample cham­
ber is periodically purged and 
replaced with fresh air drawn 
through an ozone absorbing char­
coal filter. 

The second uses an electro­
chemical reaction , typically of 
potassium iodide. The ozone sen­
sor is made of two platinum elec­
trodes immersed in potassium 
iodide solutions of different con­
centrations contained in separate 
cathode and anode chambers. 
The chambers are linked with an 
ion bridge. Air is then pumped 
from the outside and allowed to 
flow through the cell. When the 
ozone in the air enters the cath­
ode half of the sensor, it produces 
a small electron flow, which is pro­
portional to the amount of ozone 
present. Unfortunately, the sensor 

Figure I Air sample 
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Solar power, battery power, and PC power 

put to work. Got a grab bag of components 

you need to identify? Here's two hints. The 

nemesis of the remote-controlled world 

(broken keypads) finally fixed. And a chal­

lenge for the inventor and/or shuttle bug. 

becomes contaminated over time 
and wears out, which forces 
replacement of the sensor or 
replenishment of the chemicals, 
depending on the design. These 
ozone sensors are commonly 
used in high-altitude weather bal­
loons called ozonesondes. 

A similar technology - not 
yet in full production - is based 
on colorimetric chemical 
changes. The ozone sensor con­
sists of a transparent substrate 
(e.g. , a glass or plastic slide) coat­
ed with an organic dye that 
changes color when it reacts 
chemically with ozone. The coat­
ed substrate is then illuminated by 
one or more LEOs of the appro­
priate wave-length(s) , and the 
portion of incident light transmit­
ted through the coated substrate 
is measured by a photodiode. The 
color change manifests itself as a 
change in absorbance, and thus a 
change in the amount of transmit­
ted light at each wavelength of 
interest. A change in absorbance 
at each wavelength is then related 
to the degree of reaction and thus 
to the ozone dosage (Figure 2). A 
related technology, developed by 
Environics (860-872-1111; 
www.epa.govfregion 1/stew 

04 

Cl 

~ 
! 
~ 0.3 .. 

..0 
4(; 

0.2 

Figure l 

ard/ ceit_iti/tech_ cos/ envi.html) 
uses a treated rubber strip that 
develops micron-sized surface 
cracks in proportion to ozone 
exposure, which can be measured 
as a function of opacity. 

Solar Powered 

• I have a small design that I 
want to power from a 12-

volt, wet-cell battery. In normal 
operation, the system draws 
about 0 .6 watts - except for a 
short period of about 0.5 seconds 
twice per day that requires 200 
watts to activate a solenoid. I need 
information on how to figure out 
the power needed from a solar 
battery charger. I assume I will 
also need something like an 
LM317 regulator to prevent over­
charging of the battery. I am cur­
rently operating on such a regula­
tor powered by a transformer 
from the AC outlet, which charges 
24/7. So I will need to allow for 
periods of darkness when the 
solar panel will not be charging. 

Jack Mickelson 
Santa Ana, CA 

First you have to put the 
numbers into their proper 

Wavelength. nm 
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prospective - i.e ., convert the 
watts to amp-hours (Ah) . Let's 
start with 0.6 watts first . Using the 
equation P = El, we see that the 
current at 12 volts is 50 mA. Now 
that has to be multiplied by 24 
hours (because your system 
draws power 24/7) to arrive at the 
figure of 1.2 Ah. Using the same 
procedure, the 200-amp pulse 
comes to 16.6 amps at .05 Ah. 
Adding them together produces 
1.25 Ah per day. 

The next step is to calculate 
the size of the solar panel. Since 
you live in southern California, 
you can assume that you'll 
receive a yearly total of six hours 
of sunlight per day. If we divide six 
hours into 1.25 Ah, we get a 
charging current of 208 mA. To 
be on the safe side, I'd recom­
mend a 250 mA solar panel -
three watts. You can buy these 
panels from several sources, 
including Read Goods (800-762-
7325; www.realgoods.com) , for 
about $70.00. 

The charge controller, which 
prevents the battery from over­
charging, can be made very sim­
ply using a comparator and a 

PV 

j_ 1k 

re lay (Figure 3). The inverting 
input of the comparator is refer­
enced at 6.2 volts via the 1 N753 
zener diode. The positive input 
monitors the charge in the bat­
tery, and should be set at 6.2 volts 
via the 50k pot with 13.2 volts 
applied to the positive battery line 
using a variable power supply. 
Now connect the battery and PV 
panels and you're in business. If 
the battery voltage drops below 
13.2 volts, the relay engages and 
connects the solar panel to the 
battery for charging. Because the 
circuit is powered only by the 
solar panel (due to the 1N4001 
blocking diode) , it draws no cur­
rent from the battery and 
becomes inactive at night. 

Battery Powered 

• I want to convert the 
power of two AA batteries or 

two AAA batteries to 12 volts DC 
with at least one amp output cur­
rent. If you have any suggestions 
or any references , please let me 
know. 

LF355 

Amir Khezrnejat 
via Internet 

1N4001 

" " 

. 
I 

Radio Shack 
275-233 

12V 

I 

1N753 
10

M 

Figure 3 

Circle #53 o n th e Reade r S e rvice Card. 

• Getting the 12 volts out 
from a three-volt input is 

rather easy. It's the one-amp part 
that's the clinker - for two rea­
sons. First, it pushes the limit of 
most single IC upverter designs. 
Second, to get one amp from the 
12-volt output, you have to put in 
at least fo ur amps from the bat­
teries - a nd that's assuming 
100% efficiency. This is no small 
feat for even a D-cell battery. 
That said , here's your circuit 

Supplier Phone 
AVX 803-448-941 I 
Central 
Semiconductor 
Coile raft 
Coiltronics 
Matsuo 
Motorola 
Nichicon 
Nihon 
San yo 
Siliconix 
Sprague 
Sum ita 

5 16-435-1 I I 0 

708-639-6400 
407-241-7876 
714-969-2491 
800-521-6274 
708-843-7500 
805-867-2555 
619-661-6835 
800-554-5565 
603-224-1961 
708-956-0666 

o.1I 

2 
Vee 

3 MAX1771 
FB EXT 1 

4 SD 

(Figure 4). 
The voltage booster is built 

around a Maxim MAX1774 step­
up DC-DC controller with a 12-volt 
preset output. While the circuit is 
relatively simple, the components 
are critical - especially the induc­
tor and capacitors, which should 
be purchased from the manufac­
turers listed in Table 1 included 
here. 

PC Powered 

• In the Aug . '02 issue , 
under Cool Web Sites, you 

men ion an article on stealing 
USB-port power. I tried the site, 
and found it has nothing to offer 
me. What I am really looking for is 
five volts to power a small , low­
current relay only when the com­
puter is turned on. 

2V-5V 

22uH 

1N5817 

VN4206 

Pete Wilson K4CAV 
via Internet 

+12V 
OUT 

6 AGND CS ~8;....._ ... 

+ I 300uf 

GND REF 

20 millohm 

Figure 4 
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• You can pick off a 
steady source of power 

from several PC external ports, 
including the keyboard , mouse, 
and game ports. However, your 
best bet for a project this simple 
is to obtain the five volts from 
inside the PC, either from a disk 
drive power connector or from 
the motherboard itself. I'd try 
the disk drive power plug first 
because most PCs have one 
that goes unused - if not, you 
can always buy a cable splitter 
(Jameco # 72303) to create 
one. The plug is wired accord­
ingly (Figure 5). 

There are several locations 
on the motherboard where you 
can tap into the 5- or 12-volt 
lines. For example, an auxiliary 
fan output (FAN 2) can provide 
12 volts or use the Power-On 
LED connector for five volts . 
The connections to these 
sources are generally part of a 
berg connector. Check it out in 
your User's Manual. 

Grab Bag Op-Amps 

• At a yard sale, I pur­
chased a bag full of ICs; 

package was marked 7 41 
op-amps. But the ICs a re 
marked with these two numbers 
instead: 116297p2 and 7431A. 
The case is round with a tab 
and eight have pins. What is it, 
really? 

Riley (Riley Electronics) 
via Internet 

• What you have is an 
LM741 op-amp in a T0-8 

GND 
(Black) 

+sv 11Nhki! +t2v 
(Red) (Yellow 

Disk Drive Plug 

Electronics Q&A 

metal ca n. The op-amp was 
m a d e fo r an O EM (original 
equipment manufacturer) and 
it bea rs their individual part 
number (116297p2). The sec­
ond number is the manufactur­
ing date, the 3 1st week of 197 4, 
lot A. Here 's a pin-out of your 
device (Figure 6 ). 

Grab Bag Zeners 

• I recently acquired a lot 
of zene r d io de s of all 

shapes and s izes. Some have 
numbers that I can cross-refer­
ence to a voltage, but many 
have no marking or markings 
that make no sense at all. Is 
there a way to identify them? 

Robert (Bob) Smyth 
via Internet 

• Fortunately, identifying 
a zener d iode vo ltage is 

one of the easie st things a hob­
byist can do. Let me explain. A 
diode is defined a s a device that 
passes current in one direction, 
but blocks its passage in the 
other - reverse voltage. Well, 
many years ago , somebody dis­
covered that if you dope the 
d iode p roperly a nd exceed the 
reverse voltage, the diode will 
go into an avalanche mode, 
whereas the current increases, 
the voltage across the reverse­
bias remains the same. The 
amount of doping determines 
the avalanche voltage, and the 
regulating voltage of the zener 
diode. So how do yo u test for 
this voltage? Simply put the 
diode into a reverse-bias mode, 
as shown in Figure 7, and 
measure the voltage across it. 

I added two LEDs to show 

t 
v-

that the zener d iode under test 
is good and not open o r short­
ed. If both LE Ds are lit, the 
zener diode is good - provided 
the DMM measures a voltage 
less than 50 volts . If LED 1 is lit 
and LED2 isn't, then you have 
the zener bac kwards or it's 
shorted. 

All d iodes go into an ava­
lanche mode when the b reak­
down voltage is exceeded, and 
that's what usually destroys 
them. But zeners are special in 
that they can handle the reverse 
c urrent without burning up. So 
one of the pa rameters that 
must be observed when testing 
for zener c haracteristics is limit­
ing the c urrent via a series 
resisto r. As a rule , 20 rnA will 
test any zener for breakover 
vo ltage without burning it up. 
The resistance value I chose for 
this tester will limit the test cur­
rent to 20 rnA, even if the diode 
is sho rted. For zener voltages 
higher than 50 volts , you 'll have 
to increase the voltage and 
adjust R 1 a ccordingly. Just 
remember, zeners a re rated by 
wattage, which is a product of 
current and voltage (P = El). So 
a one-watt zener at 10 volts can 
handle 100 rnA, whereas a 50-
volt zener at the same wattage 
can safely pass just 20 rnA. 

Fixing Broken Keypads 

• I have a number of TV 
remote controls and a few 

very n ice engineering calcula­
tors that a re use less because 
the keypad will not respond 
when m ost of the keys are 
pressed. Is there a cure for the 
conductive rubber pads on 
handheld device keyboards that 
lose their conductivity? 

Ed Strahan 
via Internet 
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• Chemtronics makes a 
very nice CircuitWork s 

rubber keypad repair kit that 
will solve your p roblem. It 
comes in two versions: the 
CW2605 which contains 3.3oz 
of repair material and CW261 0 
which contains 11 oz of repair 
material. They sell for about 
$10.00 and $26.00, respective­
ly (depending on the retailer). 
You can buy the kits from Digi­
Key (800-344-4539; 
www.digikey.com), Future 
Active (800-655-0006; 
www.future-active.com) , and 
Newark Electronics (800463-
9275; www.newark.com). 

However, the working time 
of this "epoxy" mix is short 
enough that you need to have 
all your pads in place and ready 
to be coated before combining 
the two parts. You can find a 
datasheet that completely 
explains the procedure 
on our web s ite (www.nuts 
volts.com) under the file name 
TDS261 O.PDF. 

Octopus Garden 

• I would like to assemble 
an underwater video cam­

era using a B/ W CCD camera 
with a 12-volt monitor. My ques­
tion is would IR lighting work in 
water that is less than crystal 
clear? 

Ken Gott 
via Internet 

• The greater the distance 
light travels in water, the 

more color is lost. Red is most 
affected because of its long 
wavelength. Even a few em of 
water attenuates it considerab­
ley, and by 30 feet , red is all but 
gone! IR - with its longer yet 
wavelength - is even more 
affected. Most deep sea work is 
done using halogen lamps. 
Here are a few web sites that 
will help you with your new 
hobby. Please keep me 
informed as to your progress, 
I'm most interested. 
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Science Master 
www.sciencemaster.com/colu 

mns/nyi/nyi_current.php# 

SAA Photography: Lighting 
the underwater world 

www.saa.org .uk/photogra­
phy /Lightingtheunderwater 

world.htm 

ikelite 
www.ikelite.com 

Finding Obsolete Parts 

• I have a problem that is 
quite common. I repair 

laboratory equipment for a 
commercial laboratory special­
izing in quality assurance for 
the coal industry. Most of our 
equipment is state-of-the-art, 
but a few are getting along in 
age. For example, one particu­
lar instrument contains an Intel 
87 41 controller that has an 
EPROM, which has a limited life 
expectancy, and the chip is no 
longer supported by Intel. (We 
have 1 0 of these instruments 
valued at about $20,000.00 
each, so they aren't exactly dis­
posable.) I have an EPROM 
burner that can program and 
read a 2716 or a 2716B. What I 
need is the information for sim­
ulating the 2716 with the 87 41 . 
I'm sure there are other repair 
persons with similar problems. 

James Fetterly 
via Internet 

• Got good news and bad 
news. Bad news: As far as 

know, you can't interface an 
external EPROM to the 87 41. 
Good news: The 8741 and 8742 
were commonly used in IBM AT 
and PS/2 keyboards, so the 
chance of finding one of those 
keyboards with a functional 
chip is very high. Unfortunately, 
I don't know the serial number 
sequence, so you may have to 
ask around. This also leads me 
to believe this chip is still avail­
able through obsolete IC suppli­
ers. Check out PARTFIND.DOC 
on our web for a list of sources. 

MAILBAG 

Dear TJ: 
I have used your instruc­

tions to build three "Kodak Max 
Strobe" units that you 

described in the Dec. 200 1 
issue. They serve well to 
demonstrate various electronic 
principles in several of the 
classes which teach. For 
example, no two of the three 
flash boards were exactly the 
same. Only two had SMDs, one 
board had foil on both sides, all 
three had different trigger trans­
formers, etc. These variations 
only added to their teaching 
value. 

I would like to see another 
article on additional uses for 
these camera carcasses. 

Victor Maciejewski 
Rochester, NY 

You are among several 
readers who would like to see 
more on these unique 
devices. So I'm putting up this 
challenge to you, dear reader: 
Submit your original dispos­
able camera design to me, 
and for each one I publish, 
you will receive a one-year 
subscription (or extension) to 
Nuts & Volts. I eagerly await 
your ideas. 

Dear TJ: 

TJ Byers 
Q &A Editor 

Reading through your July 
2002 column, I noticed your 
response to David Keefe regard­
ing how to build a 12-volt power 
supply for a desktop PC. You 
rightly advised him of the enor­
mity of the task. What you did­
n't advise him to do, probably 
because you didn't know about 
it (and is something worth men­
tioning), is to buy a 12VDC 
desktop PC power supply. They 
do indeed exist, and look essen­
tially the same as a regular ATX 
power supply. However, they 
are difficult to find. I only know 
of one source, actually, and I 
fear they are now out of busi­
ness. Just to let you know. 

Andrew LAyers 
Phoenix,AZ 

No, I wasn't aware of 12-
volt power supplies for desk­
top PCs. And yes, the compa­
ny you cited, Key Power, Inc. , 
seems to be out of business. 
Hopefully, one of our readers 
knows of a supplier for these 
devices. 

TJ Byers 
Q &A Editor 
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Last chance to enter the MSP430 Gadget-0-Rama - See page 40. 
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MONITOR DISPLAYS KIOSK DISPLAYS 

F"OR DETAILS: WWW.REPAIRLCO.COM 

~t..l.J"I"t~:lri""IM ::: - 6605 SW Macadam Ave. - Portland, OR 97239 
Phone: (503) 452-8577 Fax: (503) 452-8495 e-mail : info@autotime.com 

Custom mounting and video walls at www.slim-screen.com 
Circle #31 on the Reader Service Card. 

The lndustroLogic Advantage! 
Complete control systems for the price of an SBC. 

Great products that can be used as RS-232 serial 
data acquisition boards or as standalone industrial 
controllers with on-board Tiny Machine BASIC! 

All include development software, programming 
examples, power supply, and RS-232 cable. 

RC51 $129-8 10 amp relays, 4 digital i/O 

INdvsTRO LoGic 

Easy to 
use screw 
terminal 

connections 

3201 Highgate St. Charles, MO 63301 USA 
(636)723- 4000 (800)435-1975 

www.industrologic.com 

TC51 $129-2 12 bit AID, 4 digital 
110, 410 amp relays, LCD support 

T51 family starting at $49 -
Relay, LCD, and LED plug-ins 

Circl e #32 on the Reader Service Card. Nuts & Volts Magazine/OctoBER 2002 39 





Stamp Stacks"'mount directly on any breadboard to make 
prototyping easy. Complete ·just assemble, connect power 

and a serial cable. 100% BASIC Stamp"' compatible. 
Robust, Repairable, Inexpensive. 

Starter kits available. 

Mold manufacturing. 
Production of injection 
molded parts. No order 
too small or too big. Very 
competitive on high labor 
parts. For very small orders we can inject your 
parts on manual low pressure machines. 

ElectronicKits.Com 
THE NAME SAYS IT ALL! 

Robot Kits 
Motor Control Kits 
RF Remote Kits 
IR Remote Kits 
FM Transmitter Kits 
Radio Kits 
Multimeter Kits 

Surveillance Kits 
Camera Kits 
Timer Kits 
Amplifier Kits 
Solar Kits 
Learn to Solder Kits 
Microcontroller Kits 

Active Wire® USB 
Simple USB Interface! 

• Works with MacOS 8/9, Win98/2KIME 
FreeBSD and Linux! 

• 24Mhz CPU core with USB 
• Firmware downloadable via USB 
• 16 bit parallel lnpuUOutput 
• See web-site for add-on boards 
• All drivers. manuals. demos are on our 

web-site for immediate download! 

$59 
plus shipping 

ActiveWire, Inc. 
www.activewireinc.com 

+1 .650.493.8700 x203 fax +1 .650.493.2200 

FLAT RATE 
OHshore Contract Manufacturing 
DOUBLE SIDED PCB - 0.1 4USD/ IN2 

SMT/THRU SOLDERING- 0.007$/POINT 

SINGLE SIDED FLEX PCB - 0.1 2$/ IN2 

RESISTORS 0805 5 % - $2.7 / K 

CAPACITORS 0805- F"ROM $9 / K 

0.1 " HEADERS - $.002/ PIN 

ENCLOSURES, PLASTICS, !:!:::!!:!:::: BOM 

SMALL .JOBS NOT A PROBLEM 

YOUR BUDGET GOES FURTHER 

YOUR PRODUCTS IMPROVE 



Electronic 
Surveillance Devices 

$39.99 

This is the book that 
security professionals, 

security system installers 
and hobbyists have been 
waiting for. Paul Brookes 
launches straight into the 
practicalities of electronic 
surveillance with plenty of 

clear, detailed information on building the devices 
that are at the heart of surveillance and counter­
surveillance. Self-build electronics projects are 
supported by principles and a brief survey of each 
type of device. $39.99 plus S/ H. 

Call 1-800-783-4624 or visit our web site at 
www.nutsvolts.com 

• Single line serial interface 

• Two hardware selectable 
drive modes - Standard or 
32 Segment 

• Eight hardware selectable 
addresses (0· 7) 

• Use stand alone or with other 
Emerging Technologies 
Short Stack TM Products 

• Use multiple units on a single 
serial line 

is a team player. 

will only soy what you want. 

plays well with NTSC and PAL. 

is your new best friend. 

Meet 808·3 at 
www.decadenet.com 

Decade Engineering's new BOB·3 
module easily overlays text on 
video. BOB·3 displays up to 17 
lines of 40 characters, including 63 
custom characters. Other features 
include vertical scroll ing, a stand· 
alone display option, faster serial 
communication , automatic video 
generation, and much more. 

PRINTED CIRCUIT BOARDS 
QUALITY PRODUCT 
FAST DELIVERY 
COMPETITIVE PRICING 

* U L approved 
* Single & Double sided 
* Multilayers to 8 layer 
* SMOBC, LPI mask 
* Reverse Engineer ing 
* Through hole or SMT 
* Nickel & Gold Plating 
* Routing or scoring 
* Electrical Testing 
* Artwork or CAD data 
* Fast quotes 

We will beat any 
competitor's prices!!! 

I 0 pes (3 days) 

I or 2 layers $249 
I 0 pes (5 days) 

4 layers $695 
(up to 30 sq. in. ea.) includes tool­
ing. artwork, LPI mask & legend 

fTI\I'oiJGII 
p\1.o-roT1~(-t,oll 

p\lO~ 

PULSAR, IMC 
9901 W. Pacific Ave. 

Franklin Park, IL 60131 
Phone 847.233.0012 
Fax 847.233.0013 
Modem 847.233.0014 

yogii@flash.net · flash.netj-yogii 

• Fully acknowledged data transfer 
• Addressable point - to - point mode 
• Extended range in repeater mode 
• Built - in software configurator 
• Remote over - air configuration 
• Broadcast multi - drop mode 
• DTE speed 600 - ll 5200 b ps 
• In d oor range to 30m 
• O u tdoor range to 1 SOm 

PICL-2464 $99.00 

Sharp LM24014 240 x 64 LCD 
E.L. Backlight 
5" x 1 5/16" Viewable Area 
PIC 16F877 Re-Programmable 
Switches, AID & 1/0 Bits 

A Complete 12.1 
TFT LCD Kit With 
Controller and 180 
Nit 16.7M Color 
XGA Panel- Just 
Plug Into VGA port 
and add 12 volts 
D.C.! 

12.1" LCD MONITOR 

MTR-EVUE-12 $399.00 

Rugged Metal Case 
On Screen Display 
Free Z-Mount 
Resistive & Capacitive 
Touch Screen Options 
Avai lable. 1024 x 768 
16.7 Million Colors 
VGAand SVGA 

EARTH 1.. .. (::·r:-:. coM 
"The World Wide LCD Source" 

32701 Calle Perfecto -San Juan Capistrano, CA 92675 
Ph: (949) 248-2333 Fax: (949) 248-2392 

See the World's Largest Collection of LCD's and LCD 
Products at http://www.EarthLCD.com 

CPU models for 8051 and PIC series, 68HC11 & ATMEL AVR micro­
controllers available now. More CPU models under development. 

\ irtud System 1\lodeling 

www.labcenter-e lectronics.com 
Build It In Cyberspace 
D evelop and test complete micro­
controlle r d e s1gn without building 
a physical prototype . P R O TEUS 
VSM simulates the CPU and any 
a dditional electronics used in the 
design 

&m.al phone or fax for a 
he dMio CD Today 

• Interactive device models include LCD displays, RS232 terminal, 
universal keypad plus a range of switches, buttons, pots. LEOs, 7 
segment displays and more. 

• Extensive debugging facilities including register and memory contents, 
breakpoints and single step modes. 

• Source level debugging supported for selected development tools. 
• Over 4000 standard SPICE models included. 
• Integrates with PROTEUS PCB Design to form a complete electronics 

design system . 

R4 Syst e m s Inc. 
Te l:905.898.0665 
Fax: 905.898.0683 
info@l'4sy s tems.com 

AFFORDABLE 
MACHINES 

Panels 
• PCB Prototypes 

Simple to Use 

Run From Any Version 
a{ Windows ® 

sales@{lashcutcnc.com 

• Chassis/Housings 

• Any 30 Part 

FLASHCUT CNC TM 

1263 El Camino Real, Menlo Park, CA 94025 
4949 St. Elmo Avenue, Bethesda, MD 20814 

Toll Free 888-883-5274 
Tel 650-853-1444 Fax 650-853-1405 



• Data rates up to 160 kbps 

• RX sensitivity -I OOdBm 

• Usable range up to 200m 

• SAW controlled FM transmitter 

• 3V and 5V versions 

• Low power requirements 

• TX power 1 OmW @ 5V 

• Fully screened 

• Double conversion Superhet receiver 

• Plug in replacement for BiM-433-F 

Will with This month's 

lu~s & Yol~s sponsor ... 

THIS MONTH'S PRIZE: 

A PAIR OF UHF atG 
RADIO MODEMS -·"""" 
Capable of Through Put Patrick Gardella Rates of 9600bps 

See the Lemos ad on page 42 of Annapolis, MD for all the features!! 

Do You Repair Electronics;~ 
For only S9.95 a month. you 'll receire! a \realth of information: 

Repair data for TV, 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 Repair World, direct your internet browser to http://www. repairworld. com 

RepairWorld.com 
Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878 

Circle #6 7 on the Reade r Serv ice Card . 

LEMOS 
INTERNATIONAL 

www.lemosint.com 
See their ads here in the 

Electronics Showcase!! 

PAID SUBSCRIBERS ARE 
AUTOMATICALLY 

ENTERED EACH MONTH! 

To Subscribe - Just fill in and mail the 
card supplied in the magazine 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 tele­
phone 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. 

AUTHORIZED SANYO DISTRIBUTOR 
PART # TYPE SIZE mAh PRICE 
N-350AAC NICAD 2/3 AA 350 $2.00 
KR-600AE NICAD 2/3 A 600 $2 .25 
NT-100AFH NiMH 2/3 A 1000 $3.00 
HR-4U NiMH AAA 700 $2.00 
N-700AAC NICAD AA 700 $1 .50 
HR-3U NiMH AA 1600 $2.00 
KR-1400AE NICAD A 1400 $3.25 
HR-AUX NiMH A 2700 $4.25 
CP-1300SCR NICAD 1/2 SUB C 1300 $3.75 
CP-1700SCR NICAD 4/5 SUB C 1700 $4.00 
CP-2400SCR NICAD SUB C 2400 $4.25 
RC-2400 NICAD SUB C 2400 $6.00 
RC-3000HV NiMH SUB C 3000 $6.00 
HR-SC NiMH SUB C 3000 $3.25 
CP-3600 NICAD C 3600 $6.00 

TNR Technical, Inc. www.batterystore.com 
301 CENTRAL PARK DRIVE, SANFORD, FL 32771 

CALL: (800) 346-0601 • FAX (407) 321-3208 
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Ultra-low Power TV Remote 
Control Transmitter Part 2 

By Mark Buccini 

This month,s project allows direct control of a Sony-type TV using 
serial infrared control (SIRC) encoding. 

R
eady to go wireless? This month, we'll expand on 
September's project - Build a TV Infrared Remote Control 
Decoder - and build a remote control encoder. This 
month's project allows direct control of a Sony-type TV 

using serial infrared control (SIRC) encoding. This solution also boasts 
the potential for an extremely low stand-by mode of less than two 
micro-amps. With this kind of low current consumption, your project 
may never need battery replacement! And it doesn't have to stop there. 
With an understanding of the decoder from last month and the encoder 
this month, a complete IR connection can be made for true wireless 
communication and control. The complete encoder or transmitter is 
built using a 20-pin MSP430F1121 Flash-MCU and a few discrete com­
ponents as shown in Figure 1. 

Circuit Description 

In order to encode SIRC information packets, SIRC key code func­
tion commands must be passed to the MCU. In typical hand-held trans­
mitters, this is done with a keypad. For our project, to keep things sim­
ple we will use the MSP-FET430X110 Flash emulator as the MCU tar­
get and pass SIRC commands via the debugger. The FET includes a 
voltage regulator and bypass capacitors installed on the target board. 
Using an FET, all that is needed to complete the circuit in Figure 1 is 
the IR LED driver section. An IR LED is required and I used RadioShack 
part number 276-143. The circuit also shows a NPN transistor amplifi­
er. A common 2N2222 transistor is fine . The transistor amplifier is con­
nected directly to the MSP430F1121 output P1.2. P1.2 is configured by 
software as a capture/compare 1 (CCR 1) output for timer_A3. This is 
done using the port 1 option select (PlSEL) register. This same pin 
must be put into an output direction using the port 1 direction register 
(P1DIR). The LED on Pl.O installed on the FET will be used for visible 
feedback that everything is operating properly. 

The circuit uses the 32, 768Hz watch crystal installed on the FET as 
the source for the MCU auxiliary clock (ACLK). The MSP430's on-chip 
digitally-controlled oscillator (DCO) will be used for the CPU master 
clock (MCLK) and peripheral sub-master clock (SMCLK). 

SIRC Protocol Review 

The SIRC protocol described last month uses 12-bit data packets 
comprised of a five-bit device code (D4 to DO) and seven-bit command 
code (C6 to CO). A variable bit-length or pulse width determines a bit. 
The start bit is 2.4mS, a "0" 600uS and a "1" 1.2mS. All data bits, 
excluding the start bit, also include a 600uS sync pulse, or lack of IR 
presence. The SIRC protocol sends data LSB first, so following the start 
bit, CO is the first bit transmitted. Figure 2 shows the format of a com­
plete SIRC data packet. Keep in mind that a bit is on if a 38-40kHz mod­
ulated IR carrier is present - modulation must be preset, not a digital 
level. 

SIRC Packet Encoding Example 

Looking at Table 1 and Table 2, we can construct a 12-bit SIRC 
packet. For example, to turn on a Sony TV, "1" is the device code, "21" 
the command code. Adding the device and command code with the 
start bit disregarded the 0095h value for a SIRC packet. This would be 
the value loaded into a 16-bit MCU register- or in last month's case­
the packet received from a Sony TV remote if the power on key is 
pressed. To increment a channel on a Sony TV, the device code 
remains "1," and the command code "16," and the SIRC packet would 
be 0090h. If volume-up were intended for a Sony CD player, the SIRC 
packet would be 0892h. 

How to Generate 40kHz Modulation 

One of the more challenging aspects of building a TV IR transmit­
ter is the 40kHz modulation. A total transmitter solution must have the 
ability to output a 40kHz pulse stream (25uS period) and be able to 
perform other functions simultaneously. A common approach is a two­
chip solution using an external multivibrator like the venerable TLC555 
to output 40kHz in combination with a controlling MCU. The MCU then 
enables or disables the TLC555 to turn on or off the 40kHz-pulse 
stream. As an alternative, it is also possible to "bit-bang" 40kHz output 

____ __ on an MCU port pin with software in a 

3V 

Figure I 

100K 
Vee 

'------1 RST/NMI 
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2
-
20
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tight CPU cycle counting loop. But 
these types of pure software timed 
loops force the entire CPU to "spin" on 
a single simple function, which is not 
efficient and is a practice that should 
be avoided. 

A more effective approach is to 
use a hardware pulse-width output 
from an MCU to generate the 40kHz 
modulation, leaving CPU resources 
free for other tasks. The 
MSP430F1121 's multi-function 16-bit 
timer_A3, in combination with capture 
compare register 1 CCR1 and capture 
compare registers 0 CCRO, can be 
used to generate the 40kHz modulated 
output function completely with timer 



hardware. As coded using timer_A3 

output mode 3, the value in CCRO 

defines the modulation period (25uS) 
and CCRl the duty cycle. The 40kHz 
modulated PWM pulse pattern on P1.2 
will set high when timer_A3 equals 
CCRl and reset at CCRO, as seen in 

Figure 2. This pattern repeats with no 
CPU overhead. The software is used 
only to turn on or off the timer_A3 
40kHz modulated output function. 

Clocks Everywhere 

With the decision to use timer_A3 

.ver 

last capture 

04 03 02 0 1 

Device Code 

as the 40kHz modulator, you must determine which clock source to use 
for timer_A3. Just about any external crystal (XTAL) can be used as a 
clock source for the MCU and associated timer_A3. The modulation 
period loaded into CCRO could simply be the XTAL I 40k. But if ultra­

low power is a goal, using any XTAL is not an option. To provide ultra­
low power, the MCU must often be placed in a low power stand-by mode 
3 (LPM3) with only the XTAL and a wake-up timer active. The problem 
is that a high-speed XTAL may use up to 1 rnA of current just to oscil­
late. And when shut off, an XTAL may take 20mS to start up. Both of 
these conditions are not tolerable for applications that need to conserve 
power and respond quickly. 

A better solution for the MCU clocking may not be so obvious. The 
MCU architecture allows the use of a low-power 32kHz-watch crystal to 
source the ALCK auxiliary clock. And in LPM3 stand-by with the CPU 
off, and only ACLK and a wake-up timer active, the device consumes 
less than 2uA. This will do the trick, and a 32kHz-watch crystal is 
already installed on the MSP-FET430Xll0. 

Current consumption now looks good, but the problem remains 
that a 32kHz ACLK could never generate a 40kHz modulation period. 
Fortunately, the MCU offers an independent on-chip DCO (digitally con­
trolled oscillator) that can be configured with normal software to oscil­
late from 1OOkHz to 8MHz. The DCO also starts extremely fast in less 
than six microseconds. Fast start-up is ideal for low power applications 
by allowing an extended amount of time in stand-by mode LPM3. 
Applications can burst to active only when required, with no additional 
power-consuming time in a start-up mode. 

Frequency Locked Loop 

Just one last problem to tackle - like all semiconductor-based 
devices -:- the DCO has a strong temperature coefficient. Over temper­
ature, the DCO frequency drifts double-digit percentages that would 
cause errors in the 40kHz modulation. But the DCO can be calibrated . 
With digital control and the presence of a 32kHz ACLK, a frequency 
locked loop (FLL) function can be implemented in software. The FLL 
function periodically re-configures the DCO, integrating the frequency 
of the DCO clock over the period of the stable crystal-generated 32kHz 
ACLK. The FLL function calibrates the DCO with software to a multiple 
of ACLK. For example, the DCO could be locked to 1048576, 32 x 
32768 (ACLK) . ACLK can still be used for stand-by, and the DCO for 
the CPU MCLK master clock and peripheral SMCLK sub-master clock . 
The calibrated DCO-generated SMCLK is used in this project as the 
source for Timer_A3. 

Remote Control - Example 
fet I I O_sirc_tx.s43 

Con-t ol Trans~nitter 

Figure 2 
start bit 

''1" I "1" I "0" Start I I 
I I 

'IIIII 'IIIII 'IIIII 
1.8ms 1.8ms 1.2ms 2.4ms 

DO C6 C5 C4 C3 C2 C1 co s 

Comand Code Start 

---

of RAM and the watchdog is disabled. The basic clock is configured to 
divide the 32kHz XTAL I 4 , and the ACLK is now 4096Hz. This reduced­

frequency ACLK is useful as a FLL function by providing a longer FLL 
integration interval. The slower ACLK will also increase the interval of 
the watchdog wake-up interrupt, which also uses ACLK. The DCO is 
then calibrated to 256000Hz by calling the Set_DCO subroutine. 
Timer_A3 is configured in up-mode with CCRO equals 62 defining a 
PWM period of 25uS. CCRl = 48 for a PWM pulse duty cycle of 62-48. 
The CCRO-CCRl generated pulse on Pl.2 is then 12/ 256000 or approx­
imately 5.5uS. During this time, the lR LED is on during every 25uS 
during the modulation output. 

Three variables are defined for timing purposes: IR_600 is the 
required number of 25uS intervals for a 600uS total delay period used 
when the subroutine D_600 is called. IR_2400, when combined with 
IR_600, is the number of 25uS required for a total delay of 1200uS. 
Inspecting the software carefully shows that the subroutine D_2400 is 
always called above 0 _600 with return and thus "falls through" D_600. 
The total delay when D_2400 is called is always a combination of 
D_2400 and D_600. This is called "fall through" programming and is 
used often in modern embedded programming applications to deduce 
the code size. IR_ 45000 is used for a 45mS delay. 

IR_600 equ 24 
IR_2400 equ 72 
IR_ 45000 equ 1800 

; 600us @ 62/ (2560000) 
; 2400us effective (72+24 counts) 
; 45ms @ 62/ (2560000) 

Four CPU registers are used in the example fet110_SIRC_tx.s43: 
IRData (R4) holds the SIRC packet data to transmit. IRBit (R5) is used 
to track bits as transmitted. IRCnt (R6) is used as a countdown timer of 
25uS pulses for 600uS and 1200uS intervals. IR45mS is used also as a 
25uS-pulse countdown timer, indicating when a delay of 45mS has 
expired. 

#define IRData R4 
#def ine IRBit R5 
#define IRCnt R6 
#define IR45ms R7 

The selection of the above registers is not important; any CPU reg­
ister or even RAM words can be used. If available in an application, 
often-used software registers should be allocated to CPU registers. CPU 
registers are single-cycle, reducing code execution time and code 
space. 

25us period 

I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

Figure 3 

P1 .2 Pulse Pattern 

The software example fet110_sirc_tx.s43 is 
available from the Nuts & Volts website at 
www.nutsvolts.com and transmits a SlRC TV 
power on/ off command and then TV channel + 
command in a loop. The example software first 
initializes the MSP430's software stack to the top 

CCR1 ! CCR1 ! CCR1 ! 
CCRO CCRO CCRO 
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Photo I. 
MSP-FET430XIIO 

with IR LED 
Attached 

The Mainloop is short with an activity burst enabled by the watch­
dog interrupt WDT _ISR every four seconds. This interrupt will wake the 
MCU from LPM3 returning activity to the Mainloop: 

Mainloop mov.w #0095h,IRData ; Power-on SIRC command 
call # IRTX_SIRC3 ; TX packet 

Chan_UP bis.w #LPM3,SR 
mov.w #0090h,IRData 
call #IRTX_SIRC3 
jmp Mainloop 

; Enter LPMx, stop, save power 
; Chan + SIRC command 
; TX packet 

Initially, IRData is loaded with the power on/off command 0095h; 
calling IRTX_SIRC3 sends the command to the TV three times, spaced 
45mS apart. This is done because most TVs require that the same 
command be received at least three times as a kind of error detection. 
After the power on/off command is sent, a Sony TV will power up. 
From here, the Chan_UP loop sends the channel + command to the 
TV three times every four seconds. The TV channel can be seen to 
increment. 

For user feedback, the LED installed on the FET port pin P1.0 is 
toggled during the IRTX_SIRC subroutine just to let you know every­
thing is operating correctly. The subroutine IRTX_SIRC will transmit the 
12-bit data from IRData register. The length of time the modulated out­
put on P1.2 is on for each bit is calculated by counting down 25uS iter­
ations in IRCnt inside of the CCRO_ISR interrupt. IR45mS is also count­
ed down inside of CCRO_ISR to define the 45mS spacing between trans­
missions. Remember the Mainloop calls IRTX_SIRC3 which itself calls 
IRTX_SIRC twice and falls through 
for a third transmission. 

The Mainloop repeats , waiting 
in LPM3 for the next WDT _ISR to 
wake up the system and repeat 
the loop. The WDT _ISR is only 
used to simulate an actual SIRC 
key code input function. Normally, 
a keypa d or command from 

Table I. SIRC Device 
Codes 

Code 
1 
2 
3 
17 

Device 
TV 
VCR 1 
VCR 2 
CD 
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Table 2. SIRC TV 
Command Codes 

Command 
0 

Function 
Number 1 
Number 2 
Number 3 
Number 4 
Number 5 
Number 6 
Number 7 
Number 8 
Number 9 
Number 0 
Channel+ 
Channel­
Volume+ 
Volume­
Power 

1 
2 
3 
4 
5 
6 
7 
8 
9 
16 
17 
18 
19 
21 

another source would pass the request for SIRC transmission. 

Project Construction 

The project was developed with an MSP-FET430X110. The FET tar­
get board is used as-is with only headers added to J2 and J3. The 
32, 768Hz-watch crystal already installed is used for ACLK. The LED 
installed on P1.0 is used for user feedback during each IR transmission. 
Originally, the complete circuit in Figure 1 was constructed on a sepa­
rate test board and jumped to the FET. It was later found that directly 
driving the IR LED with an MSP430 port pin provided enough current 
for short-range transmissions of up to three meters or so. As the IR LED 
is only on for a few microseconds, the MCU port pin RDSon of - 150 
ohms limits the current to the IR diode. The IR diode cathode was 
attached directly to P1 .2 and the anode to ground. The FET is powered 
directly from the PC parallel port. (See Photo 1.) 

Operation 

Operation is very simple. 

1. Insert an MSP430F1121 into the FET socket. 
2. Attach the IR LED directly to the FET as described earlier. 
3. Connect the FET to a PC installed with the FET software. 
4. Create a new assembler project. 
5. Add FET11 O_sirc_ TX.s43 to the project. 
6. Make the project. 
7. Launch the C-spy debugger- this programs the MSP430 Flash 

also. 
8 . Point LED and FET toward a Sony-type TV. 
9. Press Go in the C-spy debugger. 
10. Your TV will turn on and scan up through channels. 

Going Further 

The project presented here is very easy to construct using only an 
MSP-FET430X110 and an IR LED. Using the proven software, your 
Sony TV can be under the control of your FET in minutes. 

For experimentation, try running the demonstration program 
fet110_sirc_TX.s43. Use the C-spy debugger with a breakpoint set in 
the Mainloop of the program on the following line: 

call # IRTX_SIRC3 ; TX packet 

After the breakpoint is hit, try changing the CPU register from R4, 
IRData from 0090h to another value such as 0091h. Running again to 
the breakpoint, the MCU will transmit a channel-down command. The 
TV will increment down a channel. Experiment from there. 

An important point of the project is low power. Because the FET­
based solution is normally in LPM3, stand-by power consumption is 
very low, less than 2uA. In a stand-alone transmitter project, the bulk of 
application time is stand-by with the transmitter just waiting for a key 
press command request. In a stand-alone transmitter, the WDT _ISR we 
used to simulate a command request would most likely be replaced by . 
a regular keypad. Plenty of MCU port pins are available for this task. 

To maintain a low-power stand-by, the keypad change would need 
to be communicated with port pin interrupts, not power-wasting soft­
ware "polling." Every MSP430 F1121 port pin has interrupt capability. 
Only after an interrupt request would the MCU scan the port pins to iso­
late the exact key pressed. Remember the DCO, which will clock the 
CPU, will wake up the system in less than 6uS - which is plenty fast to 
respond to a key press interrupt. NV 

MSP-FET430XIIO 

276-143 

Parts List 
MSP430x I I xI Flash Emulation Tool, available 
from Texas Instruments 
IR LED, available from RadioShack 
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Explonng and Expenment1n,~ W1th Losers and Thew Propert1es by Stanley York 

Laser Insight 
L

ast month, we looked at a 
couple of ways of aligning 
or realigning a simple laser 
system. 

If you are lucky enough to 
have picked up a laser system 
from one of the many surplus 
sources, you should now have 
enough info rmation to realign 
your laser after taking the mirrors 
and laser rod out for cleaning. 

Very often, complex laser sys­
tems are offered for sale at very 
low prices. Laser marking sys­
tems, welding systems, and 
scribers are frequently found in 
magazines such as Nuts & Volts, 
and the re are many websites that 
offer these systems for sale at very 
good prices. With a little care, and 
a few spare parts, one of these sur­
plus or discarded machines can be 
put into useful service. 

Aligning a more 
complex laser system 

Realigning these systems is a 
little more involved than the sim­
ple lasers we have looked at so far, 
and I would like to pass on a few 
more tips this month regarding 
additional optical elements found 
on some of these lasers. 

Basically, all lasers can be 
reduced to the simple type of sys­
tem we looked at last month. 
Additional optical components 
enhance or modify the basic laser 
beam in some way, to give it prop­
erties the basic beam does not 
have. Some of these properties 
may be high-frequency pulsing 
("Q" switching), or wavelength 
changing (frequency doubling the 
basic beam), or changing the spa­
tial profile of the beam to reduce 

the divergence and improve the 
quality of the beam (TEMOO) . 
Some of these properties we have 
briefly mentioned in the past, but 
without a lot of detail. 

A laser marker is an interest­
ing machine. They are sometimes 
offered for sale, but are fairly com­
plex, and perhaps a little beyond 
the pockets of the hobbyist. It usu­
ally has a combination of single­
mode operation (TEMOO) and an 
AO-Q switch. There is also a dual 
galvanometer mirror assembly 
that moves the focused laser 
beam over the part to be marked. 
We looked at the essential compo­
nents of a laser marker in the Feb. 
2002 issue of Nuts & Volts , and 
some of these items were briefly 
discussed. 

The AO-Q switch is essentially 
a quartz glass block with a piezo­
electric transducer bonded to one 
side. If you missed the February 
issue, the drawing of the Q switch 
assembly is reproduced here as 
Figure 17-1. 

In operation, the piezo-electric 
transducer is fed from an RF 
source of around 25-1 OOW output 
at typically 24-27MHz. When the 
device is active (i.e., being fed with 
RF energy), the glass block 
vibrates at ultrasonic frequency, 
forming a standing acoustic wave 
within the block. The wave fronts 
in the block essentially form a dif­
fraction grating that splits up the 
laser beam into a number of weak­
er beams, traveling off the axis to 
the optical centerline. This phe­
nomena very effectively reduces 
the intracavity gain of the laser, 
making it fall below lasing thresh­
old. 

With a lower than required 

Figure 17-2. 
This drawing shows a typical Bragg angle adjustment scheme. 
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Figure 17-1. This drawing shows the general form of an AO Q switch 
as used on a laser marker: 
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gain, there is insufficient optical 
feedback to sustain oscillation, so 
the laser cannot produce any stim­
ulated emission. When the RF 
energy is switched off, the excess 
energy built up in the rod is 
released in a so-called 'giant 
pulse,' releasing all the optical 
energy as a pulse of short duration 
(50-200nSec) , but of high peak 
power. 

The AO-Q switch is normally 
activated again with RF after a 
short delay (approximately 10-20 
microseconds) before the steady 
state level resumes, and so the 
laser output appears as a series of 
short, high-peak power pulses. 
These high-power pulses can 
reach several hundred kilowatts 
(peak), but because of the switch­
ing nature of the beam, and the 
duty cycle imposed, the average 
power level is usually much lower 
than the steady state power level. 

The high-peak power is suffi­
cient to ablate the surface of 
almost any material placed at the 
focal point, thus leaving a perma­
nent mark. The beam would typi­
cally mark a metal surface to a 
depth of perhaps 0.0005"-0.002" 
depending on power level and writ­
ing speed. 

AI gmng the spatial filter 

The spatial filter reduces the 
number of active spatial modes 
present in a laser beam. By remov­
ing the higher-order modes, the 
beam purity is improved. The 
beam divergence is also improved , 
and this means that the beam can 
be focused down to a very small 
spot, much smaller than a multi­
mode beam. Of course, there is a 

T•mp•rature 
out 

RF in 

price to pay for the improved 
beam quality .. . you lose some 
power from the beam. This is not 
so bad though, depending on what 
you eed the laser for. 

In a welding application, for 
instance, you need raw power hit­
ting the target, and a multimode 
beam is fine . However, in the case 
of a laser marker, you need a 
small focused spot for best detail 
and smallest engraved characters. 
In this case, the spatial filter is a 
must. Here's how you set it up. 

With the basic laser alignment 
done, install the spatial filter and 
record the power level. The level 
will be much lower than previously 
seen. Adjust the X and Y position 
of the filter until maximum power 
is found. This usually happens 
when the filter is positioned on the 
laser rod centerline. If you now 
take some burn patterns as 
described last month, you'll see 
that the beam is a lot smaller, the 
divergence has reduced consider­
ably, and the beam has a more 
uniform energy density. 

If you have a number of differ­
ent sizes of filter, you may find it 
easier to 'zero-in' on the right size 
by starting out with a larger size 
until you have a feel for the adjust­
ment. 

Aligning the AO-Q switch 

If you are lucky enough to get 
a laser marker, you can align the 
system pretty much as described 
last month, with the exception of 
the AO-Q switch . To set this device 
up, you have to follow another pro­
cedure: 

Begin by setting the laser up in 
a normal mode, i.e. , with just the 



mirrors on the optical rail. You can 
add the mechanical shutter if you 
wish, it doesn't make any differ­
ence to the alignment, but it really 
should be included for safety. 

When the alignment of the 
basic laser is satisfactory, put the 
AO-Q switch onto the rail and 
secure it. Make sure you have the 
cooling water lines connected, oth­
erwise, you run the risk of over­
heating the Q-switch, damaging it 
beyond simple repair. Turn on the 
laser and the RF supply to the Q­
switch. If you have some means of 
detecting the laser beam output, 
place the collecting head on the 
rail and turn up the laser power. 

Make sure you wear safety 
goggles when you use any 
working laser. Remember, you 
only get one set of eyes! 

Watch the laser power meter 
as you increase the output. You 
may see that the power comes up 
normally, or at some reduced 
level. Set the power level at some 
convenient figure about a quarter 
of full power. 

The laser power supply will 
have some kind of control for the 
Q-switch modulation. This may be 
a simple toggle switch, or a rotary, 
selector-type switch for changing 
the modulation source, etc . 

At this stage, turn the modula­
tion off. If the laser power stays on, 
or reduces just slightly, then the Q 
switch needs adjusting. The AO-Q 
switch mount will have an adjust­
ment screw on it for adjusting the 
Bragg angle of the Q-switch (see 
Figure 17-2). 

The Bragg angle is the angle 
the Q-switch presents to the direc­
tion of propagation of the laser 
beam. The angle is normally 
adjusted in a horizontal plane (i.e., 
about a vertical axis). With the RF 
power on, and with no modulation 
applied to the RF power, the laser 
output should be zero . If you 
already turned off the Q-switch 
modulation, you should adjust the 
Bragg angle on the Q-switch for 
minimum laser output. 

Increase the pump power to 
the lamp (i.e. , turn the lamp cur­
rent up). You may now see some 
laser power on the power meter. 
If you do, continue adjusting the 
Bragg angle until the power drops 
to minimum. Continue in this 
manner until you reach full power. 
When minimum laser leakage 
is achieved, you will get optimum 
Q switching when activated 
normally. 

Typical Q-switched pulses will 
be from 50-200nSec in width , and 
may be up to 1 OOkW in peak 
power. Much depends on the gain 
of the cavity, pump power, and Q­
switch frequency. 

Laser Insight 

Beam expander 

If your system has a beam 
expander, you may align it easi­
ly by setting the focus to infinity, 
and then position the expander 
on the rail so that the laser beam 
enters the expander in the input 
side, as indicated in Figure 17-3. 
Here's how: 

If you look through the 
beam expander, you see that it 
very closely resembles a tele­
scope. In fact , that's all the 
beam expander is. A telescope 
used in reverse. 

In a normal telescope, light 
enters the larger of the two lenses, 
and is focused down to the eye­
piece. In the beam expander, the 
beam enters through the eyepiece, 
and emerges through the la rger 
lens. When you set the beam 
expander on the optical rail , you 
must make sure the laser beam 
enters what would be the eyepiece 
lens (in a telescope) . 

To set the focus to infinity, you 
should look at some distant object 
and adjust the focus until you 
bring the object into focus . Then 
lock the tube in position using the 
locking ring . There are more pre­
cise ways to set the focu s to infi ni­
ty, but the margin of error wi ll be 
small following the above proce­
dure. Another method uses an 
autocollimator, and I'll explain the 
process during the discussion on 
that device. 

The key to setting the beam 
expander is that the focal point of 
the negative lens and the focal 
point of the positive lens must 
coincide. When the focus is set, 
you can put the beam expander 
back on the optical rail , and use 
the HeNe laser to adjust the posi­
tion and attitude of the beam 
expander, so that the HeNe beam 
goes in through the center of the 
input lens, and out through the 
center of the output lens. 

Because of the expansion of 
the beam, it may be more difficult 
to determine the edges of the 
HeNe beam, depending upon the 
expansion rate. The beam expan­
sion ratio may be in the range of 
1.5:1 to 10:1, depending on the 
application. For a laser marker, 
the expansion is normally around 
1.5:1 to 3:1. 

When the expander is placed 
on the optical rail , you have to 
adjust the X-Y position, and the 
Yaw and Pitch adjustments to get 
the laser beam to track precisely 
through the center of the input 
and output lenses. 

In making these adjustments, 
the output beam will change its 
position on the external optics, so 
you have to watch this also. If the 

Figure 17-3. This drawing shows a cross section of a typical laser beam 
expander. and the parts t hat go into it. 
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laser beam leaving the beam 
expander is hitting any part of an 
optical mount, it will reduce the 
power to the focused beam, and 
will also damage the optical 
mount and any lens or mirror it 
contains. 

Any other external optical 
devices that came with your laser 
system can now be set up using 
the HeNe laser. Any mirrors, lens­
es, or prisms should be aligned, 
preferably with the incident laser 
beam hitting the optical device 
squarely in the center of the input 
face. In the case of the laser mark­
er, there is a set of mi rrors mount­
ed to galvanometer scanners. 

These mirrors usually follow 
the beam expander, and the out­
put from these mirrors goes direct­
ly through the F-theta lens and 
then focuses onto the workpiece. 
Aligning these can be a bit tricky, 
depending on how much space 
you have to work in, but as long as 
the laser beam is squarely in the 
center of the mirrors, you should 
be okay. 

These mirrors are small 
because they have to move fast to 
be able to reach the high writing 
speeds that these machines can 
achieve, so any errors in aligning 
these mirrors means that you may 
not catch all of the expanded laser 
beam. 

Be especially careful about 
this situation, because the part of 

-------

ring 

the beam that escapes is going to 
go somewhere, and it might hit 
something flammable! 

If the alignment is not perfect 
through the mirrors and the F­
theta lens, the marking field will be 
distorted. If you confine the mark­
ing to the center area of the field 
though , you probably wouldn 't 
notice the error. As the marking 
field expands, it will get progres­
sively more difficult to mark a 
straight line, and the outer reaches 
will typically show pincushion dis­
tortion in one axis , and barrel dis­
tortion in the other (see also the 
notes on this in the February 
issue) . 

Well , I seem to have run out of 
space again. I was hoping to cover 
the autocollimator in some depth 
this month, but the alignment pro­
cedure took all the space. Next 
month , I will deal with the autocol­
limator, and explain how it works, 
and see if we can't come up with a 
design for a simple one you can 
make. This tool will make laser 
mirror alignment easy. 

As always, if you have any 
questions regarding lasers or 
optics in general, or if you have 
any suggestions for future 
columns, please send me some 
email. I always answer everyone 
who contacts me, even though it 
sometimes takes a while. 

My email address is: stanley. 
york@att.net. NV 
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Understanding, Des1gn1ng, and Constructing Robots & Robot1c Systems guest hosted by 
Karl Lunt 

Amateur Robotics 
GNU C For Your 68HCI2 Robots 

aking your robot show 
interesting behaviors 
means writing soft­
ware, and there are 

plenty of options for programming 
your 'bot. Commercial compilers 
exist for languages such as C, 
Basic, Forth, and just about every 
assembly language known. You 
can also find freeware and share­
ware programming tools for every 
language from the very common to 
the most obscure. 

When I was writing the 
Amateur Robotics column for this 
magazine, I often wrote my robot 
code in SBasic. SB is a dialect of 
Basic that I developed to help 
beginners get started programming 
their machines. The 'S' in SBasic 
stands for "simple," and the hun­
dreds of emails I've received over 
the years show that a small army of 
robot builders got their start writing 
SBasic programs. 

I still consider SB a valuable 
programming tool, and use it for 
many of my projects. In fact, it is 
heavily featured in my book -
Build Your Own Robot! (A. K. 
Peters, 2000) - since SB makes it 
easy to show programming tech­
niques without getting bogged 
down in arcane syntax. It also hides 
many of the subtleties of configur­
ing your 68hc 11, 68hc 12, or 68332 
program. You can focus on what 
you want the program to do, and 
not worry so much about where the 
code will reside, how the computer 
will access your program out of 
reset, or most of the other myster­
ies of embedded control program­
ming. 

If you would like to check out 
SBasic, you can download a com­
plete distribution kit, with 60+ page 
manual, from my website at 
www.seanet.com/- karllunt. Note 
that two versions of SBasic exist; 
one is dedicated to 68hc11 and 
68hc12 processors, while the other 
version handles the 68332 device. 

The need for C 

Even though I have heard of 
some large and powerful projects 
being done in SBasic, it was always 
intended to be a tool for beginners. 
I've long felt that to move on to larg­
er, more sophisticated robots , you 
must move to the C programming 
language. I use C in my profession­
al life, and do a lot of C program­
ming at home for projects such as 
my X-1 0 home control system. 

C's advantages over SBasic are 
compelling. Many of the compilers 
are much higher quality than my 
SB compiler, generating tighter 
code and giving you greater control 
over where the various parts of 
your program are placed. The lan­
guage is mature and widely used as 
both a cross-platform assembler 
and as a pseudo-code for convey­
ing program designs. There is a 
good demand for accomplished C 
programmers in the embedded 
control job market, but much less 
demand, I fear, for good SBasic 
programmers. 

But the ultimate reason for 
switching to C is the flexibility and 
power built into the language. 
Everything from the preprocessor 
and macros to pointers and struc­
tures serve as tools you can use to 
streamline your code and make it 
easy to maintain. 

Many companies offer good C 
compilers for the 68hc12, which is 
my chip of choice for new robot 
designs. A bit of web searching will 
turn up several vendors, such as 
lmageCraft or Cosmic, and you can 
prowl through listservers and news­
groups dedicated to the 68hc 12 or 
to embedded control for comments 
on these products. 

But I like my tools free, and the 
hands-down best value for a free C 
compiler is the GNU toolset. More 
than just the C compiler, the GNU 
suite includes tools such as a linker, 
a librarian for maintaining libraries 
of working object modules, and 
utilites for converting and disas­
sembling object files . Note that the 
same GNU compiler can generate 
code for both the 68hc 11 and 
68hc 12 chips, though this article 
will focus on the 68hc12. 

However, getting the GNU 
toolset up and running to the point 
that you can write your first robot 
program can be a daunting task. 
The entire operation is 'way more 
difficult than installing SBasic, so 
I'll walk you through the steps. 
When finished, you will have an 
incredibly powerful programming 
tool at your fingertips, and access 
to programs previously beyond 
your reach with SBasic. 

One word of caution, however. 
This article will show you how to 
install the 68hc11/12 GNU C com­
piler on your PC; it will not teach 
you how to program in C. If you do 
not already know how to program 
in C, head to your local bookstore 
and get a copy of one of the books 
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that teaches you how to program in 
C in N weeks, days, or hours. I've 
liked some of the Sams books I've 
looked through, but there are many 
good ones out there. 

Be sure to get one that includes 
a working C compiler that you can 
use for doing the book's exercises. 
Also look for one that teaches you 
the basics of C, not how to write 
visual or Windows-based C pro­
grams. Your robot program won't 
have any drop-down menus or text 
boxes on it (at least, your first pro­
grams won't). You can always learn 
the graphical features later; for now, 
focus on the low-level concepts of 
the language. 

Let's get started 

Begin this project by hitting the 
GNU website dedicated to the 
68hc11 and 68hc12 C compiler 
suite at www.gnu-m68hcll.org . 
Click on the Download link to get to 
the download page. Here you can 
download several different pack­
ages, including the full source for 
the GNU C compiler. That's right, 
you can get the source and com­
pletely rebuild the compiler, if you 
choose. 'Way cool, and those who 
are heavily into embedded control 
programming should probably do 
this at least once, but that is a sub­
ject for another article. 

At this point, click the EXE link 
to get to the page containing the 
Windows binaries. This will take 
you to the lnno packages, which 
are very similar to the Setup files 
you are used to seeing in the 
Windows world. Click on links to 
download the following packages of 
files: 

GNU Binutils 2.11.2 
binutils-68hc1 x-win32-2.11.2-
l.l.l.i386.exe (2363Kb) 

GNU Gee 2.95.3 
gcc-68hc 1 x-win32-2.95.3-
1.1.1.i386.exe (3275Kb) 

Examples 1.2.1 
m68hc 11-examples-1 .2.1.zip ( 139 
Kb) 

newlib 1.1.1 
newlib-68hc1x-win32 - 1 9 0-
1_1_1_i386.exe 

The binutils package contains 
supporting utilities, such as the 
linker, the librarian, and the tools 
for manipulating compiled object 
files. The gee package is the 2.95.3 
release of the GNU C compiler 
proper. The examples package 

contains several interesting sample 
projects written in 68hc 12 C. The 
newlib package contains an archive 
of C object modules for the 
68hc11/12, suitable for linking into 
your programs. Execute the .exe 
files to install the binutils, newlib 
archive, and the gee compiler into a 
home directory; I used c:\68hc11 \ 
gee. Unzip the examples package 
and stick them in a folder under­
neath this home directory; I used 
c:\68hc11 \gcc\examples. 

The installed packages contain 
executables for the compiler and its 
support utilities, make files for con­
trolling the compilation of your pro­
grams, example programs, object 
libraries, and documentation for 
using all of the utilities in the form 
of HTML pages you can view with 
your web browser. 

You will also need a copy of the 
GNU (or equivalent) make utility. 
This powerful utility controls the 
building of programs using a text 
file of commands called the make­
file. There are many places on the 
web to download a make utility; I 
pulled my copy from http:/ /ring. 
qgpop.net/ archives/ gra phics/fre 
etypef contribfwin32/ . Download 
the file gnumake-win32.zip and 
unzip this package into a directory 
on your execution path. To test 
your installation, go to a DOS 
prompt and enter: 

1. NAME = blinky 

2. BINDIR = e:/68hell/gee/bin 
3. CC = $(BINDIR)/m6811-elf-gee 
4. AS= $(BINDIR)/m6811-elf-as 
5. LD = $(BINDIR)/m6811-elf-ld 
6. OC = $(BINDIR)/m6811-elf­

objcopy 

7. CFLAGS = -03 -m68hc12 -fno-ident 
-fno-eommon 

8. AFLAGS = -m68he12 
9. LFLAGS =-Map $(NAME).map 
10. OCFLAGS = -0 sree 
11. ARCHIVES = -!gee 
12. OBJS = $(NAME) .o crtO.o isr.o 

veetors.o 

13 .. e.o: 
14. $(CC) $(CFLAGS) -S $< 
15. $(CC) $(CFLAGS) -e $< 

16 .. s.o: 
17. $(AS) $(AFLAGS) -a=$* .1st-

0 $@ $< 

18. all: $(0BJS) 
19. $(LD) -T$(NAME).Id 

$(LFLAGS) -o$(NAME).obj 
$(0BJS) $(ARCHIVES) 

20. $(0C) $(0CFLAGS) 
$(NAME).obj $(NAME).s19 

Listing I :The blinky.mak makefile. 
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make -v ment) tool that you can customize. support circuitry. This one chip 

gives m e 32K of flash for program 
storage, 1 K of RAM for variables 
and stack , and 768 bytes of EEP­
ROM for holding non-volatile data . 
I've used Technological Arts boards 
before, and like the quality and pric­
ing. 

After transferring my program's 
S 19 records via a communications 
program such as Hyperterm, I 
move the jumpers back to their nor­
mal position and reset the board. If 
I did my job correctly, my new pro­
gram runs automatically. 

You should see some version 
information for the GNU make utili­
ty. Make sure you are using version 
3. 75 or greater. 

Your first project 

All of the above tools are 
intended to run from a command­
line prompt or a batch file. I have 
used PFE-32 for years as my pro­
gram editor, and it includes a but­
ton for launching a DOS command 
from a drop-down list. This makes it 
easy for me to edit a program in 
PFE-32, then compile and view the 
results with a single click. If you 
don't have a similar tool, you can 
use just about any text editor, 
including WordPad or Notepad. 
Another option is to browse the web 
and pick up a generic Windows IDE 
(interactive development environ-

The first C program you typi­
cally write for a PC is called hello.c, 
and it displays the phrase "Hello, 
world!" on your monitor. The equiv­
alent program in the embedded 
control or robotics world is called 
blinky.c and blinks an LED. The fol­
lowing paragraphs will show you 
how to set up your GNU tools to 
compile and build the blinky pro­
gram. 

As a little extra touch, this 
board already has an available 
LED, hooked to port P, bit 7 . I can 
turn on the LED by writing a one to 
PORTP bit 7, or turn it off by writing 
a zero to that bit. 

The make file 

In the GNU world , you build a 
program by invoking the make util­
ity. This is a powerful tool that con­
trols how your program is built by 
invoking other tools, handling com­
mand-line arguments, and evaluat­
ing results of the operations. It 
completely automates the process, 
provided you give it the right 
instructions. These instructions 
appear in a text file called the 
makefile. Typically, there is only 

All of this supposes you have 
an actual 68hc12 computer board 
available, on which to run your 
blinky program. I am using the 
Technological Arts Adapt912b32 
board, which contains a Motorola 
68hc912b32 device and assorted 

This board also includes a 
bootloader, installed in the top 2K 
of flash. This bootloader accepts 
standard S 19 records from the seri­
al port and burns them into the 
proper areas of flash . I activate the 
bootloader by moving a couple of 
jumpers and resetting the board. 

/* Linker script for 68HC 12 object file (ld -r). *I 
OUTPUT _FORMAT("elf32-m68hc12" , "elf32-
m68hc12", 

"elf32-m68hc 12") 
OUTPUT _ARCH ( m68hc 12) 
ENTRY(_start) 
SEARCH_DIR(C: / 68hc11 / gcc / lib / gcc-lib/ m6811 -
elf/ 2.95.3/ m68hc 12) 

I* 
* Use the MEMORY command to define the types of 

memory available on 
* the target system. This is how you describe the sys­

tem's memory 
* map to the linker. 
* 
* On the 68hc912b32, the memory map looks like 

this: 
* 
* Address range Memory type 
* 
* 0 - $01ff 1/ 0 ports 
* $0800 - $Obff static RAM 
* $Od00 - $0fff EEPROM 
* $8000 - $ff7f flash EEPROM, less vectors 
* $ff80 - $ffff flash EEPROM vector area 
* 
* Note that some 68hc12 development boards may 

include 
* a firmware down loader in their 68hc 12 chip that 

overrides 
* the normal memory map. For example, the 

Technological 
*Arts Adapt912b32 board contains a downloader that 

takes 
* control of the normal vector area. In this case, the 

TA 
* downloader moves the vector area to $f780 - $f7ff. 
*I 

MEMORY 
{ 
IOPORTS (!x) : org = OxOOOO, I = Ox0200 
RAM (wx) : org = Ox0800, I = Ox0400 
EEPROM (!i) : org = OxOdOO, I = Ox0300 
ROM (rx) : org = Ox8000, I = Ox7f80 
VECTORS (rx) : org = Oxf780, I = Ox0080 / * spe-

cial for Adapt912b32 board *I 
} 

PROVIDE (_stack = OxOcOO); 

SECTIONS 
{ 
I* 
* Declare the 110 ports section. 
* 
* On the 68hc912b32, this starts at address OxOOOO. 
*I 
IOPORTS : 
{ 
} >IOPORTS 

I* 
* Declare the EEPROM section. 
* 
* On the 68hc912b32, this starts at address OxOdOO. 
*I 
EEPROM : 
{ 
PROVIDE (_start_of_eeprom = .); 
} >EEPROM 

I* 
* Declare the VECTORS section. 
* 
* On the 68hc912b32, this starts at Oxff80. 
*I 
VECTORS: 
{ 
PROVIDE (_start_of_vectors = .); 
vectors.o 
} >VECTORS 

I* 
* Declare the start of genera l-purpose RAM. 
* 
* This is where most variables and arrays will appear. 
* On the 68hc912b32, this is normally at $800. 
*I 
RAM: 
{ 
PROVIDE (_start_of_ram = .); 
* (.sdata) 
* (.sbss) 
* ( .scommon) 
* (.dynbss) 
PROVIDE (_start_of_bss = .); 
*(.bss) 
PROVIDE (_end_of_bss = .); 
*(COMMON) 
PROVIDE (_end_of_ram = .); 
} >RAM 

I * 
* Start of text section. 
* 
* The .text section typically holds ROMmed code. 

_start usually 
* appears at the beginning of this section. On the 

68hc912b32, 
* this is normally at $8000. 
*I 

ROM: 
{ 
PROVIDE (_start_of_rom = .); 
*(.text) 
* (.gnu.warning) 

PROVIDE (_start_of_rodata = .); 
* (.rodata) 
PROVIDE (_end_of_rodata = .); 
PROVIDE (_start_of_rodata 1 = .); 
*(.rodata 1) 
PROVIDE (_end_of_rodatal = .); 
*(.stab) 
*( .stabstr) 
*(.stab.excl) 
* (.stab.exclstr) 
* (.stab.index) 
* (.stab.indexstr) 
*(.comment) 
_end_of_roml = .; 
PROVIDE (_start_of_init = .) ; 

} >ROM 

.in it : AT (_end_of_rom 1) 
{ 
_start_of_data = .; 
PROVIDE (_start_of_data = .) ; 
*(.data) 
*(.data 1) 
_end_of_data = .; 
PROVIDE (_end_of_data = .); 
} >RAM 

I* 
DWARF debug sections. 
Symbols in the DWARF debugging sections are rela­

tive 
to the beginning of the section so we begin them at 

0. 
Treatment of DWARF debug section must be at end 

of the 
linker script to avoid problems when there are unde­

fined 
symbols. It's necessary to avoid that the DWARF sec­

tion is 
relocated before such undefined symbols are found. 

*I 
I* DWARF 1 *I 
.debug 0: { *(.debug) } 
.line . : { *(.line) } 
I * GNU DWARF 1 extensions *I 
.debug_srcinfo .: { *(.debug_srcinfo) } 
.debug_sfnames. : { *( .debug_sfnames) } 
I * DWARF 1.1 and DWARF 2 *I 
.debug_aranges . : { *(.debug_aranges) } 
.debug_pubnames. : { *(.debug_pubnames) } 
/ *DWARF 2 * / 
.debug_info . : { *( .debug_info) *( .gnu.linkonce.wi.*) 

} 
.debug_abbrev . : { * (.debug_abbrev) } 
.debug_line . : { *(.debug_line) } 
.debug_frame . : { *( .debug_frame) } 
.debug_str . : { * (.debug_str) } 
.debug_loc . : { *(.debug_loc) } 
.debug_macinfo . : { *(.debug_macinfo) } 

} 

Listing 2:The blinky.ld linker script. 
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one makefile called, oddly enough, 
makefile . I generally use a separate 
makefile for each project, and 
name the file <project>.mak. For 
example, I would use a file named 
blinky.mak to control the building 
of my blinky.c program. 

I will not go into the details of 
makefile syntax here. It is very 
arcane and itself could be the sub­
ject of an entire article. Instead, I 
will walk you through my 
blinky.mak file , tell you what the 
statements do , and provide point­
ers on editing them. If you want 
more info on the make utility, con­
sult the make utility documenta­
tion, available from many sites on 
the web. Begin by creating a project 
directory for holding your blinky 
project. For my examples, I've used 
c : \projects \ gcc_play. 

The blinky.mak file, used to 
build the blinky program , appears 
in Listing 1. Note that the line num­
bers in the left column are for refer­
ence only; they do not appear in 
the blinky.mak file. 

Line 1 simply defines the name 
of the project. This sets up a vari­
able called NAME that can be used 
to reference the project by name, 
without having to include the word 
"blinky" everywhere the reference 
appears . This helps me reuse this 
makefile for other projects; I just 
change the NAME variable to the 
new project, save the file by its new 
name, and most of my editing is 
done. 

Lines 2 through 6 define vari­
ables for the binutils directory and 
several tools used in actually build­
ing the blinky program. For exam­
ple, the variable CC expands to 
c: \ 68hc 11 \ gcc \bin\m6811 -elf­
gcc, which is the path to the GCC 
compiler. 

Lines 7 through 10 define vari­
ables for command-line flags used 
in invoking each of the tools. For 
example, the variable CFLAGS 
defines the command-line options 
used when the make utility invokes 
the GCC compiler to compile a C 
source file. The option of main 
interest here is -m68hc 12, which 
appears in the CFLAGS and 
AFLAGS variables; this option tells 
GCC to create code for a Motorola 
68hc 12 processor. A full list of 
options for all utilities shown here is 
available in the docs folder installed 
with the GCC packages; in my 
case, the path to this docs file is 
C:\68hc11 \ gcc\m6811-elf\doc. 

The ARCHIVES variable -
defined in line 11 - specifies 
archives to search when the make 
utility invokes the linker. The linker 
searches libraries of previously­
compiled object files, attempting to 
resolve references you might have 
used in your program. For exam­
ple, if you invoked the C library rou­
tine strcpy() in your program, the 
linker will search the archives called 
out in this option, trying to find an 

object module containing strcpy() . 
I'll provide more info on the linker 
later. 

Line 12 defines the OBJS vari­
able, which lists all object modules 
associated with this project that 
won't be found in existing archives. 
In order for the make utility to com­
pile and link your program properly, 
it must be able to create all of these 
object files. Instructions to the make 
utility on how to compile or assem­
ble the source for these files must 
appear later in this makefile. 

Lines 13 through 15 define a 
rule for translating a .c file into an .o 
(or object) file. When the make util­
ity needs to create an .o file , such 
as blinky.o, it will use this rule to 
compile blinky.c into blinky.o. The 
actual steps needed to invoke the 
compiler appear in lines 14 and 15. 
Technically, you only need line 15. 
The options on line 14 tell the GCC 
compiler to stop compilation after 
creating an assembly language 
source file named blinky.s, while 
line 15 performs the full compila­
tion. The .s file is educational, how­
ever, as it shows the assembly lan­
guage source the compiler created 
for each line of C code. 

Lines 16 and 17 provide a sim­
ilar rule for assembling an .s file. By 
convention , assembly language 
source files in the GNU world carry 
an .s extension; the rule in line 17 
tells make to invoke the assembler, 
using the flags defined in variable 
AFLAGS, and to generate a listing 
file and an object file. The listing file 
will be named with the same base 
name as the original source file, but 
with a .1st extension. By default, the 
object file will carry an .o extension. 

Lines 18 through 20 are where 
the entire project is built. When you 
invoke make from a command line , 
it looks for a default task to do; in 
this case , that task is called all and 
is defined by these lines . To do this 
task, the make utility must first 
have all of the files listed in the 
OBJS variable. If all of the files 
needed exist already, make can 
proceed to build the project. If any 
of the files in OBJS are missing, or 
if the corresponding source file 
changed after its object file was last 
created , make looks through the 
rules it knows to figure out how to 
make the needed files . 

Once all of the files in the 
OBJS variable are current, make 
executes the commands in lines 19 
and 20. Line 19 invokes the linker, 
passing a large list of options to it. 
The most important of these 
options is the -T field, which defines 
a linker script to be used in assign­
ing the placement of various code 
and data sections within the pro­
gram. I'll go into this in greater 
detail in a moment. 

This line also includes a refer­
ence to the ARCHIVES variable 
described earlier. This variable lists 
any object libraries the linker 

should search in order to resolve 
references to functions in your 
code. Note that the placement of 
these library names in the linker 
command line is important. The 
linker searches libraries and your 
object files in the order presented, 
and getting things out of order can 
cause maddening errors about 
unresolved references. 

For example, if I reversed the 
order of the OBJS and ARCHIVES 
variables in the linker command 
line, the linker would first search all 
of the archives , then look through 
my object modules. The object 
modules would refer to functions in 
the archives, but those have 
already been searched and their 
contents forgotten. Thus, the linker 
would have references in my object 
modules to functions it cannot 
locate, and would error out. 

While I'm on the subject of 
libraries ... the ARCHIVES variable 
lists a library apparently named 
gee. This is really a kind of short­
hand in the GNU world . Arguments 
that specify library names are usu­
ally understood to mean libraries 
with a name of the form libname.a, 
where the field name is all that 
appears in the argument. Thus, an 
argument of -1 gee implies a library 
named libgcc.a. 

The arguments passed to the 
linker in variable LDFLAGS causes 
the linker to write a map file named 
blinky.map. This text file tells you 
where every major component of 

1. #include <stdio.h> 
2. #include <string.h> 
3. #include "ioregs12.h" 

4. int main(void) ; 

5. int 
6. char 
7. short int 

v = 1234; 
b[32]; 

c[10] ; 
8. char a[] = "12345"; 

9. extern char _start_of_data; 
10. extern char _end_of_data; 
11. extern const char _start_of_init; 

12. unsigned short int start = 
OxOOOO; 

13. unsigned short int end = Oxffff; 

14. int main() 
15. { 
16. unsigned short int n; 

17. COPCTL = Ox08; 
18. COPCTL = Ox08; 
19. DDRP = Ox80; 

20. memcpy(&_start_of_data , 
&_start_of_init, &_end_of_data -
&_start_of_data); 

21. 
22. 
23. 
24. 

n++) 
25. 
26. 
27. 
28. 
29. 
30.} 

while (1) 
{ 

) 
return 0; 

for (n=start; n<end; 

{ 
} 
PORTP ""= Ox80; 

Listing l :The source fi le fo r 
blinky.c. 



your program is placed in memory, 
including all variables, all function 
entry points, the stack, and all vec­
tors . This is a very valuable debug­
ging resource, and nice to have for 
reference. 

The linker collects all the object 
modules in your project, plus all the 
needed library functions from the 
various archives, and packs them 
into a single ELF object file; in this 
example, the fi le will be named 
blinky.obj. But you typically want 
an .s 19 file for burning into flash on 
a 68hc12. Line 20 causes make to 
invoke the objcopy tool , used to 
translate an ELF file into a Motorola 
S 19 file. This is a simple utility 
compared to the linker, and 
requires only a few options. I won't 
go into details here; consult the 
document files on objcopy for more 
information. 

NOTE: The GNU make syntax 
requires that each line inside a rule 
starts with a tab character; leading 
spaces will not work! For example, 
lines 14, 15, and 17 above all start 
with a hard tab. 

Also note that in the GNU 
world , directory names are separat­
ed with slash characters, not back­
slashes. This matters whenever you 
define a directory path. As you see, 
lines 2 through 6 all use slash char­
acters in the directory names, since 
these lines define paths to executa­
bles run by make. 

I'll mention one other interest­
ing tool not used in the above 
makefile. The objdump utility will 
generate a disassembly of an ELF 
object file, complete with assembly 
language source statements, 
labels, and memory assignments. 
This can be handy when debugging 
your working program. To get a dis­
assembly of the blinky.obj file, you 
would enter the following line at the 
command prompt: 

objdump -S -d blinky.obj 
>blinky.dis 

This will save the disassembly 
to a text file named blinky.dis. 

The linker script 

The GNU linker collects various 
object modules, including those 
created by compiling or assembling 
your source files, and packs these 
modules into a single large object 
file . During this process, the linker 
assigns addresses in RAM and 
ROM to the various sections of your 
program, based on instructions you 
provide in a linker script. You have 
to get the linker script correct to 
have a hope of creating a useable 
S 19 file for your program. 

My linker scripts all have the 
name of the project with a .ld exten­
sion ; the linker script for the blinky 
program is blinky.ld. The linker 
script is a text file , created with 
nearly any ASCII text editor. I've 
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included a copy of my blinky.ld file 
for discussion; refer to Listing 2. 

The following discussion is lim­
ited to options you see in this file, 
but the linker script is a powerful 
tool and capable of far more than 
you see here. As always, consult 
the documentation files included 
with the GNU installation for more 
details. 

The first block of lines in my 
linker script provides general infor­
mation , such as the name of the 
entry point to the blinky program 
(_start) , the type of target machine 
(68hc12) , and the main search 
library where the linker should look 
for object libraries. I've set 
SEARCH_DIR to point to the newlib 
directory installed earlier; the linker 
wi ll search here when it tries to find 
the libgcc.a archive called out in 
the makefile. 

The next block of lines forms a 
MEMORY command, used to define 
the various types of memory found 
on the target system. Here, you see 
statements that define types of 
memory called IOPORTS, RAM, 
EEPROM, ROM, and VECTORS. 
Each memory type includes 
options describing what kind of 
accesses are permitted, where the 
memory type starts, and its total 
length in bytes. 

For example, the RAM memo­
ry type is marked as writeable and 
executable, while the IOPORTS 
memory type is marked as not exe­
cutable. The linker will use these 
memory type descriptors to test 
where it tries to put portions of your 
executable. Thus, if you try to 
assign initial values to a variable 
assigned to the EEPROM memory 
type, the linker will throw an error, 
since that memory type is declared 
not to be initializable (!i descriptor). 

At the bottom of the MEMORY 
command, you see a line that 
defines the label _stack, marking 
the top of the program stack. PRO­
VIDE statements appear through­
out this script, and allow the linker 
to resolve addresses that appear in 
my source files , but are not defined 
in them. Here, the linker is told to 
create a label called stack with a 
value of $0c00. When the linker 
needs to resolve references to 
_stack, it uses the value defined in 
this PROVIDE statement. 

Following the PROVIDE state­
ment is a very large SECTIONS 
command. This command defines 
the placement for all of the sections 
of code and variables defined in my 
program. In nearly all cases, ele­
ments of your programs will be 
assigned to sections automatically 
during compilation, and you nor­
mally don't need to know what goes 
where. However, it is a good idea to 
understand how this works in gen­
eral , so I'll hit the high points here. 
For more details, look through the 
docs for the GCC compiler and for 
the linker. 

For example, variables that 
need initial values other than zero 
as your program starts up appear 
in the .data and .data 1 sections. 
Variables that need to be initialized 
to zero at startup appear in sec­
tions such as .sdata and .sbss. 
Read-only portions of your program 
- such as executable code or con­
stants - are assigned to sections 
such as .text or .rodata. 

The SECTIONS command 
shown here tells the linker what 
memory type to assign to each of 
the possible sections in the pro­
gram. As you can see, I've used 
ROM for the read-only sections and 
RAM for most of the data sections. 
Two sections, however, are worth 
noting. 

The SECTIONS command 
assigns one entire object module -
vectors.o - to the memory type 
VECTORS. This tells the linker that 
if it finds a module named vec­
tors.o, it must place it at the 
addresses reserved for VECTORS 
in the MEMORY command dis­
cussed above. If I make a mistake 
and make the vectors.o file too 
large to fit in this assigned space, 
the linker will generate an error. 

The .init section holds the initial 
values for those variables that must 
appear in RAM, but must be initial­
ized to a value other than zero at 
startup. Here you see that I have 
placed the .init section in ROM at 
the end of my read-only sections, 
but told the linker to translate all ref-

/* 
* vectors.c vector table for the 

68hcl2 
*I 

#include "isr.h" 

extern void ISR_Empty(void) ; 
extern void _start(void); 

I * 
* This is not a routine but a table that 

the linker can use to assign 
* vectors to the various interrupt ser­

vice routines (ISRs). This 
* table must ultimately appear in the 

68hc1 2's vector area starting 
* at Oxff80. 
*I 

void ( * const vector[])() = ( 

ISR_Empty, I I $ff80 
ISR_Empty, II $ff82 
ISR_Empty, II $ff84 
ISR_Empty, I I $ff86 
ISR_Empty, I I $ff88 
ISR_Empty, I I $ff8a 
ISR_Empty, I I $ff8c 
ISR_Empty, I I $ff8e 
ISR_Empty, I I $ff90 
ISR_Empty, II $ff92 
ISR_Empty, II $ff94 
ISR_Empty, I I $ff96 
ISR_Empty, I I $ff98 
ISR_Empty, I I $ff9a 
ISR_Empty, I I $ff9c 
ISR_Empty, I I $ff9e 
ISR_Empty, I I $ffa0 
ISR_Empty, II $ffa2 
ISR_Empty, I I $ffa4 
ISR_Empty, I I $ffa6 
ISR_Empty, I I $ffa8 
ISR_Empty, I I $ffaa 
ISR_Empty, I I $ffac 

1. .section . text 
2 .. glob! _start 
3. _start: 
4. Ids #_stack 
5. jsr main 
6. $1: 
7. bra $1 

8 .. section .bss 

9 . . globl _.frame 
10 .. comm _.frame,4,1 

11. .g lobl .d1 
12 . . comm _.d 1,2,1 

13 .. glob! .d2 
14 .. comm _.d2,2,1 

15 .. globl _.xy 
16 .. comm _.xy,4,1 

1 7 .. global .z 
18 .. comm _.z,2,1 

19 .. global _.tmp 
20 .. comm _.tmp,16,1 

Listing 4: My crtO.s file. 

erences to items in the .init section 
to an area starting at the last refer­
enced address in RAM. This use of 
the AT operator is a powerful ele­
ment of the linker script; for more 
details, look through the linker 
docs. 

The last major block of state­
ments sets up debugging informa­
tion, should you choose to use the 
GNU debugger on your target sys­
tem. These sections were defined in 
the original example script that I 

ISR_Empty, II $ffae 
ISR_Empty, II $ffb0 
ISR_Empty, I I $ffb2 
ISR_Empty, I I $ffb4 
ISR_Empty, I I $ffb6 
ISR_Empty, I I $ffb8 
ISR_Empty, I I $ffba 
ISR_Empty, I I $ffbc 
ISR_Empty, II $ffbe 
ISR_Empty, II $ffc0 
ISR_Empty, II $ffc2 
ISR_Empty, I I $ffc4 
ISR_Empty, I I $ffc6 
ISR_Empty, I I $ffc8 
ISR_Empty, I I $ffca 
ISR_Empty, II $ffcc 
ISR_Empty, II $ffce 
ISR_Empty, I I $ffd0 
ISR_Empty, I I $ffd2 
ISR_Empty, I I $ffd4 
ISR_Empty, I I $ffd6 
ISR_Empty, II $ffd8 
ISR_Empty, II $ffda 
ISR_Empty, II $ffdc 
ISR_Empty, I I $ffde 
ISR_Empty, I I $ffe0 
ISR_Empty, I I $ffe2 
ISR_Empty, I I $ffe4 
ISR_Empty, I I $ffe6 
ISR_Empty, I I $ffe8 
ISR_Empty, II $ffea 
ISR_Empty, I I $ffec 
ISR_Empty, II $ffee 
ISR_Empty, I I $fff0 
ISR_Empty, I I $fff2 
ISR_Empty, I I $fff4 
ISR_Empty, I I $fff6 
ISR_Empty, I I $fff8 
ISR_Empty, II $fffa 
ISR_Empty, I I $fffc 

}; start I I $fffe 

Listing S:The vectors.c source file. 
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/* 
* isr.c 
*I 

#include "isr.h" 

void _attribute_ ((interrupt)) 
ISR_Empty(void) 
{ 
} 

Listing 6:The isr.c file. 

edited, and I simply left them in 
place. 

The blinky program 

Now that you have the makefile 
and linker script behind you , we 
can take a look at the blinky.c 
source file. Refer to Listing 3. Again, 
the line numbers do not appear in 
the source file; they are for refer­
ence only. You will notice that this 
file contains a bit more than is real­
ly necessary to blink an LED. I 
included some extra elements so 
you can compare the source file to 
the generated map and disassem­
bly. This provides valuable insights 
into how the compiler and linker 
assign addresses to each of the pro­
gram elements. 

Lines 1 through 3 specify 
include fi les to process during com­
pi lation. In particular, the file 
ioregs 12.h is a file I created that 
defines the address of each 68hc 12 
1/0 register. This lets me refer to a 
port by its accepted Motorola 
name, rather than an address. 

Line 4 is the formal prototype 
of the main() function. This proto­
type indicates that main() returns a 
value, which is normal in the PC 
world, but largely useless in the 
embedded control world. Control 
should never leave main() in a 
robot program, as there is almost 
never anything outside of main() . 
I'll discuss this more in a bit. 

Lines 5 through 8 define vari­
ables that aren't actually used in 
the program, but I added these so 

PrototypingToolsjKits 
.,. Programmable logic prototyping kits 

(Xilinx and Altera) 
.,. RS-232 prototype boards 
.,. Power supply kits 
.,. MPU/ Internet gateway software 

you could look through the disas­
sembly and map files to see how 
the linker treats each of these dif­
ferent types of variables. 

Lines 9 through 11 actually 
refer to addresses known only to 
the linker. The linker script dis­
cussed above uses PROVIDE state­
ments to force the linker to assign 
addresses to these variables, based 
on where important sections of the 
program appear in memory. For 
example, the variable _start_of_ 
data will be assigned to the first 
byte of RAM that must be initialized 
when the program starts up. You'll 
see how these variables are used in 
a moment. 

Lines 12 and 13 define two 
variables used to control the length 
of the timing loop for blinking the 
LED. At startup, they are initialized 
to the values shown here. Lines 14 
through 16 are the start of the 
main() function , including the cre­
ation of a local variable n. 

Lines 17 through 19 show how 
to access 1/ 0 ports directly in C. 
Here, I am sending the byte $08 to 
the COPCTL register twice, followed 
by writing the value $80 to DDRP. 
The write to DDRP makes bit 7 of 
PORTP an output line, so I can con­
trol the LED tied to that port. Those 
of you familiar with SBasic will 
notice immediately that accessing 
1/0 ports in C takes much less 
source and is more readable. 

Line 20 invokes a C library rou­
tine called memcpy() to initialize 
the RAM variables in the .init sec­
tion described above. This function 
copies the bytes starting at address 
_start_of_init to the address 
_start_of_data, until it has copied 
the number of bytes calculated as 
its third argument. Recall that the 
linker placed the initial values of 
RAM variables in ROM starting at 
address _start_of_init, but placed 
the actual variables in RAM starting 
at address _start_of_data. This 
invocation of memcpy() moves the 

. t:' " ~ 

,J 

PAK Coprocessors 
.,. 32-bit floating point math (PAK-11) 
... 8 channels of PWM/ Pulse 1/0 (PAK·V, VII , VIII) 
.,. Read PS/ 2 keyboards or mice (PAK-VI) 
... Floating point A/ D (PAK-IX) 
.,. Data sheets and projects online 

~
AWC 
310 Ivy Glen 
League City, TX 77573 
(281) 334-4341 
(281) 754-4462 (fax) 

Check out our tools and PAK coprocessors for Basic 
Stamp, PIC, AVR, 805x, 68HC11, or any MPU. Our 
prototyping tools save your time and our PAKs add 
powerful features to your designs. Visit our Web site 
now for free tutorials, tools, and projects! 

www.al-williams.com/ awce 
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ROMmed initial values to the RAM 
variables. 

Note that this operation is nor­
mally handled by custom assembly 
language code that appears in a 
module named crtO.s (crt stands 
for C Run-Time) . Rather than drag 
you through the intricacies of such 
operations in 68hc 12 assembly lan­
guage, I thought I'd reduce the 
entire operation to a C function. 
However, the crtO.s file is the cus­
tomary method of doing this opera­
tion, and you should look through 
the examples to understand how 
crtO does this. 

Lines 22 through 28 define a 
large WHILE loop that repeatedly 
counts from the value in start to the 
value in end, then toggles bit 7 of 
PORTP. Again, SBasic users should 
note how simple and readable the C 
code is for accessing and changing 
a bit in PORTP. If you are new to C, 
line 27 reads PORTP, exdusive-ORs 
the value read with $80, then writes 
the result back to PORTP. Note that 
control cannot reach line 29, since 
there is no way to exit the WHILE 
loop. However, the function main() 
was defined as returning a value, so 
the return statement shown here 
keeps the compiler happy. 

The crtO.s file 

Next up is my crtO.s file. This 
file typically holds the start-up 
code, executed following reset of 
the target machine. Usually, it holds 
the address of the start of the pro­
gram and includes code that initial­
izes all RAM variables before invok­
ing the function main(). 

The file you see here is very 
nearly the smallest possible crtO.s 
file. As mentioned above, I have 
moved the code normally found in 
crtO.s that copies initial values from 
ROM to RAM at progam start-up 

/* 
* isr.h 
*I 

#ifndef ISR H 
#define ISR-=_H 

void _attribute_ ((interrupt)) 
ISR_Empty(void); 

#endif 

Listing 7:The isr.h file. 

into the blinky,c file. Refer to Listing 
4 for details. Again, the line num­
bers do not appear in the source 
file, but are included only for refer­
ence. Line 1 assigns the following 
code to the .text section, so the 
linker will know where to place it in 
memory. Line 2 defines a global 
variable named _start, which marks 
the starting point of the entire pro­
gram and is created in line 3. 

Lines 4 through 7 are the entire 
code for the crtO.s file. Line 4 ini­
tializes the 68hc 12 stack pointer to 
the address _stack, created by the 
linker through a PROVIDE state­
ment in the linker script. Line 5 
invokes the function main() to run 
the program. Lines 6 and 7 serve as 
a safety net; should control ever 
return from main(), the computer 
will lock up in an endless loop. 

The remainder of this file cre­
ates global RAM variables that 
might be needed, depending on the 
functions your program invokes 
and the option flags you pass to the 
GCC compiler. Refer to the GCC 
documentation for details on con­
trolling the frame pointer _.frame 
and other dedicated soft registers. 

The vectors.c file 

Next up is the vectors.c file , 
which controls the contents of the 
68hc 12 vector area. Refer to Listing 

Do you remember the nights you 
laid awake asking yourself 

"What e ver happened to the CueCats?" 
It' s Simple 

We 
Got' EM!! 

CueWho?? Cue C at a Simple 
Low Cost Barcode Scanner 

Keyboard or U SB Interface 

Electro Mavin 42 years of Bargains, 
Quality, and Customer Satisfaction 
800-421-24 4 2 or FAX 310-632-9867 

E-Mail john@mavin.com 

h ttp:/ / 1N1N1N.mavin.com 
We Buy New Un used Technical Product , 
Military and RF Connectors Our Specialty 
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5, which shows my vectors.c file. 

Those familiar with 68hc 12 
MCUs already know that this 
reserved area of memory holds 
interrupt vectors for various subsys­
tems. The most important of these 
vectors is the reset vector, which 
normally appears at addresses 
$fffe and $ffff. Following reset, the 
MCU fetches the 16-bit value in this 
address and uses it as the start of 
the program to run. 

The comments in this file refer 
to the vector table in its normal 
location starting at $ff80. Since the 
Adapt912 board I'm using covers 
the normal vector area with its own 
vectors , I have to move my vectors 
to a reserved area starting at $f780. 
Regardless of where your target 
board needs the vectors , the 
assignment of these addresses 
occurs in the linker script described 
above. The SECTIONS command 
refers to the VECTORS area of 
memory, and assigns the object file 
vectors.o to this area. Thus, when 
the file created by compiling vec­
tors.c is linked, the linker will place 
the vector table in the address 
range assigned for it. 

Note that the last label in the 
vector table is _start. This puts the 
address of the beginning of the pro­
gram, defined in crtO.s above, into 
the location reserved for the 
68hc 12 reset vector. Forcing _start 
to appear here ensures that the 
linker will build a final executable 
with the reset vector properly ini­
tialized. 

Most of the vectors in this table 
refer to a function called 
ISR_Empty() . This is a dummy 
function that consists of a RTI 
(return from interrupt) instruction. 
Any function you include in the vec­
tors table must be defined as an 
interrupt handler. You can see how 
I did this by examining the files isr.c 

eeder 
Technologies 

(Listing 6) and isr.h (Listing 7) . 
The file isr.c shows you how to 

declare an interrupt handle r in GNU 
C, a technique you will need to use 
extensively in robotics code. The 
function ISR_Empty() is just a stub 
routine, an empty function that 
ends with an RTI instruction. When 
you need to write more sophisticat­
ed interrupt handlers , declare your 
function as I have declared 
ISR_Empty() . Then, edit the table 
in vectors.c to insert the name of 
your interrupt handler into the 
appropriate vector location. The 
linker will create the vector table 
with the address of your function 
properly placed. 

Build and load 

To build the blinky program, 
you must invoke the make utility 
from a DOS command prompt, 
batch file , or Windows shortcut 
icon. Change your working directo­
ry to be your C source directory -
such as c:\projects\ gcc_play - and 
enter the following command line: 

make -f blinky.mak 

After you have successfully 
compiled blinky.c and the support 
files , you will be left with a file 
named blinky.s 19. This file con­
tains the Motorola S 19 records that 
make up your program's exe­
cutable. How you get this S 19 file 
into your target 68hc 12 machine 
will vary. Some boards include a 
background debug mode (BDM) 
connector and associated software, 
while others - like the Adapt912 
board I used - rely on a PC serial 
port and a comm program like 
Hyperterminal. 

When you have successfully 
copied your executable into flash, 
you should be able to reset the 

~eedtec4 4-. DATA .G t SHEETS % 
RS-232 
Stackable 

1710-B Brighton Cove, Ft Walton Beach, FL 32547 850-863-5723 

Digital 1/0 Module - 14 1/0 channels individually configured for input or output. Turn 
on/off relays. Sense switch transitions, button presses and 4x4 matrix decoding using 
auto-debounce and typematic repeat with adjustable delay. One-shot pulse output. $59 
Analog Input Module - 8 single-ended or 4 differential inputs. Self-calibrated , 12-bit 
ADC, reads voltages from 0 to 4095 mV. High & Low alarm trip-points for each input. $69 
Analog Output Module - 4 outputs that span -10 to + 10 volts using 12-bit DAC. Built-in 
ramp generator, software calibrated, user selectable POR defaults for each channel. $89 

Stepper Motor Driver - Directly drives a unipolar stepper motor rated up to 
30VDC @ 2A. Self-generated S-curve accel/decel profiles provide 

smooth start and stop motion. Software programmable ramp-rate, 
velocity and idle current. Single-phase, dual phase, & half-step 

drive modes. 24-bit absolute motor position counter. $69 
Pulse Counter/Timer - Read frequency from 

0.50000 Hz to 1 ,500,000 Hz using floating 
decimal point and 5-digit resolution 

throughout range. Measure period, 
RPM, duty cycle, pulse length, the 
velocity of a projectile using a pair of 
trip wires. 24-bit pulse count 

accumulator for event counting. $79 
Solid State Relay Module - 5 opto 

isolated relays can be wired directly to 
Stack 32 modules on existing low-current buttons and switches 

to provide software control of their 
the same RS-232 cable. operation. Built-in event sequencer. $69 

board and watch the LED blink. 
With a stock 16-MHz crystal , you 
should see the LED blink on and off 
several times per second. The GCC 
compiler can generate fairly tight 
code, and it will only take a split 
second for the 68hc12 to run 
through the 65,000+ iterations in 
the blinking delay loop in main() . 

That"s a wrap 

I know this can all look a bit 
intimidating , especially if you are 
used to the simplicity of SBasic. 
But remember that many of these 
files won't change for other pro­
jects, and I've worked to make the 
ones that do need to change 
such as blinky.mak - as easy to 
edit as possible. 

Note also that what you see 
here is not the way to build C pro­
grams with the GNU tools, it is a 
way. Others who use the GNU tools 
will use different techniques, and 
will have good reasons for doing so. 
You can learn by looking at other 

people's projects, and at the exam­
ple files included in the GCC toolset 
you downloaded. Plus, the web 
offers a treasure trove of examples 
and documentation for your GCC 
projects. 

The porting of the GNU C com­
piler to the 68hc 11 and 68hc 12 was 
done in large part by Stephane 
Carrez of France. His work and the 
efforts of the Free Software 
Foundation, which distributes the 
compiler and utilities, have given 
the 68hc 12 community access to a 
powerful toolset for program devel­
opment. 

Look on this move to C as the 
start of the next phase in your 
robotics hobby. Whether you use 
the 68hc 11 , 68hc 12, or an unrelat­
ed device, C gives you an excellent 
tool for creating robot code. If you 
don't yet know how to write C pro­
grams, take the time to teach your­
self, using one of the popular books 
available. Using C may be the most 
important move you make in your 
efforts to build a better 'bot. NV 

68HC11 & 68HC12 
Microcontroller Modules! 

Unique design-- just plug them right into your sofderfess breadboard! 

MicPuSt~mo 11™ A£lB~•~l2™ Family 
• tiny l-inch x 1.4- inch 6[HC11 module from $49 • based on 68HC812A+1· :¢ 

Micpu(Jupe-11™ 
• compact 2-inch x 2- inch 68HC11 module from $68 

All~~t-11™ F~mily 
• 68HC1 1 modules with lots of 1/0 lines from $63 
Aop!lcatioo Cards Available: 

·• from $79 ., ~. 

A~a~IY12™ Family 
• choice of B32, D60, ,,DG128 

, efrom $99 

MicP()El£1MY12™ 
• lowest-cost BDM pod! · 
• only $79! 

• stepper motor driver 
• voice record/playback Toll-free: l-877-963-8996 
• LCD/keypad/PC keyboard 
• data acquisition • DAC 
• CAN • ethemet • more! 

Visa•MasterCard 
Discover•Amex 

(C2 Robotics) 
A design and fabrication 

studio specializing in FEA, 
motion analysis, custom robotic 
platforms and rapid mechanical 
prototyping. 

If you need a job done 
quickly at an affordable price, 
please contact: 
info@coolrobots.com 

·" 

Circle #95 on th e Read e r Se rvice Card . N uts & Volts Magazine/ OcToBER 2002 55 



Elenco Model M-1 740 Elenco Model LCR-1810 Model LCM-1950 

$19.95 $89.95 
11 Functions: 

• Cap. 0.1 pF to 20,..F 
• Inductance liJH to 

• Freq. to 20MHz 2QH 
• Cap. to 20J.1F • Resistance 0.010 

to2,000MO 
• ACIDC Voltage • Temperature -200C 
• AC/OC Current to 7SOOC 

• Beeper • DC Volts 0 - 20V 
• Freq. up to 15MHz 

• Diode Test • Oiode/Aud•ble 
• Trans1stor Test Continuity Test 

• Meets UL-1244 • Signal Output 

safety specs. Function 
• 3 l/2 Dig1t Display 

Test Equipment 

• Large 1· 3 314 Dig1t 
LCD 

• Autoranging Freq. 
to 4MHz 

• Cap. to 40Cl!JF 
• Inductance to 40H 
• Res. to 4,000Mn 

• Logic Test 
• Diode & Transistor 

Test 
• Audtble Continuity 

Test 

• Measures capacltOfS 
frornO.tpFio 
20,~F 

• 3 112 Dig1t LCD readout 
With unn mdlcator 

• Zero control for test 
lead compensation 

• Banana jaCk and 
special lnsertiOfl jack 
included 

E lenco Fo ur Funct ions in One Instrument 

Model M X-93008 
Elenco Handheld 
Universal Counter 

1 MHz - 2.8GHz 
Model F-2800 

Features : 
• One instrument with four test 

and measuring systems: 
- 1.3GHz Frequency 

Counter 

- 2MHz Sweep Function 
Generator 

- Digital Multimeter 

- Digital Triple Power 
Supply 

This tester is a convenient instrument for testing 
different RJ-11 and AJ-45 connectors and coax 
cables. Cables can be tested before and after they 
are installed. 
• Mapping Function 
• Tests cables before or aher their installation. 
• Cable tdentJfication (straight or reverse) 
• Pair Identification (straight or reverse) 
• Open or Short Testing 
• Low Battery Indicator 
• Auto Power-Off Function (30 s.) 

Soft Vinyl Zfppered Case (Model C-90) included! 
TCT-255K - Mult1-Networll: Cable Tester Krt - $39.95 

20MHz Sweep I Function Generator 

with Frequency Counter Model 4040A 

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

to 30M Hz 
• Linear and Log Sweep 

1OM Hz Model 4017 A 

SMHz Model 401 1 A 

2M Hz Model 401 OA 

$325 

$ 259 

$225 

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

4 Fully Regulated Power Supplies in 1 Unit 

4 DC Voltages: 3 fixed; +5V @ 3A, + 12V @ 1 A, 
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/ Belt Clip ............. $14.95 • 0.0250 Output Impedance 

E lenco RF Generator 

wit h Counter (100kHz- tSOMHz) 

Model SG-9500 

Features internal AM mod. of 1kHz, RF 
output 1 OOMV -35M Hz. Audio output 1kHz @ 
1V RMS. 
SG-9000 (analog, w/o counter) $135 

Elenco 3MHz Sweep Function 

Generator w/ built-in 60 M Hz 

Frequency Counter 

Model GF-80 46 

Generates square, triangle, and sine waveforms, 

and TTL, CMOS pulse. $ 1 9 9 • 95 

GF-8025- Without Counter $139.95 

Deluxe Soldering Stations 

Elenco SL-5 Series 
controlled , ideal for professionals, students, and 
lable in kit form or assembled. 

As L o w As 

• Cushion Grip Handle 
Soldering Iron (optional) wi th 
Grounded Tip for Soldering 
Static-Sensitive Devices. 
Easily Replaceable. Uses 
Long-Life, Plated Conical Tip. 

• Heavy Steel, Non-Slip Base. 

-- • Iron Holder Funnel -
Reversible, left or right side. 

• Steel Tray for Sponge Pad. 

• Sponge Pad. 

Ordering Information: 

Model SL-5 - No iron . 

(Kit SL-5K) 

Model SL-5-40 - Includes 40W UL iron. 

(Kit SL-5 K-40) $27.95 

® 

Welle Low Cost Soldering Iron 
Model WLC1 00 

• Variable power control 

produces 5-40 watts. 

• Ideal for hobbyists, DIVers 

and students. 

• Complete with 40W iron. 

Elenco Oscilloscopes 
Free Dust Cover and x1, x2 Probes 

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

S-1340 40MHz Dual Trace $475 

S-1345 40MHz Delayed Sweep $569 
S-1360 60MHz Delayed Sweep $725 
S·t390 100MHz Delayed Sweep $895 

DIGITAL SCOPE SUPER SPECIALS 
DS-203 20MHz/10Msls Analog/Digital $695 

DS-303 40MHz/20Msls Analog/Digital $850 

DS-603 60MHz/20Ms/s Analog/Digital $950 

..__ ___ E_Ie_n_c_o_S_n_a-=-p_C_i_rc_u_i_ts_T_M __ ___.I IEienco Educational Kitsl I..___E_Ie_c_tr_o_n_ic_ S_c_ie_n_c_e_L_a_b_----.J 

SC-1 00 - 1 00 experiments 

549.95 
529.95 

Elenco's new Snap Circuits"' make learning electronics a "snap". Just follow the colorful pictures in oul 
manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and 
much more. You can even play electronic games with your friends. All parts are mounted on plastic 
modules and snap together with ease. Enjoy hours of educational fun while learning about electronics. 
You can even create your own experiments! No tools required. 
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Model MX-901 SW 

Short Wave Radio Kit 

Model AK-700 

Model M-1006K 

Model AM-780K 

Two IC Radio Kit 

Model RCC-7K 
Radio Control Car Kit 

Model K4001 

Circle #35 on the Reader Service Card. 

Maxitron ix 500-in-1 E lectronic Project Lab Model MX-909 

Everything you need to build 500 exciting electronic projects: 
• Learn the basics of electronics. 500 

different electronic experiments, special 
lighting effects, radio transmitte r and 
receivers, sound effects, cool games and 
MORE' 

• Includes built-in breadboard and an LCD. 

• Explore amplifiers, analog and digital 
circu its plus how to read schematic 
diagrams. 

• Includes 11 parts. 

• Lab-style manual included. 

• Requires 6 "AA" batteries. 

MX-908 - 300-in-1 Lab 

MX-907 - 200-in-1 Lab 

MX-906 - 130-in-1 Lab 

$59.95 

$44.95 

$29.95 

$18.95 
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SATELLITE TV. Complete selection of C 
& Ku band equipment, WWW.DAVES 
WEBSHOP.COM 

l.4GH:z: 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 avai lable. See ad in this section for power 
amplifier. $79/each for transmitter. 
$79/each for receiver. EzATV. Visit 
our web-site for dealers or order on-line at 
www.4atv.com 

l.lGH:z: ATV - 8 channel TRANS­
MITTERS and RECEIVERS. 75mW 
output power, I video channel, 2 audio. SMA 
connectors. NTSC/PAL compatible. Includes 
1/4 wave rubber duck antenna. Standard fre­
quencies are: 1250, 1255, 1260, 1265, 1270, 
1275, 1280, 1290 MHz. Custom frequencies 
are avai lab le. $79/each for transmit­
ter. $79/each for receiver. EzATY. 
Visit our web-site for dealers or order on­
line at www.4atv.com 

l.4GH:z: POWER amplifier with power 
supply. I 0-40 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. EzATV. Visit our web-site for deal­
ers 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 2.4GHzATV 8 channel trans­
mitter or receiver. $1 79/ea. SPECIAL 
PRICE. EzATV. Visit our web-site for dealers 
or order on-line at www.4atv.com 

WANTED: ROCKWELL-Collins HF-80 
equipment, 851 S- 1, 237B-3 log periodic , 
Collins literature. Jim Stitzinger 661 -259-
20 II , 661 -259-3830 (fax) , jstitz@pacbell.net 

ICOM F-1 I 16ch VHF SW business 
band handhelds with rapid desktop chargers, 
2-tone decode, scan, PUDPL only $269.99. 
Call 1-800-977-0448 or order online 
http://www.nsiradlo.com/ 

VACUUM TUBE!i 
WAI\ITED 

WANTED TO buy: COMPLETE *vacuum 
tube collections,ANY quantity. Will buy new, 
new w/o boxes, and used. We buy all types 
and will not cherry pick your collection. Will 
travel to inspect and pick up large hoards. 
Paul, Sound Ideas, 3215 NW 13th Street, 
Gainesville , FL 3260 I. (pwb@soundid 
easstereo.com, please list "tubes" in the note 
line of your email), 352-371 -1791 FAX #I , 
352-336-6821 FAX #2, 352-378-0192 (I 0 
am-7 pm EST M-F, I 0 am-5 pm Sat). 

I 

BA TTERIE!i/ 
CHARliER§ 

SONEIL CHARGERS. Newest technolo­
gy, constant current, switching chargers. 
Individual chargers at wholesale prices from 
authorized distributor. Guaranteed lowest 
prices. 570-735-5053 or http://www.Diver 
seE I ectro n i cSe rvi ce s . com/ son e i I_ c ha rg 
ers.htm for prices and info. 

POWERING YOUR PORTABLE 
WORLD. All batteries for all types of 
equipment. Tel : 603 -548-0 125. Web: 
www.criticalbattery.com 

BATTERIES - HAWKER. Used sealed 
lead acid 15/30/40/ 1 00 amp hour 12V. 
$1 per amp hour plus shipping. 
Excellent condition, guaranteed. 
nick@nreuss.grapevine.net 913-849-3534. 

CB­
!iCAI\II\I ER!i 

CB MODIFICATIONS! Freq­
uencies, books, kits, high-perfor­
mance accessories, plans, repairs, 
amplifiers, I 0-meter conver­
sions. The best since I 976! 
Catalog $3 . CBCI, Box 306SSNV, 
Tucson, AZ 8S7S I. 
www.cbcintl.com 

COMPUTER 
HARDWARE 

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 

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 

BEST PRICES, GigaHz Systems $349. 
Pentium II Systems $199. Motherboards with 
CPU 1, 100 MHz $125. Custom configured 
systems, modems $15, multimed ia kits , 
scanners, monitors, cases, $20, hard drives 
sizes to 180 Gigabytes. 540 Megabyte $15. 
VISA/MasterCard. 714-778-0450. Email 
cci@surfside.net 

PLAYSTATIO N l mod-chip 
allows you to play backup 
COPY of CD's or DVD's and PSX 
CO's! Plugs into PlayStation! Make copies 
on your PC! Resellers welcome. Credit 
card, money orders, www.saveware.com, 
TOLL FREE 1-877-882-0431 . 

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 

COMPUTER SYSTEMS wholesale 
to the public ! K6l-SOOMH:z: 
$189! 9SOMH:z: AMD Duran 
$3 39, 40 Gigabyte 7200 RPM hard drive, 
52X CD-ROM drive , 1.44 floppy drive , 
128MB memory, 64MB video, 4 USB, 
network card, 56K modem/voice/fax, 
sou nd, speakers, keyboard, mouse , pro­
grams, I year warranty! 1200MHz system 
w / DVD $399! 1700MHz Athlon XP 
w/DVD & 256MB memory $499! Cred it 
card, money orders, www.saveware.com, 
TOLL FREE 1-877-882-0431. 

llOOMH:z: AMD Duran CPU 
and motherboard combo deal 
$149. Perfect upgrade also incl udes fan, 
64MB video, 4 USB, network card, 56K 
modem/voice/fax, sound, drivers , pro­
grams , I year warranty! Credit card , 
money orders, www.saveware.com, TOLL 
FREE 1-877-882-0431. 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com o r 1-800-366-
0579. 

COMPUTER 
!iOFTWARE 

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
pute r. Great for monitoring the children or 
the wife. www.spousewatcher.com 

FREE!! ! CD-ROM and software disk cat­
alog. MOM 'N' POP'S SOFTWARE, PO 
Box 15003-N, Springhill, FL 34609-0 I I I. 
www.momnpopsware.com 

~ ~~I 

• JG~~ ! a ! oo J ~o~~ l 

~--· ,_....,._ 

WWW.SCHEMATICA.COM FOR pro­
fessional freeware and shareware.Active and 
passive filter design, 555 des igner, linear sim­
ulators. 

WANTED MICROSOFT: Windows, 
Office, Server software. Complete sealed 
packages, o r manuals, o r COs only. 914-738-
6830. 

COMPUTER 
EQUIPMEI\IT 

WAI\ITED 
WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
3311 /540-745-2322). 

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 

BUYING SCRAP PC motherboards and 
plug in cards; paying $0.50 per pound. 386 & 
486 CPUs (chips only) $12 per pound. 
Pentium CPUs, $4.50 per pound. Cables, 
$0. 15 per pound. New Je rsey Tpk, exit # 9, 
(New Brunswick). Other stuff, call Lee @ 
732-651-9700. We pay cash o r PayPal. 

TE!iT 
EQUIPMEI\IT 

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 

A-COMM ELECTRONICS: we buy and 
sell test equipment. http://www.a-comm.com 
I 1891 E. 33rd Avenue, Aurora, CO 800 I 0. 
Te l: 303-341 -2283, fax 303-341 -2293 . 
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POCKET TESTBENCH, inexpensive 
RS-232 virtual instrument, with oscilloscope, 
logic analyzer, counter, and generator modes. 
New WST-1 00. www.oricomtech.com 

CHECK OUR growing line of audio test 
instruments: data sheets, user guides, soft­
ware. 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.big-list.com 

MODEL 321 quickly and accurately mea­
sures virtually any type of cable, pinpoints 
breaks. No need to know manufacturer's 
specifications, or NVP. For further informa­
tion write or fax: CABLE DYNAMICS, 
PO BOX 34594, Phoenix, AZ 85067, tel/fax 
623-931-6262. 

USED TEST equipment sale specials. 
Equipment on sale. Check our web page to 
see what equipment we are offering at our 
lowest prices! www.cali bration .com 
Instrument Repair & Rental Labs, Inc., 1-888-
573-5468. Colorado 303-469-5335. Mail to 
sales@testequip.com 

FEITEK PROVIDES repair, calibration 
and traceable certifications of test equip­
ment. Free estimates. We buy, sell and trade 
all makes of test equipment. Visa and 
MasterCard accepted. Check out our inven­
tory and specials at WWW.FEITEK.COM 
2752 Walton Road, St. Louis , MO 631 14, 314-
423-1770. 

HP 8920A/B service monitors from 
$2,900; spectrum analyzers; signal genera­
tors; cellular test sets for CDMA, TDMA & 
GSM , and more. Ph 716-763 -9 1 04; 
www.amtronix.com 

!iEI:URITY 

ALARMLAND.COM SECURITY 
devices for professionals. Motion detectors, 
panels, contacts, CCTV, and more. Fax your 
order to 732-840-1390. 

SURVEILLANCE-COUNTERSUR­
VEILLANCE: I buy and sell used equip­
ment. Steve 410-879-4035. 

KEYSTROKE LOGGER: This tiny piece 
of hardware installs between your keyboard 
wire and computer in seconds. Then it logs 
all keystrokes, which you can view at your 
convenience. www.spousewatcher.com 

LOW-COST video cameras for home, 
hobby, robotics, nanny monitoring. 
www.helltek.com 

HI-TECH SECURITY: Electronics, com­
puters, internet, financial, energy, phone, 
communications, surveillance, privacy, poly­
graphs, physical survival , electronic harass­
ment, stealth technology, vehicles, occupa­
tion, many more! CONSUMERTRON­
ICS. www.tsc-global.com Catalog $3: 
PO 23097, Albuquerque, NM 87192. 

SECURITY DISTRIBUTORS needed 
for our complete line of products. See our 
product features in the center color spread 
on page 43. www.matco.com and 
call 1-800-719-9605. 

HI-TECH SPECIAL PROJECTS 
SECURITY HARDWARE, CON­
SULTING: Numerous building, vehicle, per­
sonal, communications security devices, sys-
tems, technologies, countermeasures. 
LONE STAR CONSULTING, 
INC. Catalog online: 
www.lonestartek.net, 915-474-0334. 

HIGH RESOLUTION 64X Color 
Zoom Camera. 470 TVL, onscreen pro­
gramming, RS232C/RS485 remote operation 
and programming, video motion detection, 
64x zoom, tracking autofocus , BNC, and 
SVIDEO outputs, 12VDC. Limited quantity. 
$149/each. Warranty sales@invidea.com, 
www.invidea.com. Cortera LC , voice/fax 
602-325-9215. 

2.4GH:z WIRELESS transmitter 
{receiver kit. ASK-2008-TR, 8 fre­
quencies uP controlled 2.300 to 2.481 MHz, 
video NTSC/PAL with 2 channels of audio 
for development testing. 12 VDC/ I 00 mA for 
both transmitter and receiver. Includes 2 
rubber duck antennas. $125. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

9 VOLT IR sensitive B/W high res 
430 TVL camera with optional black 
low-profile swivel adjustable enclosure. Pin 
hole or Std. lens type. 6, 8, and 12mm lens 
are available. I /3" CCD, 3.6mm/F2.0 lens 
included; works from 7.5-1 3 VDC, highest 
voltage range in market. 0.08 lux, 1.27" x 
1.27" x 0.5"0 pinhole or I" deep standard. 
$49 each. Enclosure: $8; optional lens: 
$18. Dealers welcome. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

AS-I 004 WIRELESS 2.4GH:z, FCC 
approved. 2.4GHz transmitter & receiver 
with audio! Capable handling total of 4 wire­
less cameras, range: >300'. Built- in camera, 
400 TV line. Reduced price! 
$1 79/system. Additional cameras , 
$1 I O{ea. Mateo, Inc. , Schaumburg, IL, 1-
800-719-9605 , sales@matco.com or 
visit/order on-line at www.matco.com 

LAW ENFORCEMENT, 2.4 GH:z 
wireless cell camera system with 
receiver; $429 with low-lux 5 volt 
Panasonic camera and detachable antenna. 
Omni-directional pattern; 4 hour run time; 
over-night charger included . Var ious RF 
power options available. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order 
on-line at www.matco.com 
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40 DAYS and 40 NIGHTS 
RECORDER. Time lapse, with remote , can 
be activated by either contact closure or 
continuous duty operation with standard T-
120 tape. ES-8960 at $339. 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. 8/W 
$1 I 9/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 

SEE THE NEW MATCO PRODUCT 
FEATURES AND PRICES in the color 
center spread on page 43 . 

5" AND 5.5" LCD high definition 
color monitors wtstereo. 960 x 240 
pixels w/brightness and tint controls. 
Attractive enclosure with built-in speaker. 
Great for security or general purpose use. 
Both models have a small compact foot­
print, with an ultra-bright display, RCA inputs 
NTSC or PAL. Special price with regulated 
power $249/each. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sa les@matco.com or visit/order on-line at 
www.matco.com 

16 CHANNEL MULTIPLEXER 
MUX-1600. Display 4, 8, and 16 video 
outputs directly on a TV or security monitor. 
This is the only device which allows full 
screen display of video on VCR playback (see 
40 days and 40 nights recorder). Plenty of 
options including tilting, zoom, individual gain 
adjustments, etc. Reduced price! $799/ 
each. Special 4 channel version, 
MUX-400, $429/each. Mateo, Inc. , 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

14" B/W high resolution SECURI­
TY MONITOR. A standard 12" monitor 
is just too small for most applications. 
Attractive dark gray enclosure with audio 
and built-in speaker. 75 ohm termination 
switch for balancing with all types of CCD 
board cameras and other video inputs. 
$1 3 9/each. 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. Price slashed to $149/each. 
Mateo, Inc., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

QUAD PROCESSOR works with 
VGA monitor, QVS-104-CV. NTSC 
inputs, composite outputs as well as output 
for direct connection to VGA monitor. Saves 
cost of expensive high-grade security moni­
tor, $269. Mateo, Inc ., Schaumburg, IL, 1-
800-719-9605 , sales@matco.com or 
visit/order on-line at www.matco.com 

4 PORT video capture card with 
remote internet access, DVRC-4; 
$339. Remotely view any 4 NTSC video 
cameras over your internet connection. 
Sophisticated motion sensing option allows 
camera to be activated by motion or time. 
500 MHz or higher; 98/2000/XP, NT com­
patible. Installation time under I 0 minutes. 
16 channel unit is also available, bundled with 
PC. Mateo, Inc., Schaumburg, IL, 1-
800-71 9-960 5. sales@matco.com 
or visit/order on-line at 
www.matco.com 

CAMERA DISTRIBUTION Box, 
XF-250-DC/XF-250-AC. Connect 
your cameras directly to power source with 
screw terminals or plug in using a 2.1 mm 
connector. Special price: $59 (DC 
version) and $49 (AC version). Can 
use pre-molded 50 foot video{power 
cable A-402-CA $15 . Mateo, Inc., 
Schaumburg, IL 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www. matco.com 

INFRARED CAMERA for under­
water or all-weather use, AX-808 
(B/W) or AX-808-C (color) . Designed for 
lake water to depths of 85 feet. Enclosed 
LEDs illuminates up to a distance of 20 feet. 
12 volt operation. Color $149, B/W 
$99. Mateo, Inc., Schaumburg,IL, 1-800-719-
9605, sales@matco.com or visit/order on­
line at www.matco.com 



A Handheld Counter-Survelllance·Meter 

HIGHlY SENSITIVE 
D etects 2 .4 GHz bugs at 40+ feet. 

... Quick, effective sweeps of offtces, homes, restrooms. 

.,. Logarithmic mode- to home-in on the transmitter. 

.,. Switched Silent Vibrator - disCfeet surveillance detection. 

.,. Fixed Internal Antennas • No adjustments required. 

IDEAL FOR WIRELESS INSTALLATIONS 
.,. Choosii'IQ Optimal Installation Sites -Video and Audio. 

$89.00 .,. Plotting radiation patterns- (in LOG mode). 
(+$7.00 S&H) .,. Detectii'IQ HOT & COLD RF spots. 

CA residents add .,. Tuning-up miCfowatt to milliwatt transmitters & antennas. 
8.25% sales tax .,. Computer wireless and network installations (602.11b) 

Featu res: 
.,. Measures baseline RF levels before installation. 

10 MHz to 4 5 GHz Range, uses newest RECEIVER-METER technology; 
senslt1vity controllel"; analog meter and LED displays: viewable from 
a d1stance and at mghtllmo; small: l'larn::lheld; 5oz. w.th 2AA battorlos. 

COLOR & B/W board cameras 
w/cases, BX-120-LC (350 lines color) $89; 
BX-125-LC (380 lines color) $99, sub-minia­
ture BX-123-AU (420 lines B/W with audio) 
$69. Mateo, Inc. , Schaumburg, IL, 1-800-719-
9605, sales@matco.com or visit/order on­
line at www.matco.com 

WIRELESS COLOR rechargeable 
2 .4GH:z system,ASK-7003-TR. ISO foot 
range. Includes camera/transmitter, receiver 
and built-in battery pack with charging sys­
tems. Range ISO feet. High volume sell­
er! $1 59. Mateo, Inc. , Schaumburg, IL, 1-
800-719-9605, sales@matco.com or 
visit/order on- line at www.matco.com 

KX-880 AND KX-880-C. WITH SPE­
CIAL sun shield and weatherproof/water­
proof design with swivel bracket. Standard 
3.6 mm lens. Will work with Mateo Scanning 
Motor. 420 TVL B/W, $89/each. Color 
350 TVL, $129/each. Mateo, Inc., 
Schaumburg, IL P: 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

12 VOLT mobile 960 hour time 
lapse with audio, MS-6960 12 vdc/ I 000 
mA operation with remote control and cig­
arette adapter connector. $349. Shock­
mounted optional case available for portable 
operation. Mateo, Inc., Schaumburg, 
IL, 1-800-719-9605, sales@mat 
co.com or visit/order on-line at 
www.matco.com 

!iATELLITE 
EOUIPMEI\IT 

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 

SATELLITE TV. Complete selection of C 
& Ku band equipment, WWW.DAVES 
WEBSHOP.COM 

WHOLESALE PRICING. Call , fax , or 
email for free catalog of over I ,600 items 
from satellites, cable, security, telephone wire 
and connectors. Quality pricing, fast shipping 
& great discount pricing. Your accessory con­
nection. Call SkyMarketing @ 1-866-637-
4965 or 219-489-7525. Fax: 219-489-2285. 
Email: skymark@fwi.com or visit us on the 
website at www.skymarktech.com 

FREE SATELLITE TV Buyer's Guide. Low 
prices on big dish systems, upgrades and 
parts. Upgrade to digital with new 4DTV 
receiver or sidecar. Best prices on little dish 
systems, too. Backed by Skyvision's technical 
expertise, YOU CAN do it yourse lf! 
www.skyvision.com Call 1-800-334-
6455. 

SATELLITE UNUSUAL, free to air 
explained, preprogrammed receivers, parts, 
low prices, full line satellite. 
http:/ /www.mpeg2fta.com 

LEARN HOW TO PROGRAM 
SATELLITE TV ACCESS CARDS. 
Send $24.95 for information packet to: KDV, 
PO Box 253, Buffalo, MN 55313. 

MILITARY 
!iURPLU!i 

ELEI:TRDl\111:§ 
GRAPHITE-HIGH density, slabs, blocks, 
plates, pieces. Used for fuel cells, motor 
bushings, melting metals, crucibles, rocketry, 
science projects, e lectronics. Big IS pound 
box assorted, only $99 shipped. Jim Sciuto, 
Box 128, Methuen, MA 0 1844 or 603-645-
4772 or see photo at USMintquarters.com 

I 

AUDIO - VIDEO 
- LA!iER!i 

PRO AUDIO & video gear, all types of 
tubes, components, and unusual collectibles 
atWWW.bibbtek.com Call Tom@ 856-222-
0636, fax to 856-222-0638 for printed list. 
Credit cards welcome. 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

SYNC-A-LINK UNIVERSAL video 
sync generators. Phone 918-479-645 1, 
Email: rlc@sstelco.com Sync-A-Link, PO 
Box 4, Locust Grove, OK 74352. 

STEREOSCOPER VR 3D generator . 
918-479-645 1, email: rlc@sstelco.com. 
Sync-A-Link, PO Box 4, Locust Grove, 
OK 74352 USA. 

CABLE TV 

CABLE TV CONVERTERS. Your com­
plete WHOLESALE outlet for bulk 
orders. Original equipment SA, JERROLD, 
Gl, PIONEER. Lowest prices GUARAN­
TEED!! No descramblers. Call now toll free: 
1-866-SET-TOP I . 

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 

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 . 

CATV. CABLE converters 125 channel 
$45. SA 8600, SA 8580 converters $19.99. 
Jerro ld DPV 7212 $19.99. CFT 2014$19.99. 
Pioneer 6310 $22.99. Dealers call for more 
info. 214-552-0078. 

SAVE MONEY, wholesale pricing, cables, 
connectors , accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

ABC WHOLESALERS, Inc. Importer & 
distributors of the Multitech 4500 & 5000 
series 125 channel new basic converter. Our 
monthly unmodified specials in lots of I 0 
with new remote are Scientific Atlanta 8600 
$25 ea., SA 8580 $19.95 ea., jerrold BB 7312 
$25 ea.,Jerro ld DPV 7212$19.95 ea., Jerrold 
CFT 20 14 & 2254, Pioneer 6310 $25 ea. 
Large quantities please call for wholesale 
dealers price. We have all models replace­
ment remotes. Se habla espanol. 1-800-5 I 0-
1924. 

WHOLESALE CABLE TV CON­
VERTERS. New & refurbished, SA 
8600 from $25, SA 8580 $20, facto­
ry refurbished CFT2200 $40, 
Jerrold CFT20 14, DPV, DPBB 
boxes $27. We sell RAW-UNMODIFIED 
converters, remotes, parts & accessories. 
NO DESCRAMBLERS! CALL 
TOLL FREE 1-866-692-225 3 
www.cubetech.com 

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 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

HI-TECH SECURITY, TECHNOLO­
GY BOOKS: Phones, cellphones, faxes , 
pagers, voice mail, answering machines, PBX, 
internet, commun ications, energy meters, 
many more! CONSUMERTRONICS. 
www.tsc-global.com Catalog $3: PO 
23097, Albuquerque, NM 87192. 

HI-TECH SPECIAL PROJECTS 
TELEPHONE HARDWARE, CON­
SULTING: Phones, internet, communica­
tions, surveillance, security, remote inter­
faces, energy meter, much more! LONE 
STAR CO NSULTING, INC. Catalog 
onl ine: www.lonestartek.net, 915-
474-0334. 

I 

' 

COMPOI\IEI\IT!i 

WANT TO Buy: ICs, military & aircraft 
relays, diodes, transistors, connectors, tanta­
lum capacitors, electronic test equipment & 
most components. Hoffy Electronic Ent., E­
Mail: Hoffie I 165@aol.com 818-718-1 165, 
FAX 818-341 -5506. 

PCB PROTOTYPES FOR $26 

http://www.olimex.com/pcb 

FR-4, 0.062", 1/1oz copper, 6.3"x3.9", double side, 
plated thru holes, solder mask, component print, 
production in 3-5 working days, made in Bulgaria, 

no import tax to USA and Europe 

PELTIER INFORMATION DIREC­
TORY ONLINE: Information site on 
Peltier devices (thermoelectric 
cooler/heater/generator modules). T ips, 
manufacturer directory, surplus sources, etc. 
Free. No registration. www.peltier­
info.com 

ELECTRONIC COMPONENTS, kits, 
test equipment. books, tools, and 
supplies for hams, hobbyists, and busi­
nesses. Many hard-to-find items like variable 
capacitors, vernier dials and drives, coil 
forms, magnet wire, toroids, more. 
www.oselectronics.com 

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@matco.com Web 
site www.matco.com 

RF TRANSISTORS, TUBES, SILVER 
MICA & METAL MICA CAPS, 
DOOR KNOB CAPS. 2SC2879, 
2SC2290, SD 1446, MRF454, 2SC 1969, 
2SC2166, 2SB754, TA7222AP, 78LOS, 78L08, 
TA7222AP, MRF247, MRF317, SAV7, etc., 3-
SOOZG, 4CX250B, 4CX I OOOA, 4CX ISOOB, 
3CX3000A7, 572B, 81 I A, see our catalog for 
other products. Westgate 1-800-213-4563. 

SWITCH SUPERMARKET large vari­
ety toggle, rotary, LEOs bipolar 2 & 3 leads, 
grain of wheat, free li st. Fertik's, 5249 "D" St., 
Philadelphia, PA 19120. Ph/fax 215-455-2121 . 

SMT ADAPTERS. Snap-apart PCBs, pin 
strips in many patterns. Soic, qfp, tssop, qsop, 
sot , and more. Find your solution at 
www.beldynsys.com 

MICROCOl\1-
, TROLLER§ 

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. 

PIC, AVR and MSP430 
DEVELOPMENT TOOLS 

http://www.olimex.com/dev 
PIC - PROGRAMMERS. lCD. PROTOTYPE BOARDS FOR B. 18. 28and40 

pin PICs, AVA - PROGRAMMERS, PROTOTYPE BOAR OS FOR 8, 20, 28, 

40 and ATMEGA AVRs, MSP430 - JTAG FLASH EMULATION TOOL, 
PROGRAMMERS. PROTOTYPE BOARDS FOR F1121 . F123. F41 3 and F1 49 

PIC PROGRAMMERS: Several different 
programmer kits that you can build yourself 
all the most popular PIC and Atmel chips. 
www.electronickits.com 
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INEXPENSIVE 803 1/5 I and 8052 
BASIC SBCs & PIC programmers for the 
hobbyist/industry. Worldwide shipping. 
www. HomeTechFLA.Com 

AI\ITIOUE 
ELEI:TROI\III:!i 

WAN TE D: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
331 1/540-745-2322). 

DEC EQ UIPMENT 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 . 

WANTED: OBSOLETE computers & 
electronics for ACP PC Museum. Contact 
Dave at 714-558-8813. dcfree@aol.com 

AVIATIOI\1 
ELEI:TROI\III:!i 

KINGSLEY HOTSTAMP foil machines 
for imprinting leather, etc. , and electrical 
wire marking. Manual or automatic machines 
and type available. Call 760-749-0239. 
bjnash@n2.net 

PUBLII:ATIOI\1§ 

ROBOTIC§ 

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 

CONTROLLER CAR D - From MrB 
Control Systems, great for robot and home 
automation projects. 16 or 32 1/0 lines, pro­
grammable in BASIC, sinks 1.0 amp per line, 
LED logic indicators, screw terminal connec­
tions. Selectable pull up/pull down resistor 
locations for inputs/outputs. Option, one or 
two I 0 amp DPDT relays. Uses 16 or 32 bit 
BASIC Stamp. 16 1/0 lines = $175, 32 1/0 
lines = $3 IS, add $25 for one relay, $50 for 
two relays. Send check or money order (US 
funds) to 606 Dolphin Road, Winter Springs, 
FL 32708. Email mrbcontrolsystems 
@yahoo.com.AIIow two to three weeks for 
delivery. 

ROBOT KITS: Over 30 complete robot 
kits from beginner to advanced at 
www.electronickits.com 

MOTOR CONTROLLERS: PWM 20A 
to 50A, 12 to 36 volt models, from $40. 
Easy RC: Control board accepts standard 
RC pulses to control speed and direction of 
motor controllers. RC weapons control 
boards: I to 3 devices. Joystick Inter­
face controllers. Soneil chargers: best 
pricing available. Mention this ad for free 
ground shipping. Info 570-735-5053, 
www.DiverseEiectronicServices.com email 
cari@DiverseEiectronicServices.com 

ROBOT BOOKS.CO M visit our web 
site for reviews of robotics books, plus robot 
kits, toys , movies, and magazines! 
www.robotbooks.com 

PIC-BASED bot controller boards, 
OOPic-compatible and 28-pin versions, new 
multi-servo controllers, 
www.oricomtech.com 

ZAGROS ROBOTICS sells, high current 
motor drivers, sonar units , optics, encoders, 
processors, and much more. Find everything 
you need to build your own robot! Zagros 
Robotics, 314-768-1328, PO Box 460342, St. 
Louis, MO 63 146. info@zagrosrobotics.com 
http://www.zagrosrobotics.com 

BATTERIES - HAWKER. Used sealed 
lead acid 15/30/40/100 amp hour 12V. 
$1 per amp hour plus shipping. 
Excellent condition, guaranteed. 
nick@nreuss.grapevine.net 913-849-3534. 

AFFORDABLE CNC. Servo systems. 
Ideal for retrofitters and builders of milling 
machines, plasma, waterjet, routers, or lasers. 
Plug and Play PCI card supports standard 
±I OV or PWM/sign type amplifiers and DC 
brush motors with encoder feedback. Will 
also run steppers to 3 million steps/sec. 
Windows software accepts standard Geode. 
Features graphics, block-lookahead , feed 
override, and smooth 3 axis contouring. 
Complete systems or components available. 
http://www.jraco.com 

PLAI\I!i - KIT§ -
!ii:HEMATII:!i 

ELECTRONIC KITS: Hundreds of elec­
tronic kits and projects. Where else except 
www.electronickits.com 

HI-TECH SURVIVAL: Electronics, com­
puters, internet, energy. phones, medical, 
financial, security, physical survival, electronic 
harassment, many more! CON-
SUMERTRONICS. www.tsc-glo 
bal.com Catalog $3: PO 23097, 
Albuquerque, NM 87192. 

GENERATE STEREOSCOPIC 3D 
video using cheap board cameras for robots, 
RIC vehicles, telepresence and other pro­
jects. 50+ page booklet explains how 
schematics, parts lists, drawings and photos. 
Visit http://stereo-video.home.att.net 

WELD ALUMINUM WITH 
PROPANE! EZ, INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., TAY­
LORS, SC 29687. I-800-547-WELD(9353) 
FAX 864-244-6349. http://www.du rafix.com 

APOGEEKITS High quality electronic 
kits. Detailed illustrated assembly instruc­
tions. 4 inch high digital clock, animated LED 
bell display and FREE download plans make 
unique holiday gifts! SECURE on-line order­
ing. <http:l/www.apogeekits.com/> 

DIGITAL TACHOMETER KIT: IR 
microcontrolled. As seen in the September 
2002 "Poptronics" article. Info at Design 
Specialties, 4444 County Hwy. 16, Delhi, NY 
13753. www.dsgnspec.com 

Ml!ii:ELLAI\IEOU!i 
ELEI:TROI\III:!i FOR 

§ALE 
l AXIS SOLAR TRACKER PCB assembly 
$73. Add your 12VDC source & drive sys­
tem to track the sun . Info: 
http://members.shaw.ca/theanalogguy 

LANE CHANGE turn signal - first 3 
flashes at twice the normal rate. $35 PPD 
www.theanalogguy.com 
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Electronics Manufacturing 
Technolo Inc. 

Bare PC Boards 
¢ Design & Layout 
¢ Single, Double, & Multi-Layer 

PC Board Assembly 
¢ SMT & Tbru-Hole 
¢ Final Assembly & Test 

Product Engineering 
"Prototype and Production" 

Cincinnati, Ohio 45242 
(513)791-4000 Fax: (513)791-4408 

sales@pcboardsinc.com 

www boardsinc.com 

PORTABLE CARD SWIPER. Swipe 
any card with this incredible tiny device and 
the complete data on the magnetic stripe is 
stored instantly in its memory. Stores over 
I 00 swipes at one time. Powered by a small 
camera battery. It can be use remotely on 
any type of card with a magnetic stripe. 
After the magnetic stripe information is 
saved, you may download the information to 
any computer or laptop. Applications: data 
collection, trade shows attendance, confer­
ence attendance, classroom attendance and 
many others. We have many different models 
and magnetic stripe reader/writers. See our 
web site: www.mobilecardread 
ers.com Or write for free catalog. The 
Information Center, PO Box 876, Hurst, TX 
76053. 817-589-7891 . 

RS485/422/232/TTL 
• Converters 
• Repeaters 
• Fiber Optics 
• Digital I/0 
• Multidrop RS232 
• Custom Units 
• Auto TX Enable 

Extensive Interface Product Line 
RS232 "Extension Cords" 

Up to 115.2 Kbps, 4000 ft. ++ 
Large Multidrop Networks. 
Isolated Units. Smart Units 

Remote Relay "Extension Cords" 

Call the RS485 Wizards at 
(513 ) 874·4796 

RES R. E .Smith 
www.I-s4X5.corn 

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 
1-800-616-7540, FAX: 714-563-8309. 
Visa/MC/Amex. SEE US ON THE INTER­
NET: http://www.anaheimwire.com OR E­
Mail: info@anaheimwire.com 

HARD-TO-find parts: PTV screens, mod­
ules, chassis, flybacks, tuners, tubes, for all 
brands. Manuals. 478-272-6561 . Scarborough 
TV, 1422 Old River Road, East Dublin, GA 
31027. scarboroughstv@pcnow.net 

SURPLUS & REFURBISHED ELEC­
TRONIC EQUIPMENT including repair 
and experimenter parts and accessories. 
Many hard to find and one of a kind items: 
audio, video, communications, computer, 
security, telephone, and test equipment. 
Service manuals, cables, cabinets, capacitors, 
connectors, displays, ICs, LEDs, motors, 
potentiometers, relays, resistors, switches, 
transformers, transistors, vacuum tubes, and 
much more. SMC ELECTRONICS 
www.smcelectronics.com 

i=f;llr.l 
Manufactured by, Electronics Manufacturing 

Technology, Inc. (EMT) 

Scrolling LED Signs 
• Wireless Keyboard 

• Includes Windows Software 

• Text and Graphics Display 

• Clock Functions & Scheduler 

• Real Time (ASCII) Mode 

• 16,000 Character Memory 

• RS-232 & RS-485 Serial Ports 
for multiple sign networking 

Hif(h Intensity Wide Viewinf( A nl(le Color LED 's 

10945 Reed Hartman Hwy., Suite 11 2 
Cincinnati , Ohio 45242 

(513)791-4000 Fax: (513)791-4408 
sales@ briteliteled.com 

www .briteliteled.com 

I I WtJlllli!il~ 
' I !.!illl'Yillill!tl.t~Ul 

THE SMALLEST R/C TRACKED VEHI­
CLE! At 4 inches in length. It can go wherev­
er you go! Plenty of torque and traction! The 
miniature RIC tracked vehicle fits in the palm 
of your hand. Excel lent maneuverability. 
Clim bs on your desk! The BUILT-IN 
INFRARED LASER TAG system allows you 
to stage "laser" battles with your friends -
complete with sound effects and flashing 
lights to keep score! $59.West Coast Blimps, 
713 Cottonwood Dr., Ridgecrest, CA 93555. 
www.indoorblimps.com 
WCBiimps@mchsi.com, 760-375-2108 

Ml!ii:ELLAI\1 EOU!i 
ELEI:TRDI\111:§ 

WANTED 
WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, relays, 
lamps, synchros. Hyness Company, 709B 
Delair Road, Monroe Twp., NJ 08831 . Phone: 
609-395-11 16, FAX 609-395-11 17. 

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: EXCESS ELECTRONIC 
COMPONENTS, BOARD-LEVEL 
COMPONENTS; MILITARY COM­
PONENTS; ICs, MEMORY, TRAN­
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS 561-439-1453 
FAX 561-439-0453 . 



Classified Ad Instructions 

TYPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not 
all caps) on a separate piece of paper. Spell out words when submitting 
handwritten copy. Calculate the number of words and multiply it by the 
appropriate rate (see RATE PER WORD section). Include any charges for 
bold and/ or CAPPED words, any artwork costs that would be applicable. 
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 wher­
ever 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 completed order to: 

NUTS & VOLTS MAGAZINE, 430 Princeland Ct., Corona, CA 92879 

RATE PER WORD 
The ad rate for current PAID subscribers is 60(: per word. All others pay 
$1.20 per word. There is a $9.00 minimum charge per ad per insertion. 

BOLD WORDS AND/OR CAPS 
Words to be set in bold or CAPS are each 1 Oil: extra PER WORD. BOLD 
CAPS are 20!1: 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 abbreviation for states. 
PHOTOS. DRAWINGS 

A photo or drawing may be run at the top of your classified ad for an addi­
tional $1 0.00 ( 1" depth max.) for camera-ready art. No wording is allowed 
in this area. 

EMAILING/FAXING AD COPY 
You may email or fax in ad copy or changes before the closing date (5 :00pm 
on the 1st) using MasterCard or Visa. Include credit card expiration date, 
the name that appears on the card, a daytime phone number, and your Nuts 
& Volts account number. Email ad(s) to classad@nutsvolts.com or fax to 
909-371 -3052. Ads without credit card information will not be listed as 
received until payment is received in full. WE DO NOT CALL, EMAIL, OR 
FAX BACK VERIFICATION OR QUOTES OF EMAILED AND FAXED-IN 
ADS. For verification of emailed or faxed-in ads, please call 909-371 -8497. 

DEADLINE 
Prepaid ads received by 5:00pm on the closing date (1st of the month) 
will appear in the following month's issue. Ads postmarked through the 1st, 
but received after the closing date, will be placed in the next available issue. 
No cancellations or changes after the 1st. Cancellations and changes must 
be submitted in writing. 

IMPORTANT INFORMATION 
All classified ads are running copy only. No special positioning, centering, dot 
leaders, extra space, etc. is allowed. All advertising in Nuts & Volts is limit­
ed to electronically related items ONLY. All ads are subject to approval 
by the publisher. We reserve the right to reject or edit any ad submitted. 
We do not take ad copy or changes over the phone. We do not bill for clas­
sified ads. Repeat ads or ads run in multiple classifications within the same 
issue are allowed. Paid subscribers may run ads at the 60!1: rate only 
through their subscription expiration date. NO REFUNDS. Credit only. No 
credit for typesetting errors will be issued unless you clearly print or type 
your ad copy. 

11'1 I'll 

10. Ham Gear 
20. Batteries/Chargers 
30. CB/Scanners 
40. Music & Accessories 
50. Computer Hardware 
60. Computer Software 
70. Computer Equipment Wanted 
80. Test Equipment 
85. Security 
90. Satell ite Equipment 
95. Military Surplus Electronics 
I 00. Audio/Video/Lasers 
I I 0. Cable TV 
I 15. Telephone/Fax 
120. Components 
125. Microcontrollers 

I I 

130.Antique Electronics 

135.Aviation Electronics 

140. Publications 

145. Robotics 

148. CNC 

ISO. Plans/Kits/Schematics 

155. Manuals/Schematics Wanted 

160. Misc. Electronics For Sale 

170. Misc. Electronics Wanted 

175. Online Services 

180. Education 

190. Business Opportunities 

200. Repairs/Services 

WANTED: TUBES & sockets. All kinds 
and quantities. A/B carbon resistors. Sprague 
black beauties/vit Q caps. Western Electric 
aud io equipment & tubes. Contact Charlie 
760-955-8279, fax 760-245-4760. 
cdlske60@earthlink.net 

ONLINE 
!iERVICE!i 

EDUCATION 

ISA DIGITAL/ANALOG BOARD. 
Great for experimenters, designers , and stu­
dents. 27 digita l 1/0 lines. Eight 8-bit AD 
inputs, one with mike preamp. Two 8-bit DA 
o utputs, one with aud io power amp. Buffered 
data, address and control lines, plus 3 spare 
se lects fo r expansion. Bare board only $20, 
kits and assembled available. More informa­
tion, a FREE tutorial and source code at 
www.learn-c.com. 

BU!iiNE!i!i 
OPPORTUI\IITIE!i 

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 

REPAIR!i­
!iERVII:E!i 

(E)EPROM PROGRAMMING done 
qu ickly 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: Luzer 
Electronics, 4023 North 
Bayberry, Wichita, KS 67226. 
316-687-2127, FAX 316-687-
3103 . 

HI-TECH HARDWARE, CONSULT­
ING, PLANS: Unique, original, made-to­
o rder, special needs, controversial SPE­
CIAL PROJECTS, TECHNICAL 
COACHING, WEBSITE DESIGNS. 
Electronics, computers, internet, energy 
meters, phones, radionics, security, physical 
survival , electronic harassment. Design, cre­
ate, modify, repair, consult! LONE STAR 
CONSULTING, INC. Catalog online: 
www.lonestartek.net, 915-474-0334. 

GADGETS, GIZMOS, & WIDGETS 
TOO: Expert in prototype devices will help 
your special project become reality. PCB and 
circuit design, debug, testing, fine pitch SMT 
prototyping, test fixtures. Running 
Protei99SE. Complete custom electronics 
from weird art projects to formal R&D. 
Special rates for start-ups and DIY'ers. 
On-line portfolio: 
http://members.cox.net/sd_tech. Email : 
sd_tech@cox.net 

TECHNICAL SERVICES: 
Contractor/consultant for prototyping, pro­
duction, documentation, mechanical draw­
ings and schematics. Orange/Riverside, CA. 
Email : tech@prfdevices.com 

REVERSE ENGINEERING is our 
name. Providing schematics the manufactur­
e rs won't let you have is our game. Call for 
info, or write for our R-E sheet, or check out 
our web site. Bomarc Services, Box 
1113, Casper, WY 82602. 307-234-3488. 
bomarc.org 

"Encyclopedia of 
Electronic Circuits" 

Volume 7 
by Rudy Graff 

D esigned for quick reference 
and on-the-job use, the 

Encyclopedia of Electronic 
Circuits, Volume 7, puts over 
1000 state-of-the-art electronic 
and integrated circuit designs at 
your fingertips . Organized alpha­
betically by circuit type, this col­
lection includes designs from 
industry giants such as Advanced 
Micro Devices , Motorola, Tele­
dyne, General Electric, and even 
right here in Nuts & Volts. 

For each circuit, you'll find a 
brief explanation of its operation 
and other information regarding 
adjustments or alignment. An 
invaluable reference tool, this 
book also includes a cumulative 
index that covers all the circuits 
here and in each of the previous 6 
volumes. ONLY 

$39-95 

As a paid subscriber to 
Nuts & Volts, you'll receive 

10% off the list price!! 
(See pages 80-81 for ordering details 
and other titles currently available.) 

Build Your Own Combat 
Robot by Pete Miles and Tom Carroll 
Build a powerful and invincibl e robot 
- for full blown competition or just 
for fun - using this authoritative 
resource. $24.99 

Order from Nuts & Volts 1-800-
783-4624 or www.nutsvolts.com 
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Events Calendar 
The Events Calendar is a free 
service for publicizing electronic 
events such as amateur radio 
hamfests, flea markets, etc. If 
your organization is sponsoring 
an event and would like a free 
listing, contact us at least 60 
days in advance. Include your 
flyer, name of the person to 
contact, and phone number. 
While we strive for accuracy in 
our calendar, we cannot be 
responsible for errors or can­
cellations. The information con­
tained in this column is for the 
use of the readers of Nuts & 
Volts and may not be repub­
lished in any form without the 
written permission ofT & L 
Publications, Inc. 

All listing information 
should be sent to: 
Nuts & Volts Magazine 
Events Calendar 
430 Princeland Court 
Corona, CA 92879 
Phone 909-371-8497 
Fax 909-371-3052 
Email 
events@nutsvolts.com 

OCTOBER 
2002 

OCTOBER 5 

FL - JACKSONVILLE - Hamfest. 
Email: n4uf@nofars.org Web: 
www.nofars.org 
TX - TEMPLE - Hamfest. Temple 
ARC, 254-773-3590, email: 
hamexpo@tarc.org 

OCTOBER 6 

lA - WEST LIBERTY - Hamfest. 
ICARC, 309-537-3678. Email: 
kcOaqs@qsl.net Web: 
www.qsl.net/kcOaqs 
IN - BEDFORD - Hamfest. 81 2-
849-0095. Email: chairman@ 
hoosierhillshamfest.org Web: 
www.hoosierhillshamfest.org 
OH - MEDINA - Hamfest. Medina 

COMPUTER SHOWS 
ACP Computer Show & 
Swapmeet 714-558-8813 
jferguson@acpsuperstore.com 
www.acpsuperstore.com 

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

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

Computers And You 
734-283-1754 
www.a 1-supercomputersales.com 

Computer Central Shows 
630-782-4625 
Fax 630-834-2594 
E-Mail: cc@gats.com 
www.computercentralshows.com 

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

Five Star Productions 
810-379-3333 
E-Mail: jeff@fivestar 
www.fivestarshows.com 

Gibraltar Trade Center, Inc. 
734-287-2000 Taylor, MI 
E-Mail: taylor@gibraltartrade.com 
www.gibraltartrade.com 

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

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

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

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

ComputerShow, 770-663-0983 
E-Mail: narisaam@aol.com 
Web: www.shownsale.com 

Northern Computer Shows 
978-744-8440 
E-Mail: inquiries@ncshows.com 
Web: ncshows.com 

Peter Trapp Computer Shows 
603-272-5008 
Web: www.petertrapp.com 
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Hamfest Committee, 330-273-
1519 after 7pm. Email: 
n8tzy@m3net.net 

OCTOBER 12 

GA- AUGUSTA- Hamfest & 
Computer Show. The ARA of 
Augusta, 706-651-9504, email 
kg41ey@hotmail.com 
NJ - WASHINGTON TOWN­
SHIP - Hamfest. BARA, 201-664-
6725. Email: k2zo@arrl.net Web: 
www.bara.org 
NY - LAKE PLACID - Hamfest. 
518-827-4800, email: 
valosin@midtel.net 
TX - DENTON - Hamfest. Denton 
County ARA, 940-390-5338. 
Email: kd5kjz@yahoo.com 

OCTOBER 13 

CT- WALLINGFORD- Hamfest 
& Computer show. Email: 
nutmeghamfest@qsl.net Web: 
www.qsl .net/nutmeghamfest 
MI - EAST LANSING - Hamfest. 
989-725-1853, email; 
kc8dbp@arrl.net 

OCTOBER 19 

CO - GOLDEN - Hamfest. 303-
985-8692, nOmqj@attbi.com 
FL - JACKSONVILLE - Hamfest. 
Greater Jacksonville Hamfest 
Assn., 907-269-8714. Web: 
http:/ jwww.jaxhamfest.com 
FL - ORLANDO - Hamfest. 
Bahia Shrine, Bob KG4ECC, 407-
834-9481 
MI - KALAMAZOO - Hamfest. 
616-337-7602. Email: hamfest@ 
kalamazoohamradio.com Web: 
www.kalamazoohamradio.com/h 
am fest 
MI- SAULT STE. MARIE· 
Hamfest. Eastern Upper 
Peninsula Amateur Radio, 906-
635-0215. Email: 
wa8old@sault.com 
TN - OAK RIDGE - Hamfest. 
Oak Ridge ARC, 865-670-1503. 
Email: d.bower@ieee.org 

OCTOBER 20 

IL - GODFREY - Hamfest. Lewis 
& Clark RC , 618-462-4212. 
Email: n9fhh@exi.com 
MA - CAMBRIDGE - Hamfest. 

MIT Radio Society / Harvard 
Wireless Club/ MIT UHF Repeater 
Assn., email: wlgsl@mit.edu 
(617-253-3776 9am-5pm.) Web: 
http:/ j web.mit.edujw1mxjwwwjs 
wapfest.html 
NY - QUEENS - Hamfest. The 
Hall of Science Amateur Radio 
Club, 718-898-5599. Email: 
WB2KDG@Bigfoot.com 
PA - SELLERSVILLE - Hamfest. 
RH Hill ARC, 215-679-5764. Web: 
www.rfhill.ampr.org 

OCTOBER 24-27 

CT - ENFIELD - Conference & 
Flea Market. Radisson Hotel. 
Web: www.microwaveupdate.org 

OCTOBER 26 

MN - ST. PAUL - Hamfest. 763-
535-0637. www.hamfestmn.org 
MO - KIRKWOOD - Hamfest. St. 
Louis ARC & Gateway to Ham 
Radio, 314-638-4959. Email: 
slw@partyline.net 
OR - SALEM - Hamfest. Mid­
Valley ARES. 503-540-3270, 
Email: ki7or@arrl.net Web: www. 
qsl.net/w7oem/swaptobe.html 

OCTOBER 27 

MD - WESTMINSTER - Hamfest. 
Email: n3sb@qis.net Web: 
www.qis.net/- k3pzn/ tailgate.htm 
OH - CANTON - Hamfest. 
Massillon ARC. Web: 
www.qsl.net/w8np 

NOVEMBER 
2002 

NOVEMBER 1-2 

TX - ODESSA - Hamfest. The 
West Texas ARC, 915-366-4521. 
Email: w5bu@arrl.net 

NOVEMBER 2 

OK - ENID - Hamfest. Enid 
Hamfest Group, 580-233-14 70. 
Email: enidhamfest@yahoo.com 

NOVEMBER 2-3 

GA- LAWRENCEVILLE-



The Standard for checking 
Capacitors in-circuit 

Good enough to be the 
choice of Panasonic, 
Pioneer, NBC, ABC, Ford, 
JVC, NASA and thousands 
of independent service 
technicians. 

Inexpensive enough to pay for itself in just 
one day's repairs. At $179, it's affordable. 

And with a 60 day trial period, satisfaction 
guaranteed or money-back policy, the only 
thing you can lose is all the time you ' re 
currently spending on trying to repair all 
those dogs you ' ve given up on. 

CapAnalyzer 88A 

Locate shorted or leaky 
components or conditions 
to the exact spot in-circuit 
Still cutting up the pcb, 
and unsoldering every 
part trying to guess at 
where the short is? 

$179 

Your DVM shows the same shorted reading all 
along the pcb trace. LeakSeeker 82B has the 
resolution to find the defective component. 
Touch pads along the trace, and LeakSeeker 
beeps highest in pitch at the defect's pad. Now 
you can locate a shorted part only a quarter of 
an inch away from a good part. Short can be 
from 0 to 150 ohms 

LeakSeeker 82B 
Available at your distributor, or call 561-487-6103 

Electronic Design Specialists www.eds-inc.com 

Events Calendar 
Hamfest. Alford Memorial Radio 
Club, email: kr4nq@bigfoot.com, 
web: www.totr-radio.org 

NOVEMBER 9 

AL - MONTGOMERY - Hamfest 
& Computer Show. Montgomery 
ARC, Inc., 334-272-7980 after 
5pm CST. Email: k4ozn@arrl.net 
http:/ /jschool.troyst.eduj- w4ap/ 
MI - KALAMAZOO - Antique 

Radio Swap. MARC, 734-207-
2346, email: moppat@flash .net 
OH - GEORGETOWN - Hamfest. 
Grant ARC, 937-446-2338. Email: 
WD8CTX@juno.com 

NOVEMBER 16 

FL - MIAMI - Flea Market. 
Flamingo/UM ARC, 305-264-
4465. Email: 
wa4tej@beethoven.com 

S-Video & RCA Left-Right 
Audio- Video Interconnect 
Cable 12Ft 

NOVEMBER 16-17 

IN - FORT WAYNE - Hamfest & 
Computer Expo. ACARTS, 260-
484-1 3 14. Web: www.fortwayne 
hamfest.com 

NOVEMBER 30 

IN - EVANSVILLE- Hamfest. 
EARS & The Ham Station, 812-
333-41 16. Email: ears@w9ear.org 

........... .;_· 

{ ~ I 
. ...,~. .~ 

RF Modulator 
Connects DVD, video games, 
camcorders & AIY devices with 
RCA type outputs to TVs with 
F-tyye inputs. 
TM-RF 

Tone Generator & Probe 
Single or Multi-tone signal, 
3 modes, traces wires & cables. 
Amplifier & LED readout. 
TM-151 

\ . ·' \ 

' 
Screwdriver Set in Case 
6 pes. precision set. l.O, 1.2, 
1.8, 2.4, 3.0 & 3.5 rnm. 
Regular and Philips. 
TM-315 $1.59 

12' Belkin Stereo Cable 
RCA gold plated contacts w/ 
twisted pair construction and 
heavy sheilding for improved 
noise reduction 
AC-220 $2.99 

Shielded. Gold plated plugs, 
plastic molded ends with strain 
relief. Use for VCR , DVD , 
Camcorder, CD/CD-R, etc. 
AC-912S $6.50 

3' TOSLink Digital Cable 
Gold body connectors at both 
ends, large diameter core for 
low loss. 3.0 & 3.5 mm. 
AC-800 

A+ KIT 
12 piece computer tool kit, 
antistatic wrist strap, pack of 
25 - 3 1/2 in. floppy disks. 
KIT-A+ $15.99 

Circl e #56 on the Rea der Service Card . 

The RF Connection 

r.J)~ 213 North Frederick Ave. [ N 

~ Suite 11 NV 
T 

b 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/Fiexi4XU9096 

UG-218/9913 ..... $6.00 Pins Only .... .. $1.50 
UG-21D/9913 ... .. $4 .00 Extra Gasket... .. 75 

Am phenol 83-1SP-1050 PL-259 ... ....... $0.90 
UG-176/U Reducer RG-59/BX . .25 or 5/$1.00 
UG-175/U Reducer RG-58/58A .25 or 5/$1 .00 
Silver Teflon PL-259/Gold Pin ... .... ... . 

..... ................. ... ..... $1.00 or 10/$9.00 

MIL-Spec Coax Available (Teflon, PVC IIA) 

New Product: Belden 9913F. 9913 with 
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 
lntro Price ... ... ... ..... ....... ... $23.00/1 00ft 

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 

800/783-2666 
301/840-5477 
301/869-3680 
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Future Horizons 
Advanced Technology 

Ambient Power Module 
Low cost circuit provides 
up to 9 watts of electrical 
power from free-energy in 
the air. Can replace 

batteries in many devices. 
#PWRM Plans- $24.00 
#PWRZ Ready to use- $140.00 

Electronic Mind Control 
Control minds with this 
simple technology. 
Others will do anything 

you program them to. Get that raise you 
always wanted or reprogram your mind . 
#MIND Info/plans- $22.00 
#MINZ Ready to use- $190.00 

Cordless Phone Extender 

' 

Extend your cord less phone range 
to 50 miles. Place calls all around 
town . Great alternative to cell phones. 

#CPHE Plans- $23.00 

lon Phaser 
Device rl~)flJ~P--­
emits an 
electrified "??r::::l:i~~f 
stream of .3~~)t.J~ .. - - - • 
special conductive fluid carrying 30,000 
volts capable of stunning an individual 
from 20 feet away. battery powered 
Handheld non-lethal device. 
#IPHA Plans- $49.00 
#IPHZ Ready to use· $990.00 

Traffic Light Buster 
Has been known to turn traffic lights 
green in many cities by the touch of 

a button . Emergency vehicles use it to 
pass through traffic lights quickly. Opens 
security gates in gated communities too. 
#TLBU Plans- $20.00 
#TLBZ Ready to use- $250.00 

Please add $6.00 Shipping/handling 

Call for a FREE Catalog 

Po Box 125 Marquette, Mi 49855 
(906) 249-5197 www.futurehorizons.net 
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Earn Your Degree at Homel 

affordable independent study training programs in electronics 

and computer technology. Experience a step-by-step teaching 

method designed specifically for the independent study student. 

Choose from many programs! 

Earn an Associate in Applied Science in 

Electronics Engineering Technology or 

a Diploma from one of our other high 

tech programs. All the lab equipment 
and inst ructor support you need to 
succeed is included with every program. 

Name __________________ __ 

Address ----------------

City ---------------------
State ________ Zip ____ _ 

Phone ________________ A_N_V __ 03 

Send for a FREE Course Catalog 

CIE: 1776 E. 17th, Cleveland, OH 44114 L __________________ ...J 

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

FCC Course with Certificate 
A Powerfutt9 Lesson Self-Study Program on one CD! ~ 

~ After completing this course you will be ready to take the FCC , ....... ~ JM•'"' , " " 
examination for a General Radiotelephone Operator License. 

The General Radiotelephone Operator License is required 
to ad just, maintain or repair any FCC licensed radiotelephone 
transmitters in the aviation, maritime and international fixed 
public radio services. It is issued for the lifetime of the holder. 

19 FCC Lessons on CD ROM 

( ' •• ,.t("_,, ..... t., 
7€l(~MIII\\riJlrW 

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

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

(800) 321-ll 55 or visit www.ciebookstore.com 
CA, HI & OH residents must 

CIE Bookstore: 1776 E.l7th,Cieveland,OH44114 add sales tax. $5.25 shipping. 
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Easy Step•n 
• For the experimenter. 
·Determine surplus stepper motor specs 

simple easy to build test equipment. 

·Design and build microcontroller·based control systems 

(flow charts and code examples included) . 

·Design and build stepper motor driver circuits. 

Reader Feedback 
Continued from Page I 4 

too friendly. Because of this gesture 
other things were taken out of con­
text. Like the punk red hair and the 
clenched fist. Is this a try to be a 
cover for 'Heavy Metal' (pardon the 
pun ... even if it was intentional). I 
even tried to explain that if you 
counted the actuators in the hand it 
would be obvious that, since the 
fourth one is activated, the index fin­
ger was the one that was raised. 

To that I got a 'yeah right' 
response. 

Just be careful in the future. I 
just subscribed and am waiting for 
my first issue. I subscribed for infor­
mation content not attitude. 

You have excellent content with 
the spirit of the original Popular 
Electronics ... lots of projects from 
simple on up. Poptronics is okay, 
but I dont't feel that it's up to your 
level for the general hobbyist. 

Thanks for listening to my rav­
ings. The complaints were intended 
to be tongue-in-cheek since I really 
believe the cover's appearance was 
not intentional. 

Keep up the good work. 
Ray Bedard 
via Internet 

News Bytes 
Strydent Offering 
Free Software for 

Back-to-School 

Strydent Software will offer 
1 ,000 free downloads of its 

award-winning software, lnkSaver, 
in an effort to help students, par­
ents, and educators save money 
on the high cost of inkjet printing 

during the back-to-school season. 

·Programming Techniques 

lnkSaver is an innovative soft­
ware product that makes inkjet car­
tridges last up to four times longer. 
By working seamlessly with a user's 
existing printer software and printer, 
lnkSaver gives users control over 
the amount of ink they use, without 
compromising print quality. 

"Most reports and homework 
assignments turned in today are 
printed at home on an inkjet print­
er," said Bernie Crump, Pinetree 
Secondary School teacher. "Printer 
ink is expensive, so lnkSaver is a 
great way to help families control 
the cost of school supplies. " 

The free offer is limited to stu­
dents, parents, and educators. 
Interested participants are asked to 
fi ll out a short eligibility form at 
http: / j www.inksaver.com/backto 
school. lnkSaver is available in 
North America and Europe from 
leading computer retailers, mail 
order, and online resellers , as well as 
direct from Strydent Software at 
http:/ j www.strydent.com/ or 1-800-
663-6222 (outside North America 
+1-604-296-3600). The suggested 
retail price is $34.99 US. 

Charter One Bank 
Introduces Online 

Check Imaging 

Charter One Bank, a subsidiary 
of Charter One Financial, Inc. 

(NYSE:CF) , now has available free 
online check imaging for its online 
banking customers at www.char 
terone.com/ . 

Charter One is the first bank in 
the nation to offer its customers 
direct access to check imaging 
using the Federal Reserve's new 
Fedlmage15M> Services technology. 

With check imaging, Charter 
One's online banking customers 
now have access to all of their paid 
or cancelled checks in real time, 

Instruction set, addressing modes, bit manipulation, 
subroutines, loops, lookup tables, interrupts 

·Using a text editor, using an assembler, using MPLAB 
·Timing and counting (timer 0) , interfacing, 110 conversion 

Microcontrol'n Apps - Intermediate 
·Serial communication · PICmicro to peripheral chips 
·Serial EEPROMS 
·LCD interface and scanning keypads 

$44.95 

·Analyze the mechanical characteristics of stepper motor-driven devices. 

·The book is full of experiments, circuits and code. 
$34.95 

Table Of Contents And Ordering Information On Web Site 

http:/ /www.stepperstuff.com 

New Titles 
Same Useful 
Books 

• D/A and AiD conversion ·several methods 
·Math routines 
• S·pin PICmicros 
·Talking to a PIC micro with a PC using a terminal program 
·Test equipment and data logger experiments 

Time'n and Count 'n - Intermediate 
• 16·bit timing and counting apps. 

$34.95 

~©)~~ [l] ELECTRONICS 

P.O. Box 501 , Kelseyvi lle, CA 95451 
Voice (707) 279-8881 Fax (707) 279-8883 

We have been selling on the Internet since 1996. We ship 
the day we receive your order or the next business day. . -64 OCTOBER 2002/Nuts & Volts Magazine 

Table Of Contents And Ordering 
Information On Web Site. 

Not Distributed Via Book Sellers 
We accept VISA, MC, AM, OS, MO, Check 
CA residents please add 7.25% CA sales tax 
See our web sites for s/h rates. 

PIC, PICmicro and MPLAB are trademarks 
of Microchip Technology Inc. 

·Timer 1, timer 2 and the capture/compare/PWM (CCP) module 

Serial Communications - Advanced 
·Synchronous - bit-bang, on-chip UART, RS·232 
·Asynchronous • 12C (Philips Semiconductors) 

SPI (Motorola) , Microwire (National Semiconductor) 
·Dallas Semiconductor 1·Wire bus 

Easy Debug'n - Intermediate 
·Features of PIC16F87x microcontrollers 
·In-circuit debugging using Microchip lCD 
·Companion for our PIC® microcontroller book series 

http:/ /'W'W'W.sq-l.com 

$49.95 

$12.95 



eliminating the need to receive and 
store the paper checks that arrive 
with their monthly statements. In 
addition to viewing checks, cus­
tomers will have the ability to print 
or email their check images. 

"Online check imaging is a 
great tool for our customers and will 
give them another way to stay on 
top of important financial transac­
tions ," said Dominic J . Salomone, 
senior vice president and chief bank 
operations officer at Charter One 
Bank. 

Introduced in May 2002 and 
being implemented nationwide 
through 2003, Fedlmage Services 
provides a national image archive 
for check images captured at 
Federal Reserve offices. Direct 
archive access is provided to bank 
customers through the bank's home 
banking or other customer access 
systems. 

Rostra Precision 
Controls Makes Safety 

a Top Priority 

T his year alone, 52 children have 
been backed over by a vehicle, 

often in their own driveway, and last 
year 116 children died as a result of 
these accidents, according to the 
National Highway Traffic Safety 
Administration. These numbers can 
drastically be reduced with a new 
technology available from Rostra 
Precision Controls. 

"The majority of children who 
are victims of back over accidents 
are under the age of 14," said 
Thomas Weiss , vice president, auto­
motive accessories of Rostra 
Precision Controls. "These acci­
dents occur because many house­
holds lack large yards for children to 
play in and are instead using drive­
ways as a recreational area." 

Rostra Precision Controls devel­
oped a rear obstacle sensing system 
that uses microwave technology to 
detect objects within a 12-foot 
radius behind the vehicle. It alerts 
the driver through an in-dash read­
out display and a series of audible 
beeps that increases in intensity as 
an object draws closer. 

Rostra's ROSS costs less than 
$500.00 installed and is available for 
virtually any vehicle, including RVs 
and trailers. 

"ROSS isn't just for families with 
small children because most of the 
drivers from these accidents are a 
relative," said Weiss. "Rostra's sens­
ing technology provides added 
piece of mind and ensures safety to 
both children and family members ." 

To locate the nearest Rostra 
dealer, call (800) 782-3379 or visit 
http:/ jwww.rostra .com/ . 

HSN.com's New Virtual 
Dressing Room 

Provides Shoppers With 

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT 
DON'T PITCH EM'· SEND THEM FOR REBUILDING ! ·SAVE$$ 

• WE INSTALL NEW NI-CAD OR NI-MH BA TTERIES INTO YOUR CASE. rn 
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL. 

• WE FIX WHA T CAN'T BE FOUND. ( OR AFFORDED) 
WE PROVIDE QUICK SERVICE. / EXTEND LIFE OF OLOER EQUIPMENT 

• WE OFFER FREE QUOTES. I FREE RETURN IF QUO TE IS REFUSED. 
• WE PROPERL Y DISPOSE OF YOUR OLD CELLS BY REC YCLING. 
• WE GNE YOU A 12 MONTH WARRANTY. 
, WE WILL BE HERE WHEN YOU NEED US I EST. 1986 
• WE SAVE YOU ' ' " MONE Y"" S $S $ 
WE SERVICE RECHARGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS. 

RADIOS, SCANNERS, CORDLESS BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE 

GENERAL ELECTRIC UN I D EN 
MPD PLS MPA 4850P $ 34.50 APX650 1050 1105 S 32.50 
MPO PLS MPA 4860P $39.50 1010 10701100 $32.50 
MPR MPS MPX 7631777 $ 39.50 1120 1200 Series $ 32.50 
MONOGRAM 4506P113 $ 37.50 BP2500 650mAh $ 19.50 

BP205 1600mAh $ 22.50 
MAXON SA-1 1551160 $ 39.95 1 C 0 M 

MOTORO L A BP2 I BP3 /BP22 $ 19.60 
BP6 1 BP23 / 24 $ 27.60 

MX300 HTSOO MT1000 STX BP7 1 CM11 BPS $ 34.60 
NTN 4686 4824 6414 S 37.50 BP1671174/180 $ 34.60 
NTN 6447 6621 6646 S 37.50 CM1401141/166 $ 41.60 
NLN 6860 NTN 4327 $ 39.50 

YAESU 
MID L AND FNB3 4121416 $32.95 

70-810 816 819 821 $ 39.96 FNB19 21 26 27 38 $ 32.95 
826 826 832 836 860 S 39.96 FNB 1011 17 26 36$ 23.95 

RADIO SHACK 
HTX 2021404 $ 22.50 
NEW NiMh HTX pack 
8.4V 1650mAh $ 39.60 

KENW OOD 
PB2/6/33/34 $ 28.60 
PB7/819/13/14/18 $ 34.60 
KNBS/7112114116 $34.60 
PB10/26/26/32 $ 24.60 

CORDLESS DRILLS 
50% MORE CAPACITY. 

Any brand 7.2V S 21 .60 
Any brand 9.6V $ 29.60 
Any brand 12.0V t 36.60 
Any brand 14.4V $ 39.60 
Any brand 18.0V $ 44.60 

pages about rebuilding battery packs used for Land Surveying. 

BATTERY REBUILD SERVICE 
FOR INFORMATION ABOUT YOUR REQUIREMENTS ... CONTACT US: 
USE THE EASY INFO. REQUEST PAGE AT http://www.primecell.com 
PHONE OR FAX : (814) 623-7000 E-MAIL TO: sales@primecell.com 
SEND PACKS FOR FREE QUOTATION B Y: UPS, FEDEX, OR US MAIL 

CUNARD ASSOCIATES INC., 9343 US RT 220, Bedford, PA 15522 
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used by colleges and universities 
around the world. Ruggedly designed 
to resist wear, 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 design and 
hardware control. The Applications 
Manual provides theory and sample 
code for a number of hands-on lab projects. 

Primer 
Training 

Kit starting 
at $120.00 uso 

-Scan Keypad Input & Write to a Display 
- Detect Light Levels with a Photocell 

Application 
Projects 
Include: 

·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 Contro l Stepper Motors 

Since 1985 
OVER 

17 
YEARS OF 

SINGLE BOARD 
SOLUTIONS 

·Design a DTMF Autodialer I Remote Controller 
New! ·Programming a Reaction Time Tester 

ClilJli:. • InC. 
Phone 618-529-4525 Fax 618-457-0110 
2390 EMAC Way, Carbondale, lllinois 62901 
World Wide Web: http://www.emacinc.com 
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Personalized 3D Model 
to 'Try On' Clothes 

Online 

ent outfits, from a wide variety of 
designers, in the comfort of their 
home or any other location with 
Internet access. 

Accurate sizing is guaranteed by 
matching individual body measure­
ments with various garment specifi­
cations. 

H SN, the world's most widely dis­
tributed TV shopping network, 

has launched My Virtual Model™ 
Experience on www.hsn.com/, 
allowing customers to try on clothes 
online before making a purchase. 

Featured as a hotlink on 
hsn.com's homepage, the My 
Virtual Model Experience allows 
women to 'try on' hundreds of differ-

HSN.com is the first Web desti­
nation to offer a fully integrated ver­
sion of My Virtual Model Inc.'s visu­
alization and sizing solutions, known 
respectively as the My Virtual 
Model™ Dressing Room and My 
Virtual Mode™ Fit. Women can build 
a 3D model of themselves and then 
see how they look in specific outfits 
sold on the network and hsn.com. 

The simplified sign-in process 
asks women to provide their own 
unique information including height, 
weight, skin tone and hair color, and 
measurements such as bust, hip, 
and thigh. Easy-to-use instructions 
are clearly provided and the entire 
process takes just minutes to com-

Continued on Page 78 

REFILL INKS FOR 
INKJET PRINTERS 

Refill your old ca rtridge and 
save. All refill kits come 
with instructions and need­
ed materials for refilling 

=""-""-----' inkjet cartridges. Available 
for Canon , Epson, Hewlett Packard, Apple, 
Compaq, and Lexmark printers. 

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. 

Circle #89 on the Reader Service Card. 

The Pocket Proarammer 

The portable programmer that uses the printer port 
instead of a internal card . Now with easy to use 
Windows software that programs E(E)prom, Flash & 
Dallas Ram . 25/27/28 & 29 series from 16K to 8 
Megabit with a 32 pin socket. Adapters available for 
MCU's 874X, 875X, Pic, Atmel , 40-Pin X16, Serial 
Eprom's, PLCC, Bi-Prom's, Eprom Emulator to 32K X 8 

and More .. .. Only $149.95 

Same Name, Address & Phone# for 20 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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IDENTIFY THOSE 
NOISE LEAKS 

By Gordon West 

Your first job in eliminating noise and interference to your electronic 
equipment is to identify where the noise is coming from. 

T
he two-way radio spectrum begins around 3kHz, and extends 
all the way up to 300 GHz. Three-hundred GHz is the same 
as 300,000 MHz, and the top end of the radio spectrum is 
affectionately known as microwave. 

At the bottom of the radio spectrum, sta tic is most prevalent from 
the atmosphere, and there is not much that we can do to minimize this 
type of electromagnetic interference. Lightning associated with thun­
derstorms may be picked up 1,000 miles away with a good low-fre­
quency or medium-frequency receiver. 

On medium frequency and high frequency, static as well as electri­
cal interference are the big noisemakers. Home appliances like floures­
cent lights , fans , air conditioner motors , Mixmasters, and the common 
residential 240 YAC backyard power lines topped with multi-kilovolt bare 
high-voltage conductors are all potential electrical noise generators! 

Up on VHF where frequency modulation helps reduce the effects of 
amplitude modulated noise interference, birdies are a nuisance. A 
birdie is a small signal that leaks out of microprocessor circuits found in 
almost anything electronic at your house. You wouldn't expect a coffee 
maker to hang a dead carrier on 156.8 MHz, the marine distress chan­
nel , would you? But what about your fax machine that also doubles as 
an inkjet printer, putting out enough signal at 406.025 MHz that could 
interfere with satellite-based search and rescue operations? Cordless 
phone machines, auto-dialers, computers, scanners, and even the little 
pest repellant oscillators might easily lock up a communications receiv­
er 50 feet away. 

As we get into UHF and SHF frequencies , unintentional radiators 
might include your microwave oven, microwave burglar alarm, a turned­
on cell phone, and that brand new radar detector you just installed in the 
dash of your sports car. 

So throughout the spectrum, the chance of getting your wire less 
link or communications interrupted with an offending signal must be 
considered when you set up your new system, and it just doesn't seem 
to work like it should. Whether it's a wireless LAN, or the new long­
range cordless telephones, or a radar detector or CB radio or ham set, 

there is plenty around you 
to disturb their normal oper­
ation. And even "jamproof" 
radio receivers like the 
spread-spectrum Global 
Positioning System may not 
be immune from interfer­
ence. Ask any boater who 
transmits on marine VHF 
channel 77, and immediate­
ly the Global Positioning 
System receiver instantly 
loses satellite signals, due 
to the tenth harmonic of the 
156 MHz signal completely 
blanking out spread-spec­
trum reception. And imag­
ine bus drivers that get into 
downtown cities and find 
their GPS medium-frequen­
cy differential beacon 
reception konks out every 
time they parallel a set of 
power lines. And just last 
week, a buddy of mine out 
on the desert was showing 
me his 2.4 GHz wireless Internet system to a distant mountain-top relay 
station, and we were instantly off the a ir when his next door neighbor 
turned on his home alarm system before leaving for the office. 

The Federal Communications Commission (FCC) has a specific 
part in the Code of Federal Regulations, Volume 47, Part 15, which fully 
describes limits of unintentional radiation that may come off of a prod­
uct in your home, office, or vehicle. There are also laws about "inten­
tional radiators," such as your garage door opener or that keyless entry 
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automobile alarm system. The Part 15 rules will take you weeks, if not 
months, to read and understand, but nonetheless, get on the FCC web 
page and take a browse to see how many microvolts per meter at a spe­
cific distance your new gizmo can radiate without violating Part 15 rules 
and without causing interference to other devices picking up your unin­
tentional emission . 

Generally, the amount of interference coming off of an "uninten­
tional radiator" should just about drop into the noise level 15 to 30 feet 
away. The Part 15 rules give specific distances and measurements, 
along with specific frequency ranges, so go by the Part 15 law when 
dealing with any device that seems to be causing interference to other 
electronic devices, like a radio receiver system. 

Up on VHF and UHF, the greatest interference comes from "birdies" 
which are relatively stronger emissions on specific VHF /UHF /SHF fre­
quencies or channels, not necessarily blanking out the entire radio dial. 
For instance, the next door neighbor added a new flight simulator air­
plane yoke assembly to his kid's computer, and every time they had the 
system turned on, it gave me a major spike on a specific ham radio fre­
quency, 145.800, which I continuously monitor for the International 
Space Station. The signal is coming from an upstairs bedroom five 
houses away! Luckily, I was able to convince the neighbor down the 
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street that this type of signal leaking out onto the airwaves 
couldn't be all that healthy for their kids, and they let me 
put several RF chokes on the leads and the problem all but 
went away. 

But what about wireless computer or robot links where 
you don't actually listen to a receiver to detect a clean sig­
nal or interference? It takes a not-so-expensive radio 
receiver capable of scanning frequencies up to 2.4 GHz 
(2,400 MHz) to detect errant signals coming in on your 
particular device's frequency. For VHF and UHF "birdie 
tracking," I use the handheld AOR AR-8200 receiver along 
with the AR-3000 professional monitor that covers 100 
kHz through 2,036 MHz, plus Optoelectronics scanners 
and noise "sniffers." AOR has a new receiver, the AR-8600 
with a versatile band scope display with save-trace memo­
ry, too. ICOM America offers the PCR-100-12 computer 
communications receiver, covering up to 1,300 MHz, and 
Win Radio has probably the ultimate in computer spec­
trum analyzers with 20 and 30 waterfall displays. This 
equipment is offered by Grove Enterprises (www.grove­
ent.com), www.universalradio.com, and other radio deal­
ers who specialize in scanning receivers and spectrum 
analyzers that indeed tune up beyond 2,000 MHz. 

For an analysis of the hottest microwave 
receivers/analyzers, email: www.fred@dxing.com with 
Universal Radio. He is the guru on microwave tracing 
devices. 

You can also use a common ham handheld transceiver capable of 
VHF /UHF reception, too. Most recently I finished my very positive 
review of the new RadioShack HTX-420 two-band handheld, and it has 
a red-hot receiver that offers wide-band reception in the VHF and UHF 
spectrum. The idea is to lock onto the frequency of interference, and 
then walk all over the house or all over the neighborhood until the inter­
ference gets stronger. You determine the direction of the incoming 
"birdie" by letting your body shield the signal coming in from behind 
you. You may look strange standing in the middle of the street and spin­
ning around with your little handheld, but nonetheless you can usually 
end up on the front door of the neighbor or your own house where the 
interference is coming from. 

Next, substitute the little rubber duck antenna for a paper clip, and 
get closer to the interference. The new RadioShack handheld has all-alu­
minum construction so everything within the receiver is shielded. When 
you get right next to the can opener or fax machine that is likely radiat­
ing the noise, pull out the paper clip and see whether or not holding the 
radio next to the possible noise source elicits some weak reception. If 
it does, you're right on top of the device creating the interference. 
Unplug it from the wall and listen to the interference go away. You have 
now found your culprit. Shielding, RF chokes, and wrapping up any 
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excess power cord may help. For one neighbor down the street, I 
bought them a new cordless phone just to cancel the steady dead car­
rier on one of my popular VHF marine band channels. 

Down on high frequency, noise interference tends to spread out and 
clobber reception on many bands and many frequencies. Some noise 
sources are easy to figure out - the "sweeper" associated with floures­
cent light fixtures, or the incessant broad-band buzz associated with 
touch lamps. Some broad-band, high-frequency noises come and go 
with the time of day, more likely fish tank heaters, electric blankets, 
alarm systems next door, or the really bizarre mobile home that seems 
to wipe out shortwave reception up to a block away. 

What, a mobile home creating broad-band noise? Not the actual 
mobile home itself, but the aftermarket Danfoss refrigeration system 
that was installed to keep that new freezing compartment icy cold. The 

Danfoss controller uses a plastic enclosure as its only surroundings, and 
of course, the computer-generated phantom signals every 100 kHz 
freely pass through the plastic, couple onto the wiring, and radiate for 
up to 300 feet away. Aboard boats down at the local marina, the 
Danfoss controller is driving everyone from yacht owners to the United 
States Coast Guard crazy because it completely disrupts medium-fre­
quency radio reception of the all important differential beacon system 
intended to add correction signals to an onboard Global Positioning 
System receiver. 

When viewed on a spectrum analyzer, the RF signals coming out of 
the Danfoss controller peak around 10 MHz, and completely fill the 
band from 2 MHz to 30 MHz and sometimes higher. Special LC filters 

onto many of the important leads coming into and out of the control 's 
black plastic box didn't help much, but some simple copper screen over 
the entire control box and grounded to the metal heatsink fins dropped 
the spurious radiation to nearly zero. 

The Danfoss controller was by far the most mysterious sound we 
have heard in a long time on high frequency. Its patented sampling net­
work of system status gives off a sound almost identical to the short and 
long signals of Morse Code. Everyone at the RV park and marina was 
blaming the ham radio operator who didn't even own a radiotelegraph 
key! But there was no mistaking the dots and dashes heard from 5 MHz 
to 25 MHz throughout the radio dial! It had to be a ham. But it wasn 't 
-it was the Danfoss controller sending Morse-Code-sounding signals all 

over the trailer park and down at your local marina. 
As we get below 10 MHz, the biggest sources of noise pollution are 

power lines and atmospherics. Atmospherics we must live with -there 
is absolutely nothing that will magically take away lightning strikes or 
the incessant buzz of the ionosphere during a peak in solar-generated 
charged particles. These are days that oldtimers called "radio blackout" 
periods, and the best bet for licensed hams is to simply choose a high­
er band above 10 MHz. 

But for power line noise, there are some things that you can do to 
help mitigate the problem. If you can actually hear the upper-wire insu­
lators frying on a damp evening , you can contact the power line com­
pany and give them the pole number - and within a few weeks, they 
may come out and either replace the insulators or hose them down with 
a special water solution that is non-conductive. 

Never attempt to hose down insulators with regular w a ter- y ou 
could be electrocuted. 

If the power line noise is constant, dry, or damp, you might try the 
MFJ-1026 power line noise canceller (www.mfj enterprises.com) . 
This little device plugs between your main external antenna and your 
receiver, with a secondary antenna that has a pre-amp to pick up the 
same noise, and put them 180 degrees out of phase, hopefully can­
celling the undesirable noise from your main antenna coax. It's unbe­
lievable how well this works on certain types of power line interference 
-and if your main antenna is a rotatable Yagi or loop, rotate your anten­
na slightly so as to null out the offending power line noise. One of my 
ham buddies in Florida made up his own multi-band, high-frequency, 
cubicle-quad antenna, and he can turn it ever so slightly and watch from 

the local power lines drop to near zero. 
But your first job in eliminating noise and interference to your elec­

tronic receiver is to identify where the noise is originally coming from. 

Except for power line and atmospheric noise down on high frequency, 

most VHF, UHF, SHF, and microwave interference is from something 
within your own radio or experimental room, or maybe the next building 
or house away. If you're into radio control of robots or models, and you 
lose contact over a relatively short distance, there's a good chance you 
are operating in an area with a strong signal smack dab on your control 
frequency. But unless you can actually scan this frequency, you might 
not know that there is some interference right on your frequency. 
Identify that interference, and deal with it! Shielding, grounding, RF 
chokes, ferrite beads, and wrapping all those extraneous cables in alu­
minum foil will many times solve the problem. But to solve the prob­
lem, you need to actually listen to the improvements you are working on 
with a companion radio receiver. 

Good success in solving RF interference! NV 

w ww.SMDRework.com 

800-394-"'1 984 

Two Step Tuning 
Step One: Pick up microphone. 
Step Two: Transmit. 

(Please note: HF Tuning doesn't 

SGC Smartuner TM 
HF Automatic Antenna Couplers 

"For me and my radio dollar, there isn't a better coupler made!" 
jack Huebschen N9XRO 

Power Input: From 1.5W - Up to SOOW* 
HF Frequency Range: From 1 MHz - Up to 60MHz* 

Up to 4 ,000,000 element combinations* 
Five Sensor Devices *Specs differ per model 

"Undoubtedly the best piece of ham gear I have ever owned." 
Ronnie Kane K9MNI 

Marine, Commercial, Amateur Radio, 
Aviation, Special Applications 

Starting at $249 
=:!.1-il.l-.. 

www.sgcworld.com 
Toll Free (800) 259-733 1 • Tel (425) 746-63 10 • F:Lx (425) 746-6384 • Email: sgc@sgcworld.com 

Mailing: PO Box 3526, Bellevue, \VA 98009 • Shipping: 13737 SE 26th St. Bellevue, \VA 98005 USA 
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Houston, we have a 
PIC Project! 

••• 

By Bill Ruehl 

Going NASA-style with a model rocket launcher controller. 

W
henever my kids come home with a science project from 
school, I tend to get a little excited. I love science fairs and 
any opportunity that a kid might have to reach far beyond 
the textbook and manipulate real science is a worthy 

interest in my book. 
My daughter was looking for a project involving model rockets so 

off to the hobby store we went. After letting the hobby storeowner abuse 
my Visa card for a while , we left with a rocket kit, a launch kit, some 
rocket motors, and some safety tips. 

While she was building her sleek new ship, I took a look at our new 
launch pad and launch controller. The launch pad was neat enough, it 
folded away quickly into our field box and looked robust enough for our 
purposes. The launch controller, on the other hand, seemed a little 
cheesy. You slap in some AA batteries, hook the unit up to the wire fil­
ament igniter (placed in the outlet nozzle of the motor), slide the safety 
"key" (a simple metal rod) into a hole , and provide your own count 
down. I wanted something that looked a little more "NASA" than that, so 
into the junk box I went. 

Designing something for outdoor use on nice sunny days takes 
some special consideration regarding viewability. LCDs are great out­
side during bright conditions, but there wasn't anything available in my 
price range (cheap!) for the size I wanted. Really big numerals were what 
I wanted, just like the real countdown clocks at NASA. 

I found the answer in the Digi-Key catalog with their (part #67-1493-
ND) display from Lumex. Standing a full 2.25" tall , these displays really 
look impressive. Now, being an LED, you might think they'd be difficult 
to see under bright conditions, but this unit uses numerous high bright­
ness/efficiency LEDs to make up each element making visibility easy. I 
used a piece of smoked acrylic plastic over the display and it has 
worked out very well. The power and launch status LEOs are of the high 
brightness/efficiency type, as well , putting out 2000mcd each. All this 
means is you can see the thing in the midday sun. 

Function of the device is simple. When power is supplied via the 
large toggle , it feeds the high side of the display and rocket launch leads 
directly. The PIC power is provided by a standard issue 7805 on the 
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Rocket and 
launcher. 

meLabs 16F84 Protoboard. All the circuits are fed from the same 
RadioShack 9.6V Radio Control Car pack. This is my preferred method 
of providing power. Since most of my projects share a common battery 
pack, I can keep them all running for long periods by sharing packs 
between them. The PIC runs a simple program written in PBASIC that 
could, with a little work, be ported to the BASIC Stamp 2. The high cur­
rent 1/0 is a ll handled by two quad Darlington transis tor ICs 
(ULN2065). 

Each gate is good for 1.5 amps with proper heat-sinking making 
them ideal for our needs. Many manufacturers have dropped this chip 
in the past few years , but Mouser still has the ST electronics unit listed. 
Aside from a handful of capacitors and resistors , that's largely all there 
is. Each of the first seven Darlington transistors sink current for the dis­
play acting as a driver. 

Since I was not using the decimal display pin, I elected to use the 
eighth transistor pin for the rocket ignition. I did run out of 1/0 lines so 
I had one of them do double duty. The launch button (input) and piezo 
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speaker (output) share ljO line RAl 
that also gives me the "feature" of audio 
confirmation of the launch button press. 
All eight bits of port "B" are used to 
drive the display and send the rocket on 
its way. The remaining port "A" pins are 
used to read user input, drive status 

-=-

s hould the display appear 
orrupted, reorder the pins on 
he display unit until the digits 

c 
t 
a 
y 
v 
t 
d 

ppear correct. Alternatively, 
ou can modify the binary 
alues written to port "B" on 
he PIC to correct any wiring 
ifferences. 

Schematic. 

LEDs, and check the wiring connections prior to launch. 
The "wire check" feature uses a zener diode to clamp the voltage at 

5.1 V on the low side of the igniter circuit, thus only going high when the 
leads are properly attached to the rocket igniter. It should be noted that 
this will only detect an open in the wiring and is not meant to check for 
unintended shorts. 

The launch sequence goes like this . Switch on the power; if the key 
switch is in the launch position , an error is flashed on the big display 
indicating that the switch needs to be returned to the "safe" position. 
When this is done, the system waits for the "wire check" (indicated by 
the middle status LED flashing quickly) to go high, thus allowing the 
program to proceed to key switch confirmation mode where the LED 
remains on continuously and the last LED called "Launch Armed" is lit. 
At this point, the display rapidly flashes a zero and the count down is ini­

tiated by pressing the red launch but­
ton. After the drama of the countdown 
plays out, the ignition circuit is shorted 
to ground and the rocket bursts sky­
ward followed by some animation on 
the display that no one ever sees 
because they are too busy looking at 
the rocket high overhead. 

I built mine in an ordinary alu­
minum Bud box (7" x 5" x 3"). You can 
use the one listed or another suitable 
unit. The interconnects on the back 
side of the PIC protoboard were done 
with wire-wrap wire soldered point-to­
point to link to the IjO lines. Note the 
large yellow wire on the underside of 
the same board, which is used to route 
the 9.6V power to the high side of the 
display and to the ignition circuit. 

The piezo element was bonded with 
epoxy to the inside of the case with its 
hole lined up with a .062" hole in the 
side. 

The smoked acrylic can be pur-

ULN2065 
240 

240 K OUT4 
L-vvv-- OUT1 NC 

f-w.,--
IN1 IN4 

~GND GND8-GND GND 
IN2 INl~ 

@:OUT2 NC -

0 
K OUT3rl 240 

ULN2065 
240 

240 K OUT4 
OUT1 NC 
IN1 IN4 

~GND GND S GND GND 
IN2 IN3 -

I r= OUT2 NC -K OUT3h_ 240 

chased in small quantities (12" x 12") from McMaster Carr as part num­
ber (8505K214) for less than $4.00 (not including shipping). The 
square hole can be nibbled out of the face of your project box by plac­
ing the display against the outside of the box where you want it and 
marking the perimeter with either a scriber or a pencil. The acrylic is 
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Prelaunch. 

then cut to 3.4" x 2.5" by measuring these dimensions out on the plas­
tic and scribing a deep groove along those lines (leave the protective 
film in place while you work to prevent scratches). 

Next, snap the acrylic along the lines against the edge of the work­
bench or suitable surface. l then glued the corners of my display right 
to the acrylic and then used four 2-56 pan head screws to secure the 
acrylic to the face of the box, allowing the display to stick through the 
square hole. I secured the battery to the inside of the enclosure with 
heavy tape but Velcro or a nylon tie will work too. I used my launcher 
for about a year before I needed to recharge the battery, so easy access 
to the pack is not paramount, hence the tape. I used sockets for all the 
DIPs and have found this practice very helpful when things don't go as 
planned. Don't forget to put the pull-up resistor on the MCLR pin of the 
PIC or you'll go nuts trying to figure out why your project is flaky. 

Programming of the PIC 16F84 was done on an Epic plus pro­
grammer with PBASIC Pro spinning the code into machine language. I 
realize that these are not household tools , so for a six-month period, I 
will sell pre-programmed 16F84s to those that desire a plug-and-play 
solution for a reasonable fee (see sources sidebar for deta ils) . I will also 
post the code on the Nuts & Volts ftp site as hex and assembly files, so 
you can load it onto your own PIC provided you have the means and the 
know how. I wholly endorse the products from meLabs and recommend 
you give them consideration if you are looking for PIC tools. They have 
served me well both professionally and on my own personal projects. 
I do not have any fiscal relationship with them, I just really like their 
products. NV 

Interface lith Touch 

GTC100 GTC200 
128x64 LED 256x128 CCF 

Graphic display 

I·· .... . . . I . 

GTC300 
320x240 CCF 

I 
. I 

GTC301 
320x240 LED 

Touch screen (optional} or 12x12 input matrix 

.... 

Serial communication (RS-232C) Interface 
Eprom or Flash for screen storage Easy Oper~tor ection 
Only +5VDC power required (or 9-26VDC) through sertal conn 
Includes graphic controller board 
Easy to use development software 
Powerful friendly instruction interpreter 
Create screens by PC paintbrush 
Holds 1 OO's of "canned" graphic screens 
Simple to place touch buttons software 
Easy interface with PC/104, 8051, 68HC11 , PIC 
Embedded Computer Controller Also 
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Qty. Part Number Description Source 
1 67-1 493-ND Display Digi-Key 
1 PIC 16F84-04/ P-ND PIC 16F84 Digi-Key 
1 X902-ND Resonator ceramic 4.00MHz 

wj cap Digi-Key 
3 P408-ND LED red clear high brightness Digi-Key 
1 360-1206-ND Switch toggle SPST 15A Digi-Key 
1 CKC8010-ND Switch SPST keylock 4A Digi-Key 
1 EG2035-ND Switch PB SPST mom 3A red Digi-Key 
1 377-1 083-ND Box alum 7 x 5 x 3 gray Digi-Key 
4 1902CK-ND .500/ 4-40 nylon hex thread Digi-Key 
2 J164-ND Post binding banana insulated red Digi-Key 
7 180 Ohm 1/ 4 watt resistor 
3 390 Ohm 1/ 4 watt resistor 
4 1K Ohm 1/ 4 watt resistor 
4 4 .7K Ohm 1/ 4 watt resistor 
2 51 1-ULN2065B Quad Darlington Array Mouser 
*1 ROCKETPIC Preprogrammed 16F84 Mt. Design 

Sources 
Mouser Electronics, Inc. 

I 000 North Main Street 
Mansfield,TX 76063 

Voice: ( BOO) 346-6B73 
Fax: (B I 7) B04-3B99 

Email: sales@mouser.com 
Web: w ww.mouser.com 

McMaster-Carr 
473 Ridge Rd. 

Dayton, NJ 0881 0-0317 
Voice: (731) 319-3100 
Fax: ( 731) 319-3771 

Email: nj.sales@mcmaster.com 
Web: www.mcmaster.com 

Digi-Key Corporation 
70 I Brooks Avenue South 

Thief River Falls, MN 56701 
Voice: ( BOO) 344-4539 

Fax: (liB) 6BI-UBO 
Email: sales@digikey.com 
Web: www.digikey.com 

Mountain Design 
& Tool, Inc. 
225 Burma Rd. 

Mountain Top, PA 18707 
Email for PayPal purchases and inquiries: 

wruehl@hotmail.com 
RocketPIC's are $ 15.95 each 

(shipping included) 
US & Canadian orders only. 

Snail Mail (postal money order) and 
Email (PayPal) orders only. 

microEngineering Labs, Inc. 
Box 60039 

Colorado Springs, CO 80960 
Voice: (719) Sl0-Sll3 

Fax: (719) Sl0-1867 
Web: www.melabs.com 

Email: support@melabs.com 



Questions & Answers 

QUESTIONS 
I've purchased a USB exter­

nal enclosure for my old EIDE 
hard drive (Western Digital 
Caviar) 10 GB and although the 
driver (OnSpec USB Device) has 
been installed correctly, and 
"quick formatted" the hard drive, 
I'm NOT getting a drive letter 
under "my computer" (0/S WIN 
98 Sec. Ed.) and, therefore can't 
access it. 

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

Send all material to Nuts & Volts 
Magazine, 4 30 Prince! and Court, 
Corona, CA 92879, OR fax to 
(909) 371-3052, OR email to 
forum@nutsvolts.com 

ANSWER INFO 
• Include the question number 
that appears directly below the 
question you are responding to. 

• Payment of $25.00 will be sent 
if your answer is printed. Be sure 
to include your mailing address if 
responding by email or we can not 
send payment. 
• Your name, city, and state, will 
be printed in the magazine, unless 
you notify us otherwise. If you 
want your email address printed 
also, indicate to that effect. 

• The question number and a 
short summary of the original 
question will be printed above 

I've been told, rather than 
'quick formatting it,' to completely 
and unconditionally format the old 
hard drive inside the PC, but that 
could take 78 days continuously 
(will the formatting take place 
faster in the SAFE MODE?). Also, 
what jumper settings (slave, mas­
ter, single) should I use when HDD 
is placed in the external enclosure? 

Any ideas on how to access 
this external hard drive? 
#I 0021 Dan Zillbermann 

via Internet 

the answer. 

• Unanswered questions from a 
past issue may still be responded 
to. 
• Comments regarding answers 
printed in this column may be 
printed in the Reader Feedback 
section if space allows. 

QUESTION INFO 
To be considered 
All questions should relate to one 
or more of the following: 

I) Circuit Design 

2) Electronic Theory 

3) Problem Solving 
4) Other Similar Topics 

Information/Restrictions 

• No questions will be accepted 
that offer equipment for sale or 
equipment wanted to buy. 

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

• Questions may be subject to 
editing. 

Helpful Hints 

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

• Write legibly (or type). If we 
can't read it, we'll throw it away. 

• Include your Name, Address, 
Phone Number, and email. Only 
your name, city, and state will be 
published with the question, but 
we may need to contact you. 

I have two Sony Watchman 
TYs (model no. FD-lOA and FD-
2A) . I would like to use one of them 
fo r a self-contained portable moni­
tor. Is there someplace on the cir­
cuit board I can run a video signal 
from a miniature video camera 
without using an external modula­
tor? 
#I 0022 Raymond Capton 

rcapton@netzero.net 

I am looking for a circuit for a 
radio-controlled model boat, elec­
tronic speed control with reverse 
capability that will operate in the 
range of 6-18 volts DC at 20 amps 
max. I would like to avoid the use of 
relays . 

I also need another circuit that 
can use one of the proportional 
channels on the R/C transmitter 
tied into a separate eight-button 
keypad that will output distinct sig­
nals to control eight different 
on/off functions on the boat for 
momentary / latched operation. 
#I 0023 Marvin A. Harten 

Los Angeles, CA 

I have an old Sadelco TV signal 
strength meter with UHF freq cov­
erage. Is there any way to adapt it 
- internally or externally - to pro­
vide level readings for Digital TV 
signals? 
#10024 David Schoepf 

via Internet 

I'm planning a fiber optic link 
to send a small quantity of data 
(two pressures and one tempera­
ture) between two PIC CPUs. 

The cable is Optical Cable 
Corp. DX02-045D-W series, 
62.5/1 25um. Length is less than 
250 feet. The cable has two fibers, I 
would prefer duplex over one fiber, 
using the second as backup/fault 
detection. 

I'm having problems locating 
connectors and transceivers. I 
would prefer board mount tran­
ceivers with TTL in/ out to PIC. 
Connectors should be easy to 
install and at low cost. 
#I 0025 Carl Denk 

via Internet 

I want to build an AC power-line 
surge and spike detector that will 

monitor the AC power line and pro­
vide a latching output via LED that 
a spike or surge has occurred, 
resettable via push-button switch. A 
circuit with a peak level indicator 
via a series of LEDs would be even 
better. Is there a circuit that can do 
this? 
#I 0026 Ben Hall 

Huntsville, AL 

I need a conversion formula to 
convert amps to horsepower. 
#I 0027 Anonymous 

via Internet 

ANSWERS 
(9021 - SEP. 2002] 

I'm looking for a source for a 
"soft-start" controller for a 3 hp, 
three-phase, 240-volt water well 
pump motor. 

I have a 3 hp submersible 
water well pump hanging on 120 
feet of plastic pipe. When it starts, 
it puts a high torque on the plas­
tic pipe. 

#I Sometimes the best answer is 
a simple one, forget the soft-start 
controller. I know this is not the 
super electronic way of doing 
things, but in the long run, it will be 
cheaper. 

You need to go to an oil field 
supply house and pick up some 
"WOG" hose (water, oil, and gas) 
and have brass or stainless fittings 
swaged on, or if you are handy, you 
can get reusable fittings which real­
ly are easy to put on. 

If your well is extremely deep, 
you can go to a wire reinforced 
hose and you can get one that will 
be strong enough to handle practi­
cally anything and the fittings are 
the same deal as with the WOG 
hose. 

The great thing about it is, if 
you have to pull your pump, just 
pull it and coil up the hose as it 
comes out of the well, you do not 
have connections to deal with and it 
is lighter than pipe. Also, lightning 
will not blow out expensive soft­
start equipment. 

My experience with direct drive 
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. TECH FORUM , 
pumps (air compressors, too) is 
that they are usually sized margin­
ally and need the starting torque to 
get started. 

RR Thomas 
via Internet 

#l I checked the Internet and 
found the following sources: 

SM Service & Technology, 930 
Stuyvesant Avenue, Union, NJ 
07083. 908-687-1880. info@smser 
vice.com. http:/ I smservice.com/. 

They have a device called The 
Power Commander, which has Soft 
Start. 

Over time, full voltage hard 
starts can damage motors, as well 
as equipment. Soft starts prevent 
unnecessary high starting current 
by reducing the peak current by as 
much as 50%. A controlled soft 
start in the Power Commander lim­
its the inrush of current, prevents 
unnecessary excess torque, and 
reduces power line disturbances. 
The soft-start circuit in the Power 
Commander senses the motor load 
and the power to the motor. It then 
applies only the exact power 
required to start the motor without 
reducing the necessary starting 
torque or RPM. Actual kW 
demand is reduced and the power 
factor is improved. Every start is 
smooth, stepless, and adjustable to 
the operator's needs. 

These other sites sell a wide 
variety of soft-start controllers: 

Galco Industrial Electronics, 
26010 Pinehurst, Madison Heights, 
MI 48071. sales@galco.com, 
www.galco.com, (800) 521-1615. 

Linco Power Ltd. , 3930 
Chesswood Drive, Toronto, ON 
M3J 2W6 Canada. (416) 630-0658. 
linco@lincopower.com, www .lin 
co power .com/ Solcon/ solcon.htm. 

Wesley K. Miller 
Camp Hill, PA 

#3 Most manufacturers of indus­
trial motor control centers (motor 
starters) such as GE, Square D, 

" . .· 

Crouse Hinds, and Westinghouse 
also make soft starters. 

The best approach is one with 
an adjustable current limit to allow 
you to bring the motor up to speed 
with the least mechanical stress . 
Currently, you are starting an 
induction motor full voltage across 
the lines, which draws about 500-
800% of FLA (full load amps) dur­
ing start. This translates into severe 
mechanical stresses just before the 
motor reaches full speed of up to 
approximately 250-300% of nomi­
nal torque. There are several fac­
tors in this equation, such as motor 
NEMA design, line gauge voltage, 
line, and length , which can change 
the numbers up or down. 

Walter Heissenberger 
Hancock, NH 

#4 A three-phase VFD (Variable 
Frequency Drive) has helped us out 
in the past. We had to pull in four 
high-torque motors at the same 
time and not dip the power source. 
We used an inexpensive VFD from 
AC Tech. 

The ramp-up voltage was pro­
grammed so the motor started out 
at slow rotation and ramped up to 
operating speed. It was about a 1.5 
second process, but the starting 
amps went down considerably. You 
may want to check www.automa­
tiondirect.com. They have about 
the most inexpensive PLC and VF 
Drive components on the market. 

Luke J. Barker, EE 
Reinke Mfg. Co., Inc. 

Deshler, NE 

[9026 - SEP. 2002] 
I am looking for a w ay to use 

my DSL connection on fo ur 
floors. I have an access point on 
the third floor and am able to con­
nect okay on the second floo r, 
but no signa l in the basement. 
Would a high-gain an tenna help? 

Your best bet is to get an exter­
nal DSL modem from your DSL 

EZ-EP DEVICE PROGRAMMER- $169.95 
Check Web!! -- www.m2/.com 

Fast - Programs 27C010 in 23 seconds 

Portable - Connects to PC Parallel Port 

Versatile -Programs 2716-080 plus EE 
and flash (28, 29) to 32 pins 

Inexpensive - Best for less than $200 

• Easy to use menu based software has 
binary editor, read , verify, copy, etc. 
Free updates via bbs or web. 

• Full over current detection on all 
device power supplies protects against 
bad chips and reverse insertion. 

• Broad support for additional devices 
us ing adapters listed below. 

Available Adapters 
EP·PIC ( 1 6CSx,61 ,62x , 71 .~) 

EP·PIC6. (16C62·5,72·•) 
EP·PIC12 (12CS0x) 

I 

970/259-0555 
Fax:9701259-0777 

250 CR 218 
Durango, CO 81301 

CO orders please add 7% 
sales tax 

http:lwww.m21.com 
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provider and feed its output into a 
multipart network router/concen­
trator. You'll have to install NIC 
cards in all of your PCs and run 
CAT5 twisted-pair cabling from 
each PC to the router/ concentrator. 
This way, the external modem is 
your "server" and gateway to the 
DSL service. Windows should 
detect the installed NIC cards and 
install the required drivers from the 
modem install CD. If "done correct­
ly," you should have "plenty of sig­
nal" to all four machines - any 
installation, etc. , problems can be 
handled by your DSL provider. 

[9027 - SEP. 2002] 

Ken Simmons 
Auburn, WA 

To get older PCs running, it's 
sometimes necessary to boot up 
with a DOS floppy, but the hard 
drive C: disappears! 

What installs the hard drive 
in DOS? 

I'm assuming you're dealing 
with "AT-class" machines (80286 
minimum processor). It looks like 
the back-up battery for the CMOS 
configuration memory has died. 
These batteries were typically small 
3.6V NiCad packs located near the 
24-pin clock/CMOS chip on the 
main motherboard. Newer boards 
use 3 VDC Lithium "coin" cells. 
Near these packs is a two or four­
pin header which you can attach an 
external battery pack (i.e., 4xAA­
size Alkalines) instead. However, 
you still have to periodically replace 
these batteries. 

There were no "drivers" for the 
hard drives - you selected the 
"drive type" from a table of para­
meters in the BIOS setup (number 
of heads, number of cylinders, land­
ing zone, etc.) and entered that info 
into the CMOS via the BIOS set-up 
routines. Unfortunately, once the 
CMOS back-up battery dies , all the 
system information (drive types, 
clock, etc.) is lost, which is why it's 

a good idea to write down any I all 
BIOS configuration info and store it 
in a safe place. 

NOTE: all AT-compatible hard 
drives have the "drive type" infor­
mation on their labels . You can also 
get this information from the drive 
manufacturer, as long as you know 
the make and model (located on 
the drive's ID label). Once the "drive 
type, etc.," info is entered and 
stored into the CMOS memory, the 
system will access the drive (and 
boot if the drive is system format­
ted). 

NOTE: You need MS-DOS 3.3 
and later to properly handle the dri­
ves and their controllers, etc., and 
perform FDISK/ FORMAT opera­
tions to make the drive usable. 

Assuming the drive(s) that 
keep "disappearing" are already 
boatable and/ or already format­
ted/readable by DOS, simply 
putting a fresh battery (or replacing 
the expired NiCad pack) onto the 
motherboard, running SETUP from 
the BIOS, re-entering/saving the 
"drive type" information to the 
CMOS, and rebooting the machine 
is all you need to get that "old iron" 
back up and running. 

XT-class (8088 processor) 
machines used hard drive con­
troller cards that "did all the work" 
in handling the drive's parameters 
(heads, cylinders, etc.) and were 
used with MS-DOS 3.2 and earlier. 
You didn't have to enter and CMOS 
data (XT-class machines didn't use 
it), but you had to access the hard 
drive controller BIOS via DEBUG to 
do the preliminary "low-level" for­
matting before you could run 
FDISK/FORMA T and access the 
drive (make it boatable, etc.). In 
this case, it's possible the drive got 
"clobbered" somehow and simply 
needs reformatting. If the drive has 
really "died," good luck in finding a 
replacement! 

The book Upgrading and 
Repairing PCs will have all the info 
needed to get your hard drives 

[Mr.Nicdj THl BEST BATTlRilS §UMMER §PECIAL§! 
IN AMERICA I 

For ICOM IC-2SA T I W2A 13SA T 14SA T etc: Packs & Charger for YAESU FT-50R I 40R I 10R: 

FNB-40xh Sim-N;MH 7.2v 650mAh $41.95 
FNB-47xh t'""*'l 7.2v 1800mAh $49.95 
FNB-41xh !5wNiMHl 9.6v 1000mAh $49.95 

For YAESU FT-51R 141R I 11R: 
FNB-38 pack t5Wl 9.6v 700mAh $39.95 

For YAESU FT-530 14161816 I 76126: 

FNB-26 pack t"'"*'l 7.2v 1500mAh $32.95 
FNB-27s csw "'"*'l 12.0v 1000mAh $45.95 

For YAESU FT-411 I 470 I 73 I 33 I 23: 

FNB-11 pac k (Sw) 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for ALINCO DJ-580 I 582 1180 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 T7A : 

BP-180xh •' l"'"*'l 7.2v 1000mAh $39.95 
BP-173 pack (5w) 9.6v 700mAh $49.95 

For I COM IC-W21A 1 2GXA T I V21A T:!BU.ck "'G<eyl 

BP-132s !Sw '""*' ' 12.0v 1500mAh $49.95 

BP-83 pack 7.2v 600mAh $23.95 
For ICOM 02A T etc & Radio Shack HTX-2021404: 

BP-8h pack 8.4v 1400mAh $32.95 
BP-202s pack IHTX·1D11 7.2v 1400mAh $29.95 

For KENWOOD TH-79AI42A I 22A: 
PB-32xh pack (N;MH) 6.0v 1000mAh $29.95 
PB-34xh pack!SwNiMHl 9.6v 1000mAh $39.95 
For KENWOOD TH-78148128127: 

PB-13 !ona•nals!Zoll 7.2V 700mAh $26.95 
For KENWOOD TH-77. 75, 55, 46, 45, 26, 25: 

PB~x "'"*' wtch • 7.2v 1200mAh 34.95 
Mail, phone, & Fax orders welcome! Pay with 

Mastercard I VISA I DISCOVER I American Express 

Call608-831-3443 I Fax608-831-1082 

Mr. NiCd- E. H. Yost & Company 
2211-D Parview Road , Middleton, Wl53562 

CALL OR WRITE FOR OUR FREE CATALOG! 
Cellular I Laptop I Videocam I Commercial & Aviation packs too! 

E-mail : ehyost@midplains.net 



· TECH FORUM 
"back on-line," regardless of the age 
of the drives and such. If the current 
edition (12th or 13th now?) doesn't 
have this antiquated" info, I'm sure 
you can find an earlier edition that 
does. 

Ken Simmons 
Auburn, WA 

[9023 - SEP. 2002] 
In a common emitter, BJT 

amplifier design (fo ur resistors, 
RC, RE, and the tw o base resis­
tors/ voltage divider), what deter­
mines the computed IB static­
bias curren t with respect to 
known input signa l strength? 

The first step in biasing a tran­
sistor is configuring the bias based 
on what you want the transistor to 
do. A switching transistor is biased 
quite differently than an audio 
amplifier. From the configuration 
that you are describing, I am 
guessing that you are configuring 
as an audio amplifier. It seems that 
you are wondering where to set Is 
knowing that your input signal cur­
rent is around 1 rnA. 

First of all , the Q-point Is that 
you mentioned ( 1 rnA) seems 
excessively high. Since the ~ of 
most amplifying transistors is 150 -
250, your expected collector cur­
rent would be 150 to 250mA at the 
Q point, which is far too high for a 
basic small signal amplifying tran­
sistor. 

point is the point at which adding 
more base current does not 
increase the collector current. The 
associated collector to emitter volt­
age for saturation is known as 
VeE-SAT• and is around 300mV for 
many bipolar junction transistors. 
Figure 2 shows this relationship. 
Note that the Q point is selected so 
that it is midway between cutoff 
and saturation. The line between 
saturation and cutoff is known as 
the load line. 

Now, to do a basic bias , lets 
pick a transistor, the ubiquitous 
2N3904, NPN. It has a typical 13 of 
200. For simplicity , let 's make 
some assumptions about this 
amplifier. First, the overall gain 
desired is 50, lc is 1mA. Since we 
wanted the output signal to swing 
around OV, then Rc = Vc/lc or Rc = 
15V/ 1mA = 15KQ. 

Given that your topology was a 
common emitter with emitter 
degeneration resistor , then the 
approximate gain is Av = Rc/RE or 
RE = 15K/ 50 = 300Q. 

ing 1VDC, so R2 = 1V I 290f.lA = 
3.45KQ. 

Is at the Q point is just IC/ 13 or 
1 mA/200 = 51JA. The complete 
circuit is shown in Figure 3. 

Figure 4 is the same circuit 
diagram tested on the bench. Input Signal 

time 

Figure I Note that slight variations are due time 

to resistance tolerances r---~==============~ I le Figure 2 
(R2 was changed to 3.3K, vee 
closest match) , individual 

Rc+ RE 
transistor 13 , and power 
supply tolerances. 
Nonetheless, the overall 
gain is within 10% of the 
calculated gain, a pretty 

lea 
t 

good first approximation. Vea Vee VeE 
The input signal r--'===================:; 

was a sinusoid of ---,.-----------.-- +15VDC 

200mV peak to peak, R
1 
= 100K 29~ Rc = 15K 

at 1,000 Hz. The out-
put signal was mea­
sured with a scope at 
9V peak to peak, no 
clipping. Just fo r fun , I 
increased the input 
signal and noticed that 
clipping occurred 
almost simultaneously 
on both the positive 
and negative half of 
the sinewave, an indi­
cation that the Q point 
was selected appropri­
ately for this type of 
amplifier. 

Hope this helped 
out. 

Calculated 
Values Circuit 

VIN 

+ 
R2 = 3.45K 1V 

Figure 3 

Figure 4 
+ 

Rt = 1 OOK 29.02V 

VouT 

VouT 
-- =50 

V IN 

-15VDC 

VouT 

VouT = _!}y_ = 45 
VIN 0.2V 

Measured 
Values 
Circuit 

Here is a basic step-by-step 
-------------------------------------------------_J============~======~==~-~15~V~D~C~======~ method to determine the Q point of 1 

To determine the bias stick 
resistor values, work your way 
back from the emitter. V RE = 
300Q*1mA = 300mV. VsE is about 
700mV, so the base voltage is 1 V 
more positive than the negative 
rail , or at -14VDC in th is case. 
Therefore, VR 1 = 29V. Pick an R1 
that creates a nominal current. A 
1 OOKQ resistor here will c reate a 
current of 2901JA. It then follows 
that R2 needs to drop the remain-

Robert Most 
via Internet 

a small signal amplifier (common 
emitter circuit) with your topology . 

Since you mentioned that you 
desire a linear output voltage 
swing, pick a Q point Ic that will 
allow a bipolar swing without clip­
ping the positive or negative half of 
an input sinewave prematurely. 
This Ic should naturally create a V c 
of zero volts at the Q point, allow­
ing maximum signal swing both 
positive and negative. I am assum­
ing a bipolar power supply is avail­
able , typically ± 15VDC. 

See Figure 1 fo r the input 
swing vs . output swing relation­
ship. 

Note that the Q point selected 
allows for a symmetrical swing for 
the output signal. Another way to 
look at the Q point is to consider 
the extremes of transistor opera­
tion. Namely "cutoff'' and "satura­
tion." Cutoff is when the base cur­
rent is sufficiently low to effectively 
turn the transistor off. When the 
transistor is off, then the collector 
to emitter voltage is at its maxi­
mum (VcE=Vcd · The saturation 

* 12-bit analog inputs 
* 1 O-bit analog outputs 
* 20 digital 1/0 
* 32-bit counter 
* Watchdog function 

LabJack™ 
U1 2 

$99 
* Built-in screw terminals 
* Easy-to-use USB 
* Everyth ing included 
* Use with C, VB , LabVIEW 
*Windows 98SE/ME/2000/XP 

LabJack Corporation 
info@labjack.com 

(303) 942-0228 

With dozens of embedded 
controllers and countless 

configurations, we can help 
you turn your imagination into reality. 
For a complete look at our product line, 
visit our website at www.micromint.com. 

Mic1Dfnint 
.. ~ 

www.macrom.nt.com (800) 635-3355 
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Download our FREE layout software 
Design your two-sided plated-through PCB 
Send us your design with just a click 
Receive your boards in a few business days 

Select our MiniBoard service and get three top quality 
2.5" x 3.8" PCBs for $62 - shipping included! 

• T ra nsm itters 
• Receivers 
• Transceivers 
• Antenna 
• RF subassemblies 
• Radio Modems 
• Evaluation Kits 
• Amplifiers 
• Data encoders 
• Data decoders 

Typical Applications 

• RF remote control 
• Data communications 
• Wireless Audio 
• RF data acquisition 
• Wireless Security 
• Robotics 
• Remote Sensing 
• Remote Monitoring 

Tel : +1(416)236 3858 
Fax: +1(416)236 8866 

abacom@abacom-tech.com 

Same Day Shipping-Visa, MasterCard, Amex, Diners Club cards welcome 
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SOLID-STATE RELAY MODULE 

he WTSSR-M is a member of the new 
stackable RS-232 data modules 

available from Weeder Technologies. 
Five optically isolated solid-state relays 
can be wired directly in place of - or in 
parallel with - existing low-current push buttons 
and toggle switches to enable software control of the 
switch operation. Relay outputs can also be used to switch 
external solenoids, actuators, or high-current relays. 

A relay can be instructed to open or close and remain at that new 
state, or switch back to the previous state after a user-defined delay 
period. Control each relay individually or update all five relays as a 
group. 

Built-in event sequencer allows user to load a series of relay on/off 
patterns and time delays which will execute sequentially. 

All modules in this series can be plugged end-to-end on a common 
RS-232 cable attached to the serial port of a PC, laptop, or other host. 
An on-board 32-position DIP switch sets the address of each module, 
which is used for identifying data transmitted from it, as well as direct­
ing data transmitted by the host. The data bus supports full anti-colli­
sion discipline between connected modules and will allow up to 32 
modules to share the same communications line. Power is supplied by 
an external 8 to 30 VDC source (not included) to the first module in 
the chain and is carried down the RS-232 cable to successive modules. 

The WTSSR-M sells for $69.00. A data sheet is available in PDF 
format on the web site. 

WEEDER TECHNOLOGIES 
17 I 0-B Brighton Cove 

Ft. Walton Beach, FL 32547 
850-863-5723 

www.weedtech.com 

GOLDLAB VIRTUAL 
PANEL METER 
(VPM) 

orMost Systems announces the 
availability of the first of a new 

breed of Virtual Instrumentation. The 
GoldLab Virtual Panel Meter (VPM). 
The VPM was created out of a need 
for a complete data acquisition and 
control system with all components in 
one package from one supplier, which l-:~~~~·$·-
can be installed and up and running 
in minutes. All at a price lower than 
the cost of a typical A/D board 
alone. 

Highlights of the VPM capabili­
ties are: Connects to the USB port -
up and running in minutes; 12-bit A/D inputs (SE or 
DI) (±lOY, 4096 scans/sec); variable gain amplifier (1, 2, 4, 8); 
adjustable analog outputs; settable digital outputs; digital triggering 
input; oscilloscope graph display with format controls; definable logic 
and math processing; continuous operation or snap and hold; 
min/max displays; adjustable time marks on graph; processed data 
display, and raw input displays. 

The VPM is perfectly suited for prototyping, testing, demos, labo­
ratory experiments, monitoring, and production. 

The VPM package includes a hardware data acquisition device, 



which connects to the USB port; software on a CD; printed manual and 
PDF file of manual; USB cable; screw terminal connectors on the VPM 
for all connections; and complete installation instructions. 

The VPM will run on PCs with Windows 98SE, ME, 2000, XP, or 
later, and a USB port. 

The Virtual Panel Meter is $599.00 complete. There is currently a 
$100.00 introductory discount. 

For more information, contact: 

FORMOST SYSTEMS 
5377 Lauby Rd., N .W, Dept. NV 

North Canton, OH 44720 
3 3 0-8 I 8-0 I 00 Fax: 3 3 0-8 I 8-1 I I 9 

Email: info@goldlab.com 
Web: www.goldlab.com 

Tl UNVEILS 
WORLD'S LOWEST 
POWER MCU 

roviding customers power sav­
ings up to 10 times more than 

competitor devices, Texas 
Instruments (Tl) (NYSE: TXN) intro­
duces the world's lowest power MCU 
with power consumption as low as 
0.7 micro-amps in standby mode 
and 1.3 micro-amps active. 

The new MSP430C1101 is 
available for $0.49 in high-volume 
and is 100 percent compatible 
with all existing MSP430 family 

members. With the introduction of the new 
device, the family portfolio spans from the low-end $0.49 device 

to higher-end devices with up to 60kB of program memory, high-per­
formance data converters, and an array of digital peripherals offering 
true system on chip (SoC) solutions for a wide range of low-power appli­
cations. 

The new MSP430C 1101 includes 1 kB of ROM, 128 bytes of RAM, 
a watchdog timer, three-channel multi-function 16-bit pulse-width mod­
ulation (PWM) Timer_A, and an analog comparator that supports high­
precision analog-to-digital conversion for cost-sensitive applications. 
Eliminating the need for software intensive polling commonly used with 
other low-cost MCUs, the MSP430C1101 like other high-end MSP430 
derivatives, also offers vectored interrupt capability on every 1/0 pin 
and with every peripheral supporting sophisticated event-driven opera­
tion. 

"The new MSP430C1101 provides our customers a significant cost­
performance advantage," said Mark Buccini, Product Line Marketing 
Manager. "Despite the MSP430C1101's highly competitive $0.49 price 
and ultra-low-power, it really packs a punch in terms of performance. 
By using the 16-bit performance, we see our customers not having to 
make compromises and embedding features never thought possible 
from a low-cost MCU in applications ranging from electronic tags to 
running shoes." 

For more information, contact: 

TEXAS INSTRUMENTS, INC . 
Semiconductor Group, SC-02214 

Literature Response Center 
PO. Box 954 

Santa Clara, CA 91380 
1-800-477-8924, ext. 4500 

Web: www.ti.com 

GPS POSITION AND SENSOR 
DATALOGGING 

DS2020GDL GPS 
Data logging 

System now features 
the new small 
Sapphire GPS mod­
ule, making it easy 
to build a custom 
position datalog­
ger to store loca­
tion , as well as 
other sensor 
information onto 
compact flash 
ca rds fo r later 
review. Furthermore , a 
new software datalogger wizard provided 
allows non-programmers to easily configure the device to suit indi­
vidual needs. 

Equipment used in agriculture, security, transport, or seagoing ves­
sels often needs to be monitored and correlated with position informa­
tion. 

Pressures, temperatures , rotation rates, doors open/closed, and 
other information can be collected by this module in Excel PC-com­
patible format. 

Satellite-fed position information on latitude, longitude, date, and 
time from a GPS receiver can be stored for later importing into a PC 
spreadsheet program. 

After the module has run for minutes or months on a small battery, 
PCMCIA, or compact flash datastorage cards can be removed for easy 
data transfer into a PC. Laptop PCs are often inappropriately used in 
these often remote logging applications, but the ruggedness, very low­
power consumption , and low price of the TDS2020GDL GPS 
Datalogging System makes it a much more useful pocketable solution. 

The Sapphire GPS receiver is housed in a small hemisphere with a 
strong magnetic base, and can easily be placed on a vehicle roof. 

The TDS2020F computer beneath it can also turn off the GPS 
receiver if need be, to save power. 

A keypad and graphics display can be added to the setup, so the 
module can become a complete portable instrument, not just a device 
to record measurements. Adding other ready-made software modules 
or custom software can make the system do control work at the same 
time as data collection. 

Interactive design enables an engineer with little programming 
knowledge to tailor the module to his exact requirements. Supplied 
high-level Forth programs can be user-customized to meet a user's 
exact requirements. Data and GPS logging in .csv format is provided as 
a ready-made program, but sampling rate and sleep times can be 
changed, or add a keypad and graphics display so that the module 
becomes a complete portable instrument or controller and not just a 
device to record measurements. Two serial ports and optional CANbus 
interface give it real communications capability. 

Available from stock, the TDS2020GDL GPS Datalogging Starter 
Pack is $835.00. 

For more information, contact: 

SAELIG COMPANY, INC. 
I Cabernet Circle, Dept. NV 

Fairport, NY 14450 
585-4 2 5- 3753 Fax: 585-425-3835 

Email: saelig@aol.com 
Web: www.saelig.com 
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-MODEL WLC 100 
• Variable power control (5 to 40 watts) 
• Replaceable heating element $3695 
• Quality light-weight pencil iron 

LOWEST PRICE 20MHZ 

:; •. , , ' I I ,. ' '~ • 'I t ' ., 

Low-Priced 
Items In Our 

RESISTOR 
KIT 
1/4 W 5% 
film. 5 pieces 
each of 73 
valu es. 365 
pieces total. 

In NJ: 732-381-8020 365 Blair Road • Avenel, NJ 07001-2293 http://www.elexp.com 
FAX: 732-381-1006 800-9 7 2-2 2 2 5 email: electron@elexp.com 

Ne1NS Bytes 
Continued from Page 65 

plete. Each profile is saved for 
unlimited repeat use and confiden­
tiality is protected. 

HSN.com represents the first 
deployment of My Virtual Model 
Inc.'s fourth generation of photo­
realistic 3D bodies, faces and gar­
ments , called "E4." Using an intu­
itive interface, which features sepa­
rate rows of tops and bottoms, 'mix-

Circle #90 on th e Reader Service Card. 

ing & matching' outfits is fast and 
easy. The 'Rotate' feature allows 
women to see what they look like 
from a 360-degree perspective and 
the 'Larger View' button provides a 
closer look at garment design 
details. For consumers, the online 
shopping experience has never 
been more efficient, or more fun. 

"We feel this will be a great ser­
vice to our current customers and 
will help attract new ones as well , 
"said Christy Clark, senior vice 
president and general manager of 

hsn.com. 
"The hsn.com application repre­

sents the most sophisticated deploy­
ment of our technology to date ," 
said Louise Guay, founder and exec­
utive vice president of My Virtual 
Model Inc. 

HSN is celebrating its 25th year 
as the company that originated the 
televis ion shopping concept in 
1977. The idea materialized on a 
small AM radio station in Florida 
and has since grown into a global 
multichannel retailer. 

AMAZING NVEN
22001

EvEN See an_d Order from Ou_r"Action" 
DEVICES Web S1te at www.amazmg1.com 

Laser Window Bounce Listene 
Powerful listening system, yet simple in operation. You shine a laser at 

a window and intercept the reflected beam with our ultrasensitive 
filtered optical receiver. Vibrations on the window from internal 

~ ~ 

PLASMA FIRE SABERS Take Control!! 
Electronic Hypnosis 

....... ~~r;J;-::> 
sounds and voices are now cle

1
arly heard. Range can be up to several . ... ~~:~• Specify blue, grn. pur, red or yel. Electronic circuitry places subj'ect under your 

hundred meters dependmg on aser power and optics used. 
Moving light appears to evaporate into space control! Induces ALPHA relaxed mind states. 

LWB9 Plans for 3 Laser Window Bounce Systems .................... $20.00 Blades screw into handle for easy replacement HYP2 Plans... .. ........ $1 0.00 

LWB6K Kit of 1 00' visible red for Science Project .................. $129.95 

High performance modules require housing and simple alignment to 
make a field worthy LASER WINOOW BOUNCE unit. Shows test tone 
circuitry, optics and our lab method of a completed assembly 
LWB90 Assembled receiver, 10 mw IR laser, collimatoretc .. $449.95 

We stock all size and color blades, mauler adapters, tubes HYP2K Kit/Plans.. .. .......... $49.95 
digital drivers, and parts for authentic designs. Wireless HYP20 Ready to Use ....... ......................... $69.95 
interactive sound modules change tone with motion ................ s1s.oo 
SAB15 Assbled with 15" Blade .. $39.95 .................................... $49.95 

SAB24 Assbled with 24' Blade .. $79.95 SAB24K Kit ... $59.95 .. '!!""!!~-·to•U•se• .. "! ... !" .. !" ... !" ... • .... • ... • ... "'! ... ~ ... !'! .. $~79•.9•511( 

Super Sensitive Ultra Clear 1 Mile+ 
Voice Transmitter. 

1 Mile+ Telephone Transmitter. 

Line Powered Phone Transmitter 
Never Needs Batteries!! 

Tracking/Homing Beacon Beeping 
Transmitter 

VIdeo/Audio Rebroadcaster 1 Mi. 

TV/FM Radio Disrupter. 
Discretion Required 

guns, antigravity, pyrotechnics. 12vdc input. 
MINIMAX4. .. ........................ .... $19.95 

. . . 
Information Unlimited PO Box 716 Amherst N.H. U.S.A. 03031 E-mail <info1@xtdl.com> 

1 800 221 1705 Orders/Catalogs Only! Fax 1 603 672 5406 Information 1 603 673 4730 Free Catalog on Request 
Pay by MC , VISA, Cash, Check, MO. Add $5.00 S&H Overseas Contact for Proforma 
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Your Dl!!lign Resource on lhe Web 

Hand Held 
Oscilloscope 

$169.00 
(Save over $40.00) 

Complete with alkaline 
batteries, clip leads 

and carry bag 
(Probe extra) 

On-Line Circuit 
Archive 

Hundreds of Circuits. 
Over 23 Different Topics 

Designing for Do llars 
1) Submit your favorite circuit or 

program . 
2) Each month the best design entry 

(Judged by your peers) wins $100 
3) Monthly winners are eligible for 

the yearly $1200 Grand Prize! 

C ircle #92 o n the Reader Service Card. 

Save 62°/o 
oft the 

newsstand price! 
Subscribe today 

and get 
Nuts& Volts 

delivered to 
your door each 

month. 

Call 
1-800-783-4624 
or order online 

at 
www.nutsvolts.com 



Easy-to-Use Seetron Serial LCDs 
Interface a sharp LCD display to your BASIC Stamp® or other micro­
controller project with ease. No-solder wiring harnesses and easy 
mounting kits available too. See www.seetron.com today. 

• 3.2 x 1.4 in. supertwist LCD 
• 2400/9600 baud serial $45 

BPI-216N 
• Low C~2rnA) current draw 
• Popular for use with BASIC Stamps® 

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

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

• 3.2 x 1.4 in. graphics LCD $99 
• 2400/9600 baud serial SGX·120L 

• Font and 15 screens in EEPROM 
• Easily draw points, lines, screens 

• 3 x 2 in. supertwist LCD $119 
• 1200-9600 baud seri al TRM·425L 

• ESD-protected, 4x4 keypad input 
• Store up to 95 screens in EEPROM 

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

More diaplaya available, 
including bright VFDa. 
See www.aeetron.com 

Circl e #42 on the Reader Service Card . 

14" Vox on VGA NEW 
ONLY .... $59!! ! 
15" Vox on VGA NEW 
ONLY. ... $89 
16" Rasterops fixed 
ONLY. ... $79 

CLOSED CAPTION 
TV DECODER 
Input: Channel3 (from cable 
converter box or VCR) or 
Baseband Video and Sound 
(from Cable converter or 
VCR) . Output: Channel 3 or 
4 (selectable) to TV set and 
Baseband Video & Sound to 
Monitor. F Connectors: RF 
in and out (chan nel 3 in/ 
Channel 3/4 out). Video & 
Sound in and out: RCA con­
nectors. Outputs: Closed 
Caption (2 nd language 
available, if broadcast) or 
TEXT (news or other infor­
mation, if broadcast on that 
channel). Bypass mode on: 
closed caption will not be 
shown. Size 11" x 6-1 /8" x 
1-1 /4". Wt. 1.8#. Agile Prod­
ucts Inc. set top Model CC-
11 01. 
22U007 $29.95 

COMPAQ P-11 BX 
MOTHERBOARD 
Slot 1 board with 2 DIMM 
slots, USB, onboard sound 
and video, 1 AGP, 5 PCI , 
and 2 ISA slots. 
20C017 $35.00 each 

vu 
METER 
250 ~A at 
full scale . 
Meter re­
sistance 
1 000 Ohms. Black face with 
VU scale in white and red , 
marked from -20 to +3. Size 
1.625" sq . x 1.125" deep. 
95U011 $2.00 each 
12/14.5 
VAC, 
25AMP 
TRANS­
FORMER 
120VAC input. 12VAC or 
14.5VAC out @ 25A (tapped 
primary). Specs included. 
98E005 $29.99 each 

PELTIER 
JUNCTION 
SPECIAL! 
1-3/16" sq. x 1 /16" 
copper plate soldered to op­
posite side of module that 
is soldered to 2" x 3" x 1/2" 
heatsink. Nominal Voltage: 
12V @ 0.72A. Use to cool 
Pentium CPUs or devise 
your own applications. Units 
may be parall eled for in­
creased capacity. Voltage is 
reversible and this device 
can be used to either heat 
or cool. 
98U001S 2 for $19.95 

EQUIPMENT RACK 
COOLING FANS 
Size 2RU by 19"W x 18"D. 
21Z004 $24.95 each 

VEXTRA 
STEPPER 
MOTOR 
Bipo lar (4-wire ) 
5.6V .85A , 1.8 o I I 

step, 200 step/revolution . 
Size 1-5/8" square x 1-1 /2" 
long. 3/16" x 11 /16" shaft 
(shaft has 2 horizontal 3/32" 
holes for pins). 
21M001 $7.95 each 
5-40 VDC 
HOBBY 
MOTOR 
SPECIAL! 
Approx . 1.375" long. Caps 
and ferri te beads on power 
leads ; 12-tooth gear on 
0.0625" shaft. 
93M002S 12 for $9.95 

POWER BRICK 
120VAC in. +5V DC @ 
500mA, + 12V and -12V DC 
@415mA out. EIA plug. 
95E023 $9.95 each 

~~ Man !Y~r.~ll.t~·H~9.!!!~730 : .: ~ Phone: (408) 847-0033 • Fax: (408) 847-0133 - I 
Download our Catalog: http://www.alltronics.com l!i!!J1I:j 

Dealers Welcome by Appointment Visa, M/C, Am Ex Accepted. All Sales Final. Cal ibrnia Residents Add Sales Tax. 
Shipping Additional on All Orders. Prices Good 60 Days from Date of Publication and Subject to Change without Notice. 

15" 640x870 
Raster Full 
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39 VST Exte1nal 
Firewire case 
Accepts 
any/DE 
Hard 
Drive! 

Peltier Junction Blowout! 
with heat sink, works on 5V & 12V 

Paper Shredders Global Village . RAM 
0 S I f Bronze 1 MB 30 Pm 4 For $1 

n a ~· , External 4 MB 72 Pin 2 For $5 
Protect y~ur Pnvacy. Modem M•scellaneous 

Requ1res _tJ 2400 ••• 

1 3/161x 1 3/161 

Less Than $5 Each or 4 for $19 0 

Only $49 

Carry Case 
Let your palm pilot 
lead the life of luxurv! 
Stock up now1 

Bps/9600 Apple 8 bit Video Card $19 
Fax LaserWriter liNT $149 
QNL y $.50 Apple ADB Keyboard $19 

1.44 Super Dr1ve $19 
Clone ADB Mousel! $19 
Quicktake 100 Camera $99 
Bernouli 90MB EXT $10 
44MB SyQuest Ext $10 
88MB SyQuest Ext $19 

External Firewire 
Hard Drive Cases 
ONLY$591 

Huge inventory! Huge savings! Shreve Systems Prices reflect a 2% cash discount and are subject to change without notice. Retums 
$2 . • 1200 Marshall st b. t t 15o; t k" f N t 'bl f ty h" I 5 mm1mum order. Shreveport, La 71101 are su jec o a 10 res oc 1ng ee. o respons1 e or pograp 1ca errors. 
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Robotics 

The Robot Builder's Bonanza 
by Gordon McComb 

A major revision of the 
bestsell ing "bible" of 
amateur robotics bu ild­
ing - packed with the 
latest in servo motor 
technology, microcon­
trolled robots, remote 
control, Lego 
Mindstorms Kits, and 
other commercial kits. $24.95 

Microcontrollers 

Handbook Of Microcontrollers 
by Myke Predko 

This reference is the 
first guide to cover all 
the most common types 
of microcontrollers . 
With its from-the-bot­
tom-up approach, this 
book/ CD-ROM package 
gives you all the information you n 
to simplify the job of selecting the 
right m icrocontroller and writing an 
application for it. $54.95 

Programming & Customizing 
the 8051 Microcontroller 

by Myke Predko 
Programming and Customizing the 
8051 Microcontro ller 
puts you in control of 
the 8051 's architecture 
and instruction set -
and even supplies a 
baker's dozen of ready­
to-bu ild example appli­
cations, programs, and 
circuits. Best of all, the 
included CD-ROM supplies source 
code for the book's experiments and 
applications. $39.95 

Programming & Customizing 
the HC I I Microcontroller 

byTom Fox 
Applications bazaar for 
the 68HC11 microcon­
troller. Squeeze every 
last drop of power out 
of Motorola's wildly 
popular family of 
68HC11 true 8-bit single 
chip computers! From 
basics to complete 
applications. 539.95 

Programming & Customizing 
PICmicro Microcontrollers 

2nd Edit ion 
by Myke Predko 

This book is a fully 
updated and revised 
compendium of PIC 
programming informa­
tion . Comprehensive 
coverage of the 
PICMicro's hardware 
architecture and soft­
ware schemes comple­
ment the host of experi­
ments and projects 
making this a true, "learn as you go" 
tutorial. $49.95 

PICmicro Microcontroller 
Pocket Reference 

by Myke Predko 
Designed to comple­
ment Programming & 
Customizing the PlCMI­
CRO, this book contains 
a minimum of verbiage 
and serves as an imme- -•-•• 
diate device, code and ·------
circuit look-up for expe- ::::.::-...=_ 
rienced PICMICRO 
applications designers. 
S29.95 

P rogram ming & Customizing 
t he BASIC Stamp Computer 

by Scott Edwards 
This edition moves you briskly from 
electronic foundations 
through BASIC Stamp 
"Boot Camps" and an 
intelligent traffic signal 
simulation to build a 
robotic bug with 
whisker sensors, a 
time/temperature dis­
play, and a data-logg 
thermometer. $39.95 

PIC Microcontroller Project Book 
by John Iovine 

This project-oriented r------,---, 

guide gives you 12 com­
plete projects, including: 
using transistors to con­
trol DC and AC motors, 
DTMF phone number 
logger and distinct ring 
detector and router ... 
home automation using 
X-10 communications ... digital oscillo­
scope ... simulations of fuzzy logic and 
neural networks ... and many other 
applications. $29.95 

In this program, you'll learn how to: 
- operate basic scope controls 
- set the trigger level 
- read the graticule 
-take accurate measurements 
- analyze waveforms 
- select the correct probe 

... and much more! 

Introductory Price: $24.95 
+ $5.00 S/H (US) 

oscilloscope operation expertly 
presented by a college professor! 

To order your vhs tape and 
training manual , send check 

or money order to: 
Our videotape and training manual 
gets you on track to effectively us1ng 

a scope fast. 

r 
Includes certification exam! 

80 OcTOBER 2002/Nuts & Volts Magazine 

SYSPECINC. 
PO Box 2546 

Syracuse, NY 13220-2546 
1-877 -SYSPEC1 
www.syspec.com 
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The Nuts & Volts of BASIC 
Stam ps Vol . I & 2 

In 1995, Scott $29.95 
Edwards began each 
authoring a col­
umn on BASIC 
Stamp projects 
in Nuts & Volts 
Magazine. The 
column quickly 
became a 
favorite of Nuts & Volts readers and 
continues today with Jon Williams at 
the helm. The Nuts and Volts of 
BASIC Stamps is a collection of about 
75 of these columns. 

Radio & RF 

Secrets of RF Circuit Design 
3rd Edition 
by Joe Carr 

This revised and updat- fll••••fl 
ed guide gives you the 
best ways to design, 
build, and test today's 
radio frequency circuits. 
It's fi lled with projects 
and experiments that 
make it easy to apply 
RF principles to real-life 
applications. $39.95 

Practical Ant enna Handbook 
4th Edition 
by Joe 

The most popular book 
on antennas ever writ­
ten . This edition blends 
"the theoretical con­
cepts that engineers 
and others need to 
design practical anten­
nas, and the hard­
learned practical 
lessons derived from actually building 
and using antennas." $49.95 

Be ginners Handbook of 
Amateur Radio 4th Edition 

by Clay Laster 
The revised edition of 
the most trusted guide 
in ham radio is here. 
This edition delivers all 
the guidance you need 
- from radio and elec­
tronics fundamentals 
needed to set up a 
transmitter to the 
newest equipment to revisions to the 
FCC rules and tests. $34. 95 

Handbook of Radio & Wireless 
Technology 

by Stan Gibilisco 
Containing more than 
1 ,000 concise articles, 
this one-stop source of 
user-friendly insight pro­
vides blanket coverage 
of one of the fastest­
growing areas in com­
munications from anten­
nas and transmission lines, to analog 
and digital modulation techniques, to 
satellite, space, and laser communica­
tions. $44.95 

Electronics 

Practical Electronics For Inventors 
by Paul Scherz 

This experiment-orient­
ed guide is loaded with 
over 750 hand-drawn 
images that support 
author Paul Scherz's 
crystal-clear, fully 
detailed instructions, 
showing you how to 
turn theoretical ideas 
into real-life gadgets. $39.95 

Guide To Understanding 
Electricity & Electronics 

by Randy Slone 
For the true beginner, there's no better 
introduction to electrici­
ty and electronics. You'll 
also find 25 complete 
projects that enhance 
your electricity I electron­
ics mastery, including 
15 new to this edition, 
and appendices packed 
with commonly used 
equations, symbols, and supply 
sources. $24.95 

Digital Electronics Guidcu'v;.•"'·· 
With Projects 
by Myke Predko 

Perfect for electronics 
hobbyists and students 
- even complete begin­
ners - who want to 
understand digital logic 
and bu ild their own low­
cost logic circuits. 
Featuring more than 20 
projects with step-by-step directions for 
designing, constructing, and interfac­
ing easy-to-do TTL (Transistor­
Transistor Logic) circuits. $34.95 
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Understanding Automotive 
Electronics Fifth Edition 

by William B. Ribbens 
This edition of 
Understanding 
Autom otive 
Electronics covers 
the most recent tech­
nological advances 
in operation and 
troubleshooting of 
electronic systems 
and components. 
This is a practical text, suitable for the 
automotive technician , student or 
enthusiast. It includes low-emission 
standards, on-board diagnostics and 
communications , digital instrumenta­
tion, and digital engine control. 
$34.99 

Encyclopedia of Electronic 
Circuits Vol. 7 

by Rudy Graff 
Designed for quick 
reference and on-the­
job use, the 
Ency clopedia of 
Electronic Circuits, 
Volume 7, puts over 
1,000 state-of-the-art 
electronic and inte­
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grated circuit designs at your finger­
tips . This collection includes the latest 
designs from industry giants such as 
Advanced Micro Devices , Motorola , 
Teledyne, GE, and others , as well as 
your favorite publications, including 
Nuts & Volts! $39.95 

High Voltage 
Homemade Lightning: Creative 

Experiments in Electricity 
by R.A. Ford 

Enter the wide-open 
frontier of high-volt­
age electrostatics 
with this fascinating , 
experiment-filled 
guide. You'll discover 
how to make your 
own equipment, how 
electricity is used in 
healing , and the workings of many 
experiments in high potential physics! 
$24.95 

Troubleshooting 

Circuit Troubleshooting 
Handbook 

by John D. Lenk 
Heavily illustrated with r-------. 
diagrams and schemat­
ics, it uses a standard, 
easy-to-follow format to 
help readers understand 
and troubleshoot a wide 
range of circuit types, 
and provides proven cir­
cuit testing techniques 
for all levels of instrumentation. 
$39.95 

Electronic Troubleshooting 
2nd Edition 

by Dan Tomal and Neil Widmer 
This updated tool gives 
all the fundamentals 
needed to do successful 
servicing and repair 
work, blending tradition­
al theory with the very 
latest insight into mod­
ern electronics technolo­
gy. Time-saving tables , 
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charts, and illustrations pinpoint equip­
ment problems in a snap. Numerous 
reference guides, rules of thumb, and 
tricks of the trade all combine to assist 
in troubleshooting the full spectrum of 
devices and products more easily than 
ever before. $39.95 

Miscellaneous 

The Hacker Diaries: Confessions 
ofTeenage Hackers 

by Dan Yerton 
Through fascinating 
interviews with FBI 
agents, criminal psy­
chologists, law-enforce­
ment officials-as well 
as current and former 
hackers-you 'll get a 
glimpse inside the 
mind of today's .. L teenage hacker. Learn ____ ...,. 

how they think and understand the 
internal and external pressures that 
pushed them deeper and deeper into 
the hacker underground. $24.99 

This Month's NEWTitles 
Audio/Video Cable lnscaller's 
Pockec Guide 
by Stephen Lampen 

$29.95 

ut complete performance specifications for 
analog and digital audio and video installa­

tions - from professional recording studios to 
living room theatres - in the palm of your 
hand! Audio/Video Cable Installer's Pocket 
Guide packs over 200 illustrations that clarify 
all the methods, procedures, and tools you 
need to successfully tackle even the most com-

~'lf, RI\\! \\Ill 
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AUDIO/VIDEO 
OOJtE IN~TAUER~ 

Pocket liulde 
• Conw!ete digltaf video tnd 1udio ..,.....""',_ 
• High defimtion video cabling 

• For proftssional, or home thealre UR 

STI:I'II f. N LAMI'tN 

plex installation job. Great for everyone from home enthusiasts to 
professional engineers and technicians, the convenient take-along 
size is as perfect for professionals working out in the field as it is 
fo r hobbyists tinkering in the basement. Author Stephen Lampen, 
an industry pro, anticipates and answers your every question on 
analog and digital audio , analog and digital video, including high 
definition video cabling; connectors; using Category 5, 5e, and 6 to 
carry audio and video; installation; and much more. 

Hjah Score! The Illustrated History 
of Electronic Games 
by Ruse! Demaria & Johnny Wilson 

rom pinball to 
PlayStation, this photo­

packed "coffee table" vol­
ume chronicles the history of 
electronic games - which 
has become both a billion 
dollar industry as well as a 
cultural phenomenon. 
Featuring hundreds of inter­
views with game creators 
and thousands of never­
before-seen photos from the 

$24.99 

early days , this book honors the games that have captivated 
youngsters and the young-at-heart for more than 30 years - mak­
ing this the ultimate tribute to electronic games. 

Call1·800·783·4624 tOday! Or Order Online at WWW.nUtSVOitS.COm WE ACCEPT VISA, MASTERCARD, AMERICAN EXPRESS 

Prices do not include shipping and may be subject to change. Ask about our 10% subscriber discount on selected titles. 

generation Galep-4 uses microcontrol lers such as 87/89xxx, 

ASIC universal pin technology for PIC, AVR, ST62, etc. Low voltage 

each pin of 40 pin ZIF-socket. 1300+ de\l ices down to 1.3V. No adapter 

required for OIL devices. 8 Hrs. 

universal programmers e.g. ALL-11 

(H ILO) or u>.B-TOOL-48 <AOVANTECHJ device library I lifetime free updates. 

Programs 8/lo-bit EPROM'S, 
EEPROM's, 0-P-r RAM, FLAS H, 

Serial EEPROM's, GAL, PALCE, 

operation on battery (AC charger Providing virtually matching perfor-

included), Runs WIN 98,NT,M E, mance at only l/3-1/5 the price, 

2000,XP with HeX/Fuse Editor. Info, orders, softwr: 1>19-702-4420 
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Lynxmotion, When you're tired of playing with toys! 

Lynxmotion, Inc. ~~' Tel: 309-382-1816 
PO Box 818 \\\' {~~!!r~ ·"f 1. Fax 309-382-1254 
Pekm IL 61555-0818 ' < '· ' ~ $1 mo I On sales(cvlynxmollon com 
www lynxmotlon com Visit our website or ask for our free catalog! techc<:ulynxmotlon com 
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High Tech Video system w Audio 
Includes TWO BIW Cameras w sound & I.R. (night vision) ONE 
5.5" BIW Monitor with Built-In adjustable Switching(from 2 to 20 
seconds)& two 60ft. pre-wired cables. Everything you need to set 
up a high tech video monitoring system at home, ojjice,restaraunt 
warehouse or use it as a baby monitor. Easily hooks into VCR for 

Video Recording also 
item # Dual View 

Fantastic Price! 
$119.00 ea 
($109.00 ea. qty 4) 
view extensive details@ web site 

· ate Easy to Navlg ch Engine 

24-960 Hour Time 
LapseVCR's 
12VDC version 
and 
121lVAC version onry 
$319.00! 
Details @ web siteunder 
miniature camera section 

Removable Hard Drive Rack 8 E S T 
ALUMINUM FRAME & CARRIER!CHO/CE . .-rJI..1Sfo' 

3 COOLING FANS! 
AUTO-CLOSE FRONT DOOR! 
OUR NEW .. BEST CHOICE .. Hard Drive Rack 
features aluminum frome & carrier for rugged 
pe rformance & heat disippationAiso, 3 internal 
cooling fans provide even more help with heat 
dissipation.lncludes key lock, LED laljlliiltlll 
Auto-eject handle design & ground win,.Availal>le 
for IDE ULTRA DMA 66/100/1 33 & also ultra wide 
SCSI version. AMR-3F (IDE Ultra DMA) .............. $17.95 

AMR!UWSCSI (ultra wide SCSI) .. $22.95 

Trinle Outnut Bench Power Supply 
with four 3 1/2 digit LCD Displays 

Output : 0-30VDC x 2 (li} 2 AMPS 
& f ea. fixed output (li} --sVDC 

Source Effect: <0.02% +lmV 
Load Effect: <0.01% +5m V 
Ripple & Noise: <1mVrms 
Dimensions: 365 x 265 x 164 mm 

CSI3002D-3 ..... $169.00lnput Voltage: llOVAC+/- 10% 
(q_ty 5+ ... $159.00) Delaisatwww.web-fronics.com 

des a sear 
lndu allyWorks antly 
That Re Added Const In Busine 

Mini CCDs (BIW & Color) 
Sensational NEW Design for Small Observation 
Cameras. Smaller and Better! 

Ultra Miniature Design 
Black & White Versions Only 25mm x 
25mm For More Info See www.web-tronics.com NeW !terns Since 1971 Color Versions Only 32mm x 32mm 
Available in Standard Lens or Pinhole 
Lens CCD B&W Board Cameras 

ASIC CCO Area Image Sensor 
Extremely Low Power Consumption 

• 0.5 Lux Min Illumination 
• Built-In Electronic Auto Iris for Auto Light Compensation 

Detailed Specs on the Web 
VM1 030PA-B 30mmx30mmx25mm, Pinhole lens, 12V 139.00 any qty. 
VM1 030A 30mmx30mmx26mm,Standard lens, 12V 139.00 any qty. 
VM1 035A 42mmx42mmx25mm,Standard lens, 12V with back light compensation 149.00 any qty. 
VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEOs, 12V 149.00 any qty. 
VM1 036A 32mmx32mmx25mm,Standard lens 12V,reverse mirTOr image feature 149.00 any qty. 

B&~ Color & Powerful 
Nighr Vision Model 
• Smart Rugged Metal Housing 

Bullet CCD Cameras 

• Extrememly Low Power Consumption 
• 12 Volt Detailed Specs on the Web 
• CCD Area Image Sensor for Long Camera Life 
• Built-In Electronic Auto Iris for 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) l49.00 anyqty. 

All Include Pre-Wired Cable Harness 
for Video & Power 
12V Regulated Power Supply Required (120mA typical 
power consumption) 
0.1 LUX Rating (BIW), 1 LUX (color) 
CCD Area Image Sensor for Long Camera Life 
Back Light Compensation Circuit 
Built-In Electronic Auto Iris Lens 

VMCW-H11A 32mmx32mmx30mm,Color ceo with standard lens, pre-wired 
cabling for video/audio, 12V DC Power 1]09.00 I 199.005 or more 

VMCW-H12A 32mmx32mmx 19mm, Color ceo with pinhole lens, pre-wired 
cabling for video/audio, 12V DC Power Input lJ 09.00 I 199.00 5 or more 

VMPS-718A 25mmx25mmx30mm, BIW CCDwith standard lens, pre-wired cabling 
for video/audio, 12V DC Pcrwer Input 149.00 / 145.005 or more 

VMPS-250A 25mmx25mmx I 5mm, BIW ceo with pinhole lens, pre-wired cabling 
for video/audio, 12V DC Power Input 149.00 I $45.005 or more 

VMBLT1020WB&WWeatherproof,21mm(D)x58.5mm(L) l69.00 anyqty. ) 
VMBLT JC19BW COLORIWeatherproof, 17mm(D)x88mm(L) IJ 09.00 any qty. 

WDB-5007S Powerful ni_ght vision camera(56 JR LEDS) $159.00 ($ 139.00/ 5+) O 'Scope Offer 

30MHz! ONLY $299! Hand-Held 3.0GHz Universal Counter $129.00 
: 1~ digit LCD Display . with Field Strength 

H•gh sp_eed 300MHz direct counter w O.JHz Measurement 
resolution 

*50 ohm input for full range 1 MHz to 3.0GHZlncludes: 
coverage *extem/able/retractab/e whip 

*Ultra sensitive synchronous detector 16 *lnterna14AA Nicad batt pack 
segment bargraph display of RF signal strength (600mAH) 
*4 selectable gate speeds *9VDC 500mA wall plug-in charger 
*hold switch rocks display ' 
*low power consumption (6 hr nicadoperation) 

Extensive Details@ www.web-tronics.com 

rotek 40 MHz O'Scope 
2 Channel AMAZING VALUE! 
Dual Trace 
6" Internal G1 
ALTMAG 
ALTTRJG 
TV Sync 
Auto Focus 

Brand New .R .... .1 ~ -o • .-.,.=-J_l.,...,.,. 

Not Refurbished! $319.00! ! 
Includes 2 O'Scope Probes (Limited Time Offer) 

See all Details @ web-tronics.com 

1999 counts LCD 
DisfJiay, ISmm 
digit height 

HfE 
DATA HOLD 
Audible Continuity 
Rubber Boot · 
Included 
Includes 
test leads 
*DC Volts: 200mt:ZV/20V/200V/600V 
* AC Volts: 200/600 
*DC Current: 200u/2m/20mA/ lOA 
*Resistance: 200/2K/20K/200K/2M 
*Size: 138 x 69 x3lmm CSI 830 

Our Most Sophisticated DMM WeSoldOver800LastYear! 
with RS-232 Interface & Software, 3-3/4 Digit, 4000 
Auto-Ranging with Analog Bargraph 

• True RMS Mode 
• I OM Hz Frequency Counter 
• T ime Mode with Ala rm, 

Clock. and Sto p W atch 
• Dual Display 
• I 0 Location Memory 
• Min, Max, Avg and Relative 

Mode 

• K Type Temperatu re Probe Included 
• Pulse Signal fo r Logic & Audible Test 
• Continuity/Diode Test 
• Logic Test 
• Auto Power OFFf"Keep ON "" Mode 
• Fused 20A Input with W arning 

Beeper 
• Back Light 
• Data Hold/Run Mode 

item# 
FCI002 Item# 

CSI9803R 

*D igita l & Analog Display, 
3999 counts & 42 segment bar graph. 

* A utorange & Manual range 
*DATA HOLD, Mi n/M ax Relative 

Measurement 
*Storage Data DISPLAY /RECALL 
*True RMS f AC voltage & current 
*Back Light 
* ADP Measurement:400m V+/-3% 
*Continuity & Diode test 
*Power Source: AC or DC 
See d etails @ web site 

• 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 158mm x 136mm 

New! 
Lower Prices 

CSI3003:0-30v/0-3amp 1-4 I $89.00 

CSI5003:0-50v/0-3amps 1-4 I $109.00 

5 +I $85.00 

5+ I $99.00 

Bookmark our WEB Site!Many morePower 
• Decibel Measurement 
• Cap and Ind. Measurement 
• Temperature Mode (CJF) 

• Safety Design ULI244 & VDE-04 11 
• Pro tective Holster 
• Silicon Test Leads 

_.,.u . .-7.,~v ea. qty 1o Supplies are Available. Look Under Test Equip men 
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Digital Storage Oscilloscope Module 

Convert any PC with USB 

2 AMP 
0-18V Bench 
Power Supply 

SoftTube H eatshrink 
2:1 shrink ratio ® 
Sold in 4 ft lengths L interface to a high performing 

Digital Storage Oscilloscope. 
This is a sophisticated PC 
based scope adaptor providing 
performance compatible to 
mid/high level stand alone 
products costing much more! 
Complete details & software 
download @ our web site under 
test equipment. 

Intelligent DMM with 
PC Interface 
*Auto-Ranging 
*Dual Display 
*Conforms to IEC I 0 I 0 
*3999 counts & 38segment 
bar graph display 

1 

LCD Display 
input voltage: IIOYAC 
output: 0- J 8VDC 
Current: 0-2A 
Source Effect:<0.02%+ I mY 
Load Effect:<O.O l% +5mV 
~pie & Noise: <lmVnns 

$59.95 $52.95 
item # CSI 1802D 

Intelligent A u t o-Ranging D MM 
Our Most SophisticatedDMM Ever! 
Large 4 Dig backlit 8000 count dual 
display & Analog Bargraph-·-· 
RS232 lnfrared lnterface/software/cable... 
4 display modes, True RMS value & 
Freq. of Min/Max values:Temperature 
in F/C; relative quantity & error% of 
relative value at the same time ... 

Sold Bulk on Spool 
Extremely Low Prices 
Many diameters LOW 
Many colors PRICES! 
PLE SE ISIT OUR WEB SITE 
FOR SELECTIO & PRJCES 
www.WEB-TRONICS.com 

ewDC Fans!@ 
GREAT PRICES 
UL/Ball Bearing wire 

item# 1 10 25 100+ 

item# CSI345 
Ships with Rubber 

*DC voltage(autoranging) 
* AC voltage (auto ranging) 
*Temperature measurement 
*Resistance (auto ranging) 
*capacitance T.= .. ..-...~.- I MUCH MORE DATA @ WEB SITE 

lWmm 12 (PlA2812H) .. $5.95 4.25 3.95 3.28 
60mm 12 (PL60Bl2H) .. $5.95 4.25 3.97 3.30 
Mmm 24 (PL60B24H) .. $5.95 4.29 4.09 3.39 
80mm 12 (PL80Bl2H) $5.95 4.25 3.95 3.28 
f!Omm 24 (PL80824H) $5.95 4.25 3.95 3.28 
92mm 12 (PL92Bl2H) $5.95 4.25 4.00 3.35 
92mm 24 (PL92B24H) $5.95 4.25 4.09 3.45 
J20mml2 (PLI2BI2H) $7.95 6.75 5.69 5.59 
120mm24 (PLI2B24H) $7.95 6.75 5.69 5.59 

More Information@ 
www.web-tronics cmt *diode testing 

' *transister check 
• *audible continuity Boot, RS-232 cable,$44 50 

Software • 
& Test Leads & 
K-probe 

etails oftwa re Downloa @ ourweb sit 
Intelligent M uJti-function Digita l C ounter 

An intelligent multi-function 
counter controlledby an 8-bit 
micro-controller with 
eight-digit high bright LED 
display. Four measuring 
functions (frequency,period, 

- total mode & self-check). 
SI 6100 Also,a I OMHz OSC.OUT. 

Frequency Measurements: 
CH A., Range 10 to 100Mhz 
CHB, Range 100Mhz to 1.3GHz 
DE TAILS AT O U R 

$149.00 !! 

WEB SITE under TEST E Q UIPMENT ~EW 

item# CSI 8203 ........ $18 9.00 

OPTAscope 
Digital Real Time Oscilloscope 

Field Strength Analyzer 
The 320 I is a high quality hand-held RF Field 
Strength Analyzer with wide band reception 

A n affordable USB digital ranging from lOOkHz to 2060MHz.The 320 1 is 
oscilloscope for students & hobbyists a compact & lightweight portable analyzer & 
* IS a must for RF Techn1c1ans. Idea l for testmg, 

1 Ms/s Max Sample Rate installing & maintenance of MobileTelephone 
*8 Bit Vertical Resolution Comm systems, Cellular Phones,Cordless 
*2 Channel phones, paging systems, cable &Satellite TV 
*Ext Trig as well as antenna installations. May also be 

EXTENSIVE DET
' ,._ TTS @ used to locate h1dden cameras usmg RF 
~ transmissions 

www. WEB-TRONICS.com Extensive Tech Details & a Special Offer 
At Our Web Site (www.web-tronics.com) 

FLUKE 

Visit our web site & view 
item# SCOPE 81M 

( LED 's/Megabright Blue, W hite, ~~~T PRICES! 

I ~ intensity @ 1 10+ 

our extensive offering of new 
FLUKE TEST EQUIPMENT. 
Just go to our home page & select 
TEST EQUIPMENT. 
We've got great deals .......... . 

20m A 

Megabrig ht Blue Smm_ (L7113PBC/G) 1400 $1.95 $1.50 

Megabright Blue 3mm (L7104PBC/G) 600 $1.95 $1.50 

Megabrig ht White Smm (L7114PWC/G) 600 $2.15 $1.59 

more technical details @ our web site under SEMICONDUCTORS 

100+ 

$1 .25 

$1.25 

$1.35 

New! 
FLUKE COLOR SCOPES 

MultiTurn Cermet Potentiometers 
PRICED TO SELL! (WlW1012 series) 

22 TURN RECTANGULAR 

$1699. 

F L ASHING red 3mm (L36BHD) .......... as low as $.28 ea! (standard values from 100 ohm to 2 meg) 

(- Single Turn 114" 
OUR NEW SELF-LOCKING CABLE TIES SQ. Cermet Pots 

1 10+ 100+ 500+ 
$0.89 $0.79 $0.55 $0.49 

26 TURN 3/8" SQ Top Adjust 
(standard values from 100 ohm to 1 meg) UL approved Nylon 66, 94Y-2, white color,acidproof, alkali proof, good insulation 

& long lasting Sold in Bags of 100 pes, Buy at prices usually reserved 
for large bulk purchasers!!!!!!! CHECK PRICES BELOW! 
GL3 series= 2.5 m.m. width/ GL4 series = 3.5 m.m. width/GL5 series =4.8m.m. 
widthGLS series = 7.0 m.m. width/ GLIO series = 9.0 m.m width/ GL12 series= 
12 m.m.width ......... lOO pes per bag 
item length price item lenf th ~rice 
GL3- IOO 4 inch $.25/bag GL5-400 I inch 2.49/bag 
GL4- 150 6 inch $.49/bag GL8-200 8 inch $ 1.99/bag Industry 

GL4-200 8 inch $.79/bag GL8-300 12 inch $2.79/bag Best 
GL4-250 10 inch $1.15/bag GLS-400 16 inch $3.99/bag 

Pricing! 
GL4-300 12 inch $1.29/bag GL l0-400 16inch $5.49/bag 
GL5-200 8 inch $.99/bag GL I 0-500 20 inch $6.15/bag 
GL5-250 10 inch $1.39/bag GL I0-600 23.5 inch $9.29/bag 
GL5-300 12 inch $1.69/bag GLI0-800 31 .5 inch $13.99/bag 
GL5-350 14 inch $2.29/bag GL12-650 25.5 inch $12.49/bag 

(Horiz. & Vertical) 

Stocking standard 
valuesfrom 100 ohm 
to 1 Meg 

l l 0+ l 00+ 500+ (WIW3296 
$1.09 $0.99 $0.75 $0.65 series) 

(WIWl 036 series) "H" 1 10+ 100+ 500+ 
$0.79 $0.69 $0.55 $0.45 

Cermet Prices shown are per value/ More Details www.WEB-TRO NICS.com 

Standard 5MM & 3MM LEDS/Red/Green!Yellow 
More Details @ www. WEB-TROMCS.com 

Red-Diffused 5mm (L53HD) 
Green-Diffused 5mm (L53GD) 
Yellow-Diffused 5mm (L53YD) 
Red-Diffused 3mm (L934HD) 
Green-Diffused 3mm (L934GD) 
Yellow-Diffused 3mm (L934YD) 

1 10+ 100+ 1000+ 
$.12 $.08 $.05 $.04 
$.14 $.09 $.06 $.05 
$.15 $.10 $.07 $.06 
$.12 $.08 $.05 $.04 
$.14 $.10 $.07 $.04 
$.15 $.11 $.08 $.05 

V isit our website for a complete listing of our offers . W e have over 8,000 electron ic items on line www.web-tronics.com. 
PC based data acquisition, industrial computers, loads of test equipment, optics, I.C's, tra nsistors, diodes, resistors potentiom­
eters, motion control products, capacitors,miniature observ a tio n cameras, panel meters, chemicals for electronics do it yourself 
p r inted circuit supplie s for PCb fabrication , educational D.I .Y.kits, cooling fans, heat shrin~ cable ties & otber wire handleing 
•te rns, hand tools for electronics, breadboards, traine rs, programmers & much much more! Some Deals you l on't belie e! 

CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210 800-528-14171480-464-2485/FAX: 480-464-5824 
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9Jjje.ct-oriented programming lends itself to the creation of stand-alone segments of 
Me. This makes it quite easy to create, name, and even duplicate objects from 
program, run background processes and class files. 

The Parallax Javelin Stamp provides the features you need to carry your 
next level: 32 K bytes of RAM/program space; 32 K bytes of non-volatile 
tSerial communicatiQn in the background; up to seven UART objects that""'"~"""""" 
Ufdependently; background PWM; 8000 instructions/second execution 
Java offers code portability and structure that extends the capability of 

We know a successful product can't be born from a feature list - it takes exam 
You can (lOUnt on Parallax to provide the application support you've come to ap 
the B~ ~mp. www.javelinstamp.com includes example application notes, class files, 
softwari¥-and customer submitted examples to get you started. 

It's all right here in the 
Javelin Stamp Starter Kit! 

• Javelin Stamp Module 
• Javelin Stamp Demo Board 
• Javelin Stamp Manual 
• Parallax CD-ROM and serial cable 
• Component pack for projects in the book 
(selection of integrated circuits, 1/0 devices 
and the resistors/capacitors to use them) 


