


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

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

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

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

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

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

MP3 is here! Get high performance digital sound and store over 15,000 songs 
on hard disk. Download over 300 songs from a single CD! 

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

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

WWW.DU PEil COM 

408 330·5524 

COPY ANY CD NOW 
NO PC REQUIRED 

CO OUPE:-r-r STANO ALONE CO DUPLICATOR 

• 

from $995! 

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

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

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

MULTI DRIVE IDE DUPLICATORS 
from $495! 

• COPIES EVERYTHING, PARTITIONS, 0 /S, THE WORKS! 
• BOTH STANDARD AND ULTRA, FOUR AND SEVEN DRIVE MODELS ARE 

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

AND CORPORATE MIS 

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

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

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

2 SEPTEMBER 2000/Nuts & Volts Magazine Write In 113 on Reader Service Card. 



... brings you a potpourri of high-tech goodies for the techno-tinkerer! 
For thirty years we have been your source for Silicon Valley exotica! 

License-Free 
Two-Way Radio! 

' + Fanon ""Courier KF-310. factory-new 1n box ' 

+ Stay in touch at the park, in the mall or on the road' 

• Transmits up to two-mi le range without a license 

+ Full-power (.SW) with extras not found on others' 

+ LCD backlit display for use day or night 

+ Uses new ""Family Radio Service band -- all 14 

channels. plus 38-channel CTCSS encode-decode 

+ VOX or Push-to-talk, w/3-type call tone 

+ Auto ""power save"" mode, auto-squelch 

+ Monitor button, speaker/mic jack, wrist strap 

+ Uses four ""AAA"" batteries (not included) 

+ Perfect for camping, sports, road trips. work . . more' 

HSC#18198 

... or Get TWO for 

$39.95/ea 
$74.95 

32X CD-ROM Drive! 

• Acer Peripherals Model 632a 

• Perfect for back-up. add-on or 

home-built systems 

• Standard IDE 40-pin interface 

• Refurbished. 90-day HSC war

ranty 

SC# 80537 $39.50 

SCSI Adapters for PC's 
• lnitio IN l-9100AS high-performance PCI host 

adapter 

• Supports 32-bit data transfers up to 133MB/sec, 
1 OMB/sec. sync transfers 

• PNP compatible, includes manual & driver disk 

• PCI 2.1 comphant, auto-termination on board 

• Compatible with CD & CD-Rs. opt ical & tape drives. 
scanners, "Zip" & · Jaz' drives, NON-bootable 

i S C#1 8 218 $29.50 
• Adaptech model AVA-1505AI -- Brand Name Quality ' 

• Single, complete PC connection 

• For single non-bootable SCS l2 peripheral 

• New, OEM pack, with install diskette & manual 

-iSC#17995 $17.50 

s ecial! ... w/0825 adapter & cab le $19.95 

r 
Seagate 1 GB Hard Drivel 
• Seagate ST31012A 1GB3 5"" 

hard drive 

• Great for back-up, add-on or ~ "e;·~ . small dedicated systems 

~ • IDE 40-pin connector 

• Refurbished, 90-day HSC 
warranty 

HSC# 18275 $39.50 

Tiny Color CCD Camera! 

+ Camera-on-a-board measures 1.87" x 1.3"", 1"" thick! 

+ Has glass micro-lens element, not pinhole lens 

+ DSP on board for auto white-balance. shutter 

+ Standard NTSC composite video output 

+ 350 lines horiz. resolution, good low-light sensitivity 

+ Uses 4 - 5 VDC, only 150 mA ' Three AA batteries 
would power it for over six hours! 

+ New in OEM pkg. (no box). 90-day HSC warranty 

HSC#18209 $69.95 

Multimeter Specials! 
t Model #AEEC-1890 3 1/2 Digit LCD DMM 

+ Adjustable large f lip-up display for the easy viewing 

+ 0.5% basic accuracy, dual-s lope integration AID 

+ Measures AC/DC volts, ohms, current, capacitance, 
hFE & temperature (temp. probe included') 

+ Ranges: 
1 OOOVDC, 700VrmsAC, 200 ohm - 200 Megohm, 
20 mA - 20A, 2nF - 20 uF. NPN/PNP hFE 

+ Separate jacks for capacitors and transistors 

+ 'HOLD' function to capture measured peaks 

+ Soft rubber cradle protects meter, prevents skids 

+ Brand new' - With test leads 

+ Compare at prices of $70, $80 and up! 

HSC# 80504 $39.95 
+ Some people just don't like digital meters . 

+ Soltec HM102S 20 KOhm per Volt Mult itester 

+ Ranges: 
0-1000VDC. 0- 1000VAC , 0-50uA,0.5, 5. 50 & 500 

mA, 0-20 MOhm with X1 , X10, x1K & X10K ranges 

• Standard banana-plug test 

~ 
leads, manual included 

• Carrying handle/stand. 
measures 3.5" x 5.25" x 
1.5". mirrored dial for 

. 
' 

parallax-corrected readings 

• New ... 90-day warranty 

HSC# 18 260 $9.95 

~~!~~'!:aliliiiiiiiiiiiiiiiiiiiiiii~ Electronic 
Supply 1981 

Toll Free (Orders Only) 1-800-4 HAL TED 
Internet World Wide Web: 
3500 Ryder St., Santa Clara, CA 95051 
4837 Amber Ln ., Sacramento, CA 95841 
5681 Redwood Dr., Rohnert Park, CA 94928 

( 1-800-442-5833) 
hffpYhvww.haHedcom 
(408) 732-1573 -or-

!Ill 
lliii 

(916) 338-2545 
(707) 585-7344 

FAXyourordersto: ~ 

(408) 732-6428 ~ 

Quality Surge Suppression! 

+ Tripp Lite ' Isobar' 

+ Multi-outlet surge 

suppressor/ line filter 

+ Four outlets, two 

isolated filter banks 

+ Clean pulls, 30 day 
HSC warranty 

+ Compare at $49 951 

HSC# 18315 

+ Tripp Lite 'lsobar6' 

+ Premium surge 

suppressor / line filter 

+ Six outlets, three 

isolated filter banks 

+ Clean pulls, 30 day HSC warranty 

+ Compare at $65.00! 

HSC# 18314 $25.00 

LED Rainbow! 
+ A variety of LED's for just about any project ! 

+ T1 (3m m dia.) 
Red L34HD 
Green L34GD 
Yellow L34YD 
Blue 80535 

• T 1 3/4 (5mm dia.) 
Red L53HD 
Red Hi- lnten. (1000mcd) 15014 
Red Blinking L56BHD 
Green L53GD 
Green Blinking L56BGD 
Yellow L53YD 
Yellow Blinking L56BYD 
Blue 80534 
White L54PNC 
Bi-Color (R-G, 2 leads) L57EGW 
Bi-Color (R-G , 3 leads) 18220 
Tri-color (RGB, 6 leads) 80538 
Infrared 80536 

• Jumbo (10 m m dia.) 
Red L8131D 
Green L813GD 
Red Blinking L816BID 

.10 

.12 

.12 
1.50 

.10 

.49 

.60 

.12 

.65 

.12 

.75 
175 
2.49 

.35 

.25 
6 .50 

.15 

.40 

.40 
1.25 

A TX Computer Power Supply 
+ Power Computing TCX-20D 

+ Perfect for upgrading I Put 
modern motherboards into 
older cases 

+ 200W fan-cooled power 
supply 

+ Standard Mini-tower form-
factor, ATX connector 

+ Units are brand new w/90-day warranty 

HSC#18304 $17.50 

SCSI Drive Cases 
Just in ... two new styles of SCSI drive case. Perfect Mr 
those RAID systems, server backup, or other mass 
s torage systems! Both feature: Power and drive status 
LEDs, front panel off/on switch, SCSI ID switch, fan
cooled switching p ower supply. Attractive beige color, 
curved front panels. Rear p anel is p unched for SCSl-1 
(ICN-50) daisy-chain connectors, internal SCSI cable not 
included. Brand new in box, 90-day warranty 

+ Two-bay case 

+ RCA Jacks/ Sound Cable incl. 

+ Measures 6.3" x 7.0" x 11 .25" 

+ BO-watt power supply 

HSC# 18267 $39.95 

+ Four-bay case 

+ Measures 10.3" x 7 125" x 14.3" 

+ 200-watt power supply 

HSC#18268 $49.95 

CA T-5e Cable Special! 
+ 350+ Enhanced CAT5e 1 OOMHz horizontal cable 

+ 4-Pair, 24 AWG solid conductor 

t Meets UUCSA TIA/EIA 561A standards 

+ Exceeds proposed 1 GHz Standards 

+ Available in White, Blue or Grey - Your choice 

+ Price is for 1000' spool -- wire your house! 

HSC#5E8XX1001 $69.00 

Keypad Mouse! 

+ 'Unia' mouse with multi-function keypad ' 

+ Numeric & special function keys, including SHIFT, 

ALT, RETURN 

+ Unique all-in-one ergo design for easy data entries 

+ Ideal for CAD. spreadsheet, games ... etc 

+ LED indicators, 400/1200dpi switchable 

+ PC/AT compatible, w 9-pin D conn. 

+ New, 90-<Jay warranty 

HSC# 80539 $9.95 

Unique Project Base for Video Hackers! 
+ Perfect for experimenters, tinkerers and the just curious ... Logitech Videoman videoconference camera system! 

+ These were sold with Hewlett Packard S-700 UNIX workstations for videoconference capability 

+ The camera's brightness, contras t and shutter speed can be l2C bus controllable . 

+ We have technical data sheets for the camera. A condensed information sheet is included with 
camera pinouts and basic specs. Full specification document (camera only) available for $2.00 (cost of printing) 

+ The camera is on a weighted stand that extends from 13"" tall to over 20"" tall 

+ Color camera is digital output only (not NTSC as was previously believed) 

+ Note: HP and Logitech will provide no information on these items! 

+ Interface box has two SC SI-II ports on back. and a DC power input (we do not have the adapter), and on the front 
1t has a mic. out jack, composite video input (BNC), and the connector for the camera cable. 

+ Units are new ' 

Now! Some technical data 
is available (Camera only)! 

HSC#1750 3 

H SC#1750 3a 

H SC#1750 3b 

Low er Price for set! 

Camera O n ly 

Interface Only 

$19.95 
$12.50 
$12.50 

Visit HSC's Website! 
+ Pay us a virtual visit on the World Wide Web' 

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

+ Site is constantly being rev ised, please visit often' 

+ Or. you can email your order to hscmail@hal ted.com 

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

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

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

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

Tenns: Somaquant~ies lim~ad; allitamssubjacttoprior sala. Minimum order: $10.00ptusshipping. Ordarsi..ndar$20.00subjact 
to $2.00handlong fee, in addd1011to51loooina. All orders shipped FOB Santa Clara, CA(th1s means you pay freight!) by UPS Surf
(no P.O. Boxes)unlessotharwisaspacffied, inwhichcasepravailingcarrierrata.11!!4.$5 OOhaldlingfaaapplies. Prepaidordarsthat 
donii1dudashippingchargaswil bashlppadfra9'1COO. Tharaisa$5.00UPSchagaaddacltoshippingchargasforCODshipmants. 
If you have questions about your order, please call Customer Service at (408) 732-1854 M-F 9AM to5PM PST. 
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CLEARING UPTV 
RECEPTION AFLOAT 

••• 
5 Gordon West 

There is plenty that you can do to improve your existing TV reception whether 
down at the dock o r out on the water. 

LED 'GRAPH' CIRCUITS 20 Ray Marston 
A wide variety of practical LED dot-graph and bar-graph analog-value display 
circuits are presented. 

BUILD AN IR REMOTE CONTROL 
TOGGLE SWITCH 32 Fred Blechman 
Just about every popular electronic device these days can be operated with an 
IR remote control. This "toggle transmitter" will allow you to turn on or off 
electrical devices from at least 20 feet away. 

HOW TO DRAW SCHEMATICS 
USING MS PAINT 43 Steve Daniels 
Ever ask yourself"How do I draw neat, accurate schematics without spending a 
lot of money for special software?" You'll find your answer here .. . 

AN EASY HUM KILLER -A DEEP NOTCH 60 Hz 
REJECTION FILTER 51 James Lyman 
Remove annoying AC noise without altering your signals with the modular 
instrument described here. You can also incorporate the basic filter circuit into 
other designs requiring rejection of 60 Hz AC noise, such as audio applications. 

TAKING THINGS APART: THE JOY OF MICROCONTROLLER 
DISASSEMBLY - PART 2 68 Tim Deagan 
A PIC I 6C84 Disassembler in Python - This month, write code to implement 
the functions described in Part I. 

Meet our Design Contest . 
I st Place Winner 

"WORLD PEACE" 

Lots of details on 
Pages 48-49!! 



by Gordon West CLEARll\lli UP 
TV.RECEPTIDl\I AFLOAT 

There is plenty that you can do to improve your existing 
television reception down at the anchorage, or out on 
the water. 

oes your dockside TV reception 

D 
from local stations give you noth
ing but ghosts? Is your portable 

UU dish at the dock regularly leading 
to frozen pictures? Is there an 
annoying white line which contin

uously goes from top to bottom clouding up your 
picture? If so, tune into radio expert Gordon 
West's tips for improving your reception aboard ... 

There is plenty that you can do to improve 
your existing television reception down at the 
anchorage, or out on the water. Some less expen
sive, over-the-air antennas may work better than 
real fancy ones when you are at the dock. And did 
you hear that high-definition television is coming 
soon, and you don't necessarily need to sign up for 
a satellite system either? And if you are on satel
lite, have you heard about the new in-motion 
antennas that can keep the kids tuned in, even in 
heavy seas? Read on! I'll have a much clearer pic
ture for you. 

12VOLTTVs 

Unless you are aboard a mega-yacht, I suggest 

marks that travel from top to bottom on 
your TV set. The reason for the interference 
is the design of inverter DC-to-AC "switch
er" transistor circuits. The new type of 
inverters most certainly scale down the 
inverter physical size and up their rated 
capacity, but the new generation of inverters 
generate a harsh wave form that disturbs 
over-the-air TV reception with these annoy
ing interference lines. 

For the last five years, television manu
facturers may offer their portable color TVs 
with house power, as well as 12-volt direct 
current capabilities, built in. Two power 
cords: one for the house, and a red and black 
one for automobile or marine use. 

And while you are at it, why not shop 
for a portable 12-volt DC color TV with a 
built-in VCR? If you should drop hook in an 
area with absolutely no local reception nor a 
view of the sky for satellite reception, video
tapes will give you hours of enjoyment. 
Pricing for a 9-inch color combo AC/DC TV 
with built-in VCR was seen as low as $250.00 
for a Phill ips Magnavox portable set. Just be 

I 
The in-morion 
large size KVH 

sat:ellit:e 
anrenna. 

Flar-panel sarellire anrenna. 
Performance was excellenr! 

a small boat installation start off with a 12-volt 
DC, 9-inch or 13-inch television. If you try to run a 
small AC-only television with a mobile inverter . 
that changes 12 volts to I I 0 VAC, you will con
stantly be troubled by interference from that 
inverter that may show up as horizontal hash 

sure to look for the specific feature of AC/DC 
operation. 

I would not be overly concerned that a new 
television purchased today with "just" analog 
reception will all of a sudden be obsolete tomor
row when regular TV signals go off the air in favor 

I of digital, high-scan-rate, high-definition broadcasts 
(HDTV). The Federal Communications 
Commission (FCC) is sensitive to the number of 
regular TV owners in the United States, and will 
not all of a sudden force analog TV transmissions 
off the air within the next few years.About the 
soonest we may be seeing a switch from local 
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broadcast analog TV to local broadcast digital TV 
would be 2006; and if that date holds firm -
which I truly doubt - there will be hundreds of 
add-on boxes that would turn your regular ship
board analog TV into a digital TV receiver - just 
like the present boxes that take digital satellite sig
nals and present them easily on your color analog 
TV set over TV Channel 3. 

Your local mega-watt TV transmitters operate 
free (with commercials) to you on the following 
channels and frequencies: -

TV Channels 2 and 3 
54 MHz to 72 MHz 

TV Channels 4, 5 & 6 
76 MHz to 88 MHz 
FM stereo music 

88 MHz to I 08 MHz 
TV Channels 7 t o 13 

174 MHz to 216 MHz 
UHF TV Channels 14-88 

512 MHz to 806 MHz 

thought there was nothing on UHF 
outside of your local cruising area, but 
indeed you may find your hometown 
big television station on the air over 
one of the UHF translator stations. 
Take a look at all you can get on UHF 
today when you are well away from 
your local por t . 

rectional antennas, resembling one of those flying 
saucers you throw to a friend, had good reception 
on the higher VHF channels, but didn't do very well 
on lower TV Channels 2 through 5. It takes a much 
larger omnidirectional antenna to pull in these 
lower channels, and we found terrific reception 
from the larger Shakespeare omnidirectional 
antennas, as well as those from Naval. Try to 

The ftat:-panel dl1 ect: bl"Dllllca•t llllt:elHt:e 
ant:enna did nearly a• well a• the dlilh 
•hown here. 

LOCAL RECEPTION 
ANTENNAS 

Big white round antennas and small 
white round antennas are what we find 
for omnidirectional over-the-air TV 
reception aboard boats. These antenna 
systems usually have a built-in preamplifi
er, and voltage to run the preamplifier is 
sent up the same coax that downloads 
the VHF and UHF local transmitter sig
nals. Some of these omnidirectional 
white antennas may also split out an 
additional coax cable for FM music 
reception on your little stereo unit 
aboard. However, for best FM stereo 
reception out on the water, I always rec
ommend a common automobile antenna 
stashed somewhere, below decks, verti
cally polarized. If you want the ultimate 
in AM/FM reception, Shakespeare 
Antenna Group makes some dandy 

white fiberglass AM/FM reception sticks. 
These omnidirectional marine 

antennas may present a more strong 
picture than a set of rabbit ears down 
below, but the down side is their inher
ent susceptibility to multi-path ghosting 
when you are at the dock. If all you get 
is a collage of colors and multiple images 
on your omnidirectional antenna, I 
would say that this is perfectly no rmal 
down at the big marina. The omni anten
nas are simply overdoing their job by 
picking up second, third, and fourth 
bounced signals from nearby buildings 
and nearby sailboat masts. These come 
in slight ly delayed from the mai n pict ure, 
and this is why you get ghosts. There is 
no easy way to minimize ghosts down at 
the marina with an omni antenna. 
O mnidirectional ant ennas wo rk best 
when out at sea, o r at an anchorage 
with little around you to reflect t he TV 

mount the antenna as high as possible from any 
other metals around your boat, then carefully wire 
in the little control box to 12 volts DC, and then 
make absolutely sure which end of the coax goes 
to the antenna, and which end of the coax goes to 
your TV set. Since that little black cube carries 
voltage for the antenna preamplifier, getting your 
leads mixed up and running coax with voltage on it 
to the television might mean an instant TV set 
burn out. Be careful here! 

Shakespeare also makes a directional TV 
antenna enclosed in a small white dome. We tested 
this and found that it helps minimize ghosting. The 
directional Shakespeare antenna works off of a 
wired remote or even an infrared wireless remote, 
and the only disadvantage is you need to make 
adjustments at anchor when your boat swings on 
the hook. But the relatively new Shakespeare 
directional antenna does a nice job of minimizing 
ghosting down at the docks. 

CABLE TELEVISION 

Cable works great at the dock. When 

Elevat:ed. amplified omni TV ant:enna. 

New local HD digital TV 
512 MHz to 806 MHz 

Direct broadcast satellite TV 
f 500 MHz 

·To receive local (we will call them terrestrial) 
TV signals, you r present onboard television has a 
low and high VHF built-in tuner for Channels 2 
through 13, and an additional built-in UHF tuner 
for local Channels 14 through 88. If you haven't 
looked through the local channels lately on UHF, 
you should do so! Many t imes remote areas of 
cruising are served by television translator signals 
only found on these UHF channels. You probably 
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signal coming in multipat h and delayed. 
Down at the dock, you would prob

ably do better to go down to your local 
RadioShack store and invest in a little five-e lement 
VHF/UHF beam TV antenna. This will dramatically 
improve picture reception, and will dramatically 
decrease ghosting. When you are ready to take the 
cruise, fold up the directional antenna, and keep it 
out of the weather down below. It has done its job 
down at the dock. 

During recent tests of omnidirectional marine 
television antennas, they all worked relati\lely well 
out in the harbor, and they all suffered from ghost
ing in close to the marina. The very small omnidi-

you cast off, no more cable. Dockside cable 
recept ion is sometimes "fuzzy" due to salt 
air continuously eating up the cable connections. 

SATELLITE TV RECEPTION 

You might consider this as wireless cable 
reception, minus the cable. You add satellite televi
sion capabilities to your present analog AC/DC TV 
by subscribing to one of two satellite networks. 
One satellite network is called DirecTV, and the 



other is the Dish Network.You would normally 
subscribe to one, not both, because each system 
requires its own unique receiver. 

The proprietary receiver converts satellite dig
ital signals into analog TV output signals that feed 
directly to your regular TV set "F" antenna connec
tor. The satellite box has an outside antenna con
nector so you can switch between over-the-air TV 

reception from your amplified white 
omni antenna and then to direct satel
lite reception that you get with your 

1 dish or flat-panel aimed at the geosta
tionary satellites. 

But here comes the problem -
· most satellite receivers may only run on 

I I 0 VAC house power, so dust off that 
300-watt inverter and put it to good 
use supplying house power to your 
satellite box for direct broadcast satel
lite reception. Luckily, direct broadcast 
satellite reception is unaffected by 
inverter hash, so you will get a nice 
clean picture as long as your TV jumper 
cables are nice and tight, and dressed as 
far away from the actual inverter as 
possible. 

Incidentally, popular inverters like 
Heart, Trace, and Statpower will soon 

micro-strip circuitry within the flat-panel with no 
white wand in front. 

Voltage from your new satellite receiver is fed 
up the same coax that is pulling the signal in from 
the satellite, giving power to everything on the 
inside of that little wand on the dish or inside the 
flat-panel antenna system. 

Once again, make absolutely sure you never 
get mixed up on what connection is going from 
the satellite box to the TV, and what connection is 
going from the satellite box to the external anten
na. If you should get these two common-looking 
leads mixed up, you put direct current on the TV 
input, and this puts you off the air for good until 
you take the TV in and get it repaired. Don't get 
these connections backwards. 

The decision on what system to purchase is 
going to be a mighty tough one - both the Dish 
Network, as well as DirecTV offer tempting $29.95 
program packages, comparable to what you would 

KVH i n motion direct: broadca!it: !iat:ellit:e 
a ntenna going f rom RV t:o boat:. 

carry the Xantrex name exclusively in 
that all three companies have now been 
bought up by the Xantrex Corporation 
in British Columbia. 

Your new direct broadcast satellite 
receiver takes coaxial cable to an externally 
mounted dish or flat panel that needs to be point
ed squarely at the geosynchronous satellite. The 
dish or flat-panel concentrates the flea-powered 
satellite signal into a low-noise amplifier/down-con
verter seen on the end of the little arm on dish 
antennas that sits in the front of the dish. In the 
flat-panel antenna system, the down-converter is 

get at home with a $29.95 cable hook-up. Movie 
channels will cost you an additional $I 0-$20 a 
month, and so will the reception of a block of 
sports channels. 

Good news for boaters in any area of the 
USA - the reception of local network affiliates 
like ABC, CBS, Fox, and NBC are now allowed by 
the FCC through our satellite system. Up until last 
year, many boaters not wanting to miss their local 
programming down at the marina had to sign up 
for satellite service at their aged grandmother's 
house, with a street address somewhere in the 
hills of Wyoming, outside of local TV coverage. 

Polaris can supply you with all of today's Hottest Video 
Technology, Micro Cameras to Professional Security Supplies 

470 TV Lines Color "Micro-Zoom" Video Board Camera 
470 TV Line Color Board Cameras, Technology has added high resolution to its 
smallest cameras, We've added a Vari-Focal lens to an already powerful board 
camera. The 4-Bmm Vari-focal lens is a tool you won't be able to live without once 

Color video camera 
Power/Video cable 
330 TVUnes 
3.6mmLens 
LP-850c 
$179.95 ___. 

TFT-4 $209.95 
Color 4" Screen. 
(Size: 6"(W) x 
4.5"(H) x 2"(0) 
An excellent 4" 
monitor for one 
camera monitoring 
or for setting up 
cameras during 
installation 
or maintenance. 

Color & weatherproof 
Power/Video cable 
4.3mm Lens---. 
WP·300c $229.95 

; 
,I 1.3"(Dla.) x 

2.1 "(L) w/o stand 

+--
Color 400 TV Unes 
Power/Video cable 
Lens: C-mount 
Auto Iris 
TC-300ux 
$229.95 

Wireless Video 
GW-2400 $229.95 
• 1 - 4 Transmitting Channels. 
• Can be integrated with other 

wireless applications . 
• Up to 985 ft. Operating Distance. 
•Dimensions: 2.5"(1'\o'.) x 2.18"(H) x 3.28"(0) 

Write In 186 on Reader Service Card. 

• 
. 

• 
• 

you added this camera to your application . 
1 

oil( .~~: • 
1 

r ~ 0 

-----...,,.,,~~---1•~1 MB-1250HRp $149.95 

• MB-1250HRVF $199.95 
470 Hi-Res Vari-Focal Color Camera 

• MB-1250HRp $149.95 
470 Hi-Res Pinhole Color Camera 

• MB-1250p $99.95 
350 Low-Res Pinhole Color Camera (not pictured) 

MB-1250HRp & MB-1250p 
Same physical look two resolution 
options to choose from: 470 or 350 TV lines. 

CM-500CBC, A tough aluminum CMOS C·Mount B/W & Color Cameras 
cased Color CMOS camera with 
mounting bracket. BNC video & 
barrel power connection for Plug & 
Play hook-up. View through 
standard VCR or Monitor! 
• 1/3" Color CMOS 
• 380 - TV Line 
• 1 LUX 
•Lens 3.6 mm 
• Auto Iris 

CM·500CBC 
$129.95 
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Even though you explained to your television ser
vice provider that you would be viewing TV well 
away from your local port, they would not sign you 
up because of legal restraints from local TV broad
casters not wanting to miss any of their local audi
ence. No more problems now - for about $5.00 
extra a month, you get East Coast and West Coast 
network coverage. If you don't like staying up late 
for Letterman or Leno on the West Coast, you can 
watch it three hours earlier from the East Coast 
feed! 

tomer service agent via your cellu
lar or VHF radiotelephone and 
explain to them you want to sign .up 
for a specific movie. This may cost 
you a couple of extra bucks, but it 
can be done. 

But what are you going to do for pay-per-view 
when you are out at anchor and you just discov
ered a movie that you and the kids really wouldn't 
want to miss, and are happy to pay for? Since 
you're out on the boat, you don't have a telephone 
that hooks into your TV box, so you can't tell your 
box via the remote control to beam you down a 
pay-per-view movie. 

So how can your receiver know 
what you paid for and what they 
won't allow you to see for your 
basic monthly price? This is the job 
of that special card that inserts in 
the receiver when you first buy it 
that allows for the reception of the 
channels you have paid for with 
your monthly assessment. This card 
is actually a miniaturized, integrated 
circuit that is constantly getting 
updates by your satellite reception. 
The card controls what you can 

What you must do is call the Dish Network 
or DirecTV on the phone, and speak with a cus-

receive off of the satellite, and the satellite controls 
what the card will allow you to watch. If you miss 

KIT BUii.DiNG Is 
. FUN AND EASY! 

POR TABLE SWL RECEIVER 
Enjoy quality shortwave listening comparable to factory built portables. Listen to local and 
international AM broadcast as well as SSB/CW from around the world. 

Yy ••• , • , 
· Covers 100 kHz - 30 MHz • 15 programmable memories 
• 2.5 kHz and 100 kHz tuning steps with clarifier • Dual conversion, superheterodyne c - ~'; 

• 13.8 VDC operation; AC wall transformer included 
• 2.25" H x 6.5" W x 6.5" D 
1254 ...................... ....................................................... $195' 

Portable SWL 
Receiver 

9-BAND SWL RECEIVER 
Modernized "first radio kit" classic. Five transistor, 3 IC design, electronic bandswitch. Tune both AM 
broadcast and SSB/CW from 1.8 - 22 MHz. Has Main and Fine tuning, Regen, RF gain, Volume. 
Powerful audio to built-in speaker, your own speaker or stereo phones. Use 8 C cells or ext. 12 VDC. 
1253 .... ......................................................................... $59' 

Hl-SENSITIVI IT AUDIO AMPLIFIER 

A versatile utility amplifier with high and low Z inputs and switchable preamp. 1.5-watt audio output 
via internal speaker or user earphones. Experiment with listening to the sound of energy with the 
included project booklet. Hear radar, light waves, lightning, and much more. Requires 12 - 15 VDC. 
1252 ......... ....................................... ............................. $44' 

ONLY $2 4 FOR 4-BAND RECEIVER 
This little Regen beats the pants off those favorite 3-tube radios of the 1950s. Covers 49- and 
31-meter SW bands, 40- and 20-meter ham bands plus 12 - 15 MHz. Includes punched and labeled 
front panel. Dress it up later with your own case and knobs. Has push-button bandswitch, Main 
Tuning, Regen control, volume and on-off switch. You provide DC, stereo phones, or speaker. 

4-Band 
Receiver 1054 ............................................................................. $24' 

Popular group project - buy 5 for $110! 

BUDGET-PRICED PC BOARD PROJECTS 
Includes etched and silk-screened board, all parts, and step-by-step construction manual. 

ACTI VE ANTENNA 

Bring any HF receiver to life with this active antenna and a 
short wire or simple whip. Includes gain control. 
Model 1552 - $12' 

UNIVERSAL BFO 
Add SSB/CW reception to your AM-only SW radio. Internal 
connection not necessary. Tuning control allows for com
pensation of alighnment in AM receivers and fine-tining of 
SSB/CW signals. Model 1050 - $9' 

UTILIIT AUDIO AMP 
Reliable, inexpensive audio amp for homebrewing. A low 
distortion 1.5 watts without motorboating or unwanted oscil
lation. Includes 10 dB preamp. 
Model 1550 - $10' 

HAM BAND SSB/CW RECEIVER 

Direct conversion receiver on a PC board. We supply every
thing to build it, to change it, to any HF ham band 160 - 10 
meters. You supply DC, speaker, or headphones. 
Model 1056 - $29' 

BROADBAND RF PREAMP 
Low noise, broadband, untuned preamp in front of your 
receiver, scanner or instrument. 15dB gain, 1 - 1000 MHz. 
Model 1001 - $9' 

FM BAN D FOXHUNT TRANSMITTER 
"Beep-beep" modulation audible on 88 - 108 MHz FM 
receivers. Use for direction-finding, hidden transmitter 
hunts or use sveeral to demonstrate triangulation. 
Model 1059 - $12' 

'Plus shipping & handling 

CALL FOR A FREE CATALOG 10DAY - 865-453-7172 
Includes these kits and more budget-priced projects. 

Orders only: 800-833-7373 
FAX: 865-428-4483 

_ .. America 's Best! ir.ir 
TEN-TEC 

or wri te us at: T-Kit 
a div. cif TEN-TEC, Inc. 

11 85 Dolly Parton Pkwy. 
Seviervi lie, TN 37862 

E-Mail: sales@tentec.com 
9:00 a.m. - 5:30 p.m. EST 
Monday - Friday 

Visit our web site at www.tentec.com © Copyright 2000 
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a payment, the satellite 
is continuously sending 
down an imbedded dig
ital code of overdue 
accounts, and a blank 
screen with a message, 

"Please call customer 
service," greets you. 

Swapping cards 
with a buddy won't 
work - each card 
only works with a spe
cific receiver that it is 
electronically pro
grammed to over the 
satellite airwaves. 
Trying to buy phony 
cards that will fool the 

receiver that you have paid for everything usually 
leads to failure after a few seconds of receiver box 
turn-on. Direct broadcast satellite providers regu
larly send down electronic counter-measures 
(ECM data bursts) to render bootleg cards useless 
within seconds. Lots of people have tried to get 
around these ECMs, but it's a daily battle with the 
satellite providers always winning out. 

Simply subscribe to the service like everyone 
else when you buy your equipment. Recent equip
ment promos by both Dish, as well as DirecTV, 
may allow you to acquire the receiver and antenna 
for almost free as long as you sign up ahead of 
time for one of their yearly premium packages. So 
shop around and get the most for your viewing 
enjoyment. 

ON BOARD ANTENNA SYSTEMS 

The television signals coming from TV satel-

1 B'" 'tll• fi 
for 

sa'tellit:e 
direct: 

broadcast: 
recep1:ion. 



lites blanket the United States with enough signal 
strength from either Dish or DirecTV to provide 
you with easily captured crystal-clear television 
programming with a little 18-inch parabolic reflec
tor or a little 12-inch flat-panel phased array. 

You can get TV reception throughout all of the 
United States up to about I 00 miles offshore. This 
includes "fringe area" reception in the Bahamas, 
Baja, CA, and a little bit into Canada. The satellite 
TV transponders use spot beams to specifically 
illuminate all of the USA, and these spot beams at 
microwave frequencies are so precise that TV 
viewing more than I 00 miles offshore or into for
eign waters will usually abruptly stop. Keep in mind 
that these signals are coming in from geosynchro
nous satellites 22,500 miles away. The satellites · 
rotate with us as the world turns, appearing 
motionless in their geosynchronous satellite orbit 

to our south and an uplook angle of 45 degrees or 
less. 

If you plan to go boating in Canada or deep 
down in Mexico, there are other direct satellite 
providers that have satellites in orbit with spot 
beams to illuminate their foreign country.A com
pass will help you get your antenna bearings, fol
lowing the instructions on the screen for a zip 
code reference on where you are, and on-screen 
suggestions on where to point. The Di rec TV sate I-

lite is at the 10 1-
degree west position, ' 
and the Dish satellite is 
a~ the I 19-degree 
satellite slot, with both 
companies having addi
tional satellites and 

The SX52 con Carne module is a development board for the SX48/52 
microcontrollers intended for use with the Parallax SX-Key development 
tools. Prototyping with TOFP and PQFP package styles of the SX48/52 

just got easier! Available in a 48-pin DIP. package at $99. 

Order on-line at www.sxtech.com or www.parallaxinc.com 
or call toll-free 888-512-1024 (M-F 7 a.m.-5 p.m. PST) 

slots for expanded ser-
vice. 

A dish or flat-panel antenna system would 
generally not work aboard a boat in anything but a 
calm-harbor, at-dock installation. If you have a small 
boat, it's best to position the dish on a dock piling 
and enjoy great reception at the dock. If you have a 
small boat and you plan to take your satelnte sys
tem with you out on the water, you probably won't 
get any continuous reception of a picture until you 
take the antenna ashore, and plant it firmly in the 

sand. Even dockside installations are problematic 
when someone else is walking on the dock, and 
your antenna begins to sway back and forth. It will 
instantly lose track of the satellite. Go for the con
crete dock piling as my best suggestion. 

On larger vessels that don't rock when pas
sengers come onboard, dockside TV reception is 
indeed quite possible to the satellite providers. Just 
as long as there is no major movement of the ves
sel, TV signals should stay locked on strong. 

Write in 187 on Reader Service Card. 

I recently tested the phased-array, flat-panel, 
marine TV antenna system from SATCOM, and it 
was a remarkable performer which uses the same 
technology in phased-array marine radar antennas 
as it does for direct-broadcast satellite TV recep
tion. The flat-panel doesn't have quite as much gain 
as a dish, but this actually makes aiming the anten
na easier in marine installations, especially aboard 
boats where there may be a little vessel move
ment. Even with a little vessel movement, the flat-

panel antenna system held onto the picture with
out picture freeze frame. The phased-array flat
panel contains its own built-in LNB, and stores flat 
for taking it off the boat and putting.it on your RV 
or out in the patio for home reception. It even 
comes with a digital signal strength meter for lock
ing onto the distant satellite, and touching up any 
azimuth or element aiming. Our unit came with 
several different types of mounting brackets, and 
they are even working on a motorized bracket for 
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remote pointing aboard a boat, too. 
This is the first I have seen in direct broadcast 

satellite TV reception when it comes to a flat-panel 
antenna, and I think it's going to offer some real 
advantages in the marine market where portability 
and compact size is important, plus the advantage 
of making aiming slightly less critical. 

Cruiser for boats, and the 
same system,TracVision LM 
for the land and vehicle mar
kets. This antenna is only 14-
1 /2 inches high, and can tune 

· in either Dish or Di rec TV 
service when you order it 

The rock added stabilit:g in t:he wind wit:h 
t:he first: generation mount: for t:he 

flat-panel sat:ellit:e TV antenna. 

IN-MOTION ANT ENNA SYSTEMS 

For the first five years, several manufacturers 
have offered in-motion marine and RV satellite 
antenna systems. The popular Daytron DBS-4000 -is 
a good example of a quality in-motion antenna sys
tem. It has a white radome that is 33 inches in 
diameter, and 15 inches high, looking much like a 
radar antenna, but containing an active moving 
satellite antenna on the inside. It sells for under 
$6,000.00. Sea Tel also offers several in-motion 
antenna systems including a new 20-inch domed 
automatic-tracking antenna to be sold for under 
$5,000.00. 

Well-known manufacturer KVH also entered 
the market with Trac Vision II which .was a fully sta-

DirecTV, 1-800-531-5000 
Dish Network, 1-800-333-DISH 

KVH In-Motion Antennas, 401-847-3327 
Daytron In-Motion Antennas 

1-800-287-5052 
DBS Systems In-Motion Antennas 

1-800-831-9818 
SEA Sharp Automatic & Mobile Dish 

Antennas, 1-800-213-2211 
SEA-Tel In-Motion Antennas 

1-888-798-7979 
Shakespeare Omni-Amplified Antennas 

803-276-5504 
Naval Amplified Omni-Terrestrial 

Antennas, 813-885-6091 
DBS Home Page - great info 

www.dbsdish.com 
SATCOM Electronics Phased-Array, 

Flat-Panel, Marine Antennas, 
858-486-6600 

bilized antenna dome of just 21 inches high by 19 
inches in diameter, with an inside active antenna 
system locking onto the television satellite while in 
heavy seas o r ro lling at anchor. 

But these three companies did not want to 
miss t he RV market, and KVH has broken the 
under-$3,000.00 mark by a 31-inch diameter x 14-
inch high, 33-pound antenna called TracVision 

from your local marine elec
tronics dealer. 

Whether you are bounc
ing around on the road or on 
the water, the KVH TracVision 
antenna system with its low
profile design accurately holds 
onto the satellite. And when 
you're whizzing around out 
there, the antenna could also 
bring in 28 channels of CD-quality, interruption
free music, too.And if your vessel is all fibe rglass, 
we even found during tests of the TracVision LM 
that it could also operate under a fiberglass shell, 
similar to its own fiberglass dome. This could give 
you satellite television reception without the low 
silhouette white dome showing off what you might 
have onboard. 

So far, no one has been able to equal what 
KVH has done in an under-$3,000.00 package that 
is only 14 inches high.And also consider what this 
same antenna system could do for you in down
loading extensive computer programs. Through 
satellite digital data compression, your same satel
lite TV antenna could download extensive web files 
in seconds directly from the satellite that would 
normally take 15 minutes through a telephone line. 
Microsoft web TV allows you to explore the 
Internet without a personal computer, and send 
and receive email and digital pictures on your TV 
with up to six different mailboxes. Kids could safely 
surf with "Kids Friendly"™ software that 
screens out unwanted material. Interactive video is 
a one-way fast download from your satellite, but 
yqu would still need a dockside or cellular land 
line phone connection in order to start things on 
the screen. 

There is also TiVo that works off of your 
mobile marine satellite TV system, and you don't 
need any telephone outgoing connection to make 
it work. You can pause live TV, and then get back up 
to speed when you want, or create instant replays 
during live satellite broadcasts. This system will dig
itally record up to 30 hours of shows, and could 
automatically get your favorite recorded shows 

when you're not even aboard your boat. It takes a 
$400.00 Phillips receiver, but some of the benefits 
are seeing a great picture at a later time than 
when it was broadcast down from the satellite. 

And how good is direct satellite reception on 
the water during our tests of the KVH TracVision 
low-profile system? For one thing, no ghosts, no 
snow, and superb audio - in stereo and surround 
sound, too. With the KVH system, there are no 
freeze.-ups as our vessel is turning in the harbor, or 
swinging on the hook in the cove. 

When compared to shore-side cable service, 
the satellite TV signal should look just as good, if 
not better. On very large onboard TV screens, you 
may see oversaturation between contrasting colors 
like a red blouse on a white background on satel
lite TY. Fast-moving action could also lose a bit of 
clarity if you have a keen eye on a major sized 
screen. So maybe direct-from-local transmitters 
will look a bit sharp.er, if you can make out the 
local terrestrial transmitter's signal through ghosts, 
hash, snow, and jiggles.You will have none of these 
problems with signals from the satellite, and the 
overall improvement from typical five-year-old 
home cable systems will be quite apparent. 

You may count on the other big in-motion 
satellite manufacturers to try to equal what KVH 
has done with their newly designed TracVision 
Cruiser satellite TV antenna system.At under 
$3,000.00 - and portability to take it off the boat 
and put it on your motorhome - the KVH sys
tem certainly worked well for this writer. Next 
time you're down at the docks, check out TV 
reception when you spot one of t hose white TV 
motorized antennas. NV 

PROGRAMMABLE SOLENOID ON SCREEN DISPLAY· CHARACTER OVERLAY BOARD 

· Low cost motion 
control 

• Wide operating 
voltage (12 - 28) 

· Onboard 
programming 
and parameter 
storage 

• Self-contained 
electronics 

.Rot a ry (PPS-1) Linear (PPS-2) . Simple connection 
only 3 wires: 
Power, Ground, 
and CMD signal 

· Long Life: 
Brushless ball 
bearing stepper 

· Constant current 
Torque/Force 

The Picard Programmable Solenoid (PPS) delivers the motion capabi lity of a sophisticated stepper 
motor system with the simplicity of a solenoid . This eliminates the non-linear and erratic banging 
motion of a traditional solenoid. The electronics of the PPS allows the user to program and store the 
desired motion profile using the simple user interface. The innovative PPS gives programmability to 
the. motion of a solenoid without the expense of a costly motion control system. 

PICARD INDUSTRIES 
Specializing in Miniature Smart Motors and Sensors 

4960 Quaker Hill Road 
Albion, New York 14411 Phone/Fax 716-589-li358 Email: jcamdep4@iinc.com 

www.picard-industries.com 
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Need to display more text than your LCD module can handle? OSD-232 is the 
solution! From any RS-232 serial source like a PC or Basic Stamp, display 28 
columns by 11 rows of information (308 characters total) directly onto any 
NTSC or optional PAL baseband (video in) television or VCR. OSD-232 can 
overlay monochrome text onto an incoming video source or display colored 
text on a self-generated colored background screen.

1 
. . c· . LLC 

ntu1t1ve 1rcu1ts, 
OSD-232 ~99.00 2275 Brinston •Troy, Ml 48083 
We accept Visa and Mastercard. (248) 524-1918. http://www.icircuits.com 

OSD-232 on board a radio controlled airplane An OSD-232 video gar:ie programmed in BASIC 

Write In 189 on Reader Service Card. 



#iar pro#"esslonal use 

USE IN DIRECT 
SUNl.IBHT 

7J!-11root ! 
a111r11root ! 

The ONLY Waterproof computer under $5,000 
Silicone Rubberized & Diecast Case! Shock Mounted 1 GIG Drive ! 
ESD I EMF & RF Resistant, Worlcs from-4 to 120 Deg F & Vacuum to 15,000 ft 
> 1- PCMCIA (type 1, 2 or 3), Serial & Parallel Ports in rear 
> 16m Ram / 1mVideo/32 Bit Local Bus 486-50 Mhz & Math Co-processor, 
> 28.8k Modem (Internet Ready) >Hydride Battery ($150 Value) >W95 
> Sound & Mic > 8.25" Display-64 Shade Monochrome REFLECTIVE 
OPTIONS 
> GPS Receiver & s/w Preinstalled $159 > Floppy Drive $89 
> 12V Car cord $29 > Desktop 48X Cd Rom $159 >Touch Screen $89 
> 33k Baud PCMCIA Fax-Modem Upgrade $35 > Carry Strap $4 
> 2gig Drive$109/ 3gig $149 

This was a unique (one shot) purchasing opportunlt.y 
ITS NOT OPEN STOCK . 

WHEN THEY'RE GONE, THEY'RE GONE FOR GOOD 
Sold till recently by IBM through their Local Area Network Div 
at $4,699 & $6,912 as shown here. (they were never discounted) 

Wllr Will this Small la1101 Become rout Pal? 
You bring a big machine with you less & less often because it's a pain to 
drag around. Millions of PDA owners already know this. Unlike PDA 's this 
is desktop power with a fraction of the BIG laptop Bulk & Weight. 

11aza1 s11a111, BRIBHT & Easv lliewing 
camtartallle TJ11ing witll Wrist Rests 

I 
I 
I 

' 
l=========~;,800 

-~OGig 
128MegRa 
32MegVideo 
Full Size Tower 
2 Removable HDs 
2 CDs 50X & CDRW 
2 Floppies 
Copies Hard Drives 
Copies CDs & Floppies 
AntiVirus Firewall 
LAN 10/100 & 56Kmod 
illuminated Face, Stere 

2USB 3PCl,1AGP.t Line in/out, 
Mic, Midi /Game..z ~ Ser, 1 Par 
Includes Mouse & Keyboard 

II Benet Machine 
W98se $125 '1499 
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In this column, I answer 
=:S- %= 

,,, questiqns about Q.ll 
*;if 

aspects of elf:!ctronics, 

including computer 
':<1 

hardware, software, cir-

" cuits, electron,Jc theory, 

troubleshooting, and 
~.,.. ,,,~,:· 

@~ :::i; 

any.thing else of interest 
:;:;~t::::: . 

to the hobbyist. 

i~;iFeel free to participate 

witil' yo~r questions, as 
7· 

well as comments and 
<t .,.+ 
. ·suggestions. 

YouvG:an reach me at: 

~JBYERS@aoLcom· 

11, \:or By snail mail at 

&r Nuts & Volts Magazine, 

430 Prin"celand Ct., 

Corona, 'C'A 92879. 

#~hat•s Up: 

i,,,Analog ''math circuits, 

% new life for vintage 

radios, ana a high-cur

rent motor speed con-

troller. Ni~c! battery 

;;(i rnaintenance circuits, 

frbm proper care to 

rescues. Two PC solu-

14 tibns,tand an RIAA 

w~pdate. 

With T} Byers 

.Issac Newton, Calculus, And Op Amps 

Q . I always thought it was interesting that you 
could perform differentiation and integration 

usir:ig an op amp. Could you show how to make both 
circuits accurately with a CAS 160 or an LM3S8 op 
amp? I would like to interface the circuits to my micro
processor, then view the 1/0 results on the 'scope. 

Keith Penner 
via Internet 

Al . During WWII, derivative and integral functions · 
~using analog amplifiers were a critical part of the 
war effort. These analog computers were used to pin
point artillery targets, map bombing raids, and sat at the 
very heart of the newly-invented RADAR. Described 
independently by Wilhelm Liebniz and Issac Newton in 
the 17th century, they were just a mathematical curiosi
ty and mental exercise - until Newton recognized (in 
I 66S) that the two are actually mirror images of each 
other (inverse functions) and could be applied to practi
cal physics problems.As the physical world expanded 
from cannonballs to electrons, so did the applications 
for these two mathematical functions. 

Here are two simple differentiator and integrator 
circuits that can be used to show what happens when a 
signal is processed by each. 
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>-------0 Vout 
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Vour = - -
1

- ft2 vu~ dt 
1 

R1C1) t1 

fi:: = 21rR1C1 

7 R1 = R2 

The differentiator works in real time, whereas the 
integrator takes a snapshot of an event and has to be 
reset by shorting out the capacitor. The resistance val
ues shown are just ballpark values to bias the op amp 
into a linear region, and can be changed to match your 
frequency needs - just be careful that you don't set 
the gain too low (below unity) or too high (typically 
above I 00). The equations are shown on the schematics. 

Old Radio Breathes New Life 

Q . I have a friend who has a Philco model S0-1721 
radio (Sams photofact #98 folder) and he'd like 

to replace what he feels is a bad SAZ4 rectifier tube 
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with a solid-state rectifier. His question is what size 
resistor should be used between the solid-state rectifi
er and the input capacitor? 

Mike Davoli 
via Internet 

Al . This is an interesting question because of the age 
~of the radio.An input resistor isn't normally 
required. But if the radio still sports the original elec
trolytics, they are used to a gradual voltage build up, and 
not a hard hit like what happens with a solid-state recti
fier. While I can't say this would cause a problem, your 
friend is wise to take precautions. Instead of a resistor, 
though, I suggest an inrush current limiting (ICL) ther
mistor, like the KCO I 4L-ND from Digi-Key ( 1-800-
344-4539; http://www.digikey.com). When the ther
mistor is cold, its resistance is SO ohms, which dampens 
the initial charge current.As the thermistor warms up, 
its resistance decreases to about I 0 ohms (dependent 
on the current flow), making it more power efficient 
than a fixed resistor. The ICL should be inserted into 
the circuit as shown. 

Some_ models of this series use an electromagnet 
speaker, so the circuit isn't typical of what other read
ers may find in their SU4-equivalent power supplies. 
Consequently, I've modified the schematic to show the 
more popular configuration (the high-voltage center tap 
of the earlier Philco model SO goes through the speak
er's electromagnetic to ground) . 

Mac To PC Printer Cable 

9 . I have an older Mac connected to an Apple 
Laserwriter II NTX which I rarely use any more. 

I e to connect the printer to my HP Pavilion, but I 
understand that the printer has to plug into the serial 
port, not the parallel printer port. What kind of con
necting cable do I need? The printer is 25 pin and the 
PC serial port is 9 pin. How do I set up a COM port 
for the printer (I'm running Windows 98)? 

Ken Schmidt 
via Internet 

Al . What you need is a null modem cable, which 
~you can buy for about $S.OO. Unfortunately, finding 
one with the ends you need is a bit harder than null 
modem cables with identical plugs on each end. 
Fortunately, it's easy enough to make one using the 
drawing below. 

25PIN 9.pJN 
TD '2 3 RD 

14 0 I RD j 2 TD 
0 • .. 

0 0 • RTS 4 7 CTS 5 .. 9 
• 0 

• 0 ~ 0 0 

CTS 5 8 RTS .. 
0 : 0 0 

0 0 : . 
: 0 GND 7 5 mm 6 
0 : 

I 0 
0 0 

DSR 6 6 DTR 25 0 l3 

DTR 20 4 ~"R 

Some sources (both books and articles) say that 
reversing the number 2 and 3 pins makes a null modem. 
That's not exactly true, as you can see. Printers, for 
example, need a full complement of communication sig
nals. 

DC Motor Speed Controller 

Q . I'm trying to convert a RadioShack "DC motor 
speed control kit" to ddve a six-volt, 30-amp RC 
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car motor. The original circuit uses a 555 timer chip and a TIP 122 bipolar tran
sistor, rated 5 amps at I 00 volts. I suspect this can be done using a MOSFET 
transistor, but I don't know how to generate the -4 volts needed to turn the 
MOSFET fully off. I think that most commercial speed controllers for RC car 
and airplane motors use MOSFETs, so there must be a way.As long as you're 
looking at the circuit. I was wondering how to increase the frequency of the 
switcher? My guess is reduce the value of the 0.47uF cap, but I haven't tried it 
yet.Also, how can I extend the duty rate range from I 0% to 90% to more like 
1% to 99%? 

Pete Lawrence 
via Internet 

'1 '. This is easily done using an enhancement-mode MOSFET, which is off 
r- ...1 with no gate voltage and turns on as the gate voltage is increased, 
instead of depletion-mode FET, which is on until a negative voltage is applied 
to the gate to turn the transistor off. The IRF540, available from Digi-Key ( 1-
800-344-4539; http://www.digikey.com). matches your needs exactly with 
28 amps at I 00 volts. Moreover, it needs only I 0 volts to turn it fully on -
with just .077 ohms at saturation. 

+ 12V 

I SPEEDAD.J 
1N41 4B 

ll< 

lM 

l k ' 7 

1N4148 6 
555 

Io_1 

4 

3 

DC 
Motor 

Like your original circuit, this speed controller uses pulse-width modula
tion (PWM) to control the speed of the motor. When the duty cycle is low 
(25% or less) very little power is delivered to the motor and it spins slowly. 
As the duty cycle increases, do does the speed of the motor until I 00% is 
reached, at which point the motor receives full voltage. You'll notice that I've 
increased the input voltage from 6 to 12 volts. This accomplishes two goals: 
First. it guarantees that the MOSFET turns on fully. Second, the extra voltage 
provides greater motor torque at lower speeds without damaging the motor 
at higher speeds (higher-than-specified voltages are often used in permanent 
magnet motors, particularly stepper motors, to improve low-end perfor
mance). The resistance and capacitance timing values are ·also changed from 
the original to give you a wider duty-cycle range (approximately 3% to 97%). 

(Editor's note: Pete built this circuit using three IRF740 MOSFETs, 10 amps at 
400 volts, in parallel and reports everything works nne. TJ) 

I Want To Donate My Old PCs, But ••• 

r I have a bunch of old computers and brand new MFM hard disk dri
-.::. ~ ves that I want to get going for the senior citizens here. Is the hard disk 

protocol (RLL, MFM, or IDE) part of the motherboard, the add-on board, or 
what? Can you add MFM to a 386/486 system, for example? Also, can you mix 
and match in one system with the right ISA boards? 

Chris Smith 
via lnterent 

1 Hold on, this may be a bumpy ride. First. RLL and MFM refers to the 
,/- ...ltype of coding used to put data on the hard disk platter. IDE is an inter
face type, not an encoding standarc:;I, that lets you plug hard disks of any coding 
type into a PC, and is often used to interface with CD-ROM and streaming 
tape drives; it's not exclusive to hard disks. Some PCs have an IDE interface 
built into the motherboard, others don't.All hard disks need a controller cir
cuit that tells the read/write head where to be and where the data should be 
placed in that region of the platter.With IDE drives, this controller is built into 
the hard drive. The only thing the PC sees is the IDE interface. RLL and MFM 
hard disks, on the other hand, have their controller off the hard disk on a con
troller board that plugs into an ISA slot on the motherboard. To use an MFM 
drive, you must have both the drive itself and an external controller card. 
Same for RLL, which predates MFM and IDE. To reiterate, RLL and MFM drives 
require an external controller card. Both require two ribbon cables (a 20-pin 
and a 34-pin) from the controller card to the disk drive, and while seemingly 
identical, the two aren't interchangeable. IDE requires an interface connector, 
either via an (plug-in) adapter card or built into the motherboard. Simply plug 
the MFM controller card into an empty ISA slot, bring up the BIOS setup 
menu, and enter the drive type. 

If your motherboard has a built-in IDE interface, and you want to use an 
MFM hard disk, you must disable the primary IDE interface using the CMOS 
setup and enter the parameters for the MFM drive. The CMOS setup menu 

MOUSER. 
ELECTRONICS 

AlmJ)coMPANY 

sales@mouser.com 
(800) 346-6873. 817-483-6828 

FAX: 817-483-6899 
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Go Wireless Wifh Our Modules 
SILRX/TXM 

SILRX - $26.00 ea. 
TXM - $15.50 ea. 

The TXM and SILRX modules are a trans
mitter and receiver pair which can achieve a one
way radio data link-up to a distance of 200m 
over open ground. 

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

The modules are particularly suited to bat
tery-powered, 
portable applica
tions where low 
power and small 
size are critical 
design criteria . 

TX2/RX2 
TX2 - $19.50 ea. 
RX2 - $38.50 ea. 

The TX2 and RX2 radio transmitter and receiver pair 
enable the simple implementation of a data link at up to 
40kblt/s at distances up to 75m in-building and 300m open 
ground. Both modules combine full screening with extensive 
internal filtering to ensure EMC compliance by minimizing 
spurious radiations and susceptibilities. The TX2 and RX2 
modules will suit one-t0-0ne and multinode wireless links in 
applications including car and building security, EPOS and 
inventory tracking, remote industrial process monitoring, and 
computer networking. 
Because of their small size 
and low power requirements, , 
both modules are ideal for 
use in portable, battery
powered applicaUons such as • ~"'- ..... 

hand-held .. A. "!o.o..-.... 

RPC 
900 MHz 

AVAILABLE NOW 

termi
nals. 

BiM 
RPC - $99.00 ea. 

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

ting and 
recovery func
tionality, 
requiring only 
a simple 
antenna and 
5V supply to 
operate with a 
microcon
troller or a PC. 

BiM - $69.00 ea. 
The BiM module integrates a low-power 

UHF FM transmitter and matching superhet 
receiver together with data recovery and 
TX/RX change over circuits to provide a 
low-cost 
solution to 
imple
menting a 
bi-direc
tional 
short
range 
radio data 
link. 
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can generally be brought on screen during boot up by pressing a combination 
of keys, typically Ctrl.ALT. Enter. Sometimes you can call up the CMOS menu 
after the PC has booted, but not always; it depends on the machine.After the 
menu is on screen, choose the drive type that most closely matches your 
MFM hard disk. You will need to know the number of cylinders, heads, and 
sectors. Here's a handy table that should answer all your CMOS questions for 
MFM drives. ' 

Jmg Cylinders Heads Sectors Write Precomp Loading Zone Ccwacity 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

306 
615 
615 
940 
940 
615 
462 
733 
900 
820 
855 
855 
306 
733 
612 
977 
977 
1024 
733 
7331 
733 
306 
925 
925 
754 
754 
699 
823. 
918 
1024 
1024 
1024 
612 
1024 
1024 
615 
987 
987 
820 
977 
981 
830 
830 
917 
1224 

4 
4 
6 
8 
6 
4 
8 
5 
15 
3 
5 
7 
8 
7 
4 
5 
7 
7 
5 
7 
5 
4 
7 
9 
7 
II 
·7 
10 
7 
11 
15 
5 
2 
9 
8 
8 
3 
7 
6 
5 
5 
7 
10 
15 
15 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

128 
300 
300 
512 
512 

65535 
256 

65535 
65535 
65535 
65535 
65535 

128 
65535 

0 
300 

65535 
512 
300 
300 
300 
0 
0 

65535 
754 

65535 
256 

65535 
918 

65535 
65535 
1024 
128 

65535 
512 
128 
987 
987 
820 
977 
981 
512 

65535 
65535 
65535 

305 
615 
615 
940 
940 
615 
511 
733 
901 
820 
855 
855 
319 
733 
663 
977 
977 
1023 
732 
732 
733 
336 
925 
925 
754 
754 
699 
823 
918 
1024 
1024 
1024 
612 
1024 
1024 
615 
987 
987 
820 
977 
981 
830 
830 
918 
1223 

10 MB 
20 MB 
31 MB 
62 MB 
47 MB 
20 MB 

' 31 MB 
30 MB 
112 MB 
20 MB 
35 MB 
50 MB 
20 MB 
43 MB 
20 MB 
41 MB 
57 MB 
60 MB 
30 MB 
43 MB 
30 MB 
10 MB 
54 MB 
69 MB 
44 MB 
69 MB 
41 MB 
68 MB 
53 MB 
94 MB 
128 MB 
43 MB 
10 MB 
77 MB 
68 MB 
41 MB 
25 MB 
57 MB 
41 MB 
41 MB 
41 MB 
48 MB 
69 MB 
114 MB 
152 MB 

If in doubt. enter type 20 - that's the IBM default for MFM (XT) drives. 
Can you mix types? Sure, but then you have to set jumpers on the drive itself 

Catch 'The Bus 
USe Relay Module 
Control 8 to 16 "form C". 1 Amp relays 

use Opto Module 
8 to 32 opto-isolated Inputs and Outputs 

USB Digital Module 
Industry standard 50 pin interface 

USB Temperature Module 
Measures temperature over multiple remote sensors 

J-Works, Inc 
12328 Gladstone St., Unit 4 

Sylmar, CA 91342 
(818) 361-0787 Voice 
(818) 270-2413 Fax 

Visit our Web site for free 
information on all our products 

http://www.j-works.co'!' 
E-mail sa/es@j-works.com 
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so that the boot drive is the master and the second drive is the slave.You'll 
need to look up the drive type to see which jumpers to change, because they 
vary from one model to another. Most MFM controllers support two MFM 
drives, so you won't need an extra controller card. 

Modern NiCd Battery Charger 

9.. Please tell me .what issue the article "Recharging Dead Nicad 
Batteries" was in. I have searched through my past issues and have been 

u e to locate it. 
Steve Andrews 

via Internet 

A . I can't locate an article by that title either. The closest I can come is an 
article in the Dec. '96 issue which uses technology that's more than four 

years old. This gives me an opportunity to update you and other readers 
about current NiCd technology. While the chemistry of the battery remains 
the same, current densities have increased by two to four fold and the new 
batteries are a lot more tolerant to overcharging and deep-discharge abuse. 
This lets you cram more power into the battery in a shorter period of time, 
which reduces the turn-around time. What used to take overnight to accom
plish can now be done in an hour. 

As the batteries got more aggressive, so did the chargers. Instead of a 
hodgepodge of individual components, the charger evolved into a compact IC 
with functions and features impossible to achieve with former technology. 
Accurate temperature sensing, for example, monitors the battery's tempera
ture rise so that instead of the cell exploding like a cherry bomb, you can 
safely achieve charge rates as high as C4 (four times the rated discharge cur
rent rate). But enough chit-chat about how we got to where we are, you want 
to see nuts and volts. Here's a good example of what you can do with a mod
ern IC. 
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• Heavy duty commercial recorder -
NOT improvised from consumer models 

• 12, 14, and 16 hour models also available 

• BUILT-IN voice activation (add $30) 

•Applications information included 

•Dimensions: 11.5 x 7.0 x 2.75' 

0..5ohms 
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Built around a Maxim MAX7 I 3 Fast-Charge Battery Controller (they 
don't call them battery chargers any more), this circuit can fully charge four 
"AA" cells in less than an hour. The MAX7 I 3, and its companion chip the 
MAX7 I 2 (for NiMH cells), can operate in either a linear or switching charge 
mode. The controller is always in one of two states: fast charge or trickle 
charge. In the fast charge mode, a constant' current is forced through the bat
tery. Once full charge is detected, the controller shifts to the trickle charge 
mode. The IC monitors three variables to determine when the battery reach
es full charge: voltage slope, battery temperature, and charge time. For this 
design I've selected linear charge operation with voltage slope detection.As a 
NiCd reaches full charge, the battery voltage shifts from positive rising to 
sightly negative regression (cell voltage begins to decrease). When the 
MAX7 I 3 detects this negative voltage slope, it switches the controller into 
the trickle mode to prevent overcharging. 

This circuit can charge up to four series cells at a time. Switch SI selects 
the number of cells across the BATT+ (pin 2) and BAIT- (pin 12) charging 
outputs. The fast-charge current is set to 500 mA by the 0.5-ohm resistor 
(RI), which is safe for most C, D,AA, and AA cells. For smaller capacity cells, 
reduce the fast-charge current by increasing the value of this resistor using 
the formula RI = 0.2511, where I is the maximum fast-charge current desired. 
(See the question below, "Novel NiCd Charger," for details on relative charge rates.) 

Novel NiCd Charger 

9 -For years, I have had great success restoring NiCd cells used in a 
variety of tools, toys, etc. Up 'til now, I've used a "CHART-CHARGE" 

M 250-R variable mA NiCd charger (housed in a 3 x 6 x 2 plastic case). 
Yesterday, it went up in smoke. Do you know where I can get another or simi
lar unit, or can you provide me with a circuit of a variable-rate, constant-cur
rent charger? The old one went from 0-250 mA with a calibrated dial on the 
front panel; no meter, but the numbers on the dial tracked the output current 
quite closely. I wish to continue to rejuvenate, resurrect, restore - or what
ever you call it - my NiCd batteries.Any circuit you provide I'm sure would 
be just fine, as long as I can vary the the output current. 

Robert W. Johnson W3RZR 
Mount Airy, MD 

A . It appears your deceased Chart-Charge unit is just that, long gone. 
~But I think this circuit is a suitable substitue. 

12 
I 

Rl+R2 

+ 

CURRENT 
ADJUST 

Radio Shade 
273-13.52 13.8V 

Rl+R2 
56 

110VAc=3lll .12.6V OUTm8 -0 

6.8 :g_.o- COM 

100 r 
Position: 1 -- AAA 

2--AA 
3--CJD 
4--9V 

It's built around an LM3 I 7 adjustable voltage regulator configured as a 
constant-current source. The output current is calculated using the formula I 
= I .21R. The amount of current needed to refresh a cell depends on the 
capacity, or C (in milliamp hours, mAH), of the cell.As a rule, NiCd cells can 
handle a charge current of Cl I 0 indefinitely without overcharging or damage 
- approximately 65 mA for a AA cell, for example. If you don't mind keeping 
an eye on the charger, a more aggressive Cl3 charging current can replenish a 
cell in just four hours, after which the current must be reduced to Cl I 0 or 
the cell removed from the charger. Here's a chart of typical charge currents. 

Cell Size ·mAH Rating C/3 (mA) RI+ Rl C/10 (mA) RI+ Rl 
AAA 220 73 16.9 22 56 
AA 650 217 5.6 65 18 

AA (premium) 850 283 4.3 85 13.7 
c 1800 600 2.0, IW 180 6.8 

C (premium) 2300 767 1.5, IW 230 5.1 
D 1800 600 2.0, IW 180 6.8 

D (premium) 4500 1500 0.8,2W 450 2.7 
9V 120 40 30 12 100 

This charger can handle single cells and batteries (multiple cells) up to 12 
volts, and the output current can be doubled from 250 mA to 500 mA by 
lowering the value of RI to 2.4 ohms. R2 is an audio (log) taper potentiome
ter (TechAmerica 900-5892 or equiv.). To calibrate the dial, insert an DMM 
ammeter in line with a I 0-ohm, I 0-watt resistor (in place of a battery) and 
annotate the dial as you advance the current. However, the price of the pot is 
$16.25, so it may be more economical to replace RI and R2 with fixed resis-
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ELECTRONIC COUNTER 
HEWLETT.PACKARD, 
Model 5328A. Universal 
counter. Usable to 100 
MHz, 100 ns single shot resolu
tion. Has frequency, period, period average, ratio, total
ize, scale functions. Two input channels provide individ
ual slope, polarity and level settings. Has 9 digit LED 
readout. Input power 100-240 VAC 48-66 Hz 100 VA 
max. Dimensions: 17" wide x 17-1/4" deep x 3-1/2" 
high. 
Stock #TE9808 $250.00 

SOLA CONSTANT VOLTAGE TRANSFORMER 
SOLA ELECTRIC, #93-13-150. Harmonically neutralized 
constant voltage transformer. Rated at 500 watts. Input 
voltage 95 to 130 VAC 60 Hz. Output voltage 120 VAC. 
This unit is designed for rack or bench mounting. The 
meters on the front panel indicate output current and 
inpuVoutput voltage. A toggle switch is provided for 
selection of input or output voltage. The input voltage is 
connected at the rear of the unit via a covered electrical 
panel. Two standard 3-wire grounded electrical outputs 
are supplied on the front and rear panels. Dimensions: 
19' wide x 14-1/4" high x 10-1/4" deep. Weight 59 lbs. 
Stock #STR9900 $225.00 

MILLIOHMETER 
HEWLETI PACKARD, 
Model 4328A. 
Designed to measure 
very low resistances. 
Measurement range 
1 m ohm to 100 ohms. 
Resolution 20 u ohms. 
Analog meter readout. Ideal for 
measuring contact resistance of switches or relays. This 
unit is also useful for measuring the resistivity of semi
conductor devices. (Requires special 4 terminal probes 
which are not supplied, but probably are available from 
Hewlett Packard.) Power input: 115-230 VAC 48-66 Hz, 
5 VA max. Dimensions: 5-1/8" wide x 11-1/2" deep x 
6-1/2" high. 
Stock #TE9812 $200.00 

PRECISION LINEAR WAY BEARING 
This assembly consists of a linear ball bearing track rail 
and two ball bearing slider elements. 280mm long with 
14 countersunk holes for rail mounting. Stainless steel. 
Stock #BR2002 1 $57.50 

OIAPHRAGM 
PUMP 
THOMAS 
INDUSTRIES 
Single diaphragm 
oil-less pump. Motor 
rated 115 VAC 60 Hz. 
Pump output is 0.69 
cfm free air. Max. continuous operating pressure 20 psi 
Stock #PC9904 $49.50 

0 Master Charge 0 Visa 0 American Express 0 Discover 
Call us first if you have surplus inventories of electronic, optical, or mechanical items for disposal 
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"PROGRAMMING AND 
CUSTOMIZING BASIC 
STAMP COMPUTERS" 

by Scott Edwards 
Build smart electronics projects 
with the_inexpensive, simple-to
use, surprisingly powerful BASIC 
Stamp. ONLY $34.95 

As a paid subscriber to 
Nuts & Volts, you'll receive 

100/o off the list price!! 
(See ad on page 50 for ordering details 

and other titles currently available.) 

tors and a rotary switch 
(RadioShack 275-1386), as shown in 
the schematic. The fixed resistors 
are I /4 watt or I /2 watt (above 210 
mA) unless noted otherwise. 

NICd Zapper 

Q . I've heard you can bring a 
dead NiCd battery back to 

life by zapping it with a high voltage. 
Is this true, and how is it done? I 
have a drawer full of NiCds, resting 
in peace, that I'd like to bring back 
from the dead. 

Jim O'Neil 
via Internet 

-

A . All good things must come 
to an end, even the life of a 

robust NiCd rechargeable battery. 
There are two reasons why NiCd 
batteries fail. The most common is 
the result of a shorted cell. Every 
time a cell is charged, the active 
material is redeposited on the 
plates. Ideally, this occurs uniformly 
across the surface of the plate. In 
reality, there will be hills and dales, 
where there is a concentration of 

material in areas and less in others. When the hills on the negative match up 
with the hills on the positive plate, the resistance between them is less than 
adjacent areas, and the current density is greater. This gives rise to even more 
bumpiness because this region attracts more active material during recharge. 
Actually, the build-up grows like stalagmites needles in a cave and is called 
dendrites. In time, these needles force themselves through the insulating sepa
rator and shorts the two plates together, rendering the cell useless.A cell that 
appears to self-discharge in a couple of days has dendrite problems, and the 
cell will eventually short out.This is part of the natural aging process. 

Zapping cells is a quick fix that removes the short and extends the bat
tery's life. By forcing a large impulse of current through the cell, you can actu
ally vaporize the dendrite - it's like blowing a fuse. However, it's only a stop
gap measure.The fact that one dendrite has formed means that others aren't 
far behind. Moreover, the vaporized material is now in the paste, which lowers 
it's resistance and leads to greater self-discharge. While the short may be 
gone, the cell will have less charge retention and go stale sooner. Eventually, all 
the active material will be used up (the second reason batteries fail) and no 
amount of zapping will bring it back. But hey, any life is better than none, so 
give it a zap! 

lN4004 IOk 2N6239 

220k 3.9k 

110VAC 

+9V 

lk 
g 4 RadioShack 

• 12VAC • 7 273-1380 

llOVAQlllolllGovAC 3 
· 111[ llOVAC lM 6 .55.5 

\I 2 

Radio Shack. .5 + 
273-138.5 --1±. IluY I.01 ]!1 

- - -=- -
LINI;: OPERATION BATTERY OPERATED 

This circuit is a high-voltage NiCd battery zapper that uses the charge 
stored in a capacitor to vaporize the dendrite. The capacitor is charged 
through the I Ok resistor to 160 volts. When the charge reaches about I 00 
volts, the neon lamp lights. indicating the zapper is ready for service. Pres~ing 
the Zap button turns on the SCR, and dumps the capacitor's charge into the 

16 

NiCd battery. The zapper can either be line powered using two back-to-back 
transformers to provide isolation from the AC line, or battery powered. For 
battery operation, a free running 555 oscillator alternately charges and dis
charges a I uF capacitor in series with the primary winding (8 ohms) of an 
audio output transformer, where it's boosted to about I I 0 VAC in the sec
ondary. The I 00-ohm pot adjusts the output voltage. 

High Power Inverter Problems 

Q . A friend, who uses wind power for his home, gave me his inverter to 
fix. It's made by Dytek Laboratories (out of business) and is about 10 

years old. It takes 32 volts DC and converts it to I IOVAC at 2200 kW.The 
unit has an 8-by-8-inch control board chock full of ICs, four banks ofT0-3 
transistors, two massive transformers, and other assorted smaller trasformers 
and drive transistors. None of the transistors appear bad and there are no 
burned components, but when I apply 32 volts to it, it only draws about one 
amp with no AC output.Any ideas as to where to start? 

Jim Babcock 
Jim.Babcock@Unisys.Com 

Al . This is a tuffy because I'm troubleshooting from afar. The fact that it's 
~drawing power means something is alive inside the inverter, but it's cer
tainly not the power section. My first guess is that the inverter is disabled via 
one of its many protection devices or by user command. Very often inverters 
in this power range will shut down if there's no load on the output. Try that 
first; put on a light bulb or something and make sure the manual override is 
engaged (if it has one). Next, I'd suspect the master oscillator. Even if the 
power section is disabled, the 60-Hz oscillator should be running. For that 
you'll need an oscilloscope. Beyond that, I'm at a loss without actual hands-on 
troubleshooting of the system. I'll include your email address and let's hope a 
reader has a schematic or knowledge of this unit. 

MAILBAG 

DearTj: 
In response to your motorcycle sp1irk detector circuit in the May 2000 

issue, a small, portable AM radio works for me. Try it. 

Dear Mr. Byers: 

Andrew Poteete W4SQE 
via Internet 

. This is late and you have probably been informed already but ... the RIAA 
curve shown in your May '00 column is the encode curve. The decode curve 
is, as you probably know, the inverse of it. A phono preamp needs to boqst 
the lows and attenuate the highs (the reverse of the article statement). You 
will note by inspection that that's what your circuits do. 

Response: 

John Schwenk 
Willimantic, CT 

Oops, I did download the wrong graphic. Bass is boosted on playback and 
attenuated on record. Know why? It has to do with the mass/acceleration of the 
recording needle. As the frequency increases, there is less travel on the cutting nee
dle, hence the smaller the cut in the grove. Bass notes, on the other hand, make a 
wide swash and if le~ on its own, the base would consume more than one track, 
which is why base notes are attenuated when recorded. Here's the RIAA playback 
curve. 

1000 

Frequency 20 hz to 20 Khz 

RIAA Equalization 
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Back to School SuperSale! 
l'eti FLOPPY DRIVE BLOWOUT! Globcil Village 

. STARTING AT Global Village Bronze 
' PART# $19 I G Id External Modem ~ 661 -0474 0 nternal Modem 2400 Bps/9600 Fax 

• 14.4 Com Slot 

1.44 SuperDrives N~~cSS~~~~E ONLY $1 ONLY $1 

MONITOR MADNESS! 
19"-21" fixed res 1024 X 768 

ONLY .... $49 as is 

13" -14" fixed res 640 X 480 

ONL Y .... $25 as is 

15" Radius Pivot 

ONL Y .... $25 as is 

H.P. 17" fixed res 832 X 724 

ONLY .... $99 30 Day 

Warranty 

H.P. 17" fixed res 640 X 480 

ONLY .... $99 30 Day 
Warranty 

16" Rasterops fixed 832 X 624 

ONL Y .... $99 30 Day 
Warranty 

• 
Peltier 

Junction 
with heat slnkJ..works on SV & 12V 

1 3/loiX 1 3/16i 

$10 each or 3 for $25 

$5 
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MacAlly ADB Keyboard 

$19 
Apple Color 
Composite Display 
Great for Surveillance 
Refurbished $69 

PAS16 Audio CMS Tower SCSI Case 
. Spectrum Holds 4 5.25 full height drives 

16 Bit Sound Editing ' $79 
....,,,.,......_. .. ......,_ Card ONLY $19 

Drive Lock Security System for 
Portable Computers-protects your 
data if lost or stolen! 

ONLY ..................... $5 

$19 
Curtis ADB Track Ball 

$5 

PDAGenulne 
Leather Carry 
Case 
Let your palm 
pllot lead the life 
of luxury! 

Apple 
Remote 
Control 

$5 EACH 

Membrane 
Track Pad for 
laptop $2 

Be sure to check us out on the web at -
http://www.shrevesystems.com for the best 

prices on Vintage Mac gear! 

RAM 
1 MB 30 Pin 4 For $1 
4 MB 72 Pin 2 For $5 

Apple 11 256K Memory 
Expansion Kit 
HM51256P-10 ONLY $1 

M scellaneous 
Apple 8 bit Video Card $19 
LaserWriter llNT $199 
Apple ADB Keyboard $19 
1.44 Super Drive $19 
Clone ADB Mousell . $19 
Quicktake 100 Camera $99 
Bernoull 90 MB EXT $10 
44MB SyQuest Ext $10 
88MB SyQuest Ext $19 

$25 minimum Shreve Systems Returns subject to a 15°;, restocking fee. 
1200 Marshall st Prices are subject to change without notice. We accept Visa. 

Order Shreveport, La 71101 Mastercard . AmEx, Discover 
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Kit 
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LONGEST RANGE CORDLESS PHONE SYSTEM AND 
,TWO-WAY RADIO IN THE NATION. 

W ith 70 million cordless phones in the US made by such big names as Lucent, 
Panasonic, and Sony you might not expect many new innovations, especially 

from a smaller company. Wrong! EnGenius Technologies, an award-winning leading 
provider of the longest-range cordless business phone system and two-way radio, 
announces the availability of the EnGenius™ SN-900 Ultra. EnGenius was the 2000 
Consumer Electronics Show (CES) Workstyle Award winner, which is the ultimate 
honor for a new product. The EnGenius SN-900 Ultra accomplishes its longest dis· 
tance competitive claim by providing the most power of. any cordless phone, 630 
milliwatts, which is much more than any other 900 MHz cordless phone or 2.4 
GHz cordless pbone. The SN-900 can be used at the extensive range of 11 floors 
in a building; 2,000 acres or 150,000 square feet in-building. The SN-900 is also 
the only two-way radio allowing handset-to·hafldset communication without going 
throllgh the bf)se unit or being near the base. . 

The EnGenius two-way radio is full duplex to allow users to listen and speak at 
the same time, something competitors do not offer. The phone system can expand, 
as the user's needs change, to a ma~um of four telephone lines and 36 handsets 
to handle dynamic SOHO environ~erits. The SN-900 model's digital spread spec· 
trum frequency hopping technology is a military type digital security, which provides 
the most complete privacy available today. To ensure complete security and a clear 
signal, the SN-900 hops to different frequencies more than 200 times per second. 
Quality is also built-in by EnGenius Technologies' ISO 9001 certified factory. 

The SN-900 provides many features in addition to the longest range available. 
These include call transfer capability, a call manager and smart auto power manage
ment so the phone only uses the power it .needs to provide a good signal. This 
smart power-saving feature allows you to get up to four hours of talk time and 36 
hours of standby time. Also featured is an SN-900 fast battery charger which fully 
recharges the battery in 90 minutes. If the battery runs low while talking to a caller, 
the battery can be changed by simply putting the caller on hold and slipping in 
another battery without losing the call. The SN-900 comes standard with two 
antennas - one low profile for convenience and one longer antenna for maximum 
range. Each handset includes a free leather carrying case, belt clip for easy carrying, 
and a second battery pack. Other features include Caller ID with call waiting, 30 
preset number speed dialing, seleetable voice and ringer volume with selectable 
ringer sound, low battery alarm and display, illuminated key pad, vibrate or ring 
mode, received signal strength indicator, three line LCD display, and selectable key 
sounds. The SN-900 is also hearing-aid compatible. The base unit, handset, spare 
battery, charger, two antennas, and leather carrying case with belt clip is priced at 
$299.00. Additional handsets with spare battery and charger are priced at $159.00. 

EnGenius Technologies develops and markets EnGenius™, the industry's 
longest-range cordless phone and two-way radio system - currently available 
through 600 resellers, distributors, catalogs such as SkyMall, Hello Direct, 
Hamffiacher Schlemmer, and Topix, and superstores such as BrandsMart USA a!ld 

Fry's Electronics. 
For more information visit the 

EnGenius Technologies Web site at 
www.engeniustech.com or call 
1-888-735-7888. 

Electro Mavin ••••••••••• 
Great Buys - Great Products - Great Gadgets 

Check Out Our Great WebSite at 

http://mavin.com 
For Computer Items, Hobbiest Projects, 

Microwave Goodies and Some of the 
Greatest Prices on the Web .... 

800-421-2442 or FAX 310-632-3557 
E·Mail 

john@mavin.com or sean@mavin.com 
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AUDIOVOX CORPORA· 
TION'S NEW FRS RADIO 
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ED RANGE AND USER· 
FRIENDLY FEATURES 

N ew models from Audiovox offer 
features like extended range 

(Model GMRS-1525 with five-inile 
range), FM stations, weather band 
access, new colors, and "hot". metallic 
finishes. There is something for every· 
one, from the mom who wants to stay 
ip touch with the kids, to the hiking, 
skiing, and camping set who need to be 
in touch constantly." 

The 500 Series consists of FR· 
500-2, FR-530-2, FR-540-2, FR· 
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550WB, and FR-560FM-2. (fhe -2 denotes twin 
pack.) All models are ultra compact and feature 
power-save circuitry, fold-down antenna, swivel 
belt clip, and two-mile range. The FRS-560FM, 
550WB, 540, and 530 offer built-in VOX, a fea
ture that allows the user to start a transmission 
upon talking, hands free, no buttons or switches 
to activate. When the person stops talking these 
units automatically switch to the "Receive" mode. 

All 500 Series radios (other than FR-500-2) 
feature "Dual Watch" which allows the user to 
transmit and receive on one channel while moni
toring another channel, and "Roger Beep," a sig
nal to alert the person that transmission has 
stopped so the other person can start to talk. 

Ralph Etna, VP Sales of Audiovox Corp's 
Consumer Goods Group, says that particular 

· interest is being given to the FR-560FM-2. "It 
could be the new metallic blue finish, or the built
in FM radio that delivers station reception with 
crystal-clear clarity, or both. It was initially 
thought that the 560FM would appeal, primarily, 
to the youth market because of its looks, perfor
mance, and the FM feature, but we see sales 
going to a much broader age group." 

Etna also reports a good response to the 
new GMRS-1525 General Mobile Radio Service 
heavy duty radio featuring up to five miles range, 
which he calls "our industrial strength model." In 
addition to its two-watt power, the GMRS-1525 
features contemporary cosmetics and built-in 
VOX for hands-free operation. With itS excep
tional transmission range, this radio is perfect for 
comrpercial indoor and outdoor use like construc
tion and surveying, as well as for enthusiasts such 
as hunters, skiers and backpackers. 

About Audiovox 
Audiovox Corporation is a leading supplier 

of autosound, auto security, mobile video, FRS 
radios, consumer electronics such as home and 
portable stereos and MP3 players, and cellular 
telephone products. The company is listed on the 
Nasdaq as' VOXX and can be reached on their 
website at www.audiovox.com 

••••••••••• 
TRAVELPILOT® DX·N CAR 

NAVIGATION SYSTEM 

Blaupunkt has introduced and begun deliver
ies of its TravelPilot DX-N high-end stand

alone vehicle navigation and voice route guidance 
system. The Blaupunkt Trave!Pilot DX-N consists 
of a five-inch color LCD video map display, that 
can also be used for in-car video, a trunk-mount
ed navigation computer, and a handh~ld remote 

Continued on page 82 

Radio Articles Not Receiving Well 
Dear Editor: 

Although I've appreciated your recent radio articles, a 
couple of them have subtle flaws. Although the flaws are not 
fatal, they have made me think about some difficult design 
issues. Many of the problems relate to impedance matching, 
transmission lines, and the failure to specify the design imped-
ance. 

Peter Lehmann's "An Easily Built & Practical SWBB 
Receiver" (February 2000) catches me several ways. The 
dipole antenna is electrically short and thus mismatched to the 
300 ohm transmission line. The input coupling circuit uses 
loose coupling to the input tank, and that seems to doom 
good power transfer. The input tank selector has lots of stray 
capacitance, so the resonant frequencies depend more on 
construction practices than component values. The 
bandswitch capacitors should not be connected to the FET all 
the time, and the main tuning capacitor needs more range. 
The regeneration control improves the Q, but it may also 
make a regenerative detector (i.e., the design works, but it 
may work in unexpected ways). 

Joe Carr's Open Channel about VLF radio (August 2000) 
is more sophisticated, but it omits or misses subtle details. No 
input connection is shown in Figure 2, and as drawn, C2 and 
R2 are not needed. Ql is poorly biased. IDSS for an MPF-
102 varies all over the map - from 2mA to 20mA. 
Consequently, Ql 's drain voltage may be anywhere from 
about a volt to 10 volts, so Q2's bias current can range from 
lmA to 30mA. Well-designed circuits have less variation. The 
FET needs either self bias or Jeedback biasing. The R4-C4 
time constant (1 microsecond) is also too short for an LF 
receiver. 

Figure 3a can be improved and simplified. The antenna 
coupling capacitor is too large and will load or detune the first 
resonator. C2 should be eliminated; C3 should have a smaller 
value (it must only match the antenna coupling capacitance 
and correct for the mismatch in the ganged capacitor). 
Alignment (one purpose of C2 and C3) can be achieved by 
adjusting the variable inductors when Cl is at full mesh, and 
then C3 is adjusted at minimum mesh. Good designs mini
mize the number of 
adjustments. Rl 
doesn't seem to have 

· a purpose unless it 
prevents Ql and Q2 
from oscillating (in 
which case the value 
seems high, but that 
might be due to the 
Darlington's high 
gain). Also notice that 
the alignment genera
tor's impedance 
directly affects the Q 
of the first resonator 
(in a well designed fil
ter). Using a genera
tor with a 50-ohm 
impedance would 
reduce the Q by a 
factor of 12 if the fil
ter were designed for 
600 ohms. Design 
impedances should be 

Continued on page 82 
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LED 'GRAPH' 
CIRCUITS 

LED 'GRAPH' DISPLAYS 

One of the most popular types 
of multi-LED indicator circuit is the 
so called analog-value indicator or 
'graph' display, which is designed to 
drive a chain of linearly-spaced LEDs 
in such a way that the length of chain 
that is illuminated is proportional to 
the analog value of a voltage applied 
to the input of the LED-driver cir
cuit, e.g .• so that the circuit acts like 
an analog voltmeter. 

Practical graph circuits may be 

Ray Marston presents a variety 
of practical LED dot-graph 
and bar-graph analog-value 
display circuits. 

designed to generate either a 
bar-graph or a dot-graph display. 
Figure I illustrates the bar-graph prin
ciple, and shows a line of I 0 LEDs 
used to represent a linear-scale 0-
1 OV meter that is indicating (a) 7V 
or (b) 4V; the input voltage value is 
indicated by the total number of 

LEDs that are illuminated. 
Figure 2 shows the same meter 

operating in the dot-graph mode; the 
input voltage value is indicated by 
the relative position of a single illu
minated LED. In reality, the 'O' posi
tion is often indicated on these 
scales by a separate LED that is per
manently active whenever the display 
is in use. 

A number of special ICs are 
available for operating general-pur
pose LED analog-value display sys
tems. For many years, the best 
known ICs of this type were the 
U237 (etc.) family from AEG, the 

. UAAl70 (etc.) family from Siemens, 
and the LM3914 (etc.) family from 
National Semiconductors. But the 
first two of these families have now 
ceased production, and only the 
LM3914 family remains.The LM3914 
family. are popular and versatile ICs 
that can each directly drive up to I 0 
LEDs (but can easily be cascaded to 
drive larger numbers of LEDs) and 
can drive them in either bar or dot 
mode. 

IC-driven bar-graph displays 

• • • • • • • (a) I I I I I I I 
0 2 3 4 5 6 7 

• • • • 0 0 0 
(b) I I I I I I I 

0 2 3 4 5 6 7 

0 0 0 0 0 0 • (a) I I I I I I I 
0 2 3 4 5 6 7 

0 0 0 • 0 0 0 
(b) I I I I I I I 

0 2 3 4 5 6 7 

make inexpensive and, in some ways, 
superior alternatives to analog-indi
cating moving-coil meters. They are 
immune to 'sticking' problems, are 
fast acting, and are unaffected by 
vibration or by physical attitude. 

The Pocket Programmer 

The portable programmer that uses the printer port 
of your PC instead of a internal card . Easy to use 
software that programs E(E)prom, Flash & Dallas 
Ram. 27(C)/28(C)/28F/ 29F/29CXXXX & 25.XX 

series from 16K to 8 Megabit with a 32 pin socket. 
Adapters available for Pie, MCU's 87 4X, 875X, 40-
Pin X 16 & Serial Eprom's, PLCC, 5-Gang, 82/7 4 

Prom's and Eprom Emulator to 32K X 8. 
Only $129.95 

Same Name, Address & Phone Number for 16 Years .... . 

1

. 
Now isn't that Amazing 7 

lntronics, Inc. 
Box 13723 / 612 Newton St. 
Edwardsville, KS 66113 Add $5.00 COD 
Tel. (913) 422-2094 Add $4.00 Shipping 

Fax (913) 441-1623 Visa I Master Char e I Amex 
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•Punch Press 
Capability 

•LP! 
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COMPLETE IN-HOUSE CAPABILI7Y 

CIRCUIT ETCHING TECHNICS 
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Phone: 847-228-1722 

Fax: 847-228-1816 
Modem: 84 7-228-6549 

Toll Free: 888-657-3827 
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WEB ADDRESS -
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Write In 108 on Reader Service Card. 

- ·by R-ay Marston 
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Their scales can easily be given 
any desired shape. In a given display, 
individual LED colors can be mixed 
to emphasize particular sections of 
the display. and 'over-range' detectors 
can easily be activated from the dri
ver ICs and used to sound an alarm 
and/or flash the entire display under 
the over-range condition. 

LED 'graph' displays have better 
_ linearity than conventional 

moving-coil meters; typical linear 
accuracy being 0.5%. The scale's res
olution depends on the number of 
LEDs used; a I 0-LED display gives 
adequate resolution for many practi
cal purposes.A wide variety of 
multi-LED LM39 I 4-based graph dis
play circuits are shown in this article. 

LM3914-FAMILY BASICS 

The LM39 I 4 family of 
dot/bar-graph driver ICs are manu
factured by National 
Semiconductors. They are moderate
ly complex but highly versatile 
devices, housed in 18-pin DIL pack
ages and each capable of directly dri
ving up to I 0 LEDs in either the dot 
or the bar mode. 

The family comprises three 
devices, these being the LM39 I 4, the 
LM39 I 5, and the LM39 I 6; they all 
use the same basic internal circuitry 
(see Figure 3), but differ in the style 
of scaling of the LED-driving output 
circuitry, as shown in Figure 4. 

Thus, the LM39 I 4 is a 



LED 'GRAPH' CIRCUITS 
Typical threshold-poinl values, for 1 OV f.s.d. LED supply +ve linearly-scaled unit, 

specifically intended for 
use in LED voltmeter 
applications in which 
the number of illumi
nated LEDs gives a 
direct indication of the 
value of an input volt
age (or of some para
meter that is represent
ed by a proportional 
voltage). The LM39 I 5, 
on the other hand, has 
a log-scaled output 
designed to span -27dB 
to OdB in I 0 -3dB 
steps, and is specifically 
designed for use in 
power-indicating appli
cations, etc. Finally, the 

LED 
number LM3914 LM3915 LM3918 

V+ (3 to 18V) 

r:::======l-3 -11~ v v dB 

1 1.00 0.447 -27 

2 2 .00 0.831 -24 

3 3.00 0.891 -21 
4 4.00 1.259 -18 

5 5.00 1.778 -15 

6 8.00 2.512 -12 

7 7.00 3.548 -9 
8 8.00 5.012 -6 
9 9.00 7.079 -3 

10 10.00 10.000 0 

v dB 

0.708 -23 

2.239 -13 

3.182 -10 

3.981 -8 

5.012 -6 
8.310 -4 

7.079 -3 

7.943 -2 

8.913 -1 

10.000 0 

vu 

-20 

-10 

-7 

-5 

-3 

-1 

0 
+1 

+2 

+3 

8 

LM3914 

+ 

1.2V 
reference 

Flgure 4. Threshold-point values of the 
LM3914/15/16 range of ICs when designed to 
drive 10 LEDs at a full-scale sensitivity of 1 OV. 

LM39 I 6 has a semi-log +Sto 18V 

scale that spans 23dB, 
and is specifically 
designed for use in VU 
meter applications. 

k k k k k k Ri.o k k k k k k k k 

LED1 LED2 LED3 LED4 LEDS LED8 LED7 LED8 l.ED9 LED10 LED1 

18 17 18 15 14 

LM3914 

V+ IN 

ov 

13 12 11 10 

RefHI RefLo 9 

Open-circuit for 
dot display. 

Connect to pin-3 
for bar display 

All three devices of 
the LM3914 family use 
the same basic internal 
circuitry, and Figure 3 
shows the specific 
internal circuit of the 
linear-scaled LM39 I 4, 
together with the con
nections for making it 
act as a simple I 0-LED 
O- I .2V meter. 

V IN --1-----.JV..,._ __ -41 
Rx Figure 3. Internal circuit of the LM3914, with 

connections for making a 10-LED 0-1.2V linear meter 
with dot- or bar-graph display. f.s.d. = 1.2V (1 + ~~) 

OV 

The IC contains I 0 
voltage comparators, 
each with its 
non-inverting terminal taken to a 
specific tap on a floating precision 
multi-stage potential divider and with 
all inverting terminals wired in paral
lel and accessible via input pin 5 and 
a built-in unity gain buffer amplifier. 

The output of each comparator 
is externally available, and can sink 
up to 30mA; the sink currents are 
internally limited, and can be exter
nally pre-set via a single resistor 
(RI). 

The IC also contains a floating 
I .2V reference source between pins 
7 and 8. In Figure 3, the reference is 
shown externally connected to the 
internal potential divider (pins 4 and 
6). Note that pins B and 4 are shown 
grounded so, in this case, the bottom 
of the divider is at zero volts and the 
top is at I .2V. The IC also contains a 
logic network that can be externally 
set (via pin 9) to give either a dot or 
a bar display from the outputs of the 
I 0 comparators. The IC operates as 
follows. 

Assume that the IC logic is set 
for bar-mode operation, and that the 
I .2V reference is applied across the 
internal I 0-stage divider as shown. 
Thus, O. I 2V is applied to the invert
ing or reference input of the lower 
comparator, 0.24V to the next, 0.36V 
to the next, and so on. If a slowly ris
ing input voltage is now applied to 
pin 5 of the IC, the following 
sequence of actions takes place. 

Figure S. 1.2V to 1 OOOV FSD 
dot-mode voltmeter. 

O. I 2V reference value of the 
first comparator, its output 
conducts and turns LED I on. 

I and 2 are both on. 
As the input voltage is further 

increased, progressively more and 
more comparators and LEDs are 
turned on until eventually, when the 
input rises to I .2V, the last compara
tor and LED I 0 turn on, at which 

When the input voltage is zero, 
the outputs of all I 0 comparators 
are disabled and ·all LEDs are off. 
When the input voltage reaches the 

When the input reaches the 0.24V 
reference value of the second com
parator, its output also conducts and 
turns on LED2 so, at this stage, LEDs 
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VIN 
(0 to 10V) 

+12 to 18V 

k k k k k k k k ,,,._ ,,,._ k ,,,._ k k ,,,._ ,,,._ 

LED2 LED3 LED4 LEDS LED9 LED7 LEDS LED9 LED10 
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LM3914 

V- V+ Rt.o IN RHI RefH1 RefLo 9 

ov 

+Sto 18V 

k ,,,._ ,/If" ,,,._ 
,/If" k k ,,,._ k 

LED1 LED2 LED3 LED4 LEDS LEOO LED7 LEDS LED9 LED10 

18 17 16 15 14 13 12 11 10 

LM3914 

V+ RLO IN 

ov 

Rx 
~ (4k0/V) - SkO 

ov 

RV1 
10k 
set V141 

9 

ov 

R2 
1k0 

Figure 6. 
10V FSD 

meter 
using an 
external 

reference. 

Red LEDs 

+Sto 18V 

,,,._ ,,,._ ,,,._ k ,,,._ ,,,._ k ,,,._ ,,,._ k 
k ,,,._ k k ,,,._ ,,,._ ,,,._ ,,,._ ,,,._ ,,,._ 

LED1 LEDJ LED3 LED4 LEDS LED6 LED7 LEDS LED9 LED10 

18 17 16 15 14 13 12 11 10 

LM3914 

V- V-t- RLo IN ~ RefH RefLo 9 

R1 
RV1 ov 

1k2 10k 

V1N 
set f.s .d. 
(1 .2V to 1 OV) 

(0 to 10V) ov 

Figure 7. An alternative variable-range (1.2V to 10V) 
dot-mode voltmeter. 

Green LEDs 
A 

1 0 ~ OHO 0 0 

Red LEDs 

0 11 0 · o 1 

To 12V battery 
r--+~ ...... ~ ....... ~.....-~...-~...-~.-~..._~.._-<1~+ve~a~nffion 

14V 15V 10.SV 11V 12V 
0 

13V 

~ ~ ~ ~ 
LED2 LED3 LED4 LEDS LED6 LED7 LEDB LE09 LED10 
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LM3914 

V+ Rt.o IN 

ov 

~ RefH RefLo 9 

R2 
1k2 

switch 

Figure 9. 
Expanded-scale 

dot-mode vehicle 
voltmeter. 

Figure 8. Expanded-scale (10V-15V, etc.) 
dot-mode voltmeter. R1 RV1 4k7 

4k7 ~set upper 
~ limi(15V) 

RV2 
4k7 

point all LEDs are on. 
A similar kind of action is 

obtained when the LM39 I 4 logic is 
set for dot mode operation, except 
that only one LED is on at any given 
time; at zero volts no LEDs ,are on, 
and at I .2V and greater only LED I 0 
is on. 

SOME FINER DETAILS 

In Figure 3, R 1-is shown connect
ed between pins 7 and 8 (the output 
of the I .2V reference) and deter
mines the ON currents of the LEDs. 
The ON current of each LED is 
roughly I 0 times the output current 
of the I .2V source, which can supply 

MicPullu~~-11™ 

up to 3mA, and thus 
enables LED currents of 
up to 30mA to be set via 
RI. If, for example, a total 

ov 

resistance of I k2 (equal to the paral
leled values of RI and the I Ok of the 
ICs internal potential divider) is 
placed across pins 7 and 8, the I .2V 
source will pass I mA and each LED 
will pass I OmA in the ON mode. 

Note from the above that the 
IC can pass total currents up to 
300mA when used in the bar mode 
with all I 0 LEDs on. The IC has a 
maximum power rating of only 
660mW, however, so there is a dan
ger of exceeding this rating when the 
IC is used in the bar mode. In prac-

• compact 2-lnch x 2-lnch 68HC11 module from $68 

Atia~i-11™ Family 
• 68HC11 modules with lots of I/0 lines from $63 

22 Sula.ER 2000/Nuts & Volts Magazine 

tice, the IC can be powered from 
DC supplies in the range of three to 
25 volts, and the LEDs can use the 
same supply as the JC or can be 
independently powered; this latter 
option can be used to keep the IC 
power dissipation at a minimal level. 

The internal I 0-stage potential 
divider of the IC is floating, with 
both ends externally available for 
maximum versatility, and can be pow
ered from either the internal refer
ence or from an external source or 
sources. If, for example, the top of 

set lower 
limit (10.SV) 

ov 

the chain is connected to a I OV 
source, the IC will function as a 
0-1 OV meter if the low end of the 
chain is grounded, or as a 
restricted-range 5-1 OV meter if the 
low end of the <!hain is tied to a 5V 
source. 

The only constraint on using the 
divider is that its voltage must not be 
greater than 2V less than the ICs sup
ply voltage (which is limited to 25V 
maximum). The input (pin 5) to the IC 
is fully protected against overload 
voltages up to plus or minus 35V. 
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The internal voltage 

reference of the IC pro
duces a nominal output 
of I .28V (limits are I .2V 
to I .34V), but can be 
externally programmed 
to produce effective 
reference. values up to 
I 2V (as shown 
later). 

18 17 

v. 

16 15 14 

LM3914 

V+ l\.o IN 

ov 

+5to18V 

R10 
Note. 

13 12 11 10 R1-R10 
=470R 

~. Ref.. RefLo 9 

to pin-3 

VLED (+3 to +5V 

~ ~ ~ ~ ~ ~ ~ ~ ~ 
LE01 LE02 LED3 LE04 LEOS LED6 LE07 LEOS LEO!I LED10 

18 17 16 15 14 13 12 -11 10 

L.M3914 

V+ l\.o IN ~ RefHI Refi:o 9 

_to,pin-3 

The IC can be 
made to give a bar dis
play by wiring pin 9 
directly to pin 3 (posi
tive-supply), or - if 
only one IC is used -
can be made to give a 
dot display by leaving 
pin 9 open circuit or by 
pulling it at least 200mV 
below the pin 3 voltage 

VIN ------.r.Ar---.. 
Rx R11 

10k 
ov ov 

f.s.d. = 1.2v(1 + ~) OV · 

Figure 11. Bar-display voltmeter with common 
LED/IC supply. 

Figure 10. Bar-display voltmeter with separate 
LED supply • . 

value. 

Notes. +24V (regulated) . ~ If two or more ICs 
are cascaded to drive 
20 or more LEDs in the 
dot mode, pin 9 must 
(except in the case of 

.the final IC in the chain) 
be wired to pin 1 · of the 
following IC, and a 20k 
resistor must be wired 
between pin I I and the 
LED-powering positive 
supply rail. 

01, 02 are IN"1-48 
Q1 Is 2N3906 
Q21s2N3904 

l . 
LED1 LED2 LE03 LED4 LEOS LED6 LED7 LE08 Leo9 LED10 

ov 
17 16 15 14 13 12 11 10 

LM3914 

17 16 15 14 13 12 11 10 v. V+ l\.o IN 

LM3914 ov 
V+ Ri.o IN RH RefH RefLo 9 

ov 
Figure 13. 

VIN-+-------.. 
(1.2V f.s.d.) 

Modification of 

Finally, note that 
the major difference 
between the three 
members of the 
LM3914 family of ICs 
lies in the values of 
resistance used in the 

VIN---------.. the Figure 12 
circuit, for 

ov ov 
(1.2V f.s.d.) 

internal I 0-stage poten-
tiar divider. In the 
LM39 I 4, all resistors in the chain 
have equal values, and thus produce a 
linear display of I 0 equal steps. In the 
LM39 I 5, the resistors are logarithmi
cally weighted, and thus produce a 

Telulex model SG-100A 

New 
Features; 

ti' 21.5 MHz 
ti' .01 Hz steps 
ti' multi-unit 

phase lock 

BNC{felulex Div. 

ov ov 
operation from 

unregulated 
12V to 18V 
supplies. 

cations. 

Figure 12. Method of obtaining a bar display 
with dot-mode operation and minimal current 

consumption. 

log display that spans -27dB to OdB 
in I 0 -3dB steps. In the LM3916, the 
resistors are weighted in semi-log 
fashion and produce a display that is 
specifically suited to VU-meter appli-

Let's now move on and look at 
some practical applications of this 
series of devices, paying particular 
attention to the linear LM39 I 4 IC. 
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VOLTMETERS 

Figures 5 to 9 show various ways 
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ov 

------------1-
LED Note. 

1 R1 to R10 = 470R 
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IC1 

LM3914 
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ov 

+5 to 18V 

------------~ 
LEO LEO 

11 20 
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IC2 
LM3914 

V· V+ ~o IN ~ R:r ~gt 9 

+5 to 18V 

------------!-
LED Note. LED 

11 R11 to R20 = 470R 20 
R11------------ R20 

18 17 16 15 14 13 12 11 10 

IC2 
LM3914 

V· V+ 9 

Figure 14. 
Dot-mode 

20-LED 
voltmeter 

(FSD = 2.4V 
when Rx= 0). 

Figure 15. 
Bar-mode 

20-LED 
voltmeter 

(FSD = 2.4V 
when 

Rx= 0). 

of using the LM39 I 4 IC to make 
I 0-LED dot-mode voltmeters with a 
variety of full-scale deflection (FSD) 
sensitivities. Note in all these circuits 
that pin 9 is left open-circuit to give 
dot-mode operation, and that a I OµF 
capacitor is wired direcdy between 

pins 2 and 3 to enhance circuit sta
bility. 

joined together, so the meter has a 
basic full-scale sensitivity of I .2V, but 
variable ranging is provided by the 
Rx-RI potential divider at the input 
of the circuit. Thus, when Rx is zero, 
FSD is I .2V. but when Rx is 90k, the 
FSD is I 2V. Resistor R2 is wired 

Figure 5 shows the connections 
for making a variable-range (I .2V to 
I OOOV FSD) voltmeter. The low ends 
of the internal reference and divider 
are grounded and their top ends are 
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across the internal reference and 
sets the ON currents of the LEDs at 
about IOmA 

Figure 6 shows how to make a 
fixed-range 0-1 OV meter, using an 
external I OV zener (connected to 
the top of t he internal divider) to 
provide a reference voltage. The sup
ply voltage to this circuit must be at 
least two volts greater than the 
zener reference voltage. 

Figure 7 shows how the internal 
reference of the IC can be made to 
effectively provide a variable voltage, 
enabling the meter FSD value to be 
set anywhere in the range I .2V to 
I OV. In this case, the I mA current 
(determined by RI) of the floating 
I .2V internal reference flows to 
ground via RV I, and the resulting 
RV I -voltage raises the reference pins 
(pins 7 and 8) above zero. 

If, for example, RV I is set to 
2k4, pin 8 will be at 2.4V and pin 7 
at 3.6V. RVI thus enables the pin 7 
voltage (connected to the top of the 
internal divider) to be varied from 
I .2V to about I OV, and thus sets the 
FSD value of the meter within these 
values. Note that the circuit's supply 
voltage must be at least 2V greater 
than the desired FSD voltage value. 

Figure 8 shows the connections 
for making an expanded- scale meter 
that, for example, reads voltages in 
the range I 0 to 15 volts. RV2 sets 
the LED current at about I 2mA, but 
also enables a reference value in the 
range O- I .2V to be set on the low 
(pin 4) end of the internal divider. 
Thus, if RV2 is set to apply 0.8V to 
pin 4, the basic meter will read volt
ages in the range 0.8 to 1.2 volts 
only. By fitting potential divider 
Rx-RV I to the input of the circuit, 
this range can be amplified to (say) 
I 0-1 SV, or whatever range is desired. 

Finally, Figure 9 shows an 
expanded scale dot-mode voltmeter 
that is specifically designed to indi
cate the value of a vehicle's battery 
(I 2V nominal). In this case, R2-RV2 
are effectively set to give a basic 
range of 2.4 to 3.6 volts, but the 
input to the circuit is derived from 
the positive supply rail via the 
RI -RV I potential divider, and the 
indicated volts reading thus corre
sponds to a pre-set multiple of the 
basic range value.As shown in the 
diagram, red and green LEDs can be 
used in the display, arranged so that 
green LEDs illuminate when the volt
age is in the 'safe' range 12 to 14 
volts. 

To calibrate the above circuit, 
first set the supply to 15 volts and 
adjust RV I so that LED I 0 just turns 
on. Reduce the supply to I OV and 
adjust RV2 so that LED I just turns 
on. Recheck the settings of RV I 
and RV2. The calibration is then 
complete and the unit can be 
installed in the vehicle by taking the 
'O' volt lead to chassis and the '+ I 2V' 
lead to the vehicle's battery via the 
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Figure 16. Vehicle tacho conversion circuit for use 
with a 20-LED voltmeter. 
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Rx 
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11 10 

LM3914/15/16 
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ov 

ignition switch. 

BAR-MODE 
VOLTMETERS 

The dot-mode circuits of 
Figures 5 to 9 can be made to give 
bar-mode operation by simply con
necting pin 9 to pin 3, rather than 
to pin I I . When using the bar 
mode, however, -it must be remem
bered that the IC's power rating 
must not be exceeded by allowing 
excessive output-terminal voltages 
to be developed when all I 0 LEDs 
are on. LEDs drop roughly 2V when 
they are conducting, so one way 
around this problem is to power 
the LEDs from their own low-volt
age (3 to SV) supply, as shown in 
Figure 10. 

An alternative solution is to 
power the IC and the LEDs from 

12 11 

RefH RefLo 

390R 

ov 

Q1 
2N3906 

10 

9 
Figure 17. 

Simple 
speaker-

driven audio 
power meter. 

Figure20. 
An over-range 
alarm-driver 
circuit, for 
use with 
bar-type 
displays. 

the same supply, but to wire a cur
rent-limiting resistor in series with 
each LED, as shown in Figure 11, so 
that the IC's output terminal satu
rates when the LEDs are on. 

Figure 12 shows another way of 
obtaining a bar display without 
excessive power dissipation. Here, 
the LEDs are all wired in series, but 
with each one connected to an indi
vidual output of the IC; and the IC 
is wired for dot-mode operation. 

Thus, when (for example) LED 
5 is on, it draws its current via 
LEDs I to 4, so all five LEDs are on 
and the total LED current equals 
that of a single LED, and total . 
power dissipation is quite low. The 
LED supply to this circuit must be 
greater than the sum of all LED 
volt-drops when all LEDs are on, 
but must be within the voltage lim
its of the IC; a regulated 24V supply 

-20 ... vu_ ..... -1 .. o_ ..... -1..__-s __ -3 __ -.1_._.o _ _,• .. 1_ ..... •.,.2_+3...,vu_ +3vto 
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To ov 

pln-3 Figure 18. 
Signal Input Basic 

bar-mode 

+12Vto 
+20V 

VU-meter 
ov ov circuit. 

+24V (regulated) 

LED1 LED2 LED3 LED4 LEDS l.ED6 LED7 LED8 lED9 LED10 

Figure 19. 17 18 15 14 13 12 11 10 

This basic 
LM3916 VU-meter 

circuit gives V+ ~o IN RefH RefLO 9 
a bar-type 

display, ov 
with a 

dot-type 
Signal input current 

drain. 

is thus needed. 
Figure 13 shows a very useful 

modification which enables the 
above circuit to be powered from 
unregulated supplies within the 12 
to 18 volt range: In this case, the 
LEDs are split into two chains, and 
the transistors are used to switch 
on the lower (LEDs I to 5) chain 
when the upper chain is active; the 
maximum total LED current equals 
twice the current of a single LED. 

20-LED VOLTMETERS 

Figure 14 shows how two 
LM39 I 4 ICs can be inter-connected 
to make a 20-LED dot-mode volt
meter. Here, the input terminals of 
the two ICs are wired in parallel, 
but IC I is configured so that it 
reads 0 to 1.2 volts, and IC2 is con
figured so that it reads 1.2 to 2.4 
volts. In the latter case, the low end 
of the IC2 potential divider is cou
pled to the I .2V reference of IC I, 
and the top end of the divider is 
taken to the top of the I .2V refer
ence of IC2, which is raised I .2V 
above that of IC I . 

The 20-LED Figure 14 circuit is 
wired for dot-mode operation and, 
in this case, pin 9 of IC I is wired to 
pin I of IC2, pin 9 of IC2 is open 
circuit, and a 22k resistor is wired in 
parallel with LED 9 of IC I. 

Figure 15 shows the connec
tions for making a 20-LED bar-mode 
voltmeter. The connections are simi
lar to those of Figure 14, except that 

ov ov 

pin 9 is taken to pin ·3 on each IC, 
and a 470R current-limiting resistor 
is wired in series with each LED to 
reduce the power dissipation of the 
I Cs. 

To conclude this look at 
LM39 I 4 circuits, Figure 16 shows a 
simple frequency-to-voltage con
verter that can be used to convert 
either of the Figure 14 or 15 circuits 
into 20-LED tachometers 
(RPM-meters). 

This converter should be inter
posed between the vehicle's 
contact-breaker points and the 
input of the voltmeter circuit. In 
Figure 16, the C2 value of 22n is the 
optimum value for a full-scale range 
of I 0,000 RPM on a four-cylinder 
four-stroke engine. For substantially 
lower full-scale RPM values, the C2 
value may have to be increased -
the value may have to be reduced 
on vehicles with six or more cylin
ders. 

LM39 I S/LM39 I 6 
CIRCUITS 

The LM39 I 5 'log' and LM39 I 6 
'semi-log' ICs ·operate in the same 
basic way as the LM39 I 4, and can in 
fact be directly used in most of the 
circuits shown in Figures 5 to 15. In 
most practical applications, however, 
these particular ICs are used to 
indicate the value of an AC input 
signal, and the simplest way of 
achieving such a display is to con
nect the AC signal directly or via an 
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MICRO 
COLOR 

CAMERA 
1" x 1" 

J50 TYL 
$89.95!! 

Buy your microvideo equipment where NASA, 
The Air Force, JPL, Lawrence Livermore Labs 
and the FBI does. Call us today. 
For the best in h igh performance microvideo equipment, call the experts at 
Supercircuits. We've grown to be America's microvideo leader by consistently offer
ing the best equipment at the lowest prices, with unbeatable service .. . compare our 
plug 'n play ease of use, warranties and return policies. Of course, Supercircuits 
microvideo is used by some of the biggest names in science, industry and national 
defense. But with prices starting at under $35 for tiny high resolution video cam
eras, it is truly technology that is as affordable as it is amazing. Call us today at 
1-800-335-9777 for a free 80 page microvideo catalog, loaded with photos, specs 
and more. Or log onto our website at www.supercircuits.com. You'll be amazed! 

CCTV 
VIDEO 

CAMERA 
$79.95! 

SONY CHIPSET 

WORLD'S SMALLEST! 
LISTED IN 1999 GUINNESS 

BOOK OF RECORDS 
AMAZING! 

STEAi.THY SEE-IN-THE-DARK 
WEATHERPROOF WITH S6 

IR LED's $139.95 
NICiHTVISION VIDEO CAM 

MICRO 
VIDEO 

CAMERA 
$59.95! 

ULTRA PINHOLE 
VIDEO CAMERA· 
EASY CONCEAL· 

AMAZING NEW 
UNDERCOVER VIDEO 

WORLD' S SMALLEST VIDEO 
CAMERA & TRANSMITTER-
700 FOOT RANGE $299.95 

MENT $109.95 

WIR .. ELESS VIDEO _jilt 
$89.95 ~·· 

• • -·~TE OVERLAY 

1 YEAR WARRANTY 

UNBEATABLE DEAL! 

STEALTHY PINHOLE 
VIDEO CAMERA $J4.95 
410 TYL, 0.5 LUX, 1.2" 

2.4 GHz AUDIONIDEO · 
TRANSMITTER, RECEIVER 

WI 700 FOOT RANGE 
PART 15 FCC APPROVED 

1-800-335-9777ext NV 
Or fax us at 51 2-260-0444 

www.supercircuits.com 

MINI REALTIME 
BIWQUAD 

SONY GV-A500Hl-8 VCR WITH 
4" TFT MONITOR $979.95 

350 Lines of Resolution 

TINY 1.25" 
COLOR CAMERA

PLUG & PLAY
ONLY $69.95!! 

Write In 111 on Reader Service Card. 

C£1 
CABLE 

WHOLESALERS 

NEW 
VIEW MASTER 

4000 
·············· .... ··· ···· ... 

( ..... $45 • .. ) 
···..... . ..... ··· .... . .. ·············· 
MINIMUM 10 LOT 

can for our other 
cable products 

Dealers Wanted 
Call Toll Free 

1-866-814-6703 
Se habla Espanol 

- www.ceicable.com 

LED 'GRAPH' CIRCUITS 
attenuator to the pin 5 input termi
nal of the IC, as shown in Figure 1 7. 
The IC responds only to the posi
tive halves of such input signals, and 
the number of illuminated LEDs is 
thus proportional to the instanta
neous peak value of the input signal. 

The Figure 17 circuit is that of a 
simple LM39 I 5-based audio power 
meter that is used to indicate 
instantaneous output voltage values 

. from an external loudspeaker. Pin 9 
is left open-circuit to give dot-mode 
operation, and RI has a value of 
390R to give an LED current of 
about 30mA, thus giving a clear indi
cation of brief instantaneous voltage 
levels. The meter gives audio power 
indication over the range 200mW 
to IOOW. 

Figure 18 shows the basic way 
of using the LM39 I 6 IC as a VU
meter with a full-scale sensitivity of 
I OV DC. The circuit is shown con
nected for bar-mode operation, 
using separate supply voltages for 
the LED display and for the actual 
IC, and with the component values 
shown, gives a current drive of 
I OmA to each active LED. 

If preferred, the IC can be used 
to give dot-mode operation, using a 
common I 2V to 20V supply for the 
LEDs and the IC, by leaving pin 3 
open circuit and changing the R 1-R2 

values to 390R-2k4, thus giving 
30mA of drive to the active LEDs. 

Figure 19 shows an alternative 
way of using the LM39 I 6 as a VU
meter with a bar-type display. In this 
case, the IC is used in the same way 
as the basic Figure 1 2 low-current
consumption circuit, with pin 9 left 
open circuit so that the IC actually 
operates in the dot mode, but with 
the LEDs wired in series across the 
display-driving pins so that a bar
type display is obtained, with all 
active LED currents flowing through 
the currently-active driving pin. With 
the component values shown, this 
circuit has a full-scale sensitivity of 
I OV and provides a LED-drive cur
rent of I 6mA. 

The basic Figures 1 7 to 19 
LM39 I 5 and LM39 I 6 circuits are 
shown being driven directly from 
AC signal inputs, and this technique 
is adequate in many applications. 

In cases where the display is 
required to relate specifically to 
peak - RMS - or average values 
of AC input voltage, this can be 
achieved by interposing a suitable 
AC-DC converter circuit between 
the AC signal and the pin 5 input 
terminal of the LM39 I 5 or LM39 I 6 
IC. Many suitable circuits are pub
lished in op-amp applicat ion manuals 
and circuit reference books and 

encyclopedias, etc. 

AN OVER-RANGE 
ALARM-DRIVER 
CIRCUIT 

To conclude this article, Figure 
20 shows a simple way of fitting an 
alarm-driving over-range switch to a 
bar-type LM3914-series LED-driving 
indicator circuit. Here, pnp transis
tor Q I is wired between the LED 
positive supply rail and the OV rail, 
with its base connected to the IC's 
pin I 0 (which drives LED I 0) and 
with a self-contained alarm unit 
wired in series with its collector. 
Normally, LED I 0, QI , and the alarm 
are all off, but if LED I 0 turns on, it 
pulls QI, on via R2 and thus acti
vates the alarm unit, which indicates 
the 'over-range' condition. 

In this circuit, the alarm unit 
may take the form of a piezo siren 
unit that generates an acoustic 
alarm sound, or a gated astable 
switch unit that repeatedly switches 
the LED brightness between high 
and low levels under the over-range 
condition, or may be a combination 
of both of these units. If desired, the 
unit can be activated by any one of 
the display LEDs, in which case, the 
alarm will activate whenever that or 
any higher LED is energized. NV 
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11 Functlono: 
• Fniq. to 20MHz 
• Cap. to ro,.F 
• foCIOC ""'8ge 
• foCIOC Current 
• Beeper 
•Diode Test 
•Transistor Test 
•Meets UL-1244 

safely specs. 

r,st Eqqlpment 
10 Function 1.3GHz Universal Counter 

Elenco Model F-1300 

•Frequency .05Hz- 1.3GHz 3 Ranges $
229

_95 • Period - Can read 60Hz to 
60.000000 F=1ff 

• Totalize - Counts to 199,999,999 
• RPM - 3 to 2099994 RPM 
•Duty Cycle 
• Max/Min/AVG with Time 
• Stop-watch set .2 sec. to 100 hrs. 
• Math Functions 
• Timer - 2 sec. to 99 days ••••••• .,, 
• Pulse Width - 0.1 ms to 66666.Sms 

Elenco Handheld 
Universal Counter 

1 MHz - 2.8GHz 
Model F-2800 

Sensitivity: 
«1.5mV@ 100MHz 

• <5mV 0 250MHz 
•<SmV@ 1GHz 

• <100mV @ 2.4GHz 

Elenco Quad Power Supply 
Model XP-581 

4 Fully Regulated Power Supplies in 1 Unit 

4 DC Voltages: 3flxed;+5V 0 3A, +12V C 1A, 
1 variable; 2.5 - 20V @ 2A • Fully Regulated 
& Short Proteaed •Voltage & Current Meters • 
All Metal Case 

Elenco Power Supply 
Model XP-603 

Includes antenna, NiCad battery, and AC • 0-30VDC o 3A Output 
adapter. • 3A Fused Current Protection 

• Current Limiting Short Protection 
C-2800 Case w/ Belt Clip ........... .. $14.95 • o.0250 Output Impedance 

This sweep !unction generator wilh counler ts an lnstnmanl capable ol 
genera1ing square, triangle, and sine wawtorms, and TIL, CMOS pulse over a 
frequency range from 0.5Hz to 3MHz. GF-8025 - Wltrout Counter $139.95 

20MHz Sweep I Function Generator 
with Frequency Counter Model 4040 

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

to30MHz 
• Linear and Log Sweep 

21.SMHz Model 4070 

S-1325 25MHz Dual Trace $325 
S-1330 25MHz Delayed Sweep $439 
S-1340 40MHz Dual Trace $475 

S-1345 40MHZ Delayed Sweep $569 
S-1360 6-0MHz Delayed Sweep $725 
S-1390 100MHz Delayed Sweep $895 

DIGITAL SCOPE SUPER SPECIALS 
DS-203 20MHz/10Ms/s Analog/Digltal ... ..... ........................ $695 
05-303 40MHz/20Ms/s Analog/Dlgltal ........ ......... ............. .. $850 

60MHz/20Ms/s Analog/Digltal .... ...... ... ..... ... ...... .. .. . $950 

Elenco RF Generator 
with Counter (100kHz - 1soMHz) 

Model SG-9500 

Elenco 10Hz - 1MHz 
Digital Audio Generator 

Model SG-9300 

2 Meter I 6 Meter Two IC Radio Kit 
Amateur Radio Kit 

s34_95 .s11.95 

Model AK-870 

Radio Control Car Kit 

Write In 118 on Reader Servlc•Card. 

Electronically controlled, ideal for professionals, students, and 
hobbyists. Available in kit form or assembled. 

As Low As 

s29.9s 
· res: 

ion Grip Handle 
ring Iron (optional) with 

nded Tip for Soldering 
-Sensitive Devices. 

ly Replacable. Uses 
g-Life, Plated Conical Tip. 

Ordering Information: 
Model SL-5 - No Iron. 
(Kit SL-SK) 

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

Model SL-5-60.- Includes 60W UL iron. 
(Kit SL-5K-60) 

s29.95 
sas.95 
sas.95 

Limited Time Offer: FREE SP-1 A Solder Practice Kit w/ Kit Order/ 

Weller WLC-100 -Variable Power Control 5 - 40 watts $34.95 
Elenco Model SL-30 

• Tip temperature changeable from 300"F ( 1 SO"C) 
to 9\lv-F i48u°C). 

•Temperature is maintained within +10"F of Its 
preset temperature. 

• The tip is isolated from the AC line by a 24V 
transformer. 

• The tip is grounded to eliminate static charges. 

SL-10- Same as SL-30w/o digital display $59.95 

Weller Model WTCPT 
Controlled Output Soldering Station 

• Transformer powered soldering station 
complete w/macro style, low voltage, 
temperature controlled soldering Iron. 

• PT Serles soldering tips come In a variety of 
shapes and sizes In three standard temperature 
ranges: 600"F, 700"F, & SOO"F. 

• 0-24V output - 60 watts. 

• Special "closed loop" method of controlling 
maximum tip temperature. 

Cameras have 420 lines (360 color) of resolution, 0.08 Lux, 3.6mm/F2 
90° field of view. Power requirement is 12VDC@ 100mA (order SC-1). 

MONOCHROME CAMERAS COLOR CAMERAS 

• SC-12 • 35mm Lens (1 .25"x1.25") SC-20 Pin Lens 

s59 SC-21 3.6mm Lens 

360 Lines 1.25" x 1.25" 
Infrared Sensitive, Audio Included 

Add $10 for lens• Add $10 lot audio 

· Acce99orles: 
s109 

I 
SC-1 - 12V 100mA ~er '6.• Add $10 for case 

'19.• Call for compiete catalog. 
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by Jon Williams 

A TALKING PET TRAINER 
side from being hard to find, the 
SP0256-AL2 has a very tinny, robotic 
quality to the speech. This is actually 
kind of cool for robotics, but some 
applications require higher quality 
speech and may even need non
. speech sounds. 

.._,&D&fi.:" Enter the ISD25xxx series of 

During my first run 

with this column, I 

wrote an article on 

using the long-obsolete 

- but still available -

SP0256-AL2 allophone 

speech synthesizer. That 

one article has gener-

ated more email than 

all the rest of my arti-

chips. These digital recorders are 
easy to find and equally easy to use. 
They differ from the SP0256-AL2 
in that they do not come with 
stored sounds or speech; it is up to 
you to put those in . Once a mes
sage has been recorded, it is stored 
in non-volatile memory. This means 
you won't lose your recording 
when power is removed from the 
circuit. This is particularJy useful in 
battery-powered applications. 

· Polly Want A Stamp? 

I got started with the ISO at 
the request of my friend, Mike.At 
the time, Mike was a fledgling 
Stamper that went out and bought 
a parrot - a big, beautiful, very 
expensive parrot. With the invest
ment, Mike figured the bird should 
learn to talk. Using a BS2 and an 
ISD2560, he built the first version 
of his parrot trainer. While work
able, he felt like the circuit and soft
ware could use some refinement so 
he sent it to me. 

cles combined. Clearly, mod!~~~1;~!!~~~~d 
component and has sever

Stamp enthusiasts are al modes of operation. 
Our application will use 
the simplest operational 

interested in speech. mode: M6 (also referred 
to as Push-Button mode). 

In this mode, the device has the ability to record and play
back a single message. 

Figure I is the schematic for the IS25xxx circuit in 
Push-Button mode.This circuit was lifted right out of the 
ISD documentation. The only modification I made was to 
remove the switches and to add I OK pull-ups to the control 
inputs (CE\, PD, and P-R\). This portion of the project is, in 
fact, a stand-alone module and you could experiment with 
the ISD by adding a normally-open push button to CE\ and 
S.PST switches to the PD and P-R\ inputs. 

Note that this circuit is compatible with the ISD2560, 
ISD2575, ISD2590, and ISD25 I 20. These parts differ in the 
length of the recorded message space (60, 75, 90, and 120 
seconds).The increase in storage space is accomplished by 
lowering the audio sampling rate. This does give you more 
storage, but the price you pay is in sound quality. I stuck 

+5 

10K 

-

with the ISD2560 because 60 seconds is quite long and the 
quality is very good. I personally found the sound quality of 
the ISD25 I 20 unacceptable for this project. 

Flpre 1 
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Using the ISD25xxx in Push-Button mode is very easy. Here are 
the steps: 

I. Bring PD high, then low to stop the current cycle and reset the 
device. 

2. Set PR high to play, low to record . 
3. "Blip" the CE\ line (high-low-high) to start the cycle . 
4. Bring PD high to stop record cycle and reset the device. 

Let's get back to the parrot trainer application. What Mike want
ed to do is record a message, press a button to test it, and press 
another button to play the message back several times after a short 
delay. The idea behind the delay is to allow him to leave the room and 
let the bird get settled before the training begins. His original circuit 
connected the push buttons direcdy to the ISD and monitored them 
with the Stamp. I changed this to allow total software control of the 
ISO. This way, the buttons can be software-debounced and we have 
more flexibility with the ISO module for future applications. 

Figure 2 is the control interface for the Stamp 2. On pins 12, 13, 
and 14 is standard push-button input that I've used in several other 
projects. For review, the 220-ohm resistors on these pins protect the 
Stamp in the event that one of those pins is accidentally configured as 
an output and set high (five volts) while the button on that line is 
pressed. If we had this condition without the resistors, we'd have a 
direct short to ground and would damage the Stamp. 

Pin 15 (RecRun) monitors the EOM\ line from the ISD25xxx. In 
Push-Button mode, this line goes high while a message is playing or 
being recorded. Notice that I've also tied this line to the anode side 
of the Record (red) and Play (green) LEDs. By doing this, I know that 
the ISD is working. The appropriate LED is selected by making its 
output line (6 for record, 7 for play) low. 

Pin 8 controls the Train (yellow) LED. In our application, this LED 
will blink while in the delay period and be on solid while the training 
period (the time when the recorded message is being repeated) is in 
progress. Pins 9, I 0, and 11 are the control outputs to the ISD. Okay, . 
let's jump into the code. 

I 
AO 

2 
Al 

3 A2 ... 
A3 

5 A4 
6 

A5 
7 A6 
8 A7 
9 M 

10 
A9 

23 
CE\ 

24 
PO 

27 
P·R\ 

25 
EOM\ 

26 
XCLK 

= 

15D25iooc 
+5 
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O.tuF T T0.1uF 

Voed """' """' ~9a~1_3 ________ __ 

SP+ 

SP· 

Analn 

Ana Out 

Mic Ref 

Mic 

AGC 

470K 

14 

15 

'2f) 

21 

18 

17 

19 

1K 

4.7uF 

160hm 

Spuker 

0.1uF 

22uF 



A TALKING PET TRAINER 

Flpn2 

10K 

P15 ----~------'-· --.---- EOM\ 

: :;~ 
P8~+5 

600 
P9 ----- ------ P-R\ 

PIO----------- PD 

P11 ------- ----CE\ 

Setting PD, CE\, 
and PR high initializes 
the ISD25xxx. This 
causes the device to 
reset and defaults to 
play mode.All of the 
LEDs are extinguished 
by setting their control 
outputs high. Finally, PD 
is brought back low, 
bringing the ISD out of 
reset and allowing a 
new cycle to be initiat
ed. 

After initializing 
the program, make sure 
that there are no stuck 
buttons by scanning the 
button inputs until 
none are pressed. This 
section of code calls a 
subroutine GetBtn to 
scan and debounce the 
button inputs. I've used 

this code before, but I think its operation is worth repeating since button 
debouncing is important and this subroutine handles multiple inputs. 

. Let's start at the end. When we return from GetBtn, the variable called 
btns will hold the debounced inputs. We start, then, by enabling specific inputs 
by setting those bits in btns. Then we scan the inputs and logically AND the 
new inputs with the current value. Sine~ our inputs are active-low, we use the 
inversion operator(- ) to correct them.Any input that is not active will then 
have a value of zero. As you know, zero ANDed to any value is zero. This elim
inates that particular input for this iteration of GetBtn. The inputs are 
scanned five times using a FOR-NEXT loop. With a I 0-millisecond PAUSE 
in the loop, the subroutine takes just over 50 milliseconds to run. If an input is 
active through all five loops of the routine, its bit in btns will remain set (I) 
and be returned to the program as a valid input. 

' -----[ Title ]----------------------------------------------------------

' File ...... PARROI'.BS2 
' Purpose . . . ISD25xxx Controller 
' Author .... Jon Williams 
' E-mail .... jonwms@aol.ccxn 
' Started .. . 03 APR 1999 
• Updated. . . 29 JUL 2000 

Back in the main program, we'll 
actually spend most of our time at 
the label called Scan. At th is point, 
we get the inputs, use LOOK
DOWN to convert the buttons to 
a value from 0 to 3, t hen use 
BRANCH with this value to jump 
to the code that corresponds to 
our button input. 

Let's start by recording a mes
sage. To do this, we press and hold 
the Reco rd button. This causes the 
program to BRANCH to _Rec. 
There's a 250-millisecond delay here 
to allow us to be ready to record. 
PR is taken low to put the 
ISD25xxx into record mode, then 
the record cycle is started by "blip
ping" the CE line.Advanced Stamp 
programmers will probably wonder 
why I didn't use PULSOUT to 
take care of the blip. I t ried this 
method and got inconsistent results 
(maybe I have a marginal part). 
Anyway, I ended up just brute-forc
ing it with the Blip subroutine. 

Once the ISD25xxx is activat-

"PROGRAMMING AND 
CUSTOMIZING THE BASIC 

STAMP COMPUTER" 
by Scott Edwards 

Build smart electronics projects 
with the inexpensive, simple·to
use, surprisingly powerful BASIC 
Stamp. 

ONLY$34.95 

As a paid subscriber to 
Nuts & Volts, you'll receive 

10% off the list price!! 
(See ad on page 50 for ordering details 

and other titles currently available.) 

ed, making Pin 6 low enables the Record LED. Remember that the EOM\ line 
on the ISD25xxx goes high during playback and recording. With Pin 6 low and 
the EOM\ high, the Record LED will light. 

The program then monitors the Record input and stays in a tight loop (at 
the label Rloop) until the button is released.When this happens, the record 
cycle is halted and making PD high resets the ISD25xxx. The program then 
jumps back to the initialization section to clean up everything before waiting 
for the next input. 

Now that we've got a message recorded, we can test it by pressing the 
Play button. This causes the program to BRANCH to Play. This code starts 

' - ----[ Constants )-------- --- ----------------- ---------- ----------------

On 
Off 

Yes 
No 

CON 
CON 

CON 
CON 

0 
1 

1 
0 

' active low 

' active high 

' -----[ Program Description ]---------------------- ---------------------- ' -----[ Variables ]----------- -------------------------------------------

' This program, based on an original by Mike Politoski, controls 
anISD25xxx 
' series ChipCorder(r} IC. This program allows the user to record a 
' message (length determined by the chip) and play it back several times 
' to train a parrot or other talking bird. 

' Note: The ISD25xxx is configured for Mode 6, push-button rrode. 

• Modes: 

' - Record: Press and hold record button 
' - Play: Press play button 
' - Training: Press start button 

' -----[ I/O Definitions )--------------------------------------- ~--------

LEDr_ CON 6 ' recording LED 
LEDp_ CON 7 ' playback LED 
LEDt_ CON 8 . training LED 

PR CON 9 . ISD Play/Record_ 
PD CON 10 . ISD Power Dcwn 
CE_ CON 11 ' ISD Chip Enable 

BtnRec VAR Inl2 ' Record control button 
BtnPlay VAR Inl3 ' Play control button 
atnGo VAR Inl4 ' Start control button 
RecR\m VAR InlS ' recording/running out frcxn ISD 
bPort VAR InD ' buttons port 

btns VAR Nib ' debounced inputs 
state VAR Byte ' button input state 
delay VAR word ' delay before training 
x VAR Byte ' loop counter 
y VAR word ' loop counter 
plays VAR word ' plays counter 

' -----[ Initialization )----------------------- --------------------------

Init: 
HIGH PD 
HIGH CE_ 
HIGH PR 
HIGH LEDr_ 
HIGH L~
HIGH LEDt_ 
PAUSE 30 
I.J:::1N PD 

' reset ISD address 

' default to Play rrode 
' record LED off 
' play LED off 
' train LED off 
' allow device to reset 
' bring out of reset 

' -----[ Main Code )----------------------------------------------------- -

Main: 
GOSUB GetBtn 
IF btns > %000 THEN Main ' wait for release 

Scan: 
GOSUB GetBtn 
LOOKJ:x:mN btns, [%000, %001, %010, %100),state 
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with a half-second PAUSE to allow us to release the Play button. The PR line 
is set high for playback mode.As with recording, blipping the CE\ line starts 
the cycle and making Pin 7 low enables the Play LED. The play LED will remain 
lit for the duration of the recorded message. 

The buttons are monitored during playback to allow us to stop before 
the end of the message. We can do this by pressing any button. If we press a 
button during playback, the program jumps back to the initialization section 
where the cycle is halted and the ISD25xxx is reset. 

If no button is pressed, we need to wait until the message is finished 
before resetting the device and waiting for our next input. We do this by 
monitoring Pin 15 (RecRun).As we stated before, this line is connected to the 
EOM\ line of the ISD25xxx and will stay high while the message is playing. 
While this is the case, the program continues to loop back to the label called 
PLoop.As soon as this input goes low (playback is finished), the-test falls 
through and the device is reset. 

Finally we get to the real purpose behind this project: bird training. The 
training cycle is initiated by pressing the Train button. This causes the program 
to BRANCH to _Train.Again, we use a short delay to give time for the Train 
button to be released. Then we light the Train LED by making Pin 8 low. 

What we want to do here is flash the Train LED; one half-second on, one 
half-second off. This would be pretty easy to do with PAUSE statements, but 
it wouldn't allow us to stop the cycle without "pulling the plug" on our pro
ject. Instead, we create a half-second (approximate) delay by calling GetBtn 
nine times with a loop. The process gives us the time delay we need and 
allows us to abort the training cycle if any button is pressed. If no button is 
pressed, we turn the Train LED off and wait again using the same technique. 
This on-wait-off-wait cycle is repeated 280 times using a FOR-NEXT loop. 
This results in a delay of about five minutes. 

Once we're past the delay, we turn the Train LED on solid and go into the 
actual training cycle. This is where we will repeat our recorded message I 00 
times. There is a 30-second delay between the plays unless a button is pressed 
which would abort the ~ycle. The code in this section of the program is iden
tical to the code we've just covered so we don't have to go into details. 

Wa-la, a bird trainer. Mike reported that it worked exceptionally well and 
yet, there is plenty of room for upgrades. I found that the ISD25xxx will drive 
a speaker pretcy loudly. If you want volume control (more or less), you can 

BRANCH state, [Scan , _Rec, _Play, _Train] 
GOTO Scan 

_Rec: 
PAUSE 250 
WiV PR 
GOSUB Blip 

• WiV LEDr_ 

RLoop: 
GOSUB GetBtn 
IF btns = %001 THEN RLoop 
HIGH PD 
GOTO Init 

_Play: 
PAUSE 500 
HIGH PR 
GOSUB Blip 
WiV L~-

PLoop : 
GOSUB GetBtn 
IF btns > %000 THEN Init 
IF RecRun = Yes THEN PLoop 
HIGH PD 
GOTO Init 

_Train: 
PAUSE 500 

FOR delay = 1 to 280 
r..cw LEDt_ 

FOR y = 1 'ID 9 
GOSUB GetBtn 
IF btns > %000' THEN Init 

NEXT 

HIGH LEDt_ 

FOR y = 1 'ID 9 
GOSUB GetBtn 
IF btns > %000 THEN Init 

NEXT 

NEXT ' delay 
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time to get ready 
' record mode 
' initiate recording 
' record LED on 

' record until release 
' reset device 

' time to release play 
' playback mode 
' initiate playback . 
' play LED on 

' abort if any button pressed 
' check until message done 
' reset device 

' time to release start button 

' 5 minute delay 
' train LED on 

' -1/2 second delay 
' - check inputs 
' .'abort if button pressed 

' train LED off 

' -1/2 second delay 
' - check inputs 
' abort if button pressed 

run the output into an LM386 
audio amplifier circuit.You might 
also make the delay time and 
number of plays variable by 
adding a couple of switches or 
pots. For those of you interested 
in Mike's other bird training pro
jects, check out his web site at 
www.birdwords.com. 

Now some of you know 
that I have a goldfish and no mat
ter how many times I play mes
sages for him, he's not talking. So, 
what am I going to do with my 
trainer? Well, Halloween (my 
favorite day of the year) is next 
month and I've got plans to load 
this dude into a plastic skull. My 
intention is to use an infrared 
beam to start the playback, with 
a randomized delay before the 
message starts. The randomized 
delay will help prevent smart

Resources: 
.Jon Wllllam• 

3718 Valley View Lane, #3040 
Irving, TX 70062 
(972) 659-9090 

jonwms@aol.com 

Parallax 
599 Menlo Drive, Suite 100 

Rocklin, CA 95756 
(888) 512-1024 

www.parallaxinc.com 

l!iDi!Sxxx: 
Documentation 

www.isd.com 

Quadravox 
www.quadravox.com 

alecs from figuring out how the talking skull works. I'm also going to experi
ment with using the audio output to modulate glowing LEDs in the eye-sock
ets of the skull. It should be a fun Halloween ... 

If you're not inclined to build your own circuit, Parallax has a new ISO 
AppMod that gives you serial control over the ISD2560 and up to eight mes
sages. The part number is #29111 and the price is only $89.00. 

And for those of you that are inclined to do your own thing and want to 
pursue more advanced options of the ISO chips, you might want to take a 
look at products offered by Quadravox. They have parts and modules that 
give you serial control over the ISO and support multiple messages. I don't 
have any personal experience with their products, but I've seen some very 
favorable messages posted to the Stamp mail list about them. 

Until next time, Happy Stamping. NV 

WiV LEDt_ 
FOR plays = 1 'ID 100 

HIGH PR 
GOSUB Blip 
LCM ~-

SLoop: 
GOSUB GetBtn 
IF btns > %000 THEN Init 
IF RecRUn = Yes THEN SLoop 
HIGH PD 
HIGH LEDp_ 
PAUSE 25 
LCM PD 

FOR y = 1 'ID 500 
GOSUB GetBtn 
IF btns > 0 THEN Init 

NEXT 

NEXT 

GOTO Init 

-

' train LED on 
' play message 100 times 
' play mode 
' initiate play 
' play LED on 

abort if any button pressed 
' wait until finished playing 
' reset the ISD 
' play LED off 

' ·out of reset 

' 30 second delay between plays 
' scan buttons 
' abort if button pressed 

' reset and start over 

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

Blip: 
WiV CE_ 
PAUSE 25 
HIGH CE_ 
REI'URN 

' scan and debounce button inputs 

' initiate playback or record 

' - inputs must stay low for 50 ms 
' - any debounced button returns high bit in "btns" 

GetBtn: 
btns = %0111 
FOR x = 1 'ID 5 

btns = btns & -bPort 
PAUSE 10 

NEXT 
REI'URN 

' scan record, play and wait 

' check current state 



SUPER POWERFUL, SHARP, NIMH BATTERY, 
Type BT-H42U, 

an amazing 3.6v @8.1Amp Hours in a 2.2" Cube! 
This is a Brand New. Faclory sealed. original equipmenl battery 
This is THE SHARP battery nol an off brand lower capacily 
replacemenl These ore very hard lo find and sell for over S 100 
They provide over lwice lhe power of replocemenl unils. Th is is a 
Nickel-Melal. Hydride chemislry for NO MEMORY EFFECT. Design 
lhis puppy inlo your nexl robol. Thol's no lypo 8100mAH or 8.1 
AH' Unbelievable ..... bul lrue .... lrue ... . 

SPECIAL .............. $24ea. 

WOW! THERMAL /MAGER from TEXAS INSTRUMENTS, 
N/GHTSIGHT 100. 
Delecls a human sized image al up lo BOOh .. in 
complele darkness. Yes, ii is laugh lo hide from ~ 
a lhermal imoger. !You hove seen lhem in 
oclion on ·coPS· This like new unil generales 
a real lime. block and while video oulpul, 
compalible wilh any slandord monilor or 
VCR. Unlike "Nigh! Vision· syslems which 
require some available lighl or added 
exlernal illuminalion, lhe thermal imager will 
aperale in TOTAL darkness Also ambient 
lighling such as slreel lights or bright aulo 
headlamps have no blinding affecl Thermal 
imagers funclion by delecling lhe difference belween 
lhe background ombienl temperalure and lhe lemperalure 
of lhe objecls being observed. Complelely self conlained. 
apply 12VDC and ii works Specificolions: Temperalure slobilizalion via internol lhermo
eleclric cooler. FOV 27H x 18V degrees. Power required: 12VDC @2Amps max .. Video 
oulpul slandard NTSC/Composile, Aulo brighlness and conlrasl. Seleclable image 
polarily, <30 seconds from lurn on lo operalion. Operaling lemp. range: -40lo+122F. 
Walerproof package 1s only 8'H x 7.4"W x B'D Weigh!: 6 5 lbs. FANTASTIC don'I miss oul 
Regular Price >$8500, SPECIAL, NIGHTSIGHT 100 .............. $5549ea. 

WORLDS SMALLEST 
••• 100mW ••• 

VIDEO TRANSMITTER, ON SALE 
Incredibly only O. 9· x O 8" x 0.37" Trans mils crystal controlled 
hi-res images wilh lOOmW oulpul' The lransmitter you've 
been wailing for. Shown ocluol size. Much smaller lhon the 
9V ballery which powers ii. Draws only 35mA1 Factory tuned. 
Receive on coble channel 59 . Will work wilh color or B&W 

cameras. UHF Sow lie antenna with balun ond 3' f cable for TV Included. Perfect wilh 
our GMlOOOA SPECIAL TVX-100 .. $159 with GM 1 OOOA CAMERA .. $209 

TEKTRONIX 2465, 4 Chan., 
300MHz, O'Scope, 

With on screen waveform stats 
One of the mosl popular & powerful 
scopes available al a reasonable cost 
Fealures: 500ps/Div sweep, 2mV/Div. 
vertical sensifivily, lMohm I SO-ohm 
input. 500Mhz !rigger bandwidlh, four 

channels. On-screen waveform cursors 'i;;;:;;i:;::::::;:=::=::=~::::==:=:::=:=:::::~ 
provide vert. & horiz scale factors. • 
!rigger level, volloge, lime. freq., phase. ralio values and mode indicalion. Complele wilh 2 
probes. and manual Excellent condilion. 90 day warronly. Very Ltd. Qty ..... $2195. 

ULTRA MINI and WEATHERPROOF, "LIPSTICK" 
Sleek black anodized. alum. housing. 0-Ring sealed & 
RAINPROOF. Adj. lilling mounl. 113' CCD, 380 lines. 0.3 Lux, 
AGC, Aula Shuller. 9-12VDC @lOOmA. 4mm. fl .8. 78° FOV real 
glass lens, NTSC video <lounce' IR SENSITIVE. 
23mmdX50mm. 36. cable wilh BNC video & DC barrel jack. 
GM-200K. PINHOLE Model. So liny you can inslall ii direclly 
into a door Only a 0. 9" diameler hole' Specs os above. 9r1' 
FOV Pinhole lens. 112 once! Size only 23mm d.x35mm long. 
Think of lhe places you could pul lhis little jewel 
LOOK! SPECIAL PRICE, GM-200KSTD .. $69 
LOOK! SPECIAL PRICE1 GM-200KPH .... $69 

NEW, "COLOR STEALTH CAM", MICRO SIZE, with AUDIO! 
Thal's right! COLOR! In lhe same size package loo' Sleek 
aluminum housing fils like a glove! Removeable mlg. 
brackel & a 1.3M coble wilh BNC vid ., RCA aud .. !internal 
micl & .OC pwr. jock for. no sweat hook up. Why fool 
around wilh an open P.C. board? Now you con hove lhe 
·coLOR STEALTH CAM" 
• 1/3" • 350 lines • 0.7 Lux• AGC 
• Aulo Shuller • Pwr. 6-12V @30mA 
• 270k pixels • Sid. 7 mm. 56° FOV lens 
• Focus: lOmm lo inf. • NTSC video 
• l<ounce' • Size: 31mm sq. x 28mm d. 
GM-4000S-STD w/audi<' <;pi:r·1a1 CRQ"" 

B & W "STEALTH CAM" 
MICRO SIZE, with AUDIO! 

The sleek aluminum housing fits like a glove' Removeable 
mlg. brackel & a 1.3M cable wilh BNC vid .. RCA oud., 
linlernol micl & DC pwr. jack for. no sweal hook up. Why 
fool around wilh on open P.C. board? Now you can have 
lhe "STEALTH CAM"•l/3" CCD •410 lines•0.3 Lux• 
AGC•Aulo Shuller• Pwr. 12V @110mA•250k pixels•Sld. 4mm. 
78' FOV lens•Pinhole. 90° FOV• Focus: lOmm lo inf.•NTSC 
video•<ounce'•IR 5ENSITIVE•Size Sid· 30mm sq. x 29mm d. 
PH: 16mm d. Don'I confuse wilh LOW RES .• HIGH LUX C-MOS 
CAMERAS GM-2000S-STANDARD OR PINHOLE, 

5PECIAL ... $69ea. 

NOW YOU CAN SEE W.HAT THE "FISHES ARE DOIN' (down 60 h.) 
UNDERWATER B& W CAMERA with 
INTERNAL, INFRA-RED ILLUMINATOR! 
Sleek black anodized. BRASS, housing. 0-Ring sealed & 
WATERPROOF. Adjuslobe maunl incl. Specs: 1/3" CCD, 
400 lines res ., 0 05 Lux sensilivily, AGC. Aula Shuller. 
12VDC @225mA. 4mm, 78' FOV lens. A real gloss lens. 

-.. 
·-~"'' 

'* ""' 1, 

NTSC video oul Superior conslruclion. SENSITIVE lo IR 
Ullra small Size only: 1.25'diom. X 2" long Wilh 60 h. coble. Perfecl as o remole oresa 
inspeclion camera. Greal for general ouldoor use as well. GM-300KIR ....... $179 

NEW! NOW YOU HAVE COLOR (down to 60 h.) UNDERWATER. 

Built-in WHITE LIGHT LED'S, Sleek black anodized. BRASS, housing. O·Ring 

sealed & WATERPROOF. Adjuslabe mounl incl Specs: 1/4' 
CCD. 350 lines res .. 0.5 Lux sensilivily, AGC. Aulo 
Shuller. 12VDC @120mA,4mm, 78° FOV lens, A real 
glass lens NTSC video oul Superior conslruclion. Ullro 
small Size only 125.diam. X 2· long. Wilh 60 h. coble 
Perfecl as a remole area inspection camera. Now wllh 
six super brighl, while LED'S' BRAND NEW, 

GM-400KW-LED ............ .$219ea. 

"• . .. 
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FABULOUS LINEAR SLIDE from Stor Lineor Systems, HYGIENE ANALYSIS SYSTEM, A VERY UNIQUE DEVICE. 
I . Biotrace, Uni-Lite®XCEL, 

' ' _ - Roller 
..----- bearing slide with lead 

screw provides ultra precision 
and high load capability, 

The Masi Advanced. Slale Of The Ari. 
Luminomeler Available' Ulilizing advanced 
pholon counling lechniques and slale of the art 
eleclronics immediale field determinalion of 
conlomination levels. This award winning, PC· 
compolible IRS232 coble and software nol 
included! syslem enables hygiene analysis wilh 
lesl resulls lo idenlify emerging !rends 
Developed by Biolrace's learn of engineers and 
microbiologisls. Uni-lile®XCEL. used in 
conjunclion wilh lhe Clean-Trace TM and Aqua
Troce TM lnol supplied!. is considered lhe mosl 
advanced rapid cleanliness tesling syslem in lhe 
world. How Does The Uni-lile®XCEL Work? 
Reagenls ore based on lhe measuremenl of 
adenosine lriphosphale IATPI - the energy 

l ______ ..Jrii.-"""""'""' molecule of oll animal. vegetable. baderia, 
" yeasl and mould cells Food residues ore also 

BRAND NEW. Buill for accuracy and slrenglh. Each beaulifully machined 
unil weighs in al a hehy 3.5 pounds. The !ravel is up lo 3.4 inches. The dual 
Tychowoy lype ·p· roller ways are six inches long and mounled on lhe 
2.6"H x O.SH x 10.3"L solid. machined aluminum base. The massive 3.L x 
2.25·w x 1.l"H carriage block is mounted lo dual, low profile. roller bearing 
carriages. Size: 0.75"W x 2.8"L x 0.3"H. The carriage is moli-voled w1lh o 
precision lOTPI x 0.3· diam. lead screw. Each end of which is ball bearing 
mounted and pre loaded for o complelely zero backlash. zero ploy system. 
The end plale is pre drilled for a slondord size 23 molar. The lead screw 
drive end is reduced lo o.185" diameter. The overall finish is superb and 
prolecled wilh clear anodizing. linear accy is o.ooor per inch off !ravel, 
max. Bi direclional repealabilily is 0.0004" per inch Vertical and horizontal 
slraighlness is O 0004· This is one of lhe besl looking and performing unils 
we have seen in o long lime. limiled qly available STAR106 ... $99ea. 

rich in ATP and provide nulrienls for microorganisms lo grow When ATP is broughl inlo 
conlacl wilh lhe firefly reagenl luciferin/luciferase. a reaclion lakes place. which resulls in 
the produclion of lighl. This lighl is lhen measured in a Biolrace luminomeler. Biolrace 
inslrumenls simply measure lhis lighl oulpul. The higher lhe hygiene risk presenl the more 
lighl is produced' Simply inserl lhe sample. close lhe chamber and measure' Applicalions 
include: Determine the cleanliness of surfaces in food and beverage plants. supermorkels, 
restaurants etc Monitor efficiency of biocides. Delee! conlominotion in water samples in the 
paper and pulp industry, waler lrealmenl induslry ~ 
and other waler opplicalions Detecl contamination 
in fillerable beverages Carry oul research projecls. 
Syslem can be used wilh all Biolrace reagenls such 
as lhe Clean-Trace™ rapid cleanliness lesl. lhe 
Aqua-Trace™ rapid waler lesl. lhe Bev-Trace 'M 

filleroble beverage lesl ond ony of lhe Mulli-Troce" 
kils. All available from Biolroce Uni-Lile® XCEL's 
Main Features. • Simple operolion • Doto 
Management and Trend Analysis • Mullilinguol • 
lightweighl • Windows® conneclivily • Easy lo folio• 
scroll screens. Display via an inlernal. 128 x 64 LCD. 
Hard copy vio on inlernal lhermal prinler. (Uses sld 
2.2· wide rollsl Easy menu driven operalion via only 

NEW, THERMO ELECTRIC MODULES, 

four buttons. Power required. exlernol 5VDC System able 

TECA type 960-127, Single Stage ~ 
Brand New. solid slole lhermoeleclric modules. · 
Silenl. compacl & reliable. Thermoeleclrics 
require no mainlenonce & can heal by 
reversing lhe inpul. No load cooling lo - 42°F led screen view 
with the hot side at 77(1.F. No vibration or noise operates in any orientalion. 
Specs · MoxAT=66oe @ 27°C, Mox currenl, 3 Amps. Mox voltage. 15.4V. for 
besl efficiency and smaller heal sink. derale voltage ond currenl lo 7 5% 
Size: us· L x 1.18"W x 0.142'H SPECIAL.. ... $8ea. or 4 for $29 

to use snap in. NICAD pack not supplied. Size· 6 2s·w x 8 25.H x 4.4.D All accessories 
available from Siotrace Unils ore slighlly used. Guoranleed lo power up and initialize only. 
We cannol warranl !heir biological performance LTD. QTY. SPECIAL.. ... . $229EA. 

END FIELD ol VIEW GUESSWORK! 
3.5 to Bmm VARI-FOCAL LENS 

' . . 
,...,~.1; ...... .,. 

Brand New. super n.S lens 
allows you lo smoothly odjusl 
from a 97 °FOV@ 3.5mm lo a 
44° FOV @ Bmm. Now you can 
frame your area of inleresl jusl 

lhe way you wanl ii! Slandard CS-Mounl with adjuslable 
focus and iris. SPECIAL ..... $79ea. or 2 for $149 

SUPER, MINI C-MOUNT CAMERAS, 
Super sensitive, GM410 or the general 
purpose GM412, The GM-412 specs: B&W. size 1.5"sq. 
x 2.4"L, 250,000 
Pixels, 380 lines 
Resolulion, Sensilivily 
0.3 Lux. The GM410 
specs: size only 1.5" 
SO. x 1.6'l >270,000 
Pixels. 410 lines Res .• 
Sens. 0.05 LUX .. Solh 

cameras ore 113· ... 
CCD wilh AGC & 
Electronic shutter. 
12V@110mA 
power. NTSC oul. 
IR SENSITIVE. BNC 
video oul, Solh 
use sld. DC pwr. 
jack. Aluminum 

housings wilh duol lhreaded lop and bottom mounling. True 
performance nol hype' These cameras will oulperform ANY 
camera in lhis magazine. Mulli- lens oplions ore available lo 
exploil !heir superior performance. GM412 shown bottom. 
GM410 shown lop. Prices ore less c-moul lens. 

GM~12 ...... $99, GM410 ....... $169 

C-MOUNT LENS OPTIONS: 
LOW LIGHT: 16mm, fl.6, 15" FOV ...... _ . .$J9ea. 

Bmm, fl .3, 40° FOV ......... .$49ea. 
4mm, fl.4, 78" FOV .......... $49ea. 

STANDARD: 4mm, f2.0, 80° FOV ........ $24ea. 
6mm, f2.0, 60° FOV ........ $24ea. 
8mm, f2.0, 40° FOV ........ $24ea. 
12mm, f2.0, 28" FOV ......... .$24ea. 

NEW! Low Cost MICRO CAMERAS, 
1/3" CCD. 410 lines Res .. 0.3 Lux 
sens .. AGC. Auto Shuller. Pwr. from 9 
lo 12VDC @lOOmA, 250k PIXELS. Sid. 
model, 4mm. 78' FOV lens. Pinhole. 
90° FOV. A real glass lens. Bolh focus 
from lOmm lo infinily. Sid. NTSC video 
out. 112 ounce! SENSITIVE lo IR. Size 
Sid: 1.25·sq. x l"d. PH is 0.6.d, 1.6M 
long wiring harness wilh conneclors included. WARNING: 
Don'I confuse lhese models wilh LOW RESOLUTION. HIGH 
LUX C-MOS CAMERAS . 

GM-1 OOOA-STD ...... $59ea. 
GM-1 OOOA-PH ........ $59ea. 
GM-1 OOOA-CMNT .. $59ea. 

Micro Lenses for GM 1000 series 

2.5mm, 150-, FOV, f2.0 ..... $22ea. 
8.0mm, 400, FOV, f2.0 .... $22ea. 
4.3mm, 78°, FOV, f1.8 .... $22ea. 
6.0mm, 60°, FOV, f2.0 .... $22ea. 
5.0mm, 70°, FOV, PH ..... $22ea. 

6V@12AH SEALED, RECHARGEABLE, 

D 
New Panasonic. LCR6V12PI 

I Tough lo gel ol a discounl. Very 
compacl Two lop mounled 114· 
faslon conneclors. Perfect for 
high drain projecls . 
Size: 5. 9"L x 3.7"H x 1. 9"D 

2 for $20, or 10 for $89 

NEW, GM960 TIME LAPSE VIDEO RECORDER 
finally a brand new. 4 head, T /L recorder wilh all I he 
feolures al a price you con afford. feolures: • Up lo 
960 hours on a slondord T-120 VHS lope • 12 
differenl modes for record and playback • Audio 
recording in lhe 12H and 24H mode. • 30Day 
memory backup • Easy mode setting.• On- screen 
menus• Aula-Repeaf recording mode• Serial or One-shal 
recording • Time. Dale. speed. and Alarm indicalors on screen. These deluxe unils are fronl loading and 
are 14"W x 3.5"H x 12.2·D. llOVAC powered. SALE, GM960-VCR ...... $459ea. 

C02, 120Watt CW, SEALED GLASS LASER HEADS 
Integral Hard Sealed Mirrors; NEW! 1------ --·-·-- - -.:......:...::-_- - =u . .__ 
~~, ~~ 

High qualily waler coaled heads. Were originally designed for medical opplicolion All models are similar in 
conslruclion Size of lhe model 103: 60.l x 3.2"diam. Model 160: 44"L x 3.2"diam Model 135: 35"L x 3 2"diam 
Power requiremenl. model 103. 40KV !rigger wilh 25KV@ 10 lo 30ma operaling currenl. Model 160 and 135. 
30KV !rigger wilh 15-20KV@ 7 lo 20mA operaling currenl. These ore nol loys They musl conform 10 Closs IV 
CDRH regulalions when assembled inlo a funclioning syslem. Perfecl for engraving, cutting and drilling mosl 
moleriols. Only lhree available. Only one 200W syslem. We don'I expect any more. 
Special 200W dual tube head with metal housing & dual power supply ....... $4395. 

Limited Quamtity ....... lOO+Watts ..... $1475., 35Watts ..... $895. 

NEW! LCD COLOR, TFT, ACTIVE MATRIX DISPLAY 
Offers a super 5.6" VIEWABLE AREA, Pro System with Custom Case, 

BUILT-IN 12V GEL CELL, all AIV cables and charger. Super Deal. 
Pro Syslem wilh Cuslom Case. BUILT-IN 12V GEL CELL. all AN cables & charger. Super Deal. Finally we found a 
unil wilh exceplional quolily al an affordable price. Perfecl as a portable. general purpose color monilor for 
slondord NTSC color or B&W video syslems. Fully compalible wilh all our 
cameras as well as Camcorders. VCR's elc. Perlec1 as a rear view syslem wilh 
any video camera by virtue of ils buill in. mirror image funclion. Complelely 
enclosed unil has odjuslmenls for color. conlrasl. brighlness & volume. for il's 
inlernal slerea speakers' A 1/4 x 20 Tripod sockel & a lill down sland for lable 
lop viewing. lnpuls include: audio IL&RI and video on sld. 1/8' mini jocks. 
External 12VDC on sld. barrel conneclor. Specificalions: 5 6". TFT active malrix 
LCD wilh 76.8K Pixels. CCFL backlight wilh 270cd/m Luminance. 500mW audio 
oulpul available on sld. 118" jock. 12V@600mA powered. 50mV min. or sld. line 
level audio inpul Size: 6.4"W x 5.25"H x 2.20· Firsl quolily. Pro model includes: A luggage quolily. cuslom 
mode, padded case. dual removable slrops for shoulder and/or holding al woisl level for hands free viewing 
Built inlo lhe case is o 12V Gel Cell, rechargeable battery plus a complele sel of A/V cables AC power 
adapler. power swilch & charger. GMTFT56-PRO $344ea. GMTFT56 Display only $299ea. 
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Just about every 
popular electronic 
device these days 
can be operated with 
an IR (infrared) 
remote control. TV 
sets, high-end radios, 
and hi-fi sets, some 
lights, even many 
ceiling fans use IR 
remote controls. 

n the early days of consumer 
remote controls, light, ultra
sound, and radio signals were 

used, but they were too subject to 
unintended operation from interfey;
ence. Light control - sometimes 
just a flashlight aimed at a photo
cell - had to be aimed at a shield
ed sensor or extraneous light would 
cause false operation. Sound had 
to be closely focussed and had 
short range, while rndio signals 
could unknowingly trigger units in 
other rooms, and even travel to 
nearby homes. All these methods 
suffered from false triggering by 
random sources. 

Modern IR remote control 
transmitters produce a coded 
·stream of pulses at about 38 
kiloHertz when a button is pressed. 
Since the IR receiver is designed to 
reject continuous light or non
coded light near this frequency, 
interference is minimized -
although not completely eliminat
ed. It is still possible, when various 
IR-controlled devices are in the 
same room, for IR remote control 
signals to bounce off walls and 
unintentionally operate equipment 
that has identical pulse codes. 

The project we present here rs 
simple, but useful. The "IR Remote 
Control Toggle Swifch" is a sensi
tive IR pulse-code receiver that 
allows you to use most buttons on 
almost any IR remote control as 
the transmitter or "emitter." When a 
puls~coded IR signal is received 
("detected"), the Toggle Switch 
relay closes, and when the next 
puls~coded IR signal is received, 
the relay opens. This "toggle" 

A wall-plug transformer provides power to the Toggle Switch, and 
an AC plug provides power to the controlled external device. 
Virtually any regular IR remote control can be used. by Fred Blechman 

Build an IR Remote 
Control Toggle Switch 

allows you to tum any electrical 
device (up to 200 watts) that is 
plugged into the Toggle Switch ON 
and OFF from at least 20 feet 
away. 

Infrared Information· 

Before going any further, 
"infrared" should be defined. The 
1931 CIE (Commission 
International De L'.Eclairage) stan
dard observer chart in Figure 1 
(better known as the photoptic 
curve) shows the human eye's 

response to various wavelengths of 
light. The wavelengths are mea
sured in nanometers (10·9 meters). 

The shorter wavelengths, 
around 400 nanometers and less, 
are the ultraviolet range. At the 
other end of the curve, beyond 
about 750 nanometers, you'll find 
the infrared range, which extends 
up to about 20,000 nanometers. 
Typical inexpensive infrared emit
ters and detectors operate in the· 
850 to 1,000 nanometer range, not 
visible to the human eye. 

You may also be interested in 

the frequency of light. The general 
formula is f = C/"A,, where f is fr~ 
quency in cycles per second 
(Hertz), C is the speed of light in 
meters per second, and A, is the 
wavelength in meters. Since the 
speed of light is 300 x 106 meters 
per second, if you use C = 300, the 
frequency is calculated in · 
Mega Hertz. 

Using this f = 300/"A, formula, 
you'll find that red light (with a 
wavelength of about 650 nanom~ 
ters) has a frequency of about 4.6 
x 108 MegaHertz, yellow-green light 
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(about 57Q nanometers) has a fre
quency of about 5.3 x 1 QB 
MegaHertz, and blue light (about 
475 nanometers) has a frequency 
of about 6.3 x 1 QB MegaHertz. 

In doing these calculations, pay 
attention to the exponents and val
ues of the measurements in 
nanoseconds and MegaHertz (nano 
is 10-9 and mega is 106 ). 

Project Description 

If you would like to remotely 
turn on and off almost any electri
cal device f;om around 2Q feet 
away, this will do the trick using 
almost any standard IR remote 
control transmitter. 

When any key on most remote 
controls is pressed, the toggle 
switch relay will operate, alternately 
opening and closing a set of con
tacts. If the device to be controlled 
uses above 2QQ watts or three 
amperes, you can use an external 
power relay for the switching. 

The power required to operate 
the toggle switch can be from 8 to 
12 volts DC, with a requirement of 
65 milliamperes when the relay is 
closed, so a typical 9V radio bat
tery would not last long. A larger 
battery, or a simple wall-plug 
transformer in this voltage range 
would be the proper choice for 
regular use. 

Circuit Operation 

The schematic of the IR 
remote control toggle switch is 
shown in Figure 2. The circuit 
may be broken up into four parts: 
power, detection, toggle, and relay. 

Power is regulated by zener 
diode Z 1 and NPN transistor Q2 in 
combination with electrolytic 
capacitor C6, resistor RB, and 
capacitor C5. The regulated output 
at the emitter of Q2 is filtered from 
electrical "noise" by Cl and C4, 
and delivered to the IR module. 

The IR module is an NPN 
phototransistor designed to 
detect infrared signals; the 
incoming infrared light acts like 
a signal on the base lead. The 
lead directly connected to power 
can be considered the collector, 
the lead connected to ground 
would be the emitter, and the 
base is biased by resistor R 1. 

The IR module "sees" a 
string of 38kHz remote control 
signals as a train of negative 
pulses, which are inverted to 
positive pulses by PNP transistor 
Q 1. The positive pulses on the 
collector of Q 1 at the top of 
resistor R3 charge capacitor C2 
via resistor R4 and diode D 1, 
providing a single clocking 
pulse to integrated circuit ICl. 
Resistor R5 allows C2 to dis
charge between commands. 

Integrated circuit IC1 is a 
4013 dual D flip-flop of which 
only one section is used. If 
DATA pin 5 is grounded, a posi
tive pulse to CLK pin 3 makes 
pin 2 positive. Capacitor C3 
charges through resistor R6 
making DATA pin 5 positive. 
With the next clocking pulse, 
pin 2 goes to ground, C3 dis
charges, the pin 5 DATA line goes 
to ground, and the sequence is 
ready to repeat. 

When pin 2 of IC 1 goes posi
tive, this voltage passes through 
current-limiting resistor R7 and 
forces NPN transistor Q3 into con
duction. This effectively places 
the cathode of the LED and the 
coil of the relay at ground, so the 
relay contacts close and the LED 
lights. Resistor R9 limits the cur
rent through the LED, and diode 
D2 prevents damage to Q3 when 
the relay coil is de-energized. 

So, to summarize, this is what 

Figure 2 - IR Remote Control Toggle Switch Schematic 
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happens. When a remote control 
signal is detected by the IR mod
ule, IC 1 receives a clocking signal 
that changes the state of its out
put pin 2. This, in turn, either 
turns on or releases the relay. Any 
external device is therefore 
switched on or off by the relay 
contacts. 

Construction 

Although this project can be 
built from available parts, it is cer
tainly easier to build - and more 
likely to work - if built from the 
kit offered in the Parts List. This 

RS 
6800 CG 

+ 47uF 

Figure 1-
Commission 

Internationale 
De L'Eclairage 
(CIE) Human 
Eye Response 

Curve 

100 750 

kit, made in China for 
RadioShack.com (formerly 
TechAmerica) includes some of 
the harder-to-find parts and an 
etched, drilled, and silkscreened 
printed circuit board. The printed 
circuit layout is shown in Figure 3, 
and the parts layout using this 
board is shown in Figure 4. 

Some of the parts shown in 
the kit parts list are not exactly 
standard. Transistors Ql, Q2, and 
Q3 can be replaced with common 
NPN 2N39Q4 and PNP 2N39Q6 
transistors. The relay in the kit has 
a 2QQ ohm coil with three amp 
contacts, but any relay that oper-
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ates at six volts DC should do. 
The big mystery is the IR 

module, which appears to be simi
lar to a QT Optoelectronics logic 
detector, Digi-Key Part Number 
QSE156QT-ND. Other similar 
three-lead photo detectors, such 
as the RadioShack.com L14G3 
phototransistor (Catalog #90-
6961 ), should also work. 

Assuming you are building 
the kit, locate the parts as shown 
in Figure 4, and follow the normal 
precautions for soldering and part 
orientation for the transistors, lR 
module, diodes, electrolytic 
capacitors, and LED. The integrat
ed circuit, IC 1, should be placed 
in a socket, as supplied with the 
kit, in case you destroy it during 
testing. And be sure 1C1 is 
plugged into the socket properly, 
and facing the right way. The 
small instruction manual that 
comes with the kit is adequate, 
and includes some operating and 
troubleshooting hints. 

Testing and Using the 
Toggle Switch 

After carefully checking that 

all parts are properly oriented, use 
a standard (carbon or alkaline) 9V 
battery for testing. Be sure to 
observe input polarity or some 
parts ·may be destroyed! (It 
happened to us!) 

When the battery is first con
nected, yoµ should hear the click 
of the relay closing, and the LED 
should light, since the initial cur
rent surge makes pin 2 of !Cl 
positive. Now any IR remote sig
nal should make the LED go out 
and the relay release. Each time a 
remote button is pushed, the LED 
(and relay) should change state. 

However, be aware that some 
IR remote control buttons are 
inactive in certain operational 
modes. This is particularly true of 
the 3-in-1 or 4-in-1 multi-function 
remotes that control many 
devices. Most keys will work, but if 
one doesn't, try another. We tried 
several remotes, and only found a 
rare key that did not operate the 
IR toggle switch. 

Once you've verified proper 
operation, plan on using the tog
gle switch with external power 
from a 9 or l 2VDC wall plug 
transformer. That way, when the 

Figure 3 - Toggle Switch Printed Circuit 
Board Layout 

relay is closed 
for a long time 
and the power 
requirement is 
about 65 mil
liamperes, it 
won't drain the 
battery. You'll be 
connecting the 
NO (normally 
open) relay con-
tacts to act as a 

Figure 4 - Printed Circuit Board Parts Layout 

SEMICONDUCTORS 
IC1 - 4013 Double D Flip-Flop 

switch for an 
external device. 

Plug the tog
gle switch AC 
line cord into 
l 17VAC, plug 
the DC wall 
transformer into 
power, and plug 
the device to be 
controlled (With 
its power switch 

01 - 1N4148 general-purpose small-signal switching diode 
D2 - 1N4001 50-volt 1-amp silicon rectifier diode 
LED - Light-emitting diode 
Zl - 1N5232B or equivalent 5.6 volt 500mW zener diode 
IR Module - See text 
Ql - 2SA1015 PNP silicon transistor or equivalent (see text) 
Q2, Q3 - 2SA1959 NPN silicon transistor or equivalent (see text) 

RESISTORS 
(All resistors are 1/4-watt 5% units.) 
Rl, R2, R4, R6 - 27,000 ohm 
R7, R.9 - 4, 700 ohm 
R3 - 100,000 ohm 
R5-1 megohm 
R8-680 ohm 

CAPACITORS 
Cl, C2, C5 - 0.1-µr, 50-W_YDC, ceramic disc 
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ON) into the toggle switch socket, 
and you're all ready to go! 

Be aware that if the device 
you are controlling with the toggle 
switch is near another IR remote 
controlled device, the toggle 
switch - which responds to a 
broad range of IR pulse codes -
may be operated by any "invisi
ble" IR beam bouncing off a wall 
or ceiling. 

Troubleshooting 

What if the LED does not go 
on and off, and the relay doesn't 
click? First, make sure the IR 
remote control is operating! Next 
check the toggle switch part ori
entation and solder joints. Check 
the input and regulated voltages; 
the voltage at the emitter of Q2 

should be around five volts. 
Still no joy? Start with the out

put and go back through the cir
cuit. To check the LED and relay, 
use a clip lead and touch the 
cathode of the LED to ground; it 
should light and the relay should 
click whenever you touch ground. 

To check the operation of !Cl 
and Q3, use a clip lead and touch 
the collector of Ql to the positive 
side of C4. This should cause !Cl 
to toggle the relay and LED. Be 
aware that !Cl may appear errat
ic, since your clip lead is not 
"debounced" and may generate 
several positive clocking voltages 
every time it is touched to the col
lector of Q 1. 

If these tests fail, you have 
narrowed the search. If they pass, 
about the only likely suspects 
remaining would be the IR module 
or Q 1. Bear in mind that the most 
common causes of failure in kit 
or home-built projects are bad sol
der joints and reversed-oriented 
parts. 

Packaging 

We installed the toggle switch 
in a Fuji slide box ....:. a small black 
box made of thin easy-to-cut plas
tic, and usually available at photo 
stores. We mounted a 117VAC 
socket at one end, with a stan
dard line cord connected to the 
socket through the normally open 
contacts of the relay. 

With the line cord plugged 
into a regular wall socket, every 
time the relay closes, AC power is 
supplied to anything plugged into 
the toggle switch socket. We also 
brought in the leads from a 9VDC 
wall plug transformer and con
nected them to the plus and 
minus input terminals of the tog
gle switch. 

At the other end of the box, 
we made two holes (with a hot sol
dering iron tip). One was for the 
photodetector to look through, 
and the other for the LED. The fin
ished project was labeled using 
inverse lettering (white on black 
background) made with a comput
er desktop publishing program. 
NV 

PARTS LIST FOR THE IR REMOTE 
CONTROL TOGGLE SWITCH 

C3, C4, C6 - 47-µF, 35-WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Relay - See text . . 
IC socket, wire, solder, printed circuit board or materials, AC socket, and a 
Fuji slide box or equivalent. · 

Note: A TechAmerica kit of all required parts, including the printed circuit 
board, is available as Catalog Number 990-0201 for $12.95 from 
Radioshack.com (P.O. Box 1981, Fort Worth, TX 76101-1981), 1-800-843-
7422, or online at www.radioshack.com. There is no minimum order or 
small-order surcharge, and Continental USA ground shipping for this item 
is only $3.00. , 
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CAl'IADA ·ONTARIO • CARP· Hamfest. Carp 
Agricultural Fairgrounds, 3970 Carp Rd. IOam-
1 pm. Talk-in: VE2CRA 146.940.. The Ottawa 
ARC, Inc., Greg Danylchenko VE3YTZ, 613-236-
9291. E-Mail: fleamarket@oarc.net 
Web: http://oarc.net/fleamarket 
NM • .ALAMOGORDO • Hamfest. Alamogordo 
ARC, Larry Moore WA5UNO, 505437-0145. 
E-Mail: n9cqoxstitch@netmdc.com 
PA • UNIONTOWN • Hamfest. Uniontown ARC, 
Carl Chuprinko WA3HQK, 304-594-3779 
TX • SULPHUR SPRINGS • Hamfest. Hopkins 
County ARC, Steve Heller WAOCPP, 903-945- . 
3659. E-Mail: steve@steveheller.com 
Web: http://www.qsl.net/hcrc 
~6XtP'?~.·· -······ Wkll~0~w ~-·~SltW@~*;/~'r~· ·····-·· 
NC • SHELBY - Hamfest. Cleveland County 
Fairgrounds, US Hwy. 74. Shelby ARC, John 
Ledford W4JL, 704-4824507. 
E-Mail: w4jl@shelby.net 
Web: http://www.shelby.net/n4fan 

AR • MENA • Hamfest. Queen Wilhelmina State 
Park, Hwy. 88. Queen Wilhelmina Hamfest Assn., 
Charlotte Lee KC5DOR, 87().{)42-7656 or 87(). 
642-2234 ext. 107. Email : cbee48@iwon.com 

..-.::,l'mtM--.~ 
AR· MOUNTAIN HOME· Hamfest. Twin Lakes 
ARC, Miles Waldron N5QMI, 8704924466. 
E-Mail: mpwaldron@centurytel.net 
CA· FONTANA· Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-8224138 eves 
IN ·SPENCER· Hamfest. Owen County ARA, 
Kathryn Smith K91NU, 812-829-2140 
KY • LOOISVlu.E • State Convention. Bullitt 
County Fairgrounds. 8am-5pm. FCC exams. 
Greater Louisville Hamfest Assn., Herbert Rowe 
W4WQD, 812-2944905. E-Mail: wd4ixl@juno.com 
Web: http://www.thepoint.net/-glha/ 
Ml· GRAYLING· Hamfest. Hanson Hills 
Recreation Area, 7601 Old Lake Rd. 8am-12pm. 
VE Testing. Talk-in: 145.13. ARA of Hansen Hills, 
John Schultz N8YSS, 517-3484966. 
E-Mail: jschultz@i2k.net 
Web: http://www.arahh.org/swapshop.html 
MN • ROSH CITY • Hamfest. East Central MN 
ARC, Larry Jilek KAOMEN, 320.3584205. 
E-Mail: lj@ecenet.com 
NY • BALLSTON SPA • Hamfest. Saratoga 
County Fairgrounds. 7am-3pm. VE Testing. Talk
in: 146.40/147.00 and 147.84/147.24. Saratoga 
County RACES Assn., Inc., Darlene Lake N2XQG, 
518-587-2385. E-Mail: lake@capital.net 
Web: http://www.capital.netjusers/lake 
WA· GRAHAM· Hamfest. RC of Tacoma, Roger 
Terwilliger WA7ANJ, 2534754293. 
E-Mail: rtwig@worldnet.att.net 
Web: http://www.w7dk.org 

.· .. ~·~-·p::::~ 

FL • MELBOURNE • Hamfest. Platinum Coast 
ARS, Tim Madden Kl4TG, 321-724-9339. 
E-Mail: hamfest@pcars.org 

MA · SOOTH DARTMOUTH • Hamfest. 
Southeastern MA ARA, Bill Miller KllBR, 508-996-
2969. E-Mail: billmiller@netzero.net 
NY • BETHPAGE • Hamfest. Briarcliffe College, 
1055 Stewart Ave. 8:30am-2pm. VE testing. Talk
in: W2VL 146.85 repeater (136.5 PL). Long Island 
Mobile ARC, Ed Muro KC2AYC, 516-520.9311. 
E-Mail: hamfest@limarc.org 
Web: http://www.limarc.org 
OH ·FINDLAY· Hamfest. Hancock County 
Fairgrounds. Talk-in: 147.15+, 444.15+. Findlay 
ARC, Bill Kelsey N8ET, 419-4234604. 
E-Mail: kanga@bright.net Web: 
http://www.bright.net/- kanga/w8ft/hamfest.html 
PA • B<ITLER • Hamfest. Butler Farm Show 
Grounds. Talk-in: 147.360 +600. Butler County 
ARA, Gerald Wetzel, W3DMB, 724-282-6777. 
Email: w3dmb@arrl.net 
Web: http://www.cfcorp.com/ bcara/ 

l'lllfBjJ~EIMmnu.'1°AiWtvr4tl%/I 
IL · PEORIA· Hamfest. Exposition Gardens. 6am-
4pm. FCC Exams. Talk-in: 147.075+, 53.990 
(-1.7). and 146.76(-). Peoria Area ARC, Ron 
Morgan KB9NW, 309-692-3378 or 309-694-2469. 
E-Mail: kb9nw@juno.com 
Web: http://www.w9uvi.org 
~%~, 
j@!\ffii 
AR • LITTLE ROCK • Hamfest. North Little Rock 
Community Center, 2700 North Willow St. Talk-in: 

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

Complimentary issues are available upon request for distribution to your 
attendees. A street address for UPS is required. 

While.vyf,'! strive for accuracy in our calendar, we can not be respon~ible for 
errors or cancellations. The information contained in this column is for the use of 
the readers of Nuts & Volts and may not be republished in any form without the 
written permission of T & L Publications, Inc. · 

146.940;, 444.200+- (114.8 PL) . CAREN, Scott 
Derden K5SCD, 501-258-1881. 
E-Mail: k5scd@arrl.net 
Web: http://carenclub.webjump.com 
CA· SANTA ROSA - Hamfest. Lewis Adult 
Education Center, Comer of Lewis Rd. and 
Lomitas Ave. VE Session. Sonoma County RAs, 
Inc., Rick Reiner K6ZWB, 707-575-4455. 
Web: http://www.cdsl.net/scra/ 
GA • DALLAS • Hamfest. Paulding Meadows 
Park. 8am-2pm. Talk-in: 146.895+ 77Hz, 224.700.. 
Paulding County ARC, Inc., Bill Houston 
WD4LUQ, 77().445-9191. 
E-Mail: Bhouston@worldnet.att.net 
Web: http://www.pauldingarc.com/ 
IL· ROWNG MEADOWS· Convention. Holiday 
Inn Holidome, 3405 Algonquin Rd. Northern IL 
DX Assn., Bill Smith W9VA, 847-945-1564. 
Email: w9va@aol.com 
Web: http://www.qth.com/w9dxcc 
Ml • GRAND RAPIDS/CALEDONIA - Hamfest. 
9757 Duncan Lk. Ave. 8am-lpm. VE Exams. 
Talk-in: 147.260/R, CTCSS 94.8 Hz or 146.52 
simplex. Grand Rapids ARA, Lowell ARC, & Ml 
ARA, Lee Burgess W8MLB, 616458-9297. E-Mail : 
hamfest@w8dc.orgWeb:http://www.w8dc.org 
NY • HAMBURG • Western NY ARRL Section 
Conventjon. Erie County Fairgrounds, Rt. 62. 
8:30am4:30pm. Harold Smith K2HC, 716424-
7184 E-Mail: info@buffalohamfest.org 
Web: http://www.buffalohamfest.org 
NY - WHITE PLAINS • Hudson Division 
Convention. Westchester County Center. 8am-
2pm. Talk-in: 147.06 PL 114.8. Westchester 
Emergency Communications Assn., Thomas 
Raffaelli WB2NHC, 914-741-6606. 
E-Mail: wb2nhc@weca.org 
Web: http://www.hudsonconvention.org 
PA • BARTONSVILLE • Hamfest. Eastern 
Pennsylvania ARA, Tim Campson N3TIM, 57(). 
839-3083 
PA • SCHNECKSVIu.E • Hamfest. Schnecksville 
Fire Dept. Talk-in: 146.70 (PLI51.4)/R, 444.90 
(PLl51.4)/R. The Delaware Lehigh ARC, Inc., Carl 
Seier, 61().261-0403. E-Mail: aa3ix@arrl.net Web: 
http://www.kutztown.edu/faculty /chuk/dlarc 
RI· FORESTDALE (NORTH SMITHFIELD) • 
Hamfest. Rhode Island Amateur FM Repeater 
Service, Rick Fairweather KlKYI, 401-725-7507. 
E-Mail: klkyi@arrl.net 

·.·~ .. ·.· 

AK • ANCHORAGE - State Convention. Ben 
Boeke Indoor Ice Arena. Sat: 10am-5pm, Sun: 
10am-3pm. VEC Exams. Anchorage ARC, John 
Bury KL7QZ, 907-349-8754. E-Mail: bury@gci.net 
Web: http:/ / k17aa.akconnect.com 

•••l··,:~--CT • NEWTOWN· Hamfest. Edmond Town Hall, 
Rt. 6. 9am-2pm. Talk-in: 146.67(-) PL 100. 
Candlewood ARA, Seab Lyon AAlMY, 914-831-
3124. E-Mail : sslyon@att.net 
MA • CAMBRlDGE • Flea at MIT. Albany and 
Main Sts. 9am-2pm. Talk-in: 146.52 & 
449.725/444.725 WlXM/R PL 114.8 (2A). Nick 
Altenbemd KAlMQX, 617-253-3776 (9-5) . Web: 
http://web.mit.edu/ w 1 mx/www /swapfest.html 
OH · CINCINNATI • Hamfest. Kolping Center. 
8am4pm. VE exams. Talk-in: 146.88-. Greater 
Cincinnati ARA, Jim Weaver K8JE, 513459-0142. 
E-Mail: k8je@arrl.net 
PA • YORK • Hamfest. York County Vo-Tech 
School. VEC testing. York Hamfest Foundation, 

· John Shaffer W3SST, 717-764-8193 or 717-764-
4805. E-Mail : w3sst@yorkhamfest.org 
Web: http://www.yorkhamfest.org 

COMPUTER SHOWS 

AGI Shows, 317-299-8827. 
E-Mail: info@a9ishows.com 
http:/ /www.ag1shows.com 

Blue Star Productions 
J?l2-788-1901. 
• ~ttp:/ /www.supercomputersale.com 

Computers And You, 734-283-1754. 
www.a1-supercomputersales.com 

Computer Central Shows 
847-412-1900 & 1-888-296-6066. 
E-Mail: compcent@megsinet.net 
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 · 

Georgia Mountain Productions 
706-838-4827. 
,E-Mail: gamtnpro@blrg.tds.net 
georgiamountain.com 

Gibraltar Trade Center, Inc. 
734-287-2000. Taylor, MI. 
E-Mail: taylor@gibraltartrade.com 
www.gibraltartrade.com 

AK· FAIRBANKS • Hamfest. Arctic ARC, Jim 
Movius KL7JM, 907452-6347. E-Mail: 
ajmovius@gci.net Web: http://www.mosquiton 
et.com/-fbrown/OOhamfest.htm 
AR· BENTONVlu.E • Hamfest. Shirley Harris 
KC5RDU, 622 Hickman Dr., Pea Ridge, AR 72751 
ME - LINCOLN • Hamfest. Ella Burr School. VE 
Testing. Bagley ARC, Max Soucia NlKGS, 207-
564-8943. E-Mail: nlkgs@arrl.net 
NY. MARGARETVlu.E • Hamfest. Behind the 
A&P. VE Exams. Talk-in: 146.520 simplex, 
146.985-, 449.125-. Margaretville ARC, Lester 
Bourke KB2DCE, 914-586-3186 or 914-586-2324. 
E-Mail: bourke@catskill.net 
Web: http://www.clitskill.net/marc 
TX • WEBSTER • Hamfest. Weoster Civic Center. 
8am-3pm. Talk-in: 442.750+, 146.64-. Clear Lake 
ARC, Kyle Swarts KD5HQD, 713-666-5854. 
E-Mail: kd5hqd@mindspring.com 
Web: http://www.clarc.org/swapfest.htm 
WA· WALLA WALLA· Hamfest. Walla Walla 
ARC, Mary Hayter KC7PNE, 509-522-5227. 
E-Mail: kk7sr@arrl.net 

IL· GRAYSLAKE· Hamfest. Lake County 
Fairgrounds, Rts. 45 & 120. Sat: 8am4pm, Sun: 
8am-3pm. VEC Testing. Talk-in: 146.16/76 MHz 
(107.2 Hz PL). Chicago FM Club, Mike Brost 
WA9FTS, 708457-0966. E-Mail: mbrost@cin.net 
Web: http://www.chicagofmclub.org 
VA· VIRGINIA BEACH • Roanoke Division 
Convention. Virginia Beach Pavilion. Sat: 9am-
5pm, Sun: 9am4pm. Talk-in: 146.970. Tidewater 
Radio Conventions, Art Thiemens AA4AT, 757-
484-2857. E-Mail: aa4at@arrl.net 
Web: http://www.vahamfest.com 

£:~ se~-filJI 
CA • VENTURA • Hamfest. Arroyo Verde Park ' 
(Redwood Glen Area). 9am4pm. Talk-in: 146.880 

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

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

.MarketPro, Inc., 201-825-2229. 
http://www.marketpro.com 

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

Narlsaam Computer Show 
770-663-0983. 
E-Mail: narisaam@aol.com 
Web: http:/ /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 

PL 127.3. Ventura County ARC, Poinsettia ARC, & 
SMRA 6 Meter Group, George Kreider KN6LA, 
805-388-2488. E-Mail: kn61a@vcnet.com 
Web: http://www.jetlink.net/-ko6oy /barbq.html 
FL • NEW PORT RICHEY • Hamfest. New Port 
Richey Recreational Center, 6630 Van Buren Rd. 
9am-3pm. Suncoast ARC, Ron Wright N9EE, 727-
376-6575. E-Mail: n9ee@akos.net 
MD • BOWlE • Hamfest. Prince George's Stadium. 
VEC testing. Talk-in: 147.105, 146.529. FAR, Dan 
Blasberg KA8YPY, 301-345-7381, 
E-Mail: Blasberg@Bellatlantic.net 
Web: http://www.amateurradio-far.org 
NY· YONKERS· Flea Market. Lincoln High 
School, Kneeland Ave. 9am-3pm. VE Exams. 
Talk-in: 440.425 PL 156.7, 223.760 PL 67.0, 
146.910, 443.350 PL 156f Metro 70cm Network, 
Otto Supliski WB2SLQ, 914-969-1053. 
E-Mail: wb2slq@juno.com 
Web: http://www.metro70cmnetwork .com 
OH • CLEVELAND • Hamfest. 8am-2pm. VE 
exams. Talk-in: 146.73/R PL 110.9. Hamfest Assn. 
of Cleveland, Ron Nichols N8LZA, 1-800-CLE· 
FEST or 216-999-7388. 
E-Mail: info@hac.org Web: http://www.hac.org 

c:::::::="Jil!Miii~·~~·.~-~ ........ ~ 
CANADA· ONTARIO· OAKVILLE • RadioFest 
2000. Monte Carlo Inn, 374 S. Service Rd. Ontario 
DX Assn., Brian Smith. E-Mail: odxa@com 
puserve.com Web: http://www.odxa.on.ca 
PA • TREVOSE • Convention. The Holiday Inn 
Select, 4700 Street Rd. Mt. Airy VHF Radio Club, 
John Sortor KB3XG, 610.584-2489. 
E-Mail: johnkb3xg@aol.com 
Web: http://www.ij.net/packrats 

ntiiiiivo 
FL· DAYTONA BEACH· Hamfest. Daytona 
Beach ARA, Gerry Skinner K4LVZ, 904-673-0197. 
Web: http://dbara.org 
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NY - HORSEHEADS - Hamfest. Chemung 
County Fairgrounds. 6am-3pm. FCC exams. Talk
in: 146.70- 444.20. ARAST, Dave Lewis , 607-589-
7636. E-Mail : info@arast.org, hamfest@arast.org , 
or winterfest@arast.org 
SD - SIOUX FALLS - Hamfest. Old National 
Guard Armory, Sioux Empire Fairgrounds. VE 
Testing. Talk-in: 146.895. Sioux Empire ARC, Will 
Gravning KEOZ, 605-647-2606. E-Mail: 
gravning@iw.net Web: http://www.qsl.net/wOzwy 

OCTOBER 2000 

ll!~ii~QJllIIJr!ib~L.-
1A • WEST LIBERTY • Hamfest. Muscatine 

CA.·., L· · E,·· N·" D· ·A··. R· ·.· 
":. . , : ' ~ ·' •. " . 

County Fairgrounds. VE Exams. Talk-in: 
146.31/91, 146.25/ 85, 146.52 local. Muscatine 
ARC & IA City ARC, Steve Fowler KA9AQR, 309-
537-3678. E-Mail: sfowler@winco.net 
Web: http://www.qsl.net/ kcOaqs/ hamfest.html 
IL - DECATUR - Hamfest. Cenois ARC, Spencer 
Carter N9LVW, 217-692-2460. E-Mail: 
n91vw@msn.com Web: http:// members.trip 
od.com/btdad/hamfest_y2k.html 
IN - BEDFORD - Hamfest. Lawrence County 4-H 
Fairgrounds. Hoosier Hills Ham Club, John 
Scheiwe KB9LTI, 812-279-0050. 
E-Mail: chairman@hoosierhillshamfest.org 
Web: http://www.hoosierhillshamfest.org 
PA - WRIGHTSTOWN - Hamfest. Middletown 

Grange Fairgrounds, Penns Park Rd. Pack Rats, 
Joe Keer KU3T, E-Mail: ku3t@amsat.org Web: 
http://www.ij.net/ packrats 
WA - CHEHALIS - Hamfest. The Southwest 
Washington Fairgrounds. Talk-in: 147.06+ PL 
110.9, 146.46 simplex. Chehalis Valley ARS, 
James Kruger KK7AB, 360-746-1930. 
E-Mail: teaser@localaccess.com 
Web: http://www2.localaccess.com/ teaser /cvars/ 

&W-l'mih"~Bb1fJ1rtB111r11 
NH - ROCHESTER - Hamfest. Fairgrounds. Hoss 
Traders, Joe Demase KlRQG, 207-469-3492. 
E-Mail: klrqg@aol.com 
Web: http://www.qsl.net/ k 1 rqg 

aIMl11Pl&llllawllR~ 

Introducing PIC-ICD = Debugger 
+ Programmer 

+ Demo Board = $159 
• For PIC16F87X and emulates most PIC16C6X/7X 
• In-circuit run-time debugging 
• Real-timecode execution 
• High speed parallel port interface 
• Built-in device programmer 
• 2.5V to 6.0V operating range 
• One level real-time breakpoint 
• Two external break inputs 
• Conditional animation break 
• Run, step, run to Cursor, etc. 

PB-87X probe for 
RICE17A now shipping 

• Operating frequE}ncies from 32khz to 20mhz 
• Runs under PICICD IDE (Win 95/98/2000NT) or 

MPLAB™ (Win 95/98) 
• Source level and symbolic debugging supports 16F87x, 16C66167r/6/77 
• Software animation trace captures 3 user-defined 

variables in addition to opcoc;!e, W, STATUS, FSA 
registers and corresponding instructions 

Featuring on-the fly data capture break with 2-level trigger 
and pass count support, stop watch function and real-time 

data bus capture - complete system for $775 

• Comes with ICD Debug module, demo board, 40-pin 
and 28-pin emulator headers, cable, power adapter, 
IDE software and printed users guide 

Full-feature, real-time RICE17A 
Emulator System, from $595 

• 64K program memory, 32K trace 
• 12-clip external probe - break input, 

break output, trigger output, 8 logic 
traces and ground 

• Source level debugging 
• Unlimited software breakpoints and 

trigger points 
• New PB-87x probe provides on-the-fly 

data break with 2-level trigger and pass 
count, stopwatch and databus capture 

• Supports PIC12/16/17 
• Low voltage emulation 
• Self-diagnostic test board 
• Optional PIG Time Stamp for $59 

Single Socket PIC Programmers and 
Adapters 

• PGM16N supports all PIC12/14/16 
• PGM17 supports all PIC17 
• One 40-pin ZIF socket for all DIP parts 
• Optional surface mount sockets for all package types 

which are compatible with all PIC programmers 
• Emulation headers in SOIC, PLCC and QFP packages 
• Win 95/98/NT hosting software 
• DOS software for PGM17 

.1.th•ttncedTransd.A.tA. 
14330 Midway, #128, Dallas, Texas 

Tel 972.980.2667 Fax 972.980.2937 
Email: atc1@ix.netcom.com 

Stand Alone Gang 
Programmer from $900 

• New flash based firmware makes 
new device support a snap 

• Production quality 8-gang 
programmer for PIC, SX, ST6 
and more 

• Approved by IC manufacturers 
• Stand-alone chip duplication 
• LCD and LEDs display program 

functions and results 
• Codes reside securely in 

EEPROM of control module 
• Custom all programming voltages 

in 0.1v increments 

Visit the Ultimate Source for PIC Tools at 
www.adv-transdata.com 
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AZ - SCOTTSDALE - Southwestern Div. 
Convention. Ramada Inn Valley Ho, 6850 Main St. 
Scottsdale ARC, Walt Schuknecht N71ZM, 480-
947-0338. E-Mail: n7izm@arrl.net Web: 
http://www.w7asc.org/swdc2000 
OK - BROKEN ARROW· Hamfest. Broken Arrow 
ARC, Joe Horn KC5VPO, 918-451-0028. 
Web: http://www.qsl.net/w5bbs/hamfest 

llfl.WA•Iml&B1911 ... 
FL - ORLANDO - Hamfest. Bahia Temple, 2300 
Prembrook Dr. Talk-in: 147.390. Ed KY4E, 407-
660-0936. E-Mail: ky4e@excite.com 
MO - WARRENSBURG - Hamfes.t. Warrensburg 
Area ARC, Denise Haye NOPVS, 816-697-3426. 
E-Mail: weOg@microlink.net 
Web: http://www.call.to/waarci 
NJ - TEANECK - Hamfest. Fairleigh Dickinson 
University. 8am-2pm. FCC Exams. Talk-in: 
146.19/ 79 and 146.52 simplex. Bergen ARA, Jim 
Joyce K2ZO, 201-664-6725. 
E-Mail: jlloyce@cybernex.net 
Web: http://www.bara.org 
PA - LANCASTER COUNTY - Hamfest. West 
Earl Community Park, Rt. 772. 8am-2pm. Talk-in: 
147.015 PL 118.8. Red Rose Repeater Assn., Pat 
Bauder KA3FGH, 717-626-7539. 
E-Mail: rbouder-pat@redrose.net 

lllllllllfM~tltfBli1;1'Jt~*:l-1JJ 
CT - WALLINGFORD - State Convention. 
Mountainside Special Event Facility. 9am-3pm, 
Talk-in: 147.36/96. Nutmeg Hamfest Alliance, 
Gordon Barker KIBIY, 860-342-3258. E-Mail: 
k 1 biy@juno.com 
Web: http://www.qsl.net/ nutmeghamfest 
MD - WEST FRIENDSHIP - Hamfest. Columbia 
ARA, Randy Krenz N3HFK, 410-796-2587. 
E-Mail: n3hfk@arrl.net 
Web: http:/ / www.qsl.net/ cara 
Ml - DIMONDALE· Hamfest. The Summit, 9410 
Davis Hwy. 8am-2pm. VE testing. Talk-in: 145.390 
(-600) and 146.520. Central Ml ARC f, Lansing 
Civil Defense Repeater Assn., J . Ervin Bates 
W8ERV, 517-676-2710. E-Mail : w8erv@arrl.net 
Web: http://www.qsl.net/CMARC/ hamfair.html 
OH - MEDINA - Hamfest. National Guard Armory, 
920 Lafayette Rd. 8am-2pm. Medina Two Meter 
Group, Michael Rubaszewski N8TZY, 330-273-
1519. E-Mail: n8tzy@webcombo.net 
Web: http://www.qsl.net/m2m 

11.wr•~~iiRrt1rtrlFit11& 
FL - WALDO - Hamfest. Dixieland Music Park. 
Talk-in: 145.150-. Bradford Area ARC, John 
Bradley KU4AY, 904-782-1185. 
E-Mail: jbradley@techcomm.net Web: 
http://www.angelfire.com/n/ arcba/index.html 

--- •11'1Jlm 
CA - FONTANA - Inland Empire ARC Amateur 
Radio f, Electronics Swapmeet. A B Miller High 
School. Bill 909-822-4138 eves 
FL - TAMPA - Hamfest. Egypt Temple Complex, 
4050 Dana Shores Dr. 8am-5pm. Talk-in: 
146.940. Egypt Shrine Temple AR, Jay Strom 
K9BSL, 727-822-9107. E-Mail: k9bsl@juno.com 
GA - AUGUSTA - Hamfest. Westside High 
School. 9am-3pm. Talk-in: 145.490. ARC of 
Augusta, Henry .KN4AV, 706-793-1625. Email: 
kn4av@bellsouth.net or.w4dv@arrl.net 
MT - BOZEMAN - Hamfest. Gallatin Ham RC, 
Don Wilson KC7EWZ, 406-586-6659. 
E-Mail: nandon@mcn.net 
ND - GRAND FORKS - Hamfest. Forks ARC, 
Steve Dufault KBOQQE, 216-281-7875. 
E-Mail: kbOqqe@rrv.net 
NJ - LEONARDO - Hamfest. Croydon Hall. VE 
testing. Talk-in: 145.485 -6, 151.4. Garden State 
ARA, Mario Sellitti N2PVP, 732-787-7184. 
E-Mail: gsara@arrl .net 
Web: http://www.monmouth.com/-gsara 
TX - DENTON - North Texas Section Convention. 
Denton Civic Center, 321 E. McKinney St. 7am-
3pm. Talk-in: 146.92 (PL 110.9). Denton County 
ARA, William Spradling WA51, 817-441-1170. 
E-Mail: wa5i@aol.com 
Web: http://www.dmathis@lsic.net 
VA - STAFFORD - Hamfest. Mt. Ararat Baptist 
Church parking lot. 8am-3pm . .Talk-in: 145.27. 
Stafford ARA, Richard Diddams KF6UTH, 540-
657-8322. E-Mail: rldiddams@earthlink.net 
Web: http://www.n4nw.org 
WA - BREMERTON - Hamfest. County 
Fairgrounds, President's Hall , NW comer of 
Fairgrounds Rd. at Nels Nelson Rd. 9am-2pm. 
Talk-in : 146.620- 103.5, 146.520 simplex. North 
Kitsap ARC, Susan Johnson AB7MD, 360-697-
9379. E-Mail: nkarc@yahoo.com 
Web: http://www.silverlink.net/nkarc ••••r&t••fflllRr• MA - CAMBRIDGE - Flea at MIT. Albany and 
Main Sts. 9am-2pm. Talk-in: 146.52 & 
449.725/444.725 WlXM/ R PL 114.8 (2A). Nick 
Altenbernd KAlMQX, 617-253-3776 (9-5). Web: 
http://web.mit.edu/wl mx/www/swapfest.html 
Ml - KALAMAZOO - Hamfest. Kalamazoo 
County Fairgrounds. VE Testing. Talk-in: 147.040. 



Kalamazoo ARC & Southwest Michigan AR Team, 
Charlie Burgstahler K8BLO. 
E-Mail: charlieb@net-link.net 
Web: http://www.qsl.net/k8blo/ hamfest.htm 
NY - QUEENS • Hamfest. NY Hall of Science 
parking lot, Flushing Meadow Corona Park, 47-01 
11 lth St. VE exams. Talk-in: 444.200 repeat, PL 
136.5, 146.52 simplex. The Hall of .Science ARC, 
Stephen Greenbaum WB2KDG, 718-89S.5599, 
eves only. E-Mail: WB2KDG@Bigfoot.com or Andy 
Borrok N2TZX, 71S.291-2561. E-Mail: 
N2TZX@webspan.net 
OH • ASHLAND • Hamfest. Ashland Area ARC 
David Fike N8UCA, 41g.25g.1082. ' 
E-Mail: aaarc@neo.rr.com. 
OH • LIMA • Hamfest. Northwest Ohio ARC, Greg 
Schwark N8WBD, 41~7-6321 or 41~7-5127 . 
E-Mail: gas1950@aol.com 

--~••11•• CA - CONCORD • Pacific Division Convention. 
Sheraton Concord (Airport) Hotel. Mt. Diablo 
ARC, Terry Matzkin KE6WRE, 925-820-5848. 
Web: http://www.pacificon.org 

BYllai~lllllllltlW 
CT - WATERFORD - Auction. Senior Citizens 
Center, Waterford Municipal Complex, Rt. 85. 
Talk-in : 146.97. Tri-City ARC, Austin J . Wolfe 
AAlSV, 860-443-2459. 
E-Mail: aa lsv@downcity.net 
IL • GODFREY • Hamfest. Lewis & Clark RC, 
Larry Roberts W9MXC, 314-233-3499. 
E-Mail: lhrob@home.com 
LA · LAKE CHARLES - Hamfest. Lake Charles 
SW LA ARC, Joe Czejkowski WE5V, 337-855-
9202. E-Mail: joeczejk@juno.com 
NH - NASHUA· Hamfest. Res Ctr Church. NE 
Antique RC 617-923-2665 
OR • RICKREALL • Convention. Polk County 
Fairgrounds. 9am-3:30pm. Talk-in: 146.86. Mid· 
Valley ARES, Bud Smith WA7FJF 503-83s.0266. 
E-Mail: to wa7fjf@arrl.net Web: 
http://www.teleport.com/- n 7ifj/swaptobe.htm 
TN · GRAY· Hamfest. Appalachian Fairgrounds, 
off 1-181. Kingsport, Bristol, and Johnson City 
Radio Clubs, Wendell Messimer K4ZHK, POB 
3682 CRS, Johnson City, TN 37602 .._. ___ _ 
MD • WESTMINSTER • Hamfest. Carroll County 
Agricultural Center. Talk-in: 145.410(-). The 
Carroll County ARC, Inc., E-Mail: w3jjh@arrl.net 
Web: http://www.qis.net/-k3pzn 
Ml· WARREN • Hamfest. lialian American 
Cultural Center, 28111 Imperial Dr. 8am-lpm. VE 
Testing. Talk-in: 147.180+/ PL 100 Hz. Utica 
Shelby Emergency Communications Assn., Dave 
Cunningham KC81AQ, 810-263-0227. 
E-Mail: kc8iaq@att.net Web: 
http://members.home.net/ dougk/ useca.htm 
NY· FARMINGDALE • Hamfest. Radio Central 
ARC, Neil Heft KC2KY, 631-737-0019. 
E-Mail: nhefr@attglobal.net 
Web: http:/ / www.rcarc.org/expo.htm 
PA - SELLERSVILLE • Hamfest. Sellersville Fire 
House, Rt. 152. VE Session. Talk-in: 145.31. RF 
Hill ARC, Linda Erdman KA3TJZ, 215-67g.5764. 
Web: http:/ / www.rfhill.ampr.org 

J~¥lMlilW~ii~E*iflllR 
OK· KINGSTON - Hamfest. Lake Texoma Lodge, 
Hwy. 70. Texoma Hamarama Assn., Herb Sleeper 
WB5PHM, 940-855-5820. 
E-Mail: retmarine@cst.net 

llllllt1:2L~~-WllilBl11 
CANADA· QUEBEC· MONTREAL. Hamfest. 
Montreal South ARC, Micheline Simard VE"2XW, 
450-446-0477. E-Mail: ve2xw@amsat.org 
FL· JACKSONVILLE • Hamfest. Morocco Shrine 
Auditorium, 3800 S. St. Johns Bluff Rd. 9am-
9pm. Talk-in: 146.76 and. 146.88. Greater 
Jacksonville Hamfest Assn., Jeff Greer WD4ET, 
904-613-7427 or Deborah Lusk KG4ADZ, 904-
73g.9713. Web: http://www.ccse.net/-lrich/ JAX 
HAMFEST.html 
MN • ST. PAUL • Hamfest. RiverCentre. 8am-
4pm. VE exams. Twin Cities FM Club, Amanda 
Roberts KGOAY, 612-535-0637. 
E-Mail: kgOay@pclink.com 
Web: http://www.hamfestmn.org 
MO • ST. LOCllS • Hamfest. Kirkwood 
Community Center, 111 N. Geyer Rd. 8am-2pm. 
VE exams. Talk-in: 146.91-. St. Louis ARC & 
Gateway to Ham RC, Steve Welton WBOIUN, 314-
63s.4959. E-Mail: slw@partyline.net 
SC • SUMTER ' Hamfest. Sumter ARA, Thomas 
D'Anella KC4ZTC, 803-49~806. E-Mail: 
dstoy@sumter.net Web: http://www.geocities.c 
om/capecanaveral/2695/sara.htm 
TN · EAST RIDGE· Hamfest. Camp Jordan 
Arena. 8am4pm. VE exams. Talk-in: 146.7g. & 
444.l+. Chattanooga ARC, David Hoffman 
KE4FGW, 423-877-7398. E-Mail: ke4fgw@vol.com 
Web: http://www.qsl.net/ w4am/carc_index.html 

Bi!lilEia&IB~mJl&ili 
FL· UMATILLA · Hamfest. Lake ARA, John 

CALENDAR 
Gable W8KCE, 352-394-2723. 
E-Mail: w8kce@aol.com 
TX - EL PASO • lnt'I Hamfiesta. Clay Emert 
K5TRW, 915-85g.5502 

mfllJll1f.illt- llf-
IA • DES MOINES • Hamfest. Tikva Tracers ARC 
& Iowa Assn., of ARCs, Rod Ivers KIOBW, 515-
276-0500 or 5 l 5-27S.9945. E-Mail: kiObw@arrl.net 
NY • LINDENHURST • Hamfest. Knights of 
Columbus Hall, 400 S. Broadway. 9am·2pm. 
GSBARC & SCRC, Lenore Dunlop N2KYP, 516-
785-0826. E-Mail: info@gsbarc.org 
Web: http://www.gsbarc.org 
OH • CANTON • Hamfest. Stark County 
Fairgrounds. Talk-in: 147.18+. The Massillon ARC. 

Email: marc.hamclub@juno.com Web: 
www.qsl.net/ w8np 
OH • MARION • Hamfest. Marion ARC, Karen 
Eckard N8KE, 740-49g.3565. 
E-Mail: meeker@gte.net 
PA· CARLISLE - Hamfest. Carlisle Fairgrounds. 
8,am-3pm. Talk-in: 145.430. South Mountain 
Repeater Assn., Bill Smyser, 717-532-9870. E-Mail: 
smraham@aol.com Web: www.qsl.net/kb3cvo 
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IJllli1ll'~BIJIDI 
FL • SORRENTO - Hamfest. Lake ARA, John 
Gable W8KCE, 352-394-2723. 
E-Mail: w8kce@aol.com 

NM· SOCORRO • Hamfest. Socorro ARA, Tech 
ARA, & City of Socorro, Al Braun AC5BX, 505-
835-3370. E-Mail: ac5bx@juno.com 
Web: http://www.ees.nmt.edu/sara/ 
OK - ENID • Hamfest. Garfield County 
Fairgrounds, Hoover Bldg. 8am-5pm. Talk-in: 
147.15+, 444.40+. Enid ARC, Tom Worth N5LWT, 
580-233-8473; Email: n51wt@hotmail.com or Fred 
Selfridge WA50U, 580-242-3551 

lldB19B~5iiiw:illffil[B 
GA· LAWRENCEVILLE - Hamfest. Gwinnett 
County Fairgrounds. Sat: 9am-5pm, Sun: 9am-
3pm. Talk-in: 145.45- (PL107.2) , 444.25+ 
(PL131.8), 146.76- (PL107.2). Alford Memorial 
RC, 770-410-3989. E-Mail : KR4NQ@bigfoot.com 
Web: www.totr.radio.org 

HPSS 

The Velleman PERSONAL scoPE™ is a portable fully-functional oscilloscope. At the cost of a good 
m_ultimete~ it gives. y~u the best possible value for the mone~. The PERSONAL scoPE TM provides you 
with the high sens1t1v1!'f (d<?wn to Sm~/div) ?ften missing inigher or similarly priced units. Together with 
the other scope functions 1t makes this the ideal tool for students, hobbyists and professionals. 

7 415 Whitehall Street Suite 11 7 
Fort Worth, TX 7 6 118 
(817) 284-7785 F : (817) 284-7712 
www.velleman-kit.com email : velleman@earthlink.net 

Questions ? Contact us for a list of US distributors or.to get your FREE catalogue 
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WE BUY AND SELL 
Inquiries 307-635-2269 • Fax 307-635-2291 

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

KEPCO BOP 50-2M Bipolar .. .... ..... ... .......... ..... .. ., ............................ $400.00 
Op Amp/Power Supply, to 50 V 2 A 

TRANSISTOR DEVICES DAL-50-15-100 .. ......... .. ..... ........... ........... $200.00 
OSCILLOSCOPES L.C.R. Programmable Load, 0-50V, 0-15 A, 100Watts max. 

HP 54100D Dual Channel 1 GHz/ 40 MS/s .... ... ...... .... .. ....... .... ...... $875.00 BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH ..... .... ... ...... $550.00 
Digitizing Oscilloscope BOONTON 72BD 1 MHz ... .... ....... ... ..... .... ... ..................................... $650.00 

TEK 7104 1 GHz 2-Channel Oscilloscope, ... ..... ......... ... ... ............ $2,000.00 Capacitance Meter, 3-1 /2 digit display 
w/7A29,7A29--04,7B10,7B15 BOONTON 72C 1 MHz Capacitance ..... ... ...... ................................ . $800.00 UNIVERSAL COUNTERS 

PROBES 
HP 1122A Probe Power Supply ... .. ....... ..................... .... .. ... ..... ......... $150.00 
TEK 1101 Accessory Power Supply, for FET probes ...... .... ....... ...... $175.00 
TEK A6902B Voltage-lsolator, ..... ... .................................................. $500.00 

DC-20 MHz, 20 mV-500 V/div. 

Meter, 1-3000 pF full scale 
GR 1658 RLC Digibridge, 120Hz/1 kHz ... ..... .... ... ...... .. .. ....... .. .... $1,000.00 
GR 1659 RLC Digibridge, 120 Hz/ 1 kHz/ 10 kHz ......................... $1,100.00 
fiP 4275A 5-112 digit LCR Meter, 10 kHz-10 MHz, HPIB ............. $3,500.00 

STANDARDS 

HP 5314A 100 MHz/ 100 nS Universal Counter .. .. ................. .... ..... $175.00 
HP 5315A 100 MHz/100 nS Universal Counter ........... .. .................. $350.00 
HP 5315A-001 100 MHz/ 100 nS ....... ... ...... .... .......... ......... .... ........ . $400.00 

Universal Counter, TCXO reference 
HP 5315A-002,003100 MHz/100 nS ........................... ............ ... ..... $550.00 

TEK P6046 100 MHz Differential Probe ........................................... $400.00 
TEK P6101A pair 1X 34 MHz Probe pair, .... ............ ....... .. .......... .. .. ... $50.00 

E.S.I. SR-1 Standard Re_sistor, various values ... ... .... .... ....... ............ $125.00 
E.S.I. SR1010 Resistance Transfer .... ... ..... ....................................... $550.00 

Univ. Counter; batt. power & 1 GHz C-ch. 
HP 5315A-003100 MHz/100 nS Univ .................. ....... ... ..... .... .... .. ... $450.00 

1 o Megohm/32pF, new in plastic Standards, 1 Ohm-100 Ki step Counter, 1 GHz C-channel option 
TEK P6201900MHz1X/10X/100X FET Probe ............................... $400.00 GENERAL RADIO 1409-SERIES Standard Capacitors .................. $150.00 HP 5316A 100 MHz/100 nS Universal Counter, HPIB ... .. ... ... ..... .. ... $450.00 
TEK P6202 500 MHz 10X FET Probe .............................................. $150.00 GR 1406 Standard Air Capacitors, .................. .. ..... ... .......... ............. $275.00 HP 5316B 100 MHz/ 100 nS Universal Counter, HPIB ....... ............. $550.00 
TEK P6205 750 MHz 10X FET Probe, forTDS series ......... ... .... .. ... $325.00 GR900 comector, 0.1 % acc. HP 5370B 100 MHz/ 20 pS Universal Counter, 11 digits ... .. ..... .. .. $1,200.00 
TEK P6701-opt.02 O/E Converter, ... .. ..... .... .. ........ .......... ....... ..... ... .. $175.00 GR 1432-U 4-Decade Resistor, .. ............. ... .... ....... .... ........ .. ...... ..... $100.00 PHILIPS PM6672/411 120 MHz/100 nS ................ .. ........ ... ...... .... ... $375.00 

450-1050 rvn/0-1 mW: DC-700 MHz, ST com. 0-111 .100hms, O.D1 Ohm resolution Universal Counter, C-channel 70-1000 MHz 

CALIBRATION 
TEK 067-0587-02 Signal Standardizer Calibration Fixture .. ............ $750.00 

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

GR 1433-K 4-Decade Resistor, ........................................................ $150.00 

TEK DC5004 Programmable ....... .......... ...................................... ..... $200.00 
100 MHz/100nS Countermmer, TMSOOO series 

TEK DC5009 Programmable ...................................... .... .......... ........ $350.00 
0-1, 11 O Ohms, 0.1 Ohm resolution 135 MHz Univ. Countermmer, TMSOOO series 

GR 1433-P 5-Decade Resistor, .... .... ..... .... ... .. .... ..... .... ......... .... ..... ... $500.00 TEK DC503A 125 MHz/100 nS ....... ... ...... .. ...... ..... .... ... .. .. ...... .... ..... . $275.00 
0-1.1111 Megohm, 1 O Ohm resolution Universal Counter, TMSOO series 

FUNCTION GR 1433-X 6-Decade Resistor, ... ........... .... .... .... ......... ... ....... ........ ... $250.0D TEK DC509 135 MHz/ 10 nS ....... .. .......... ........ .............. ....... .......... . $275.00 
HP 3310A 5 MHz Function Generator .. ..... ........ ... .............. ... ..... .... .. $250.00 
HP 3312A 13 MHz Function Generator ...... .. ........ .. ... ....................... $500.00 

to 111,111.0 Ohms, 0.1 Ohm res. 
HP 4440B 4-Decade Capacitor, 40 pF-1.2 uF ............................... ... $750.00 

Universal Counter, TMSOO series 
FLUKE 7220A-010,131,3511 .3 GHz .. .... ......... ......................... .... ... $500.00 

HP 3314A-001 Function Generator, .............................................. $1,200.00 T.D.R. Counter; battery power, OCXO, and res. mull. 

0.001 Hz-19.99 MHz, 30Vp-p, HPIB 
HP 3325A-002 21 MHz Synthesized .. ... ........................................ $1,200.00 

Function Generator, HV ou1put option 
TEK AWG5102 Arb.Waveform Gen., ........... ..... .............. ..... ..... ........ $650.00 

20MS/s,12 bits,50ppm synthesis <1 MHz 
TEK AW'35105-opt.02 Arbitrary ....................................................... $800.00 

TEK 1503B-03,04 T.D.R., 0-50,000 It ., ..... .... ...... ........ ............. ..... . $3,000.00 
chart recorder & battery power 

TEK 1503-opt.04 Time Domain ........ ... ..... ..... ................. .... .... ..... .. $1,400.00 
Reflectorneter, 0-50,000 teet,chart recorder 

FREQUENCY COUNTERS 
HP 5342A 18 GHz Frequency Counter ..................... ....................... $900.00 
HP 5343A-001 26.5 GHz Frequency .................... .............. ... ... ... .. $3,000.00 

Counter, OCXO reference 
HP 5343A·001,011 26.5 GHz Frequency ..... ................................. $3,500.00 

Counter, OCXO reference, HPIB 
Waveform Generator, dual channel option 

TEK DD501 Digital Delay & Burs1 Gen., ... ....................................... $200.00 
for function & pulse gen's 

TEK FG5010 Programmable 20 MHz ....... ....... ... ..... .. .... ... ............. ... $800.00 
SINGLE OUTPUT 
HP 6024A 0-SOV I 0-10 A/ ..... ................................ ......... .......... ...... $600.00 

HP 5345A/5355A/5356B 26.5 GHz ........................ ..... .... .. ....... ... .. $3,500.00 
CW/Pulse Frequency Counter 

HP 5364A Microwave Mixer I Detector, .... ............ ...... ... ................ $2,000.00 
for modulation domain an. 

Function Generator, TMSOOO series 
TEK FG501 A 2 MHz Function Generator, TM500 series ............. .... $275.00 
TEK FG502 11 MHz Function Generator, TM500 series ................. $275.00 
TEK FG503 3 MHz Function Generator, TM500 series ................... $250.00 
TEK RG501 Ramp Generator, TM500 series ... ......... ...... .. ...... .... ... .. $175.00 
WAVETEK 288 20 MHz Synthesized .... ..... ................................. ..... $650.00. 

Function Generator, GPIB 

PULSE 
BERKELEY NUCLEONICS 7085B ... ............. ....... .. ................. ..... ... $550.00 

Digital Delay Generator, 0-100 mS, 1 nS res.,5 Hz-5 MHz 
HP 8007B 100 MHz Pulse Generator .. ..... .. ........................ ........... .. $450.00 
HP B012B 50 MHz Pulse Generator, .... ..... .... ....... ................ ... .. ....... $500.00 

variable transition time 
HP B082A 250 MHz Pulse Generator .. ......................................... $1,250.00 
TEK PG502 250 MHz Pulse Generator, ........................................... $500.00 

Tr<1nS, TM500 series 
TEK PG508 50 MHz Pulse Generator, TM500 series ........ ........ ...... $350.00 
WAVETEK 802 50 MHz Pulse Generator ... ... ............ .. ..................... $250.00 

200 Watts max. CV/CC Power Supply 
HP 6110A 0-3000 V 0-6 mA CV/CL Power Supply ... ........ ...... ...... .. . $250.00 
HP 6201B 0-20V 0-1.SA CV/CC Power Supply ............... ...... ......... $175.00 
HP 6203B 0-7.5 V 0-3 A CV/CC Power Supply ................................ $175.00 
HP 6207B 0-160 V 0-200 mA CV/CC Power Supply ....... .. ............. .. $200.00 
HP 6263B 0-20V 0-10 A CV/CC Power Supply .... ... ....... ............ ..... $375.00 
HP 6266B 0-40 V 0-5 A CV/CC Power Supply ................................. $375.00 
HP 6267B 0-40V 0-10 A CV/CC Power Supply ............................... $550.00 
HP 6271B 0-60V 0-3 A CV/CC Power Supply .. .... .. .. ..... .. .... ............ $375.00 
HP 6274B 0-SOV 0-15 A CV/CC Power Supply ........... .. ...... ... .... .... . $650.00 
HP 6282A 0-10 V 0-10 A CV/CC Power Supply ............................... $200.00 
HP 6299A0-100V 0-750 mACV/CC Power Supply .... ... .. ....... .... .... $200.00 
HP 6384A 4.0-5.5 V at 8 A CV/CL Power Supply .... ........ .... ... .... .... . $125.00 
HP 6443B 0-120V 0-2.5 A CV/CC Power Supply .................... ..... .. . $450.00 
HP 6652A 0-20 V 0-25 A 500 Watt .... ..... .. ... ..... ...... ..... ...... ... ......... $1,875.00 

Programmable Power Supply, HPIB 
KEPCO ATE 36-30M 0-36 V 0-30 A CV/CC Power Supply ......... ..... $900.00 
KEPCO ATE 36-SM 0-36 V 0-8 A CV/CC Power Supply .. ... .... ... .... .. $375.00 
LAMBDA LK-352-FM 0-60V 0-15 A CV/CC Power Supply .......... ... $600.00 
SORENSON OCR 150-3B ............... ........................................ ..... .. .. $500.00 

HP 5386A-004 3 GHz Frequency Counter, .. ....... .... .... .... ... ...... ..... $1,000.00 
HPIB; OCXO reference option 

MISCELLANEOUS 
HP 105B Quartz Oscillator, ...... .... ..... ..... .... ...... .. ........ .............. ..... $1,100.00 

0.1/ 1.0/ 5.0 MHz, battery power 
HP 5087A-opt.032 Distribution .................. .. ..... .... ......... ..... ... ...... . $1,750.00 

Ampl~ier, 12 outputs at 5 MHz 

SPECTRUM ANALYSIS 
HP 3586C Selective Level Meter, .... .... ..... .. .............. .. ................... $1 ,200.00 

50 Hz-32.5 MHz, 50 & 75 ohms 

DISTORTION ANALyzERS 
HP 8903A Audio Analyzer, 20 Hz-100 kHz .. ........ ... ............ .... .. .... $1 ,200.00 

RMS VOLTMETERS 
FLUKE B922A True RMS Voltmeter, ...... .. ........................................ $450.00 

180 uV-700V, 2 Hz-11 MHz 

VOLTMETERS 
FLUKE 845AR High Impedance Voltmeter I Null Detector ......... ... ... $400.00 
HP 3456A 6-1/2 Digit Voltmeter, HPIB .... ... ..... .................... ............ . $450.00 
HP 3478A 5-112 digit Multimeter, HPIB ...... ..... .... .... .... .... ..... ........ .... $450.00 
KEITHLEY 181 6-1/2 digit Nanovoltmeter, ... .... ... ..... ... ... ........... ....... $675.00 

10 nV sensitivity, GPIB 
SOLARTRON 7081 8-112 digit Voltmeter ........ ........ ..... ................. $3,000.00 

0-150 V 0-3 A CV/CC Power Supply 
SORENSON OCR 600-0.75B ............. .. ... .... ...... ..... .... ............... ... ... $550.00 

0-600 V 0-750 mA CV/CC Power Supply 
SORENSON DCS 40-25 ............................................................. ..... $650.00 

0-40 V 0-25 A CV/CC Power Supply 
SORENSON SRL 20-12 .. .. ...... ..... ........ ...... ... .. .... ..... ................ ........ $350.00 

0-20 V 0-12 A CV/CC Power Supply 
SORENSON SRL 60-8 0-60 V 0-8 A CV/CC Power Supply ............ $500.00 
TEK PS501-1 Power Supply, ....................... .. ......................... .... ...... $175.00 

OSCILLATORS 
HP 3336C-004,005 21 MHz .......................................................... $1,400.00 

Synthesizer/ Level Gen., OCXO & hi accuracy att. 
TEK SG502 Sine/Square Osc., .... .... .......... ..... .............. ................... $200.00 

5 Hz-500 kHz, 70 dB step atten.,TM500 

MISCELLANEOUS 
HP 3575A Phase-Gain Meter, 1 Hz-13 MHz, single display .... ... ... .. $600.00 
HP 3575A-001 Phas&.Gain Meter, ... ..................... .... ..... ....... ........... $850.00 

TEK DM5010 4-112 digit Multimeter, ........ .. ..... .. ........... .. .................. $300.00 
TMSOOO series plug-in 

TEK DM501 A 4-1/2 digit Multimeter, .. .... ... .. .... ................. ........ ........ $225.00 
TM500 series plug-in 

CALIBRATION 
FLUKE 51 OA AC Reference Standard, ....... ... ..... ........................ ..... $450.00 

10VRMS, 0-10mA 
FLUKE 515A Portable Calibrator, .............. .... ....... .... ........... ........... .. $900.00 

DC/AC/Ohms, line & battery power 
FLUKE 5220A Transconductance Amplifier, ..... .......... .. .......... .... .. . $1,900.00 

DC-5 kHz, 0-20 A 

VOLTAGE SOURCES 
HP 611 SA Precision Dual Range .... .... ........ .. ....... ... ..... ..... ............... $750.00 

Power Supply, 50V 0.8A / 1 OOV 0.4A 
KEITHLEY 228 Programmable ... ........ ..... .... ......... ...... ........ ........... $1,900.00 

Voltage/Current Source 

CURRENT METERS & SOURCES 
HP 6181C DC Current Source, to 100V, 250 mA ....... .. .. ............. .... $500.00 
HP 6186C DC Current Source, to 300 V, 100 mA ..................... .... ... $750.00 
TEK CT-5 High Current Transformer ...................... .......... ... .... .... .... .. $375.00 

for P6021/A6302, to 1000A 
TEK P6022 AC Current Probe ... ..... ... .. ......... .... ................... .... ... ...... $250.00 

w/termination, 935 Hz-120 MHz, 6 A pk 

0-20 V, 2 mV res., 400 mA, TMSOO series 

MULTIPLE OUTPUT 
HP 6205C Dual Power Supply, .... .... ....... ... ... .................................... $300.00 

0-40 V 300 mA & 0-20 V 600 mA, CV/CL 
HP 6228B Dual 0-50 V 0-1 A CV/CC Power Supply ........................ $375.00 
HP 6236B Triple Output Power ............. ... ....... .... ....... ... .................... $375.00 

Supply, +/- 0-20V 0.SA & 0-SV 2.SA 
HP 6253A Dual 0-20 V 0-3 A CV/CC Power Supply ......... .... ... .... .. .. $375.00 
HP 6255A Dual 0-40V 0-1.5 A CV/CC Power Supply ..... ...... ......... . $375.00 
KEPCO MPS-620M Triple Output ....... .................... ....................... ... $200.00 

Supply, dual 0-20V 1 A tracking & 0-6V SA 
TEK PS501 O Programmable Triple Power Supply, TMSOOO series .. $450.00 
TEK PS503A Dual Power Supply, TM500 series ............................. $200.00 

MISCELLANEOUS 
ACME PS2L-500 Programmable .... .... ........ .. .... .. ......... .. ................... $350.00 

Load, 0-75 VI 0-75 A/ 500 Watts max. 
BEHLMAN 25-C-D/OSCD-1 AC ............................................. .......... $850.00 

Power Source, 250 VA, 0-130 VAC, 45-2000 Hz 
HP 59501 B HPIB Isolated DAC/Power Supply Programmer .. ... ...... $175.00 
HP 6060A 300 Watt Programmable ................................. ....... .. .... .... $950.00 

Load, 0-60 A I 3-60 V, HPIB 
KEPCO BOP 20-20M Bipolar ................................................... .. .. ... $675.00 

Op Amp/Power Supply, to 20 V 20 A 

1 Hz-13 MHz, dual display 
HP 461A Amplrtier, 20 dB or40 dB gain, 1 kHz-150 MHz ....... ........ $125.00 
HP 467A Power Amplifier, X1/X2/X5/X10, ........... .... ............... ..... .... $375.00 

DC-1MHz, 10Woutput 
KROHN-HITE 3103 High/Low Pass .. ......... .... .................................. $350.00 

Filter, 10 Hz-3 MHz, 24 dB/octave 
KROHN-HITE 3200 High Pass I Low ... ..... ......... ......................... .. ... $275.00 

Pass Filter, 20 Hz-2 MHz, 24 dB/octave 
KROHN-HITE 3202 Dual HP/LP/BP/ ... ............................................ $450.00 

BR Filter, 20 Hz-2 MHz, 24 dB/octave 
ROCKLAND 852 Dual Highpass/ ........... ............. .... .................. .. ..... $650.00 

Lowpass Filter, 0.1 Hz-111 kHz 
WAVETEK 716 Brickwall Filter ........ .... .... ..... ..... ... ........................ $1,500.00 

SPECTRUM ANALYZERS 
HP 11517A/18A/19A/20AMixer .......................................... ............. $500.00 

Set, 12.4-40.0 GHz, for HP 8555A/8569A 
HP 11970A WR28 Harmonic Mixer, 26.5-40 GHz .. ..... ....... ... .... ... . $1 , 100.00 
HP 11970K WR42 Harmonic Mixer, 18.0-26.5 GHz ........... ........... $1, 100.00 
HP 119700 WR22 Harmonic Mixer, 33-50 GHz ........................... $1,400.00 
HP 11971 A WR28 Harmonic Mixer, for HP 8569B ........................... $800.00 
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HP 11971KWR42 Harmonic Mixer, for HP 8569B ........................... $800.00 
HP 70620B Preampl~ier, ....... ..... .... ..... .... ..... .. .. ..... ... .... ...... ...... .. ... $3,900.00 

1.0-26.5 GHz, for 70000 series 
HP 8559A/853A-001 Spectrum An., ..... ................ ..................... .... $3,500.00 

0.01-21 GHz, 1 kHz res.,w/rackmount frame 
HP 85640A Tracking Generator, ..... ... ..... ............. ....... ............ ... .... $5,000.00 

300 kHz-2.9 GHz, for HP 8560 series 
HP 8568B Spectrum Analyzer, ...................................................... $8,500.00 

100 Hz-1.5 GHz, 10 Hz min. res. 
HP 8569B Spectrum Analyzer, ... .... ... ..... ... ........... ... ...... .... .... ........ $5,500.00 

10 MHz-22 GHz, 100 Hz min.res.bw. 
TEK 492-opt.02 Spectrum Analyzer, ..... .... .... ....... .......... ... ............ $4,250.00 

50 kHz-18 GHz, 1 kHz res. 
TEK WM782V WR15 Harmonic Mixer, 50-75 GHz ............. ........ .. $1,500.00 

NETWORK ANALYZERS 
HP 11650A Network Analyzer Accessory Kit, APC7 .. ............ ..... ... . $600.00 
HP 1l665B Modulator, 0.15-18 GHz, for HP 875516!7 .. ....... .. ........ .. $250.00 
+iP 85054A Type N Calibration Kit, for HP 8510 series ................. $1,800.00 
HP 8511A Frequency Converter, ............. .... .. ....... ..... .... ... .. ... ... ..... $6,500.00 

45 MHz-26.5 GHz, for HP 8510 
HP 8717 A Transistor Bias Supply .. ..... .... .. ........... .... .. ....................... $500.00 
HP R85026A WR28 Detector, .... ... ................................................ $1,200.00 

26.5-40 GHz, for HP 8757 series 

SIGNAL GENERATORS 
FLUKE 6060A Synthesized Signal Gen., ..... ... ..... .. .. ....... .... .... ... ... $1,650.00 

0.1-1050 MHz, 10 Hzres., GPIB 
FLUKE 6060A/AN Synthesized ..... .... ............. ..... ....... ... ........... ...... .. $950.00 

Signal Generator, 10 kHz-520 MHz, 1 O Hz res 
FLUKE 606081AK Synthesized Signal Gen., .. ...... ........................ $1 ,900.00 

0.1-1050 MHz, 10 Hz res. 
FLUKE 6062A Synthesized Signal Gen., ................................. .. ... $4,000.00 

100 kHz-2.1GHz, 100 Hz res. 
GIGATRONICS 600/6-12 Synthesized ....... .................... .......... ..... $2,500.00 

Source, 6-12 GHz, 1 kHz res., GPIB 
GIGATRONICS 6000/8-16 .. ... ...... .......... ... .. ............... ... .... ... ...... ... . $2,250.00 

Synthesized CW Gen., 8-16 GHz, 1 MHz res., + 10 dBm .... .... $2,500.00 
GIGATRONICS 875/50 Levelled 

Multiplier, x4, 50.0-75.0 GHz output, -3 dBm 
GIGAl;RONICS 900/2-8 Synthesized .... .. ...... ... ......... .. ..... .. ........... $2,500.00 

Signal/Sweep Gen., 2-8 GHz, 1 MHz res.,GPIB 
HP 11707A Test Plug-in for HP 8660 series ..................................... $500.00 
HP 11720A Pulse Modulator, 2-18 GHz, 80 dB on/off ratio ... .. .. ... ... $450.00 
HP 3335A-001 Synthesizer/ Level Gen., ......... ... ........ ........ ........... $3,500.00 

200 Hz-81 MHz, -87to+13 dBm 
HP 8656A-001 Signal Generator, .............. ........... .. ........... .. ...... ... . $1,600.00 

0.1-990 MHz, 100 Hz res., HPIB, OCXO 
HP 8657A-002 Signal Generator, ..... ........ ..................................... $2,750.00 

0.1-1040 MHz, 10 Hz res., HPIB 
HP 8671B Synthesized CW Gen., .... ... .... ..... .... .... ......................... $4,250.00 

2-18 GHz, 1-3 kHz res., +8 dBm 
HP 8672A Synthesized Signal ................................. ... ......... ..... .. ... $4,500.00 

Generator, 2-18 GHz, +3 dBm output 
HP 8684B Signal Generator, ................................... ...... ...... .......... $3,000.00 

5.4-12.5 GHz, AM/WBFM/ Pulse 

SWEEP GENERATORS 
HP 83508183522A Sweep Oscillator, ............ : ......... ... ..... .... .... ...... $3,900.00 

10-2400 MHz, + 13 dBm levelled 
HP 83508183540A-002,004 Sweep ................ .... ..... ............ .......... $3,900.00 

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

5.9-1 2.4 GHz, 70 dB step attenuator 
HP 83570A RF Plug-in, ....... ........... .. .................................. ..... ..... . $6,000.00 

18.0-26.5 GHz, +10 dBm levelled 
HP 83592B RF Plug-in, ... .... ... .. ..... ..... .... ..... .. ................................ $8,000.00 

10 MHz-20 GHz, + 13 dBm levelled 
HP 8601 A Generator/Sweeper, ...................................... ..... ... ...... .... $400.00 

0.1-1 10 MHz, +20 dBm levelled 
HP 8620C Sweep Oscillator Frame ... ... ..... .... .... .... .... .... ..... .............. $550.00 
HP 86222A RF Plug-in, ............................... ..... .... .......... ........ ....... $1,000.00 

10-2400 MHz, +13 dBm levelled 
HP 86222B RF Plug-in, 10-2400 MHz, ..... .. ............. ... ... ............... $1 ,200.00 

+ 13 dBm lvld., crystal markers 
HP 86222B-002 RF Plug-in, .................................. .... ......... ........... $1 ,350.00 

10-2400 MHz, + 13 dBm lvld., 70 dB step alt. 
HP 86222B-E69/8620C Sweep .... ........ ......... ...... ........ ... ............. .. $1 ,500.00 

Oscillator,0.01 -2 GHz & 2-4 GHz, + 1 O dBm, w/frame 
HP 86230B RF Plug-in, 1.8-4.2 GHz, + 10 dBm unlevelled .............. $300.00 
HP 86240A RF Plug-in, 2.0-8.4 GHz, + 16 dBm unlevelled .. ...... .... .. $400.00 
HP 86241 A-001 RF Plug-in, 3.2-6.5 GHz, +8 dBm levelled .... ...... ... $300.00 
HP 86260A-H04 RF Plug-in, .................................... ...... .... .... ......... . $400.00 

10.0-15.0 GHz, +10 dBm unlevelled 
HP 86290C RF Plug-in, ...... ...... .. .............. ....... .................. .... .. ...... $1 ,850.00 

2.0-18.6 GHz, + 13 dBm levelled output 
WAVETEK 962 Sweep Generator, ..... .......... .. ...... .. ........... ....... ........ $950.00 

1.0-4.0 GHz, markers, +12 dBm unlvld. 

POWER METERS 
BOONTON 428141-4E Analog Power Meter, ....... ............................ $450.00 

with 1 MHz-18 GHz sensor 
HP 432A/478A Power Meter, ... ..... .. .................................... ..... ... ...... $300.00 

-30to +10dBm, 10MHz-10GHz 
HP 435818481 A Power Meter, ............ .. ........ ......... .... .................... ... $900.00 

-30 to +20 dBm, 10 MHz-18 GHz 
HP 435818482B Power Meter, ... ................ ...... ......... .. ................... $1 ,500.00 

0 to +43 dBm, 100 kHz-4.2 GHz 
HP 436A-022/8481 A Power Meter, ........... .... ... ..... ......... ................ $1,200.00 

-30 to +20 dBm, 10 MHz-18 GHz, HPIB 
HP 436A-022/8484A Power Meter, ................................................ $1,200.00 

-70 to -20 dBm, 10 MHz-18 GHz, HPIB 
HP 0 8486A Power Sensor, ................... .. ........... ..... ... ............ ....... $1,200.00 

33.0-50.0 GHz, WR22, for 435/6!7/8 

HP R8486A WR28 Power Sensor, .............. .......... ..... .............. .. .... $1,500.00 
26.5-40 GHz, for HP 435/617/8 

RF MILL/VOLTMETERS 
BOONTON 92C RF Millivoltmeter, ..... ... .. ..... ......... ..... .... .... .... .... .... .. $500.00 

3 mV-3 V f.s., 10 kHz-1.2 GHz 
RACAL-DANA 9303 RF Millivoltmeter, ... .......................................... $750.00 

10 kHz-2 GHz, -70 to +20 dBm 

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RESEARCH 4W1000 ....... .. ~ .... ... ..... .... ... ..... .. .......... .. .... $950.00 

Ampmier, 40 dB gain, 4Watts, 1-1000 MHz 
HP 11729B-003 Carrier Noise Test Set, 5 MHz-3.2 GHz .............. $2,250.00 
HP 415E SWR Meter .............................. .. ........ ...................... .......... $200.00 
HP 8406A Comb Generator, .... .......... ..... ..... ....... ............ ....... ... .... ... . $500.00 

1/ 10/ 100 MHz increments, to 5 GHz 
HP 8447A Amplifier, 20 dB, .............................................................. $375.00 

0.1-400 MHz, 5 dB NF, +6 dBm output 
HP 8447E Amplifier, 22 dB, ....... .... ... .. ..... ..... .... ..... ........ ..... ..... .... ..... $750.00 

0.1-1300 MHz, +13 dBm output 
HP 8901 A Modulation Analyzer, 150 kHz-1300 MHz .. ..... ...... ....... $1,500.00 
HP 8901 B-1 ,2,3 Modulation An., ... ....... .... ......... .... ..... .... .... .... .... ... $2,000.00 

0.15-1300 MHz, rear input, OCXO, ext.LO 
HUGHES 1177H01 FOOO TWT ...... .... .... ..... ..... ........ ..... .... .... ..... .... . $1 ,750.00 

Ampl~ier, >30 dB gain, 2-4 GHz, 1 O Watts output 
HUGHES 1177H1 OFOOO TWT ...... .... ..... ........ ....... .. ................ ....... $2,500.00 

Ampl~ier, >30 dB gain, 1.4-2.4 GHz, 20 Watts 
HUGHES 8010H13FOOOTWT ............... ...................... .................. $2,500.00 

Ampl~ier, >30 dB gain, 3-8 GHz, 10 Watts 
RF POWER LABS ML50 Amplnier, .................................................. $275.00 

2-30 MHz, 47 dB gain, 50 Watts, metered, 28V 
ROHDE & SCHWARTZ ESH2 Test Receiver, 9 kHz-30 MHz .... ... $3, 750.00 

I 
AEROWAVE 28-3000/10 WR28 .............................................. ~ ........ $300.00 

Directional Coupler, 10 dB, 26.5-40 GHz 
AMERICAN NUCLEONICS AM-432 ...... ....... ... .. ................................ $95.00 

Cavity Backed Spiral Antenna,LHC, 2-18 GHz,TNC(f) "NEW" 
AVANTEK AMT-400X2 WR28 Active .. .......... .... ....... .. ...... ..... ... ......... $450.00 

Doubler, + 10 dBm in/+ 10 dBm out 26-40 GHz 
BIRD 6735-300 1 kW Load , 25-1000 MHz, LC(f) , with wattmeter ... $650.00 
BIRD 8201 500 Watt Oil Dielectric Load, DC-2.5 GHz, N(f) ............ $350.00 
FXR/MICROLAB S3-02NTriple .................................................... .... $125.00 

Stub Tuner, 200-1000 MHz, 100 Watts max., N(m/I) 
FXR/MICROLAB SL-03N Stub Stretcher, .. ..... ...... ........... ..... .......... ... $75.00 

0.3-6.0 GHz, 100 Watts max., N(m/f) 
GR 874-LTL Constant Impedance ... .... .... ..... ... ... ... ..... .... .................. $400.00 

Trombone Line, 0-44 cm, DC-2 GHz 
HP 11590A-001 Bias Network, 1.0-18.0 GHz, APC7 ................. ... ... $450.00 
HP 11636A 2-Way Power Divider, DC-18 GHz, N(m/f/f) .... ... ........... $300.00 
HP 116910-001 Directional Coupler, ... .... ............ ...... .... ... .... .... ....... $450.00 

22 dB, 2-18 GHz, N(f)-all ports 
HP 11692D Dual Directional Coupler, 22 dB, 2-18 GHz ............... ... $800.00 
HP 33321K Programmable Step Allen., .... .... .. ...... ..... ............ ..... ... .. $475.00 

0-70 dB, DC-26.5 GHz, 3.5mm 
HP 33327L-006 Programmable ........ .. ................... .. .. ......... .... ..... .. $1 ,000.00 

Step Attenuator, 0-70 dB, DC-40 GHz, 2.9mm 
HP 774D Dual Directional Coupler, 20 dB, 215-450 MHz ....... .. ....... $275.00 
HP 776D Dual Directional Coupler, 20 dB, 940-1900 MHz ... ........... $275.00 
HP 777D Dual Directional Coupler, 20 dB, 1.9-4.1 GHz ... ... .... .. ...... $275.00 
HP 778D-011 Dual Dir. Coupler, .... .... ...... ... ........ .. ............................ $450.00 

20 dB, 100-2000 MHz, APC7 test port 
HP 8431 A 2-4 GHz Band Pass Filter, N(m/f) .... ... ............................ $150.00 
HP 8494G-002 Programmable Step ........ .. ...... ........ ....... ... ...... .... ..... $350.00 

Attenuator, 0-11 dB, DC-4 GHz, SMA 
HP 8496A-002 Step Attenuator, 0-110 dB, DC-4 GHz, SMA ..... ...... $375.00 
HP 8497K-004 Programmable .. .. ...... .................. ........................... .. . $750.00 

Step Attenuator, 0-90 dB, DC-26.5 GHz 
HP K422A WR42 Flat Broadband Detector, 18.0-26.5 GHz .. .......... $350.00 
HP K532A WR42 Frequency Meter, 18.0-26.5 GHz ............... ... ...... $450.00 
HP K752D WR42 Directional Coupler, 20 dB, 18.0-26.5 GHz ......... $450.00 
HP K870A WR42 Slide Screw Tuner, 18.0-26.5 GHz ............ ..... ... ... $275.00 
HP K914B WR42 Moving Load, 18.0-26.5 GHz ....................... .. ...... $300.00 
HP Q752D WR22 Directional Coupler, 20 dB, 33-50 GHz ... ............ $650.00 
HP R347BWR28 Noise Source, 10-13dB ENA ....... .................... $1 ,650.00 
HP R422A WR28 Crystal Detector, 26.5-40 GHz .. ... .... .. ............... .. $400.00 
HP R752D WR28 Directional Coupler, 20 dB, 26.5-40 GHz ............ $450.00 
HP R914B WR28 Moving Load, 26.5-40 GHz ..... ............................. $250.00 
HP V365A WR15 Isolator, 25 dB, 50-75 GHz ... ..... ..... ........ ........ ...... $750.00 
HPV752DWR15 Directional Coupler, 20 dB, 50-75 GHz ............... $650.00 
HP X870A WR90 Slide Screw Tuner ..... ...... .... .. : ........ .. ............... ..... $150.00 
HUGHES 45322H-1110,l1120 WR22 ..................... ......... ....... ........... $350.00 

Directional Couplers, 10 or 20 dB, 33-50 GHz ' 
HUGHES 45712H-1000 WR22 Frequency Meter, 33-50 GHz ....... .. $750.00 
HUGHES 45714H-1000 WR15 Frequency Meter, 50-75 GHz ....... .. $900.00 
HUGHES 45721 H-2000 WR28 ...... .... ... .... .. ..... ... ............. .... .... ... .. . $1 ,000.00 

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

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

Direct Reading Attenuator, 0-50 dB, 50-75 GHz 
HUGHES 45732H-1200 WR22 ... ... ..... ... ..... ..... ... ........................ ...... $250.00 

Level Set Attenuator, 0-25 dB, 33-50 GHz 
HUGHES 45752H-1000 WR22 ... ......... ......... ....................... .... ...... $1 ,400.00 

Direct Reading Phase Shifter, 0-360 deg.,33-50 GH? 
HUGHES 45772H-1100 WR22 ... ... .. ....... .... ..... ..................... ... .... ... .. $400.00 

Thermistor Mount, -20 to + 10 dBm, 33-50 GHz 
HUGHES45773H-1100 WR19 ....... .................................... .............. $650.00 

Thermistor Mount, -20to+10 dBm, 40-60 GHz 
HUGHES 45774H-1100WR15 .... ......... .................................... ........ $750.00 

Thermistor Mount, -20to +10 dBm, 50-75 GHz 

Wri te In 11 4 on Reader Servi ce Card. 

HUGHES 47316H-1111 WR1 OTuneable .......... ............. ... ....... .... .... $600.00 
Detector, 75-110 GHz, positive polarity 

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

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

KRYTAR 201020010 Directional ....... .... .......... ............ ..... .... .... .... ..... $200.00 

KR~1~;~1~i~~:~~~~('.~~~.Ml.. .... ...... ... ......... ... ...... ........ ..... . $200.00 
Detector, 1.7-26.5 GHz, K(f/mYSMC 

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

MICA C-121S06 Circulator, 17.5-24.5 GHz, SMA(f/m/m) .................. $75.00 
MINI-CIRCUITS ZFDC-20-4 ............................. .. ....................... ......... $25.00 

Directional Coupler, 19.5 dB, 1-1000 MHz, SMA(f) 
NARDA 3000-SERIES Directional Couplers .......... ................ ....... ... $150.00 
NARDA 3020A Bi-Directional Coupler, 50-1000 MHz, N .. ...... ... .... .. $475.00 
NARDA 3024 Bi-Directional Coupler, 20 dB, 4-8 GHz ........ ... ..... ... .. $375.00 
NARDA 3090-SERIES Precision High Directivity Couplers .... ...... ... $225.00 
NARDA 368BNM Coaxial High Power ...... ... .... ................... .............. $500.00 

Load, 500 Watts, 2.0-18 GHz, N(m) 
NARDA 3752 Coaxial Phase Shifter, ........ .. ............................ .... ... $1,000.00 

0-180 degJGHz, 1-5 GHz 
NARDA 3753B Coaxial Phase Shifter, ............. .... ... ......... .......... ... $1,000.00 . 

0-55 deg./GHz, 3.5-12.4 GHz 
NARDA 4000-SERIES SMA Miniature Directional Couplers .......... ... $75.00 
NARDA 4227-16 Directional Coupler, ............................................. . $325.00 

16 dB, 1.7-26.5 GHz, 3.5mm(f) 
NARDA 4242-20 Directional Coupler, ........ ........ .... .. .... ............. .. .... . $100.00 

20 dB, 0.5-2 .0 GHz, SMA(f) 
NARDA 4247-20 Directional Coupler, ........ .... .. ...... ... .... .... ........ ....... $200.00 

20 dB, 6.0-26.5 GHz, 3.5mm(f) ' 
NARDA 4247B-10 Directional Coupler, ...... ... .. .. ..... ... .... .... .... ........... $200.00 

10 dB, 6.0-26.5 GHz, 3.5mm(f) 
NARDA 5070-SERIES Precision Reflectometer Couplers ............... $300.00 
NARDA 562 DC Block, ... ..... ...... .... .... ................. ....... ......... .... ............ $65.00 

10 MHz-12.4 GHz, 100 V max., N(m/f) 
NARDA 765-10 10 dB Attenuator, 50 Watts, ... .. ........ .......... .... .... ..... $165.00 

DC-5 GHz, N(m/f) 
NARDA 791 FM Variable Attenuator, 0-37 dB, 2.0-12.4 GHz .. .... ..... $600.00 
NARDA 792FF Variable Attenuator, 0-20 dB, 2.0-12.4 GHz ............ $375.00 
NARDA 793FM Direct Reading .................. .... .. ...... ........... ..... ..... ..... $225.00 

Variable Attenuator, 0-20 dB, 4-8 GHz 
NARDA 794FM Direct Reading ... ...... ..... .... ... ... ....... ... ...................... $375.00 

Variable Attenuator, 0-40 dB, 4-8 GHz 
OMNI-SPECTRA 2085-6010-00 ........... ... .......... .......... ..... ......... .. ....... $50.00 

Crystal Detector, 1-18 GHz, negative polarity, SMA(m/f) 
PAMTECH KYG1014 WR42 Junction··· ···· ···· ·· ··· ···· ······················ ···" $250.00 

Circulator, 18.0-26.5 GHz 
SONOMA SCIENTIFIC 21A3 ...... ......... .............. ... ..... .. ....... ... ............ $75.00 

WR42 Circulator, 20 dB, 20.6-24.8 GHz 
TEKTRONIX 2701 Step Attenuator, ................ .......... ...... ....... ... ... .. .. $175.00 

0-79 dB, DC-1 GHz, AC or DC coupled 
TAG B510WR22 Direct Reading .. ........ ....................................... .... $900.00 

Attenuator, 0-50 dB, 33-50 GHz 
TAG V510 WR15 Direct Reading .................. ......... .... ......... ....... ...... $900.00 

Attenuator, 0-50 dB, 50-75 GHz 
TAG V551 WR15 Frequency Meter, 50-75 GHz .... ................... .... ... $600.00 
TRGW510WR10 Direct Reading .......... .................. ... ....... ....... ... . $1 ,000.00 

Attenuator, 0-50 dB, 75-110 GHz 
TRGW551 WR10 Frequency Meter, 75-110 GHz .... ....................... $750.00 
WAVEUNE 100080WR28Terminated ...... ............... .... .. .................. $200.00 

Crossguide Coupler, 30 dB 
WEINSCHEL 150-110 Programmable .. .... ......... ... .. ........ ................ $450.00 

Step Attenuator, 0-110 dB, DC-18 GHz, SMA 
WEINSCHEL DS109 Double Stub Tuner, 1-13 GHz, N(m/f) .... ....... . $150.00 
WEINSCHEL DS109LL Double .. ...... ..... .... ... ................... ........ .... ..... $150.00 

Stub Tuner, 0.2-2.0 GHz, N(m/f) 

HP 4935A Transmission Impairment Measuring Set ... ... .................. $600.00 
HP 59401A HPIB Bus Analyzer ................... ..................... ... .. .... .... .. $375.00 
MICRODYNE 1200MR 215-320 MHz ........... ......................... ........ ... $450.00 

Telemetry Receiver, PSK demodulation 
TEK 1411R PAL Gen.,w/SPG12 sync; ... .. ......................... ... .... ........ $750.00 

TSG11 color bars;TSG13 linearity 
TEK 1411R PAL Test Gen., ... .......... ................ .................. ............ $1,000.00 

w/SPG12,TSG11 ,TSG13,TSG15,TSG16 
TEK 1411R PAL Test Gen., ....... ............ .... ......... .... .. ... ....... ........ ... $1,100.00 

w/SPG12,TSG11,TSG12,TSG13,TSG15,TSG16 
TEK 1411R-opt.04PAL TestGen.,w/ 
SPG12,TSG11,TSP11 ,TSG13,TSG15,TSG16 ....... ......... ......... ... . $1,400.00 
TEK 147A NTSCTest Signal ................. .............. .................... ......... $800.00 

Generator, with noise test signal 
TEK 148 PAL Insertion Test Signal Generator ..... .... ...... .. ............... . $700.00 
TEK 520A NTSC Vectorscope .......... .... ....... ......................... ... ......... $750.00 
TEK 521A PAL Vectorscope ... .. ..... ..... ................... .... ....................... $750.00 

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

FLUKE 2180A RTD Digital Thermometer .................... ........ ............ $500.00 
P.A.R. 5206-95,98Two-Phase ....... .... ..................... ... .... .... ...... ...... $1 ,500.00 

Lock-in Amp., 2 Hz-100 kHz, GPIB 
TEKTM5006 5000-series ............................. .... .... ....... ..... .. .............. $500.00 

6-slot Programmable Power Module 
TEK TM504 500-series 4-slot Power Module ... ...... .. .... ..... ............... $175.00 
TEK TM506 500-series 6-slot Power Module ........................... .... .... $250.00 
TEK TM51 5 500-series 5-slot Traveller Power Module .................. ... $250.00 
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Arc you interested in Microprocessors & Embedded 
Control Systems? If not you should be! Look around, 
just about everything these days has an embedded 
microprocessor in it. TVs, cars, radios, traffic 
lights & even toys have embedded computers 
controlling their actions. The Primer Trainer is 
the tool that can not only teach you how these 
devices operate but give you the opponunity 
to program these types of systems yourself. 
Examples & exercises in the Self Instruction 
manual take you from writing simple programs to 
controlling motors. Stan out in Machine language, 
Lhcn move on to Assembler, & then continue on with optional C, Basic, or Forth Compilers. 
So don't be left behind· this is infounation you need to know• 

Examples 
Include: 

Measuring Temperature 
Using a Photocell to Detect Light Levels 
Making a Waveform Generator 
Constructing a Capacitance Meter 
Motor Speed Control Using Back EMF 
Interfacing and Controlling Stepper Motors 
Scanning Keypads and Writing to LCD/LED Displays 

• Bus Interfacing an 8255 PPI 
Using the Primer as an EPROM Programmer 
DTMF Autodialer & Remote Controller (New!) 

The PRIMER is only $119.95 in kit fonn. The PRIMER Assembled & Tes""1 is $169.95. This trainer 
can be used stand alone via the keypad and display or connecwd 10 a PC wilh the optional upgrade 
($49.95). The Upgrade includes: an RS232 serial port & cable, 32K or batlery backed RAM, & 
Asscmblerffcnninal software. Please add S5.00 forshipping within I.he U.S. Picture shown with upgrade 
oplion and optional heavy-duly keypad ($29.95) installed. Sa1isfac1ion guaranteed. 

ClilAC. inc. 
11 EMAC WAY, CARBONDALE, IL 62901 
618-529-4525 Fax 457-0110 BBS 529-5708 
World Wide Web: h ://www.emacinc.com • 

Write Jn 37 on Reader Service Card. 

HAM GEAR 
FOR SALE 

1985 - 1998 

OVER 

12 
YEARS 

OF SERVICE 

• WE INSTALL NEW N~CAD OR Nl·MH BATTERIES INTO YOUR ORIGINAL CASE. 

WE IMPROVE CAPACITY TO BETTER THAN ORIGINAL. m 
WE FIX WHAT CANT BE FOUND. (OR AFFORDED) 
WE PROVIDE QUICK SERVICE. I EXTENDED LIFE FOR OLDER EQUIPMENT 
WE OFFER FREE QUOTES. I FREE RETURN IF QUOTE IS REFUSED. 
WE PROPERLY DISPOSE OF YOUR OLD CELLS BY RECYCLING. 
WE GNE YOU A 12 MONTH WARRANTY. 
WE WILL BE HERE WHEN YOU NEED US I EST. 1986 
WE SAVE You·-· MONEY·-$$$$ 

• ND JOB IS TOO LARGE OR TOO SMALL ....... VOLUME DISCOUNTS AVAILABLE 

GENERAL ELECTRIC , UN/DEN RADIO SHACK 
19A7048SOP(1200mAH) $ 34.95 APX650 1050 $ 29.95 HTX Packs $29.95 
19A704860P(1800mAH) $ 39.95 1000 1010 1070 $ 34.95 New 8.4V pack & chgr 

PL 190429763(777)G1/3 $ 37.95 1100 1200 Series $ 36.95 1500mAh nimh $ 34.95 

19A705293P 344A4506P $ 34.95 BP205 650mAh $19.95 KENWOOD 

MAXON SA-11551160 $39.95 
BP200 1500mAh $ 24.95 PB2 / KNB3 $ 29.95 
SC150 1500mAh $ 22.95 PB21/21H $14.95 

TAD 1450 1510 1520 $21 .95 
/COM PB25/H/26 $24.95 

MOTOROLA BP2 / BP3 /BP22 $ 18.95 CORDLESS DRILLS 
P200 HT600 MT1000 BPS / BP23 / 24 $24.95 Any brand 7.2V $ 18.95 
NTN 4585 4824 5414 $ 37.95 BP7 I CM7/ BPS $ 32.95 Any brand 9.6V $ 29.95 
NTN 5447 5521 5545 $ 37.95 BP180 / CM79 $34.95 Any brand 12.0V $ 32.95 
NLN 5860 NTN 4327 $ 39.95 

YAESU Any brand 14.4V $ 37.95 
MIDLAND FNB 3 4 12 14 16 $ 32.95 Any Brand 18.0V $ 45.95 

70-810 816 819 821 $ 39.95 FNB19 21 26 27 38 $ 32.95 COMPUTER PACKS 
825 826 832 836 860 $ 39.95 FNB 101117 25 35 $ 23.95 Send battery for quote. 

FOR INFORMATION ABOUT YOUR REQUIREMENTS ...... CONTACT US: 
PHONE OR FAX: (814) 623-7000 E-MAIL TO: PRIMECELL@ AOL.COM 
SEND YOUR PACKS FOR FREE QUOTATION VIA UPS, RPS OR US MAIL 
VISIT OUR WEB SITE http:llmembers.aol.comlprlmece//lprimecell.htm 

MANY OTHERS AVAILABLE - WRITE OR CALL 
FREE CATALOG 

ADD$ 4.50 SHIPPING & HANDLING PER ORDER 

Write In 38 on Reader Service Card . 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

WANTED: ROCKWELL-Collins HF-80 
equipment, 851 S-1, 2378-3 log periodic, 
Collins literature. Jim Stiuinger 805-259-
20 I I, 805-259-3830 (fax), bfl-jfs@smart 
link.net 

2.4GH:z POWER amplifier with power 
supply. 10-40 mW input, I (one) watt output 
with in-line SMA connectors and built-in 
heat sink. _Approx. 2" x 2" x 5/8" size. 
Frequency range 2.3GHz-2.5GHz. 
$189/each. Compatible with all ATV prod
uct lines. See our website for more info on 
accessories and transmitter and receiver 
modules. Seabrook, 972-480-0060 (Texas, 9-
6PM CST). E-Mail: main@480i.com Web: 
www.480i.com 

PRACTICAL ANTENNA 
HANDBOOK, by Joseph Carr. The most 
popular book on antennas ever written, 
widely known as "the antenna builder's 
bible." This Third Etiition is a work for anyone 
with an interest in antennas, from the newest 
of novices to the most experienced engi
neer. This empowering book gives you all 
kinds of projects and material that explains 
why what you did works.Only $49.95! I 0% 
discount to Nuts & Volts sub
scribers. Call 1-800-781-4624 to 
order using Visa or MasterCard. 

www.nutsvolts.com 

TELEPHONE LISTENING 
DEVICE WITH 

12 HR. RECORDER 
FCC Approved 

Record telephone conversations in your office or home. Starts automati
cally when phone is answered, records both sides of phone conversa
tion. Recorder stops when phone is hung up. $99.95 + $7 shipping. For 
telehone listening device separately $19.95 + $2 ship. 

For comprehensive 50 page catalog of Micro Video, VHF transmit
ters.Surveillance, and Counter-surveillance and much more! Send $3.00 

Call 321-725-1000 

USICORP 
P.O. Box N2052 Melbourne.FL 32902 

COD'S OK 

40 SEPTEMBER 2000 Write in 39 on Reader Service Card . 

When Visitinq Disney World And Sea World . . . 
Come To lhe World Of Electronic Surplus! 

S~A!~~fT~ _ 
ORLANDO, FLORIDA ~ 

Located At The Intersection Of 1-4 
And Fairbanks Avenue. 

Self-Service Retail Outlet Featuring Commercial 
And Government Electronic Surplus Including: 

*WIRE 
*SWITCHES 
*RESISTORS 
* TRANSISTORS 
* TRANSFORMERS 
* TEST EQUIPMENT 
* NI-CAD BATTERIES 

********* 

We Buy Surplus 
Electronic Parts -

FAX your list. 
www.skycraftsurplus.com 

FAX 407/647·4831 

PH 407/628-5634 

P.O. BO.X 536186 

ORLANDO, FLA. 32853-6186 

*COAX 
*RELAYS 
*HARDWARE 
* CAPACITORS 
* PANEL METERS 
* CIRCUIT BOARDS 
* INTEGRATED CIRCUITS 

!:1QY!!!: 
Monday • Friday 8:30·6:00 

Saturday 8:30·5:00 

L ........ 

I .2GH:z ATV - 8 channel TRANS
MITTERS and RECEIVERS. 75mW 
output power, I video channel, 2 audio. SMA 
connectors. NTSC/PAL compatible. Includes 
114 wave rubber duck antenna. Standard fre
quencies are: 1250, 1255, 1260, 1265, 1270, 
1275, 1280, 1290 MHz. Custom frequencies 
are available. $79/each for transmit
ter. $79/each for receiver. Seabrook, 
972-480-0060 (Texas, 9-6PM CST). E-Mail: 
main@480i.comWeb:www.480i.com 

2.4GH:z ATV - 8 channel TRANS
MITTERS AND RECEIVERS. 35mW 
output power, I video channel, 2 audio. SMA 
connectors. NTSC/PAL compatible_ Includes 
I /4 wave rubber duck antenna. Standard fre
quencies are: 2398, 2405, 2412, 2416, 2420, 
2428, 2435, 2442 MHz. Custom frequencies 
are available. See ad in this section for power 
amplifier. $79/each for transmitter. 
$79/each for receiver. Seabrook, 972-
480-0060 (Texas, CST) or E-Mail: 
main@480i.comWeb:www.480i.com 

' 

' 
' 

HAM GEAR 
WANTED 

CB - SCANNERS 

CBs, ACCESSORIES, SCANNERS, 
ANTENNAS. MICROPHONES, 
COAX. Best prices! Call 1-800-821-2769 
for current flyer. We also carry NIMH bat
teries and chargers. http://www.thomas
distributing.com THOMAS DISTRIB
UTING, 128 Eastwood, Paris, IL 
61944. 

CB MODIFICATIONS! Freq
uencies, books, kits, high-perfor
mance accessories, plans, repairs, 
amplifiers, I 0-meter conver
sions. The best since 19761 
Catalog $1. CBCI, Box I 898NV, 
Monterey, CA 91942. 
www.cbclntl.com 

240+ CHANNEL CB/HAM/FRS/COM
MERCIAL radios: AM/FM/SSB/CW export/ 
domestic: RCI, TEKK. Motorola, Uniden, 
Cobra, Alinco, Kenwood. Mies, antennas, lin
ears, meters, mod books, manuals, schemat
ics, night scopes, and tons more stuff! 
Catalog $3. MAXTECH, Box 8086, New 
York, NY 10150. 718-547-8244. 
www.Perinycircus.net pennycircus@usa.net 

MUSIC & 

ACCESSORIES 

COMPUTER 
HARDWARE 

WE CARRY a variety of cables, switch 
boxes, accessories, and adapters to connect 
PCs, printers, Mac's, networks, telecommuni
cations, and audio/video equipment. We 
offer: custom cables, free catalogs, and same 
day shipping on most orders. Visit our web
site at www.rogerssystems.com or call 1-
800-366-0579. 



19" RACKMOUNT ATX PC chassis, 
$159 (with ad). 972-242-8087, www.cti 
-tx.com 

DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), DSD, Datability, Dilog, other 
DEC compatibles, and Computer Output 
Microfilm (COM) units. Please call for a 
quote or fax us your equipment list.We buy, 
sell, and trade. KEYWAYS, INC., 937-
847-2300 OR fax 937-847-2350. 

BRAND NAME low-end Pentium com
puters starting at $50. Call jerry W2GIA, 
Disks N Data, 1-800-833-6893 or E-Mail: 
dndcom@earthlink.net 

EVERYTHING NEW w/warranty! Best 
prices. Motherboards with CPU 566MHz 
$195, custom configured systems, monitors 
17" $165, Pentium systems from $195. 
Modems, multimedia kits, scanners, cases, 
$20. Hard drives all sizes to 40 gigabytes, 540 
megabyte $20. Call 714-778-0450. E-Mail: 
ccl@surfslde.net 

S SOM Hz BAREBONE systems from 
$199. 486 computers $49. Brand name 
Pentiums from $199. Motherboards $20, 
color printers $75, 1.44/1 .2 floppies, speak
ers $10. 714-778-0450. 

SONY PLAYSTATION GAME 
ENHANCER, mod-chip function 
plays backup COPY of CD. You do 
not need to have original to play backup. 
Simply plug the enhancer in back of playsta
tion! Skips both Sony logos, many preloaded 
cheat codes. More $29. MOD-CHIP plays 
backups, works with all models and games 
$19. Order now 847-657-1160 or 
www.saveware.com 

IS078 I 6 PROGRAMMER built $150. 
Kit $125. No software. Blank smart cards 
$20.00 or 8/$100. Tony 419-385-3100. 

LOOKING FOR cheap clone PC 
parts that actually work? Call 
UTWE for hard drives, disk controllers,' 
video cards, mainboards, etc. We also have 
network stuff like cables, cards, adapters, 
hubs, etc. NEW tape drives I .4G $30 ea. I 
(or 2) meg PCI video cards $I 0 (or $15). 
2GB 3.5'' SCSI hard drive with cable and PCI 
controller $45. Remember, today we have it, 
tomorrow we don't! So email or call now. 
Case of 7 nearly new Epson keyboards, $21 
($3 ea.). There are other deals too! For the 
latest dealsheets send an email to 
dealsheets@utwe.com or call 626-930-1 121 
(I Oam-5pm Pacific) or fax 626-930-1123. 
Email: sales@utwe.com 

SPECIALS ON 8/4/00: Leoptics CDRW 
kit, retail package with Mitsumi drive. 
Adaptec software, I each CDR/CDRW 
media $99. Media: CDR 6X Write, 50pk 
spindle $19, 74 min CDRW in jewel case, 
30+ at $0.75 each, IBM 20GB Ultra 66 
drive, 2MB buffer,' $109. Much more at 
www.ts.nu, frequent pricing update for 
hot items like CPU or memory. Or request 
CD of our site, currently 700+ pages. Web 
pages by fax, too. I -year or better warranty 
on all parts. tech-specialities, Inc., 5 703 
Heffernan, Houston, TX 77087-4113. 1-800-
864-5391 for orders and tech support, fax: 
713-307-0315. 

FOR SALE: HP 85 w/10 ROM and I 6K 
mem module $350 incl. shipping. 
HughMAdams@MSN.COM I 011 Hondo 
Avenue Apt. D, Ft. Walton Beach, FL 32547. 
850-864-2414. 
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SUPER·TCOMP Single Board Computer 
• Completely assembled. NOT A KIT! 
• Program in C, assembly, IC, etc. 
• 32K RAM chip with 10 year battery backup 
• 5 volt low drop-out voltage regulator 
• Max233 RS232 converter 
• Most signals available at expansion ports 
• External mode, reset and power connections 
• Available options include 1/0 expansion and 

LCD board 
• Comes with c9mplete instructions 
• Very small package: 2.1" x 3.0" 
• 1 year limited warranty 

--------- ONLY $145------------
Ray's Robotic Racers (310) 515-6075 
http://www.teleport.com/-raybutts/ 

www.levylatham.com 
PRIVATE MARKETERS OF U.S. GOVERNMENT MILITARY SURPLUS ASSETS 
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.FOR SALE: HP Vectra ES/ 12 w/HP 560 
color printer, Windows 3.1 HP Pavilion color 
monitor. All for $350 incl. shipping. 
HughMAdams@MSN.COM I 011 Hondo 
Avenue Apt. D, Ft. Walton Beach, FL 32547. 
850-864-2414. 

COMPUTER 
SOFTWARE 

FREE IBM DISK CATALOG of quality 
Shareware and CD-ROMs. MOM 'N' 
POP'S SOFTWARE <ASP>, PO Box 
15003-N, Springhill, FL 34609-0111. 352-688-
9108. momnpop@gate.net 

www.rascomI.com WIN98 UTILI
TIES. Web site blocking firewall , keypad 
program launcher, demos, and special offers! 
E-Mail: rascom@medlaone.net 

- .. T~ :C 
;!l -S:--7:-.L 

WWW.SCHEMATICA.COM FOR pro
fessional freeware and shareware.Active and 
passive filter design, 555 designer, linear sim
ulators. 

WELLER SOLDERING STATION - MODEL WLC 100 

s359s • Variable power control (5 to 40 watts) 
• Replaceable heating element 
• Quality light-weight pencil iron 

LOWEST PRICE 20MHZ 

SEGA DREAMCAST BOOT CD
ROM. This CD-ROM allows you to play 
CDR-BACKUPS and IMPORTS on your 

· Dreamcast. Includes BOOT CD, instructions, 
& informational packet. For US Dreamcast's 
manufactured before 8/2000. Includes 
WWW/FTP places via Internet for down
loads. $50+ shipping. 619-749-7788. 

LIQUIDATION WINDOWS 95/98, 
Office suites $10-69. Windows companion 
$5. 1,000, games I 0 PACK $20. Windows 
tutorials $5, DOS $5. 714-778-0450. 

FMSTUDYl2 FM. LPFM allocation stud
ies. Manage FCC database on your PC! 
Manual included, $39.95. Demo, info, special 
Web pricing at http://members.xoom.com/f 
mstudy 

, :J~ y~ ' I S•S 1' ~ • J ~ ~ { 1 f IA: . . 
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 
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CAM & MOTION SW/HW: Z-trace, 
PCB toolpath. Plotcam motion control, step 
drivers. www.megabtts.net/ddt FAX 
321-452-7197, 321-459-2729. heater@m 
egabtts.net 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
33111540-382-2935). 

DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), DSD, Datability, Dilog, other 
DEC compatibles, and Computer Output 
Microfilm (COM) units. Please call for a 
quote or fax us your equipment list. We buy, 
sell, and trade. KEYWAYS, INC., 937-
847-2300 OR•fax 937-847-2350. 

NEW MICROSOFT Windows 
Miiiennium ts herel More like 
Windows 98 than the Windows 2000 which 
is like NT. installs easy from· desktop and 
includes new updated drivers. Includes CD
ROM, manuals, certificate $139. Windows 
95B only $39! B version has FAT 32 large 
partition support. Includes CD-ROM and 
boot floppy. Order now 847-657-1160 or 
www.saveware.com 

COMPUTER 
EQUIPMENT WANTED 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

HP CALCULATORS wanted: models I 0, 
70, calculator watch, others for private col
lection. Cash paid. Bob Morrow, 765-855-
2348, rkmorrow@aol.com 

Doppler Direction Finder EY Track down jammers and hidden transmitters with ease! This is the 
famous WA2EBY DPer featured in April 99 QST. Shows direct bearing to 

....----------. transmitter on compass style LED display, easy to hook up to any FM receiver. The -

- . 

~::~:- nnn 
-. - -------

transmitter· the object of your DPing · need not be FM, n can be AM, FM or CW. 
Easily connects to receive~s speaker jack and antenna, unn runs on 12 VDC. We 
even include 4 handy home-brew 'mag mount' antennas and cable for quick set 
up and operation! Whips can be cut and optimized for any frequency from 130-
1000 MHz. Track down that jammer, win that fox hunt, zero in on that downed 
Cessna - this is an easy to build, reliable kit that compares most favorably to com
mercial units costing upwards of $1000.00! This is a neat kn!! 
DDF·1, Dop ler Direction Finder Ktt , ............................. $149.95 

Wireless RF Data Link Modules 
RF link boards are perlect for any wireless control application; alarms, data 
transmission, electronic monitoring ... you name it. Very stable SAW resonator 
transmitter, crystal controlled receiver - no frequency drift! Range up to 600 
feet, license free 433 MHz band. Encoder/decoder units have 12 bit Holtek 
HT-12 series chips allowing multiple units all individually addressable, see 
web sne for full details. Super small size - that's a quarter in the picture! Run 
on 3-12 VDC. Fully wired and tested, ready to go and easy to use! . 
RX-433 Data Receiver ............. $16.95 TX-433 Data Transmitter .............. $14.95 ""·'"T_,....,,. 
RXD-433 Receiver/Decoder ..... $21.95 TXE-433 Transmitter/Encoder ..... $19.95 

World's Smallest TV Transmitters 

1 GHz RF Signal Generator 
A super price on a full'fea· 
lured RF signal generatort 
Covers 100 KHz to 
999.99999 MHz in 10 Hz 
steps. Tons of features; 
calibrated AM and FM 
modulation, 90 front panel 
memories, built-in RS·232 
interlace, + 1 O to · 130 
dBm output and more! 
Fast and easy to use, ns 

big bright vacuum florescent display can be read from anywhere on the 
bench and the handy 'smart·knob' has great analog feel and is intelli
gently enabled when entering or changing parameters in any field - a 
real time saver! All functions can be continuously varied without the 
need for a shift or second function key. In short, this is the generator 
you'll want on your bench, you won't find a harder working RF signal 
generator· and you'll save almost $3,000 over competitive untts! 
RSG-1 OOOB RF Si nal Generator ......... , .... , ........ $1995.00 

Super Pro FM 
Stereo 

Transmitter 
-~II -~.-'· 

~mi-~ 
Professional synthesized FM Stereo station in easy to use, handsome 

We call them the 'Cubes' .... Perteet video transmission from a trans· cabinet. Most radio stations require a whole equipment rack to hold all 
the features we've packed into the FM-100. Set freq wtth Up/Down 

milter you can hide under a quarter and only as thick as a stack of buttons, big LED display. Input low pass filter gives great sound (no 
four pennies - that's a nickel in the picture! transmits color or B&W more squeals or swishing from cheap co inputs!) Limiters for max 
with fantastic quality · almost like a direct wired connection to any 'punch' in audio . w~out over mod, LED meters to easily set audio 

......_-'---------~~ TV tuned to cable channel 59. Crystal controlled for no frequency levels, built-in mixer with mike, line level inputs. Churches, drive-ins, 
drift w~ perlormance that equals models that cost hundreds more! Basic 20 mW model transmits up to 300' while schools, colleges find the FM-1 oo the answer to their transmitting 
the high power 100 mW unn goes up to 114 mile. Their very light weight and size make them ideal for balloon and needs, you will too. Great features, great price! Ktt includes cabinet, 
rocket launches, RIC models, robots -you name it! Units run on 9 volts and hook-up to most any CCD camera or whip antenna, 120 VAC supply. we also offer a high power export . 
standard video source. In fact, all of our cameras have been tested to mate perlectly with our Cubes and work great. version of the FM-100 fully assembled with one watt of RF power, for 
Fully_assem!>lec) - just hook;UP power and you're on the air! One cus!omer even put one on ~is d ! mi/es of program coverage. The export version can only be shipped if 

l'iiiC~-2~ooo~~Ba~s~1c~V1~deo~Tr~an~s~m~itt~er~ ... ~ ... = .... = ... = .. ::9:: .. !95=::::;::::::;~Cr.·200~1::H::t :;h::;Po::;w::e::;r V::'deo::;:::::Tra::n::sm;;:itt::elr,= .. =1=79::.9::5 ===;1 accompanied by a signed statement that the unft will be exported. 

CCD Video 
Cameras 

Top qualtty Japanese Class 'A' 
CCD array, over 440 line line resolution, not the off-spec 
arrays that are found on many other cameras. Don't be 
fooled by the cheap CMOS single chip cameras which have 
1/2 the resolution, 114 the light sensitivity and draw over 
twice the current! The black & white models are also super 
IR (Infra-Red) sensitive. Add our invisible to the eye, IR-1 
illuminator kit to see in the dark! Color camera has Auto 
gain, white balance, Back Light Compensation and DSP! 
Available with Wide-angle (80') or super slim Pin·hole style 
lens. Run on 9 VDC, standard 1 volt p-p video. Use our 
transmitters for wireless transmission to TV set, or add our 
IB-1 Interlace board kn for super easy direct wire hook-up to 
any Video monttor, VCR or TV with AN input. Fully assem
bled, with pre-wired connector. 
CCDWA-2, B&W CCD Camera, wide-angle lens ..... $69.95 
CCDPH-2, B&W CCD Camera, slim frt pin-hole lens .. $69.95 
CCDCC-1 , Color CCD Camera, wide-angle lens .... $129.95 
IR-1, IR llluminator Ktt for B&W cameras . , ........ $24.95 
IB:1, Interface Board Ktt ..........•.. , ......... $14.95 

AM Radio 
Transmitter 

Operates in standard AM broad
cast band. Pro version, AM-25, is synthesized for sta
ble, no-drift frequency and is setable for high power 
output where regulations allow, typical range of 1-2 
miles. Entry·level AM· 1 is tunable, runs FCC maximum 
100 mW, range 114 mile. Both accept line-level inputs 
from tape decks, CD players or mike mixers, run on 12 
volts DC. Pro AM-25 includes AC power adapter, 
matching case and bottom loaded wire antenna. Entry· 
level AM· 1 has an available matching case and knob 
set that dresses up the untt. Great sound, easy to build 
·you can be on the air in an evening! 
AM-25, Professional AM Transmitter Ktt ..... $129.95 
AM·1 , Entry level AM Radio Transmitter Ktt ... $29.95 
CAM Matchin Case Set for AM· 1 .......... $14.95 

Mini Radio 
Receivers 

Imagine the fun of tuning into aircraft a hundred miles away, the local police/fire department, ham operators, or how 
about Radio Moscow or the BBC in London? Now imagine doing this on a little radio you built yourse~ · in just an 
evening! These popular little receivers are the nuts for catching all the action on the local ham, aircraft, standard FM 
broadcast radio, shortwave or WWV National Time Standard radio bands. Pick the receiver of your choice, each easy 
to build, sensitive receiver has plenty of crystal clear audio to drive any speaker or earphone. Easy one evening 
assembly, run on 9 volt battery, all have squelch except for shortwave and FM broadcast receiver which has subcarri· 
er output for hook-up to our SCA adapter. The SCA-1 will rune in commercial-free music and other 'hidden' special 
services when connected to FM receiver. Add our snazzy matching case and knob set for that smart finished look! 
AR-1, Airband 108-136 MHz Ktt ................. $29.95 FR-6, 6 Meter FM Ham Band Kit ........... $34.95 
HFRC-1, WWV 10 MHz (crystal controlled) Ktt ..... $34.95 FR-10, 10 Meter FM Ham Band Kit. ......... $34.95 
FR·1, FM Broadcast Band 88-108 MHz Ktt ........ $24.95 FR-140, 2 Meter FM Ham Band Kit. . .. ... ... $34.95 
SR-1, Shortwave 4-11 MHz Band Ktt ............ $29.95 FR-220, 220 MHz FM Ham Band Ktt ......... $34.95 
SCA·1 SCA Subcarrier Ada ter kit for FM radio .... $27.95 Matching Case Set (s i for which kit . ... $14.95 

FM· 100, Pro FM Stereo Transmitter Ktt . . ... . ............ $249.95 
FM·100WI Fu! Wired Hi h Power FM·100 ............... $399.95 

FM Stereo Radio 
Transmitters 

No drift, microprocessor synthesized! Great audio 
~---~ quality, connect to CD player, tape deck or mike 

mixer and you're on-the-air. Strapable for high or low powe~ Runs on 
12 voe or 120 VAC. K~ includes snazzy case, whip antenna, 120 VAC 
power adapter · easy one evening assembly. 
FM·25, Synthesized Stereo Transmitter Ktt .... , .. ... , .... $129.95 

Lower cost alternative to our high perlormance trans· 
mitters. Great value, easily tunable, fun to build. Manual 
goes into great detail about antennas, range and FCC 
rules. Handy for sending music thru house and yard, 
ideal for school projects too - you'll be amazed at the 
exceptional audio quality! Runs on 9V battery or 5 to 
15 VDC. Add matching case and whip antenna set for nice 'pro' look. 
FM· 10A, Tunable FM Stereo Transmitter Ktt ................ . $34.95 
CFM, Matching Case and Antenna Set .................... $14.95 
FMAC 12VoltDCWallPlu Ada ter ....................... $9.95 

RF Power Booster 
Add muscle to your signal, boost power up to 1 watt 

~--~over a freq range of 100 KHz to over 1000 MHz! Use 
as a lab amp for signal generators, plus many foreign users employ the 
LPA-1 to boost the power of their FM transmitters, providing radio ser
vice through an entire town. Runs on 12 VDC. For a neat finished look, 
add the nice matching case set. Outdoor unn attaches right at the 
antenna for best signal - receiving or transmitting, weatherproof, too! 
LPA·1, Power Booster Amplifier Ktt ................... ... $39.95 
CLPA, Matching Case Set for LPA· 1 Ktt, .............. , ... $14.95 
LPA·1WT, Ful~Wired LPA·1 wtth Case ................... $99.95 
FMBA-1 , Outdoor Mast Mount Version of LPA·1 ............ $59.95 

ii For maximum pe:ormance, a g~ anten~a 1s need~ 
Easy to use programmer for the PIC16C84, 16F84, 16F83 microcontrollers ~Microchip. All software Choose our very popular dipole kn or the Comet, a factory 
· ecfrtor, assembler, run and program · as well as free updates available on Ramsey doWnload site' made 518 wave col1near model with 3 4 dB gain Both ...__,__" • 
This 1s the popular untt designe<l by Michael Covington and featured m Electronics Now, September work great with any FM receiver or transmrtter ---~ 
1998 Connects to your parallel port and includes tlie great looking matching case, knob sef and AC TM·100, FM Antenna Ktt ., .......... . . , .... $39.95 

PIC-Pro Pie Chip Programmer 

power supply. Start programming those real~ neat m1C10COntrollers now .. ofder your PICPRO today1 FMA·200 Vertical Antenna ......... , , .. , , . $114.95 ..._ __ _. 
PIC·1, PICPROPICChipProgrammerKtt ............... $59.95 RAMSEY ELECTRONICS, INC. ~ . . . t~:i'J ED 

793 Canning Parkway Victor, NY 14564 llliiiill -VI UCI I v11-11 r;;r;;, vvv-..,..,v-,,~.., 

Sorry no tech info. or order status at 800 number 

For Technical Info, Order Status 
Call Factory direct: 716-924-4560 

ORDERING INFO: Satisfaction Guaranteed. Examine klf 10 days, ~ 
See our complete catalog and order not pleased, return in original form tx refund. Add $6.95 tx ship-

on-line with our secure server at: ping, handling and insurance. Orders under S20, add S3.00. NY resi-

t . dents add 7% sales tax. Sony, no COOs. Rl<eign orders, add 20% 
WWW. fB m Se ye ec tro n IC S. CO m k>r SlJlface mait or use credrt card and specify shipping method. 
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TEST EQUIPMENT 

FEITEK PROVIDES repair, calibration 
and traceable certifications of test equip
ment. Free estimates. We buy, sell and trade 
all makes of test equipment. Visa and 
MasterCard accepted. Check out our inven
tory and specials at WWW.FEITEK.COM 
2752Walton Road,St.Louis,MO 63114,3 14-
423-1770. 

KENTRONIX TEST EQUIPMENT 
SPECIALS. Check our WEB site at 
http://www.kentronlx.com for 
monthly specials.We are also looking to buy 
test equipment, coaxial and waveguide com
ponents, manuals, etc. Contact Brian at 732-
681-3229 or FAX 732-681-3312. E-Mail: 
brian@kentronix.com 

DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), DSD, Datability, Dilog, other 
DEC compatibles, and Computer Output 
Microfilm (COM) units. Please call for a 
quote or fax us your equipment list.We buy, 
sell, and trade. KEYWAYS, INC., 937-
847-2300 OR fax 937-847-2350. 

POOR MAN'S Spectrum Analyzer/ 
Monitor Receiver Kit. 2 to 1,700 MHz. Basic 
kit only $98. Now available with switched 
resolution filters, tracking generator and 
direct digital frequency readout. Works with 
ANY scope or IBM compatible computer. 
Send stamped envelope for details. Science 
Workshop, Box 3 IOB, Bethpage, NY 11714. 
http://www.science-workshop.com 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

BROWSE OUR Web site and check out 
the "monthly special." TDL Technology, Inc., 
www.zianet.com/tdl 

TEST EQUIPMENT technicians needed: 
calibration and repair techs. Three full-time 
openings. We are located in Broomfield, 
Colorado, between Boulder and Denver.We 
perform electronic and physical/dimensional 
calibrations. Please send resume to irl@cali 
bration.com 

AFFORDABLE HP power sensor repair! 
Most 8481 As repaired for $305 or less. We 
also handle 478As and many others. Call or 
fax for more information.Willamette RF, Inc., 
541-754-7226, FAX 541 -753-4629. 

POCKET TESTBENCH, inexpensive 
RS-232 instrument, with scope, logic, 
counter, generator modes.Also, products for 
embedded development. Oricom Techno
logies, 303-449-6428. www.sni.net/-oricom 

SECURITY 

HIDDEN CAMERA! Looks Hke a 
smoke detector, actually is a 3.6 mm B/W 
wide angle lens. Lightweight, put anywhere. 
Only $69.95+ S&H. ORDER TODAY. 
Privacy Electronics, 1-877-WIRE-TAP. 
WWW.BUGGED.COM 

Continued on page 57 



by Steve 
Daniels 

0 
ne of the most common ques
tions asked by beginning elec
tronics . hobbyists is : "How do I 
draw neat, accurate schematics? 
Drawing by hand seems awfully 

inefficient, but I don't want to spend a lot of 
money for special software." 

Fortunately, there is a very good answer 
in the form of Microsoft Paint, the bitmap edi
tor that is included in every copy of Windows. 
It's free, and you can use it to easily create a 
whole palette of your favorite symbols as 
shown in Figure 1. 

I'll show you in this article how to use 
Paint to create the palette, and the basics of 
how to use it to do great schematiCs. If you've 

} How To Draw 
Schematics 

Using 
MS Paint 

never used a bitmap editor, you'll start to 
learn how this sort of program works - a 
good thing for any 21st century professional 
or hobbyist to know. 

I'm presuming that you're familiar with 
the basic point-and-click functions of Windows 
95/98, and that you have some experience 
w ith dragging objects between windows and 
cutting and pasting . I won't presume that you 
already know Paint, so, if you do, please bear 
with my explanations of basic functions. 

You can find the Paint application on the 
Windows Start menu under 
Programs/ Accessories, but it is much more 
convenient to have a shortcut to it. If you 
don't already have a shortcut icon for Paint on 

your desktop, Figures 2 through 7 show how 
to put one there. 

Creating Your First Symbol 

We will be working with the Paint pro
gram opened in two windows: one for creat
ing symbols and the other for storing them as 
a palette for later use. To begin, double-click 
the shortcut icon to start Paint. Reduce the 
application in size so that it is a window on 
the desktop. Now open a second instance of 
Paint and leave it maximized . The white back
ground in this window should be 600 x 800 
pixels in size, and Figure 8 shows how to set 
this up, if necessary. Symbols created in the 

R1 R2 R3 R4 R5 R6 . R7 R8 R9 R10 
RQ 

R11 R12 R13 R14 R15 
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toll free order line at (800) 783-4624 with a Visa or MasterCard. 
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E-Mail your name, address, and telephone number to Nuts & Volts, 430 Princeland Ct., Corona, CA 92879 
or drawing@nutsvolts.com. No phone entries accepted. All orders/entries must be received by the last day 
of the month to be included in that particular month's drawing. 
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Cancel 

smaller window will be copied to this one. 
In the menu of the large window, click 

Options, and make sure that Draw Opaque is 
NOT checked . If Draw Opaque is checked, 
click on it tci uncheck it. See Figure 9. 

Now go to the smaller window. While it is 
possible to "just draw" symbols if you have a 

is month's sponsor ... 
.... __ ,,., .. ....,.,,,....,.,.,,_"""""' 

Eal1h Computer 
Technoloaies see 

page 
61 

A $99.00 value! 

Complete enclosed 
video input 3" NTSC monitor in metal case 
featuring a new Sharp 3" TFT and includes 
12-volt output 120 VAC wall power supply! 
Ideal for video security monitor! 

For more info, go to 
http://www.flat-panel.com/video.htm 



Figure 9 
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very steady hand and good eyesight, I found 
it convenient to create a small "composition" 
area - 65 by 20 pixels, in this case - and 
draw symbols dot-by-dot. Figure 10 shows 
how to create the area. Increase the zoom 
and change the view so that the background 
becomes a grid as in Figure 11 . 

Let's draw a resistor. As shown in Figure 
12, click the pencil tool and use it to fill in 
dots by clicking in the squares of the grid -
almost like following a paint-by-number draw
ing! I have shown the proportions that I used 
for the symbol I created, but you can make 
your own choices depending on the look-and
feel that you want for your drawings. 

See Figure 13. Rubber-band the newly-cre
ated symbol and copy it to the clipboard 
(CTRL + C) . Now go to the larger window and 
paste it on the palette (CTRL + V) . Save the 
palette with the filename of your choice. 

Return to the composition area. Unselect 
the resistor figure by clicking anywhere on the 
grid, and clear the grid by clicking 
Image/Clear Image on the Paint menu. Now 
draw a capacitor using the proportions shown 
in Figure 14. Copy this symbol to the palette 
and save the palette again. Figure 15 shows 

To rename this: 

~ 
: shorlci:it to 
LtoASP.~·~e: 

Figure 7 

Figure& 
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the proportions for a number 
of other common symbols, 
which you can also draw and 
copy to the palette. You will 
need a larger grid to draw the 
transistor and the op-amp, so, 
as you did earlier, set the size 
of the working area in the 
Attributes. 

Ftgure10 

In order to speed-the 
process of doing designations, I 
pre-typed a bunch of labels for 

II A 

(b) Enter these settings Ind Cflck OK 

Qptions l:l.elp 
f~otate... Ort+R 
_atretch!Skew... Ctrt+W 
!nvert Colors Cttl+I 

r I Qear Image Drl+Shn+N 

L.: (I) tltck here 

resistors and capacitors - R 1 
through R 15 and C 1 through 
C15 - as you can see in Figure 
1. When you have finished a 
drawing, it's very easy to just 
copy a whole group from the 
palette and slide the labels into 
place individually. 

~ untitled - Paint fll(iiil 

Drawing Schematics 

Once you have a. full 
palette of symbols saved, drawing a schemat
ic is very easy. Open the palette in one 
instance of Paint. Open a second instance for 
your schematic, and see Figure 16 for the 

page setup parameters. These will give you as 
much use as possible of an 8-1 /2 by 11 sheet 
in landscape orientation . Figure 17 shows the 
setup for Image/ Attributes. Make sure that 

Draw Opaque is unchecked, and you are 
ready to go. Switch to the palette instance, 
rubber-band a symbol, and copy it to the clip
board, switch to the schematic instance, and 
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paste the symbol to the schemat
ic. To connect symbols, either 
select a symbol and move it so 
that its connecting line merges 
with another symbol, or add 
lines as needed. Remember to 
save the schematic occasionally 
as you work. Paint permits copy
ing, cutting, and pasting of any 
rectangular area, and you can 
use these functions to re-format 
the drawing as it grows and as 
your ideas change. Figure 18 

shows a work in progress. For detailed instruc
tions on how to use the tools on the Paint 
toolbar, consult the Help screens or a third
party reference. 

It is entirely possible and desireable to 
construct "library" pages of commonly-used 
circuit patterns (power supplies, amplifier 
stages, logic blocks, etc.) and have these avail
able whenever you need them. Like any soft
ware tool, the palette is only a starting point; 
feel free to bend it to your own needs and 
tastes. 

Other bitmap editors can also be used for 



this application; in particular, I can recom
mend Pain_tShop Pro by Jase software. That 
package does everything you would want of a 
bitmap editor, is much more flexible than 
Paint for those functions, and includes many 
functions for creating and editing graphics 
that are not available in Paint. PaintShop Pro 
does cost money, but you can try out a fully 
functional evaluation copy before buying it. 

To anticipate a question: Yes, you could 
use the techniques described here to do PC 
board artwork by setting up a template and a 
palette of component outlines. However, 
while this method can be made to work for 

Figure 17 

simple boards, I don't recommend pur-
suing it. My reason is that there are a 
number of inexpensive CAD packages 
available that are optimized for creating 
PC boards. They are.all capable of creat-
ing a file format - called a Gerber pho
toplot - that is understood by fabrica-
tors and designers all over the world. A 
bitmap editor is not suitable when you want 
to have a factory make a board for you. My 
favorite package for doing board layouts is 
lvex's WinBoard . You can download a no
charge evaluation copy - fully functional up 
to 100 pins - from www.ivex.com. 

Figure 18 

R4 R5 RI R1 RI R9 R11 
R11 R12 R13 R14 R15 

I hope you enjoy using the schematic sym
bols you've created, and I welcome comments 
and questions at smallbearelec@ix.netcom. 
com. If you would rather have the complete 
palette of symbols emailed to you, please 
send a check or money order for $10.00 to: 

Small Bear Electronics, 123 Seventh Avenue 
#156, Brooklyn, NY 11215. I can also 
accept MasterCard or Visa through PayPal, 

• and you can find the PayPal icon on my 
home page: http://home.netcom.com/ 
-smallbearelec. NV 

I 
I 
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In I 998, my brother 
David Campbell and I 
formed Bohica Brothers Robotics and began building our first fighting robot, 

' World Peace.With the help of the other members of Team Bohica (Ed 
Spencer, Ron Bitondo, and Ed Bitondo),World Peace made its first appearance 
in November 1999 in las Vegas at the BattleBots Bot Bowl I 
(www.battlebots.com). We fought in the Super Heavyweight class and unfortu
nately w~re eliminated from the one-on-one in our first fight. We did better in 
our second fight in the rumble (all robots competing at the same time), 
which we won. So with our 1-1 lifetime record and lessons learned, we 
started work on World Peace (Rev 02). We had hoped to compete 
in the June 2000 competition in San Francisco, but we were not 
able to complete all of our upgrades in time. World Peace is anx
iously waiting for its next chance to fight the good fight for 
truth, justice, and 
non-violent conflict resolution. 

Onboard Robot Controller 

0 

"JUDGES COMMENTS: "Wfiat impressed us most was 
.· the quality of the engineering. The circuit boards 
are designed very cleanly and the electrical and 
mechanJCal construction appears professional." 

Control box 
interface board 

with the control box is lost, and to ensure the safe operation of the 
hydraulics. · 

The operating state of World Peace is displayed through nine LEDs. These 
indicate the active comm. channel, the relative signal strength of each comm. 
channel, good/bad messages received, throttle increase/decrease, and a power 

indicator. Status LEDs are also provided for each 
hydraulic valve and if the hydraulic system is 

enabled. The robot controller is based on the 
National Semiconductor COPS microcontroller. 

The onboard robot controller consists of eight 
circuit boards: robot controller processor board, robot con

troller interface. board, dual channel receiver board, 110. interface 
board, hydraulic valve control board (2), status display board, and the self

commencer (engine starter) interface board. 

Control Box 

. The Control Box is used to operate World Peace at a distance. Redundant 
~ 900MHz RF communication links transmit control packets 20 times a sec-

World Peace is powered by a modified chain-
- 0 Q _.. , on~. Tw?kj~ystickds aredu_sed tho conbtrol Wh.ol rldh Pe

1
aftce: The_ rkig~t · 

lillllllliJJ!i"""' .,,,. 1oyst1c 1s use to rive t e ro ot w 1 e t e e 1oyst1c 1s 
saw engine driving a hydraulic pump (system pres
sure is .2000 psi). All robot functions (except 
for the electric start) are implemented with 
hydraulics. The on board controller selects 
the best of the two 9600 baud RF links 
(900MHz modules were purchased to 
implement the RF link) to receive con
trol signals to operate the robot. Basic con
troller functions include control of the chain
saw engine by adjusting the engine throttle setting based 

. on hydraulic pump speed, and controlling the various hydraulic 
valves used to make World Peace go. The main weapons are the beak 
and lifting arm. Two hydraulic motors are used to drive the robot with sepa
rate left and right drive proportional valves for steering and speed control. 
Various safety interlocks are implemented to stop the robot if communication 
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used to operate the beak and lifting arm. Front panel con
trols select the robot operating mode (standby, start, 

automatic, manual, and test), manually set the engine 
throttle (not used in automatic mode), separate 

t on/off switches for each RF channel, and allow 
manual control of the hydraulic bypass valve, 
engine start switch, robot horn, and shutdown. 

CRC 16 error detection is used to ensure data 
packet integrity at the robot. The robot controller is 

based on the National Semiconductor COPS microcon
troller . 

The Control Box consists of three circuit boards: control box 
processor board, control box interface board, and the dual channel 

receiver board. 
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Electronics Design 

'. Cont~it. 
The compettuon was 
tough ... the judges, 
fil1d their work cut 

out for them! 
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An Electronic 
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entered by Jeff Karpinski 
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A PIC ISA Control Board 
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a stand-alone web cam) 
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Dr. Edward Cheung 
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Control Box 
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radiO t2 data Interface I processor throttle servo (2) 

pump speed (2) 
radio#2 rssi system pressure 

accumulator pressure 

hydraulics enable indicator 

diagnostic indicators {2) 

valve state indicators (24) 

right drive proportional 

Valve right drive direction (2) 

Interface left drive proportional 
(1/2) left drive direction (2) 

bypass 

arm(2) 

beak(2) 

spare 

righting arm (2) serial port Valve 
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Honorable Mentions 

"100 Watt Power Amplifier" 
entered by Robert E. Friess 

"ClipClop''. 
entered by 
David E. Smith 

"Wind Reader"™ 

entered by Victor Fraenckel 
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I 
n instrumentation, all of us have 
encountered one common prob
lem, one that continually sur
rounds us in the world we live in 

. - 60 Hz noise. 
The penalty for all our modern 

conveniences is the AC power they 
use which surrounds us and continual
ly radiates 60 Hz electromagnetic 
waves. These 60 Hz waves are usually 
strong enough to easily creep into 
low-level voltage signals we are trying 
to capture; showing up as noise that 
often is many times greater than the 
signals we are seeking. 

When these signals are audio, we · 
hear a constant low-frequency tone 
mixed with the audio we want to hear. 
This AC noise or hum can be discon
certing, and for something like music, 
is damaging in the sense of destroying 
the aesthetic qualities of the music. 

Removing that AC noise without 
altering the signal requires a filter 
which rejects a small band of frequen
cies around 60 Hz without affecting 
other frequencies above or below the 
rejection band. This type of filter is 
called a band rejection filter. 

This article describes a modular 
instrument which uses the common 
power supply described in the June 
2000 issue of Nuts & Volts (pages 
87-90, "Modular Instrument System"). 

A modular -instrument is a simple 
instrument built in a stand-alone case, 
but having its power supply in another 
case which the instrument ~onnects to 
using a five-pin DIN connecting cable 
such as RadioShack's part number 
42-2151. 

While this article describes the 
60 Hz notch filter as a modular instru
ment, the basic filter circuit may be 
incorporated into other circuit designs 
requiring rejection of 60 Hz AC noise, 
such as audio applications. 

If you have an audio recording 
with a 60 Hz hum, you can use this 
filter to drastically reduce that hum 
without compromising the audio itself, 
because this filter has a band width of 
only a few Hertz. This circuit is an 
active filter design that uses carefully
selected values of resistors and capaci
tors to determine the frequency of 
rejection. 

Designing the Filter 

Whenever I design an active filter, 
I go to the book that's the holy grail 
of designing active filters - Rapid 
Practical Designs of Active Filters by 
Johnson and Hilburn'. I bought this 
book while working on my EE degree, 
a time long ago that I won't confess 
to here, and have used it ever since 
with great success. I've used other 
books, good books I might add, as 
well as various computer programs. 
But I get the best results from using 
this book, an important consideration 
at an earlier time before we had com
puter simulators for electronic circuits. 

As its name implies, this book 
gives the designer the tools to quickly 
design a wide range of active filters, 
up to an eighth order, by first select
ing a basic capacitor and the cutoff 
frequency. The designer chooses the 
type of filter his circuit requires, such 
as a low pass forth order Chebyshev 
with 2 dB ripple, then goes to the 
appropriate table to calculate the com
ponent values. 

I have designed a number of dif
ferent low pass, high pass, and band 
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fc := 60 

Q := 20 

c := 0.1 

G := 1 

B := fc 

Center frequency in Hz, for rejection Figure 2: Circuit Modules 
doing the arithmetic which 
can be done with any calcu
lator. But when the circuit 

Q 

8=3 

K:= 100 
fc • C 

K = 16.667 

R1 := 1.592 • K • .Q 
G 

R1 = 530.667 

R2 := 1.592·Q·K 

R2 = 530.667 

R3 := 1.592 • K 

R3 = 26.533 

R6 := 1.592· ~ 
G 

Quality factor of filter 

Capacitor in uF, frequency tuning 

Filter gain, voltage ratio 

Relationship of bandwidth to quality factor 

Filter bandwidth in Hz 

Filter scaling factor 

Resistor R 1 in Kohms 

Resistor R2 in Kohms 

Figure I: 
Filter 

Calculations 

Resistor R3, R4, and R5 in Kohms 

Resistor R6 and R7 in Kohms 

(a) 

(b) 

(c) 

R5 = 26.533 
"Rapid Practical Designs of Active Filters, " 

David E. Johnson and John L. Hilburn, 
John Wiley & Sons, Inc., New York, NY, 1975. 

pass filters using these tables, but 
band reject or notch filters are another 
matter - they tend to be a bit 
twitchy, especially if you want very 

narrow bands of rejection. 
My first design was a Voltage 

Controlled Voltage Source (VCVS) 
band rejection filter using the book's 

design procedure (page 210). This 
involved selecting the desired center 
frequency, bandwidth, and capacitor 
values, then performing some simple 
calculations to give the resistor values. 
These calculations are given in the 
book and only involve substituting and 

"t IMELESS PRODUCTs 
The Best Prices and Service • In Business over 15 years! 

Phone 218-346-6660 Fax 218-346-6664 
CABLE TV CONVERTERS 

WILL NOT DECODE 

New! "TP 125 V11 

128 Channel Con'1erter with Volume 
Special Prices for 

TP1550PC 
Call for Details 

Panasonic still available! 

•REFURBISHED CONVERTERS ALSO AVAILABLE• 

•QUALITY REPAIR DEPARTMENT FOR ALL YOUR 
TUNER REPAIRS• 

•REMOTES AVAILABLE FOR MOST CABLE BOXES• 

DEALERS ONLY• GREAT QUANTITY PRICES• NO DECODER SALES 
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was simulated with 
Electronic Workbench2

, I 
was surprised to find its 
center frequency way above 
the designed value and 
spent considerable time in 
determining resistor values 
to give a center frequency 
of 60 Hz. 

The simulation never 
gave a narrow bandwidth 
design, but rather one with 
-3 dB points of about 35 
and 75 Hz which would 
corrupt much of the data 
from a transducer. Although 
the VCVS design uses the 
fewest components for a 
second order filter, its pre
dicted performance was 
unacceptable. 

I then tried the 
Multiple-Feedback band 
reject design on page 213. 
This Circuit is more com
plex than the VCVS requir
ing three additional resistors 
and a second opamp. 
Again, I simulated the 
design using Electronic 
Workbench and found its 
response so completely 
unacceptable, I didn't pur
sue it further. 

I next tried the notch 
filter design in Don 
Lancaster's filter book3 

which uses a summing 
amplifier to take the outputs 

from an active low pass and high pass 
filter whose cutoff frequencies are 
selected to form a notch. Simulations 
of this design showed it having a wide 
bandwidth and a low level of rejection 
that is on par with the VCVS design 
but requiring considerably more parts. 

Surprised that these designs were 
performing so poorly, I finally tried 
the Biquad band reject filter design, as 
outlined on page 215 and, despite the 
complexity of the circuit, I was sur
prised how well this circuit performed. 
This is definitely the circuit to use if 
you're serious about band rejection fil
ters. I designed the filter for a gain of 
1 and a Q of 20, where Q is the qual
ity factor defined as the center fre
quency F C• divided by the bandwidth 
BW. 

Simulation showed its pass band 
to be extremely flat with an upper 
limit of 1 MHz. By adding two trim
mer pots, the center frequency can be 
fine tuned to exactly the desired cen
ter frequency and the notch for maxi
mum depth of rejection. Since the 
purpose of this filter is to reject 60 Hz 
power line noise, the fine-tuning abili
ty allows you to make this circuit near 
ideal. The filter's performance is toler
ant of component variations with no 
great changes in response from small 
changes in components. 

The Design 

To get good performance from 
active filters , you need to use close 
tolerance capacitors which are rather 



expensive and hard-to-find. Note -
this does not apply to any of the 

·power sup!6ly decoupling capacitors. 
The alternative to buying these is to 
measure capacitors and select the 
ones nearest the actual value. 
Anymore, capacitor meters are an 
inexpensive instrument often found in 
digital multimeters, so selecting capac
itors is easy. Of course, the more 
capacitors you have, the easier it is to 
find accurate capacitors. 

For me, the 0.1 uF capacitor is 
my most widely used value and there
fore, I have a large number of them in 
inventory, so consequently I chose this 
value for my design. 

The first step in the design is to 
calculate the scaling factor K which is 
used to scale the resistor values. This 
scaling factor is 100 divided by the 
product of the chosen capacitor value 
in microfarads times the center fre
quency in Hz. 

The designer must choose two 
other parameters before calculating 
the resistor values - the over-all volt-

J1 
St{; 

"'I rout"' 

51 
"'AC/DC"' 

0.1 

R1 
1M 

age gain of the filter 
and the bandwidth in 
terms of the quality 
factor Q. Since I want
ed the maximum fre
quency response, 
which is limited pri
marily by the gain 
bandwidth product of 
opamps, I chose a 
gain of 1. A quality factor Q of 20 
will give a bandwitdth of about 3 Hz, 
a value I considered having a mini
mum effect on signal quality together 
with the scaling factor; the frequency 
and the quality factor determine the 
resistor values by using simply addi
tion, multiplication, and division with 
a calculator. The book gives a simple 
formula for each resistor. For those 
readers who use Mathcad4, I have 
enclosed a Mathcad 6 file with the 
design calculations for a biquad notch 
filter that you can use in designing 
other notch filters with different para
meters. The name of the file is 
bq60n20.mcd. A sample Mathcad 

11< 
'freQ . Tune '" 

R4 

C3 

0 . 1 Note 1 
R7 

536 K 1" 

printout of this design is shown in 
Figure 1. 

I entered the filter design into 
Electronic Workbench using the exact 
calculated component values and the 
generic opamp model. The circuit was 
simulated using the bode plotter to 
test the frequency response which 
allowed me to quickly measure the -3 
dB points, the center frequency, and 
its signal rejection in dB. The frequen
cy difference of the -3 dB points gives 
the filter's bandwidth in Hertz. Next, I 
replaced the exact calculated resistor 
values with standard 1 % resistor val
ues and simulated the circuit again. 

The filter's response changed lit-

RT2 
lrout Buffer 

C4 

"Power in" 
A3 

J3 - 4)>-----.1-+---i 7&. T2 

CB 

I 470tF -
25V 

J3-2 ))-----1---~ 

+cg + 
470 tF 
25V 

J3 - 5>------+---l 

F ILE : 1l00070 .CAO 

I <ct:] T2 V 

Cll 10._1 

T2 v 

R17 
~-----'\ 

Note 1-

26 .7K 1" 

60 Hz Notch Fi I ter 

Capacitors C2 ondC3 ore selected for 0.1 tF va lue 
us i nq o capoc i tonce meter . Match as c I os I y as 
POSS 1b le. 

26 .7 K 1" 

tie indicating the circuit is not very 
sensitive to component variations. 
Although the response was very good 
using standard values, I experimented 
and found those resistors which affect
ed the center frequency and the depth 
of the rejection notch. 

By replacing those resistors with 
the next lower standard values in 
series with a 1 Kohm trimmer poten
tiometer, I was able to exactly tune the 
simulated filter to 60 Hz with a very 
high rejection of about -50 dB. The 
Electronic Workbench circuit file is 
provided on Nuts & Volts web site for 
down loading by users who wish to 
further analyze this circuit. The file 

Lost Used 

A4 

C11 

J3 
R17 
51 

Output Buffer 

Spores Not Used 

none 

R15 

47 

none 

R16 
4_.7 K 

J2 
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' 'Output ' 
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name is bq60n20.ewb. 

The Circuit 

The biquad circuit gets its name 
from its transfer function which has 
two quadratic functions in it. A trans
fer function is the algebraic expression 
which relates the input and output of 
a circuit. A circuit's transfer function 
can be calculated - if the experi
menter is so inclined - by using the 
basic frequency expressions for capac-

itors and inductors combined with 
resistors. But since this involves one 
or more college courses to learn, we'll 
forgo discussing how it's done. The 
point is the transfer function for a 
biquad circuit has two quadratic func
tions, hence the "bi" for two and 
"quad" for quadratic, where quadratic 
means an equation in the form: 

y = ax2 .+ bx + c 

However, unless you're a glutton 

RF Data Modules 

• II II 

•Small size: 17.78 x I l .43mm 
•CMOStnL input 
•No adjustable components 
•Low Current. 4mA typical. 
•4 I 8MHz or 433.92MHz OOK 
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add antenna, data and power 
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for punishment, don't 
worry about it. That's 

" why we have circuit sim
ulator programs on our 
computers - so why all 
the discussion on trans
fer functions then? Well, 
the circuit of this filter is 
actually an analog com
puter5 which is config
ured for the filter's trans
fer function. 

For those who have 
known personal comput
ers since their first mem
ories, analog computers 
were once used when 
digital computers filled a 
large room, but had little 
more power than today's 
programmable calcula
tors. Analog computers 
are composed of circuit 
modules which perform 
basic math functions 
such as addition, sub
traction, multiplication, 

and even calculus functions such as 
derivatives and integration. 

General-purpose analog comput
ers were programmed by using patch 
cords to interconnect those modules 
and other components, while numbers 
were represented by voltage levels. 
Analog computers were used to model 
complex dynamic systems such as 
orbiting bodies and vibrating struc
tures, such as an aircraft's wing. 

As an analog computer, the 
biquad circuit uses three circuit mod
ules that are shown in Figure 2, 
which, when connected together with 
a feedback path, gives the basic trans
fer function of one quadratic equation 
divided by a second one. 

The first circuit module is the 
lossy integrator (Figure 2a), the next is 
an inverting integrator (Figure 2b) and 

120VAC] Center Tap 

12 .6 Vo I t Output 

finally the inverter of Figure 2c. By 
arranging these modules in slightly 
different order with feedback, the ana
log computer can represent the qua
dratic transfer function of a low pass, 
high pass, all pass, band pass, or 
band reject filter while selecting the 
values for resistors and capacitors will 
determine the filter's frequency 
response, in particular, the filter's cut
off frequency. 

As expected, the input signal 
goes to the analog computer's input 
while its output provides the now fil
tered signal. As the input signal enters 
the analog computer, it is multiplied 
by the computer's transfer function 
and exits the computer's output hav
ing been modified; and since the 
transfer function is frequency depen
dent, different frequency components 
are modified by different amounts 
which results in the filtering action. 

Calculating the required transfer 
function for a desired filter and then 
determining the values for the circuit 
components to give that transfer func
tion is a somewhat tedious exercise in 
algebra, but Rapid Practical Designs 
of Active Filters1 has already done 
the work for you so you only need to 
enter the filter's cutoff frequency and 
the value of the capacitor to quickly 
design a filter. But for those readers 
who wish to further explore this class 
of filters , M. E. Van Valkenburg's 
book Analog Filter Design6 has a full 
chapter on the biquad circuit, chapter 
5 , titled "The Biquad Circuit." 

Construction and Testing 

I was very curious if I could actu
ally achieve -50 dB rejection with the 
actual circuit, although I suspected not 
because the circuit simulation uses 
ideal components. This is not to say 
that circuit simulations cannot be used 

10 K 

Figure 6: 
60 Hz Source 

Fi I ter Input 
--------

1 K 

F i I ter Ground 



or trusted, but rather they must be 
tempered by your experience in elec
tronics. 

Like any other tool, such as your 
oscilloscope or voltmeter, it has its 
limitations in accuracy. To test the fil
ter's performance, I built the instru
ment in two stages - the first stage 
was the basic filter itself which could 
be tested in the lab, the second as the 
full instrument to be used with the 
modular power supply. 

I built the basic filter circuit first to 
test the circuit's performance before 
putting the time, material, and effort 
into the full instrument - better to 
know it will work satisfactorily before 
fully investing in it. The circuit was 
constructed on a piece of blank circuit 
board which fits into an aluminum P
box enclosure sold in RadioShack 
stores. This is a 2 x 3 x 5 inch box, 
part number 270-238, selling for 
about $3.00, that makes an ideal case 
for modular instruments. My board 
measures about 2-1/4 x 3 inches and, 
as seen in Figure 3, the filter is built at 
one end. 

Opamp Al has all its leads bent 
outwards level with the chip so they 
don't touch the bare copper ground 
plane. Refer to Figure 4 . Begin con
struction with the power supply 
decoupling network, R8, R9, C4, and 
C5, by cutting one lead of R8 to 1/ 4 
inch and soldering it to pin 4 of Al. 
Now cut and form the leads of C4 to 
straddle the chip's body and solder it 
between pins 4 and 11 of Al. 

Wrap one lead of CS around a 
lead of R9 close to the resistor's body, 
then solder and cut the lead of R9 
which has C5, to a length of 1/4 inch 
and solder that end to pin 11 to com
plete the network. 

I placed the two high-frequency 
decoupling capacitors ClO and Cll 
on the free ends of R8 and R9 by 
looping a lead around the resistor's 
lead, soldering and trimming the 
capacitors leads flush . Trim the free 
ends of capacitors ClO and Cll to 
1/ 4 inch length and then bend the 
resistor's leads up into a loop to allow 
connecting test leads for power. 

With the network completed, you 
can position Al on the circuit board 
and attach it by soldering the free 
ends of capacitors ClO and Cll to 
the circuit board. Al has three 
opamps that connect to ground so use 
a small screwdriver to push pins 3, 5 , 
and 10 down flush with the circuit 
board then solder each to the copper 
surface. 

Now complete the basic filter cir
cuit by installing those parts within 
the dotted box of the schematic dia
gram in Figure 4 . Note that capacitors 
C2 and C3 are part of the frequency 
determining network of the filter, so 
their value is critical. 

Precision capacitors are both 
expensive and hard to obtain, so use a 
capacitance meter to cull your stock of 
0 .1 uF capacitors and select the exact 
value. Although you want the value as 
near to 0.1 uF as you ca·n get, the 
really important thing is for the capac
itors to be matched, because the clos
er the capacitors are matched, the bet
ter the filter's performance. 

Prior to testing, tack solder a 
short bare wire on pin 12 of Al for 
attaching a test lead to inject the test 

Bode Plotter 

signal; note that the input 
network Sl, Cl , and Rl 
are not needed for initial 
testing, as well as the out
put buffer amplifier A2. If 
there is insufficient room to 
clip an oscilloscope probe 
to pin 7 of Al, you may 
need to also tack solder a 
short length of bare wire 
onto pin 7 to form a test 
point. 

I M~eude I l11twe I Is- I 

-- ~Vertical HOl'izont~ 

~ ~ ~ l1!:] 
Fj 10 dB • ~I: 19 11 ·60 dB • 

Trimmer pots R3 and 
R5 are single tum printed 
circuit board mount trim
mer resistors with their 
leads bent upwards. Use 
epoxy to glue a small bit of 
insulating material - such 

CE E?1 l-48.24dB 
60.04Hz I 

.. .... j. .... .. .. .. ....... .... 
(i In (i (i CM (i 

Figure 8: Electronics Workbench Filter Response 

as part of a wooden toothpick -
under each resistor to prevent acciden
tal shorting to ground when adjusting. 
Be careful not to glue any moving 
parts on the bottom of the resistor 
since this will prevent their adjust
ment. Finally, use a length of #20 
AWG bare buss wire, then form and 
solder a ground bar to the copper foil 
at the opposite end for attaching 
ground leads. 

For testing, use a split power sup
ply, setting its output to ±12 volts, 
with the positive rail going to R8, the 
negative to R9, and the ground lead 
to the ground bar. The circuit will pull 
less than 15 milliamps on either rail, 
so if greater than 15 milliamps discon
nect, find the mistake before continu
ing. 

Connect your function generator's 
output and one channel of your oscil
loscope to pin 12 of Al and adjust 
the level for about 1/ 2 volt pp 
sinewave at a frequency of about 200 
Hz. Connect the other oscilloscope 
channel to the filter's output at pin 7 
of Al as in Figure S. 

If your filter is working correctly, 
the input and output levels will be the 
same amplitude. Now adjust the fre
quency to 60 Hz and the output 
amplitude should drop in level. Adjust 
resistors R3 and RS for minimum 
amplitude, then sweep the frequency 
between 30 and 100 Hz. As you 

Ref. Desg. Qty. Nomenclature 

sweep across 60 Hz, the output 
amplitude will go very low while the 
input remains the same, but on either 
side of 60 Hz, the output will return 
to the same amplitude as the input. 

In doing this test, you will 
undoubtedly have trouble setting your 
function generator to precisely 60 Hz 
and, since this filter has a bandwidth 
of only a few Hertz, it's critical to 
have a precise 60 Hz signal. This is 
very easily done since your lab has a 
very precise 60 Hz frequency source 
available - the AC power in the wall 
socket that your instruments are 
plugged into. The AC power in your 
home is set very precisely to 60 Hz 
and since you are using this filter to 
remove 60 Hz noise from signals, it's 
exactly what you should use to set up 
your filter. 

All that is required is a six-volt fil
ament transformer and two resistors 
to form a voltage divider to give a 1/ 2 
volt output signal. For six volts, a 1 
Kohm and 10 Kohm resistor will give 
this signal, but if you have a 12-volt 
transformer use a 22 Kohm in place 
of the lOK. Remember, if you are 
using a center tapped transformer, use 
one side and the center tap. Refer to 
Figure 6 for the schematic and tack 
solder the resistors to the trans
former's leads, then check its output 
with the oscilloscope. This output sig
nal can be connected to the filter by 

A1 
A2. 

: TL074 Quad Bi-FET Op-Amp, 14 pin DIP 
: TL072 Dual Bi-FET Op-Amp, 8 pin DIP 

either using test leads, by soldering 
short lengths of wire for jumpers, or 
by tack soldering the transformer's 
leads directly to the filter as in Figure 
7. Again, while monitoring the filter's 
output, adjust R3 and RS to give a 
null, that is, a minimum output signal. 
My filter gave a rejection of about -2S 
dBV which is calculated by: 

Rejection, dBV = 20 * 
log10(Vout I Vin) 

Vin and Vout can be RMS, peak 
volts, or peak-to-peak volts - the only 
restriction is they must be the same 
units . If you're using a DVM for mea
suring, its AC scale should be true 
RMS since the output waveform at 
center frequency is complex instead of 
a sinewave. The -2S dB rejection is 
about half the rejection obtained by 
analysis using Electronics Workbench, 
but if you move the bode plot cursor 
in Electronics Workbench just a frac
tion of a Hertz from the center fre
quency, the rejection quickly 
approaches the real filter's perfor
mance. Refer to Figure 8. 

The notch at the center frequency 
becomes extremely sharp which does 
not occur in the real world. When the 
span of the bode plot is set from 59 
to 61 Hz, a change of 0.01 Hz from 
center frequency gives a change in 
notch depth of 10 dB. Furthermore, 

Part Number 

A3 
A4 
C1-7,10,11 
C8,9 

: 1 
: 1 
:'1 
: 1 
: 9 
:2 
:2 
: 1 
: 1 
:2 
:2 
:2 
:4 
:4 
: 1 
: 1 
: 1 
: 1 

: 78L12 +12V, 100 mA, 3 Terminal Voltage Regulator, T092 
: 79L12 -12V, 100 mA, 3 Terminal Voltage Regulator, T092 
: 0.1 uF Monolithic Bypass Capacitor, 25V 

: note 1 
: note 2 
: note 3 
: note 4 

J1,2 
J3 
R1 
R2,7 
R3,5 
R4,6 
RB,9,13,14 
R10-12,17 
R15 
R16 
S1 

: 470 uF Electrolytic Capacitor, 25V 
: BNC Panel Mount Bulkhead Recept, Solderable 
: 5 position DIN Receptacle, Panel Mount 
: 1 Mohm Resistor, 5%; 1 /4 Watt 
: 536 Kohm Resistor, 1%, 1/4 Watt 
: 1 Kohm Potentiameter Resistor, Single Turn 
: 26.1 Kohm, 1%, 1/4 Watt 
: 10 ohm Resistor, 5%, 1 /4 Watt 
: 26.7 Kohm Resistor, 1%, 1/4 Watt 
: 47 ohm Resistor, 5%, 1/4 Watt 
: 4.7 Kohm Resistor, 5%, 1/4 Watt 
: SPST Micro Miniature Toggle Switch, Panel Mount 
: Aluminum P-box, 2 x 3 x 5 inches 

: note 5 
: note 6 

: note 7 
: note 8 

note 1 - Digi-Key part number 296-1777-5-ND 
note 2 - Digi-Key part number 296-1775-5-ND 
note 3 - Digi-Key part number NJM78L 12A-ND 
note 4 - Digi-Key part number NJM79L 12A-ND 
note 5 - Digi-Key part number ARFX1064-ND 
note 6 - Digi-Key part number 275-1014-ND 
note 7 - RadioShack part number 275-624 
note 8 - RadioShack part number 270-238 
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5 - 12 Vo It 

3 - 5 Vo It 

Ground 

the depth of the notch varies with the 
settings of the bode's start and stop 
frequency, another indication that we 
are looking at a mathematical artifact 
instead of real-world performance. 

If testing shows the basic filter to 
be working correctly, continue. build
ing the instrument by installing the 
output buffer amplifier A2 and the 
input network Cl and Rl. Again, 
start by installing the power decou
pling network Rl3, Rl4, C6, and C7 
to opamp A2, then position the 
assembly on the circuit board and sol-

. der the free end of C7 to the circuit 
board. Install the DC return network 
Rl5 and Rl6 then connect pin 7 of 
Al to pin 3 of A2. You may want to 
do another test before finishing the 
power supply because, if there is a 
problem, you have more room to 
work without the clutter of the power 
circuits. 

Install the filter's power circuits 
which consists of regulators A3 and 
A4 and capacitors ClO and Cll . 
Start by spreading the input and out
put leads of A3 and A4, then bend 
the end (1/4 inch) of each ground 
lead 90 degrees and finally, solder the 
regulators to the circuit board via their 
ground leads. 

Note that the schematic (Figure 4) 
has the pinouts for A3 and A4. 
Position the output of the regulators 
leads as near to the power input pins 
of Al as possible. Complete the 
power supply by installing the two fil
ter capacitors and then connect the 
regulator outputs to the circuit power 
using the regulator's output leads 
directly or insulated wire if the dis
tance is too great. 

You may want to test the circuit 

2 Ground 

4 t 12 Vo It 

1t5Volt 

Back View 

Figure I 0: Power Connector 

before installing the board in its case 
by using a laboratory power supply. If 
so, be sure and set the power supply 
voltage at least three volts above the 
regulator's 12 volt output to ensure 
the regulators will correctly regulate. 

Case 

When you are satisfied that your 
notch filter is working correctly, you 
can install it in the case, but I advise 
you to do all the sheet metal work 
first. This involves drilling holes for 
the three panel jacks and a toggle 
switch. The ends of the case's top are 
used as the instrument's front and rear 
panels. The input and output jacks Jl 
and J2 are panel mount BNC connec
tors which mount in 3/ 8 inch holes 
drilled in the front panel. 

The "AC/ DC" select switch Sl is 
mounted just above the input connec
tor Jl. The power connector J3 is 
mounted on the opposite end of the 
case's top in approximately the center. 
This connector is a five-pin DIN panel 
mount connector that requires a 5/ 8 
inch hole that is too large to drill 
cleanly in such thin sheet metal, even 
if you have a drill bit that large. 

This hole must be drilled smaller 
and expanded with a rat tail file until 
J3 will pass through the hole. If you 
are going to be doing very many of 
these, I strongly recommend investing 
in a chassis punch such as a 5/8 inch 
Greenlee round metal punch set, part 
number 500-2409.4. This punch 
allows you to drill a small hole, mount 
the two halves of the punch on either 
side with a bolt passing through the 
hole to connect the punch halves 
together, then by tightening the bolt 

Do You Repair Electronics? 
For on(1 s-. 95 u 111011th. yo 11 'I/ recein· u ireulrh of in/ormution: 

. 
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 
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with a wrench, you cut a perfect 5/ 8 
inch hole in the sheet metal. Much 
easier than fighting with a file and try
ing to get the connector to fit. 

You can mount J3 using screws 
and nuts, but I find it easier to use 
1/8 inch aluminum pop rivets which 
don't work loose. 

As seen in Figure 9, the circuit 
board is mounted on the inside of the 
case top with the filter input (pin 12 
of Al) close to the front panel which 
has Jl and J2. While holding the cir
cuit board in position, drill a 1/8 inch 
hole at the center of the circuit board, 
through both the circuit board and 
sheet metal top cover, then use a 4-40 
x 1/ 4 screw and nut to secure the cir
cuit board in place. 

With the circuit board secured, 
cut one end of the input resistor Rl to 
1/4 inch, then bend the other lead 90 
degrees about 1/ 4 inch frorri the 
resistor's body. Solder the straight part 
of Rl 's long lead to pin 12 of Al with 
the bent part of the lead pointing 
upwards. The resistor's body should 
be in line with pin 12 and laying 
against the circuit board. 

Now press the short lead of Rl 
against the circuit board and solder it 
to ground. Finally, the lead of Rl, 
which is pointing upwards (pin 12 of 
Al), is connected to one side of the 
switch Sl ("AC/ DC") and soldered. 
Connect a wire from the other side of 
switch Sl to the center terminal of Jl 
("Input") and solder both ends. 

The bypass capacitor Cl is con
nected across switch S 1 by soldering 
its leads to the leads already connect
ed to switch Sl. For the filter's out
put, solder a wire from the junction of 
Rl5 and Rl6 to the center terminal 
of J2 ("Output"). 

Finally, connect the + 12 volts of 
J3 (terminal 4) to the input lead of 
regulator A3 and the -12 volts of J3 
(terminal 5) to the input lead of regula
tor A4 using insulating wires. Connect 
the grounds of J3 (terminal 2 and 
Ground) to the copper foil of the cir
cuit board using either insulated or 
bare buss wire. Refer to Figure 10 for 
terminal locations. Your instrument is 
now ready for use. 

Make a final test and adjustment 
'of the filter by connecting the input of 
the notch filter to the signal source 
shown in Figure 6, 60 Hz Source, and 
the filter's output to an oscilloscope or 

voltmeter. Again, adjust R3 and RS 
for minimum signal level which gives 
you the highest rejection of 60 Hz 
noise. 

If you need higher rejection, you 
can cascade additional notch filters 
together with each additional filter giv
ing you another 25 dB rejection, but 
remember you can't reach extremely 
low levels of 60 Hz noise because the 
noise will-re-enter your signal from 
other sources. 

Now you have another modular 
instrument which I'm sure you'll find 
to be a useful addition to your lab. 
Note that for AC hum noise coming 
from power supplies that have full
wave rectifiers, the noise will be 120 
Hz instead of 60 Hz. Filtering this 
noise will therefore require a notch fil
ter designed for a center frequency of 
120 Hz. NV 
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SCANNING MOTOR - A-ll.OSC 
with universal mounting bracket accepts all 
standard I /4 x 20 threaded CCTV cameras. 
No tilt, just PAN. 75 degrees of continuous 
motion with a scan rate of 5 seconds per 
cycle. I I 0 volt indoor operation, but can be 
adapted for outdoor use. Includes 12 foot 
power cord. Perfect solution to triple your 
effective camera viewing angle! $19/each, 
or $25/e.ach in qty. of 4. Small size, 3-
l /2"D x 2"H. MATCO, Inc., Schaumburg, IL. 
1-800-719-9605. E-Mail: sales@mat-co.com 
Website www.mat-co.com 
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ij,,,,J&j,,,,;j . 
USE PC MONITOR AS SECURITY 
MONITOR. The VGA-80 I accepts ~tan
dard NTSC or PAL inputs for display on any 
existingVGA/SVGA computer monitor.Small 
compact size. Over 600 lines of resolution, 
twice that of standard TV monitor! $69 
each. Dealers welcome. MATCO, Inc., 1-
800-719-9605; Fax 847-619-0852; E-Mail: 
sale§@mat-co.com Website: www.mat
co.com 

QUAD VIDEO CABLE MODULA
TOR. CVS-600 inserts 4 color or black & 
white composite video signals on unused 
cable channels, 81 thru 95. Watch 4 remote 
security cameras from any TV in your home! 
Built-in signal amplifier and comb filter elim
inates any ghosting and actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199/each and $169/each in qty. of 4. 
MATCO, Inc., 1-800-719-9605 . E-Mail : 
sales@mat-co.com Website www.mat- -
co.com 

~· 

LOW VOLTAGE B/W high RES 410 
line CAMERA with optional black low
profile swivel adjustable enclosure. Pin hole 
or Std. lens type. 6, 8, and I 2mm lens are 
available. 1/3" CCD, 3.6mm/F2.0 lens includ
ed; works from 7.5-1 l VDC, highest volt
age range in market. 0.08 lux, IR sensitive; 
1.27" x 1.27" x 0.5"D pinhole or I" deep 
standard. $49 each SPECIAL PRICE FOR 
JUNE. Enclosure: $8; optional lens: $18. 
Dealers welcome. MATCO, Inc. 1-800-719-
9605. Fax 847-619-0852. E-Mail: sales@mat
co.com Website: www.mat-co.com 

WEATHER RESISTANT OUTDOOR 
CAMERAS. WR-700 type, high impact 
tempered glass with stand. Black & white 
(430 lines), or color (420+ lines) available. 
Standard 3.6mm lenses with optional lenses 
of 6, 8, and 12 mm at $20 extra. B/W 
$I 19/each. Color $179/each. Small 
compact size with sun shield. MATCO, Inc., 
1-800-719-9605. E-Mail: sales@mat-co.com 
Website www.mat-co.com 

SURVEILLANCE-COUNTERSUR
VEILLANCE: I buy and sell used equip
ment. Steve 410-879-4035. 

INFRARED FILTER ELIMINATES 
99.9% OF ALL VISIBLE LIGHT- IR-
9000.All B/W CCD cameras are IR sensitive. 
Place a 25 watt or less light behind the 3" x 
3" filter, and you will see in the DARK. 
$18/each. Purchase 2 for $30. 
MATCO, Inc ., 1-800-719-9605. E-Mail: 
sales@mat-co.com Website www.mat
co.com 

AS- I 004, FCC approved. 2.4GHz trans
mitter & receiver with audio! Capable han
dling total of 4 wireless cameras, range: 
> 300'. Built-in camera, 400 TV line. $219 
per system. Additional cameras at 
$129/each. Mateo, Inc. 1-800-719-9605 
Fax: 630-350-9546. E-Mail : nsales@mat
co.com Web site www.mat-co.com 

COUNTER-SURVl:ILLANCE=$250 
HR! Electronic eavesdropping is unbeliev
ably widespread! Are you sure you're safe? 
Learn how others (without prior experi
ence) earn $250 HR in the fascinating field 
of COUNTER-SURVEILLANCE! For FREE 
catalog call: 1-800-712-5000. 
HTTP://WWW.SPY-CITY.COM 

OPEN FRAME 
POWER SUPPLY 
±15VDC or ±12VDC @ SA. 
Power One HDD15-5-A, unused 
in factory box with full docu 
mentation . 
20E009 $24.95 each 
TV 
INTERNAL 
A-B 
SWITCH 
12VDC@ 15mA controls relay. 
Non - latching. Remotely 
switches between two 750 
coax ports . Specs included . 
98G001 $7.95 each 

. COMMON 
MODE 
FILTER 
Toroid core with 
two 82µH wind-

ings. Rated 250VAC @ 2A. 
97N006 89¢ each 

·-·-··«4~<i\itWlc+wT~·~Lro}f,.~ 
SOLDER SUCKER 
Small size makes for easy one
handed operation . Aluminum 
barrel with teflon tip. 
20Z007 $4.99 each 

~t::~:: ~:\~~ 
12 VDC, 300 mA, 20 Ohms, 400 
s/rev, NEMA-17 size . 3/16" x 
1/2" splined shaft one side; 3/ 
16" x 1/4" smooth shaft, other 
side . 
97M018 $4.95 each 

70 MHz 
DUAL I.F. BOARD 
Two independerit 70MHz IF 
strips on one board with ±12V 
regulators for each strip .Three 
demodulator sections per strip 
with 5 IF transformers, bal
anced mixers (MCL #SBL-1), 
two MC1496 !Cs, 5MHz crystal. 
FM audio section with two 
LM3089 FM-IF IC and lOMHz 
crystal per strip . Lots of op 
amps (7 per strip), plus resis
tors, caps, inductors, transis
tors, sixteen 25-turn trimpots. 
All on 7" x 17" ground plane PC 
board with shield . 
98G002 $24.95 each 

6-METER FSK 
RECEIVER 
Crystal controlled on 50.675 
receive frequency . Superhet 
with 10. 7MHz IF. Three !Cs and 
one transistor. Not a kit! New, 
with schematics and spec sheet 
for major components . 
92A067 $9.95 each 

TELEPHONE 
SPEECH NETWORK 
With Dialer Interface 
Telephone line powered . Ad
justable gain. Works wfth elec
tret mike and receiver or ear
phone . Impedance 150 Ohms 
or higher. Provides regulated 
voltage for external CMOS di
aler. With docs. 
97V005 $4.95 each 

'f\ 

ci.~;_.,.~
BROADBAND 
RECEIVER 
RF PREAMP 
Amplify received signals in the 
5 to 900 MHz range with 10 dB 
gain. Will work with any short
wave receiver, scanner or TV. 
92A025 $14.95 each 

LASER 
DIODE 
Toshiba TOLD9200 . 670nm, 
9mm dia. case, 3mW, 2V @ 
80mA. 
995004 $14.95 

PC MOUNT 
TRANSFORMER 
Input : 115/230 VAC @ 50/60 
Hz. Output: 14VDC @ 4A or 
28VCT@ 2A. Size : 21/z''W x 3-
1/16"L x 2"H. Class F-1. 
20N002 $8.95 

14-DAY 
PROGRAMMABLE 
TIMER 
Originally used to control a sat
ellite receiver through its IR 
port. Time on/off for eight dis
tinct events. Modify it for your · 
needs or dismantle it for its 
parts. Programmable with a 
2732 EPROM in a removable 
"personality" module,the unit 
may be modified to control any 
IR device through its IR port. 
Contains Z80 CPU, clock dis
play and associated parts. Op
erates from 9VDC 500 mA wall 
transformer which is included. 
92V014 $9.95 each 

FLASHING LED KIT 
Three extra-bright LEDs flash 
in unison on this 9V battery 
powered board . Use as safety 
warning for auto or bicycle, 
party gimmick, sea buoy, etc. 
Kits may be used in parallel to 
form an array. 
95K001 Parts Kit $3.95 

LCD DISPLAY 
Four lines by 20 characters. 
Back light attached. Standard 
14-pin connection . 
94L010 $14.95 each 

CAPACITORS BY 
THE POUND 
Lytics, tants, discs, glass, ep
oxy, computer grade. A good 
variety of all kinds of caps. 
20P004 5 Lbs. for $9.95 

IBM TRAVELSTAR 
HARD DRIVE 
3 .25GB ATA/IDE, 5VDC @ 
SOOmA, 4200RPM. 6304 cylin
ders, 16 heads, 63 sectors C/T, 
2.5" form factor commonly used 
in laptops. Label has setup 
info.Model DBCA-203240, part 
21L9530 . More info is at 
<www.ibm.com/harddrive>. 
20C011 $99.95 each 

'486 
MOTHERBOARD 
Comes wth a 25MHz 486-SX 
CPU. Board supports SX25, 
SX33, DX25, DX33, DX40, 
DXSO, DX2-50, DX2-l)6, DX2-
80. Does not support DX4 CPUs. 
All info silkscreened on board. 
Seven ISA slots and 2 VESA 
local buss extensions . Used, 
tested good . While supplies 
last ... 
98C014 $19.95 each 

OF~ 
ULTRA-BRIGHT 
WHITE LED 
Tl3/4 ultrabright white, 5600 
med. This will stun your eyes! 
SE5084J $4.95 each 

"FLUKE" TYPE 
METER PROBE KIT 
Shrouded type banana plugs fit 
Fluke and other popular DMMs. 
97Z017 $4.95 set 

~ ALLTRONICS 
Store Hours: 9-6 M-F & 10-3 Sat. - Pacific 
Visa, M/C, AmEx Accepted.All Sales Final. 

California Residents Add Sales Tax. 
Shipping Additional on All Orders 

Prices Subject to Change Without Notice. 
Prices Good 60 Days from Date of 

Publication 2300-D Zanker Road - San Jose, CA 95131-1114 
(408) 943-9773- Fax (408) 943-9776 

Download our New Catalog: http://www.alltronics.com 
0 
0 
a> 
0 .... 
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Callbacks up here can be a matter of life and death. 
Technicians at NASA's Space Shuttle Logistics use 

the CapAnalyzer BBA to be sure equipment is iii perfect 
condition before being launched where service calls 
could be somewhat of a problem. The CapAnalyzer BBA 
is also used by NBC TV, General Motors, Sears Service, 
Time Warner Communications, Panasonic, Matsushita 
Industrial, and Pioneer Electronics technician5, as well 
as thousands of independent TV, computer monitor, VCR 
and industrial service technicians. They prefer the 
CapAnalyzer BBA because it checks electrolytic 
capacitors for leakage and ESR in-circuit, accurately. 

Check www.eds-inc com/88users.html for actual 
users'· comments as they compare their own CapAnalyzer 
to the "wizards" and "z-meters" they already own. No 
unsoldering to check out-of-circuit, no mistaking a 

shorted or leaky cap as good, as other "ESR" meters do, no guessing about whether a value is good or bad. With the exclusive 
three-color comparison chart right on the front panel, auto-discharge, multi-beep alert, and one-handed tweezer test probe, 
even your grandmother could find defective caps in that problem PWM power supply, TV, computer monitor, VCR. or 
industrial control board in just seconds. And because it's handheld you can service anything anywhere. It's no wonder that 
almost 60% of CapAnalyzer sales are by referrals, or service managers buying additional units. In fact, our distributors tell us 
it's the most asked-for-by-name piece oftest equipment they sell. 

So stop wasting time and come back down to Earth. You can have your own CapAnalyzer BBA for only $179. With our 
exclusive 60-day satisfaction-or-money-back guarantee, you risk nothing. Prepare to be amazed: your only problem will be 
running out of work as you take care of all of those "dogs" that you've been sitting on. We're Electronic Design Specialists. 
We make test equipment des!gned to make you money. Check out www.ecls-jnc.com for all of the details. Available 
worldwide, at your distributor now, or call 561-487-6103. (And thanks to all our customers for making us #1 ! -Dave) 

VIDEO TAPE INTRUDERS 
CAR/HOME. 2-zone alarm system sends 
remote control commands (on, record, stop, 
off) to your VCR. Warning & alarm zones. 
Includes UL singlegang box & cover, circuit 
board, and emitter cable. Requires I 2V DC. 
VSS-1 $99. www.burglarvideo.hom 
estead.com to download manual. Dealers 
welcome. Fax 310-545-5958. 

Write In 45 on Reader Service Card. 

CCD BULLET CAMERAS B/W & 
COLOR. AX-800 series, weather resistant 
high impact design with swivel bracket. Will 
work with Mateo's scanning motor. 3/4" 
diameter x 3" long approx. B/W:400 line/0.2 
lux. $89/each. Color: 350 lines/2 lux, 
$I 39/each. MATCO, Inc., 1-800-719-9605. 
E-Mail: sales@mat-co.com Website 
www.mat-co.com 

40 DAYS and 40 NIGHTS 
RECORDER.TLR-6960 time lapse, can be 
activated by either contact closure or con
tinuous duty operation with standard T-120 
tape. Special price $499. Mateo, Inc., 
Schaumburg, IL 1-800-719-9605. E-Mail: 
nsales@mat-co.com Web site www.mat
co.com 

www.nutsvolts.com 

Miniature Transmitters and Receivers 

1 .... $22.95 
5 ..... $19.95 ea 
10. .. $16.95 ea 

RF300XT 

1 .... $25.95 
5 .... $22 .95 ea 
10 ... $19.95 ea 

• 300' (XT), 150' (T) Range 
• Frequency: 318 MHz 
• 59,049 Settable Security Codes 
• 12 Volt Battery and Keychain Included 
• Current Draw: 4.8 ma 
• Fully Assembled in Case 
• Dimensions: 1.25" x 2.0" x .5" 
• Push both buttons for the 3rd Channel 
• Slide Button Cover Included 

1 .... $27.95 
5 .... . $24.95 ea 
10. .. $21 .95 ea 

• 250' Range 
• Frequency: 318 MHz 
• 6,561 Settable Security Codes 
• 12 Volt Battery and Keychain Included 
• Current Draw: 4.6 ma 
• Fully Assembled in Case 
• Dimensions: 1 .35" x 2.25" x .5" 
• Push combination of buttons to achieve 

up to 15 channels 

• Alarm Systems • Magic Props • Industrial Controls 
• Garage I Gate Openers • Medical Alert • Surveillance Control 
• Lighting Control • Monitoring Systems • Motor Control 

2-4 Data/ 3-15 Channel 
Receivers 

RF300RL 
RF300RM 

1 .... $27.95 
. 5 ..... $24.95 ea 

10. .. $22.95 ea 

RF304RL 
RF304RM 

1 .... $29.95 
5 ..... $26.95 ea 
10 .. . $23.95 ea 

• Compatible with 300/4 Transmitters 
• 11-24 volts DC Operating Voltage 
• 13 ma. Current Draw 
• Latching (L) or Momentary (M) Output 
• Kits Available (subtract $5.00 ea .) 
• Dimensions: 1.25" x 3.75" x .5" 
• 2 (300) I 4 (304) Output Data Lines 
• Binary to Dec I Hex Converter can 

achieve up to 15 channels 

• Schematics Available 
• Receiver Board Layout Available 
• Custom Design Consulting Available 

v· "t t I (510) 651-1425 Fax: (510) 651-8454 Email: Support@Visitect.Com 
ISi eC nc. P.O. Box 14156, Fremont, CA 94539 Visa I Mastercard, COD 
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COLOR - LOW LIGHT 2 LUX tCD 
pin hole and standard lens available, only 
l.3T' x 1.37". $I 09 each, enclosure $10 
extra. Sony sensor. Mateo, Inc., 1-800-719-
9605 Fax: 630-350-9546. E-Mail: 
nsales@mat-co.com Web site www.mat
co.com 

SEEKING DISTRIBUTORS FOR 
SECURITY PRODUCTS. Mateo, Inc., 
Schaumburg, IL 630-350-0299. www.mat
co.com 

ALARMLAND.COM SECURITY 
devices for professionals. Motion detectors, 
panels, contacts, CCTY, and more. Fax your 
order to 732-840-1390. 

SEE ADMART SECTION, pages 77 and 
78 for other MATCO products, including 
wireless systems. 

SATELLITE 
EQUIPMENT 

FREE BIG dish catalog. Low prices! 
Systems, upgrades, parts, and "4DTV." 
Skyvision, I 0 I 0 Frontier Dr., Fergus Falls, MN 
56537. www.skyvision.com Call l-800-
S4J-J02S. 

BEST PRICING on 18" satellite TV sys
tems for home and RV. DISH Network 
DirecTV, multi-room viewing options, acces
sories, more. www.skyvision.com Call 1-
800-S4J-J02S. 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

FREE FLYER on DBS files, hacking, hard
ware info. Smart card socket $5 ea. New 
Atmel 89C52 $I 0 ea. Bill 1-800-879-9657. 

THE EASIEST way to recover your lost 
master code. I 6C5X, I 6C62X, PALS, GALS, 
other microcontrollers, custom ASICs. Chip 
readers and other custom hardware. Check 
out our web page at www.acdinc.com for 
details or call 703-764-5361 or write 
Advanced Circuit Designs, Inc., 5765-F Burke 
Centre Parkway #317, Burke, VA 22015. 

MILITARY SURPLUS 
ELECTRONICS 

IMMEDIATE CASH for Platinum, 
Palladium, Gold, and Silver in any form (ther
mocouple, labware, electronic, medical, gold 
filled, optical, contacts). Also rare earth and 
exotic metals (Indium, Gallium, Germanium, 
Tantalum, Rhodium, etc.). Ship material with
out prior notification for fast reliable service 
at competitive prices. Samples welcome for 
free assay and quote. No shipment too small. 
Payment guaranteed and made as requested 
in cash, check, or bullion. All transactions 
confidential. Individual dealer 25 years. John, 
D & Y Traping, PO Box 36A, Williamstown, 
NJ 08094. 609-60 I-trade, E-Mail: metals@D
YTrading.com 
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LIO O ID ~RYSTAL DISPLAYS · 1 
240x64 dot LCD with built-in controller. 
AND 4021 ST-EO. Unit is EL back-lit. $59.00 or 2 for $109." or 
OPTREX. DMF5005 (non back-lit) $49."or2for$89." 

20 character x 8 line . . . 
7~ x 2~8 The bullt-m controller al/01l's you to do text and graphics. 

Alphanumeric-parallel interface 
16x1 ................. "$6.00 20x2 ..... .............. ... $8.00 32x2 .............. ........ $8.00 
16x1 (lg. char.) ..... $8.00 20x4 ...................... $8.00 40x1 ...................... $8.00 
16x2 .. .................. $6.00 20x4 (lg. char.) ...... $10.00 40x2 ............ 2 for $20.00 
16x2 (lg. char.) ... $10.00 24x2 ...................... $8.00 40x4 .................... $20.00 
16x4 ... ... ............ $12.00 32x4 .................... $10.00 4x2 .. ...... .. .............. $5.00 
SV power required •Built-in C-MOS LCD driver & controller• Easy 'microprocessor" 
interface • 98 ASCII characler generator • Certain models are backJft, call for more info. 

Graphics and alphanumeric-serial interface 
file Mfr. ~ file Mfr. ~ 
640x480 {backlit) Epson $20.00 480x128 Hitachi $10.00 
640x400 (backlit) Panasonic $15.00 256x128 Epson $20.00 
640x200 Toshiba $15.00 240x128 (backltt) Optrex $20.00 
480x128 (backlit) ALPS $10.00 240x64 Epson $15.00 

160x128 Optrex $15.00 

6" VGA LCD 640X480, Sanyo LMDK55-22 $19!!!! 

I MOHITORS . I 
9" COLOR SVGA MONITOR $169.00 

Fully Enclosed - Tilt and swivel type. 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

I 
Nc:»n-Enclc:»sed TTL 

Come, with pinoot. l 'N ct 1.4 Amp input • Horizontal frequency l 5Khz. • Ability to do 40 and BO col"11n. 
5 inch Amber $19.00 • 7 inch Amber $19.00 

9 inch Amber or Green $19.00 

5" COLOR MONITOR $29.00 E3 
• Aat Faceplate • 320 x 200 Dot Resolution • CGA & Hercules Compmible 2 for $4!18 
• 12VOC~ont 15.75 KHz Horiz. Freq. • 60Hz Vert. Sync. Freq. 
• Open Frame Conshldion • Standad lnrertoce Connector • ing Coil in&xled • Mfr. Sanron 

HACKER CORHER 

EMBEDDED 486 COMPUTER 
$7900 2 for $149°° 

Complete enhanced Intel 486SX·33 based computer in ultra small (9-7/BL x 6-S/8W x 
J. IJ8H) ~ Ideal for embeddecl, operations 'llr ~ a second computer. Features 
include: • One 16 bit ISA slot • 3 serial ~rts P!us dedicated printer p0rt • Parallel 
optical coupled adapter port •Built in IBM PC/AT keyboard port • On board VGA 
video and port • Uses standard SIMM up to 3~ fdB • BIOS is PC/ AT compatible 
Unit has a backup Ni-Cd battery system in case of power failure (5 
min. backup time) and lockable fronfcover to prevent floppy drive 
access. Mounting I interface provisions for standard 3.5" laptop floppy 
and 2.5 inch hard drives. Comes with very comprehensive manual. 

NTSC COM POSITE 
4" LCD MONITOR $6922 

Write In 47 on Reader Service Card. 

ROCKWELL TM II JUPITER" 

GPS RECEIVER $69·00 

Miniature (2.75" x 1.5'' x .25") 12 channel receiver engine• Supports NMEA0183 and binary 
protocols • Suppons DGPS input in both protocols • Compatible with active and passive 
antennas• "Kecp-AJive" reduced power capability• Standard 2mm 2xl0 interface connector 
• Complete manual and interface documentation available • Compatible with most laptop 
software using NMEA interface • Suitable for wide range of GPS applications including: 
Handheld GPS, Automotive I Marine I Aviation Applications, Amateur APRS and PackcL 

SONY Miniature Color LCD Display (LCXOOSBKB) $29 ll 
• 1.4 CM (0.55 ioch) Diagonal Full Color Display • Built In Horizontal and Vertical Drivers • 
Delta Dot Panern for High Picture Quality - 537 dots (H) x 222 dots (V) • Compatible witli 
NTSC & PAL Format and Sync Inputs• 12 VOC Operation with -1 to +17 V RGB Signal and 
Driver Input Voltage • Excellent Display for Virtual Reality Projects, Viewfinders, and 
Miniature Test P.quipment Displays • Pin Outs and Specification Included • Unit Requires 
Clock, Synchronization and Video 

l.8cm (0.7 inch) unit LCX009AKB 827H x 228V $29" 

CELL SITE TRANSCEIVER $29!.!!! 2 fo r $-19'"' 
These transceivers were designed for opet'&tion in an AMPS (Advanced Mobile Phone Service} celt 
si1e. The 20 MHz bandwidth of the transceiver allows it to operate on all 666 channels a/loc•ted. The 
transmit channels are 870.0»889.980 MHz with the receive channels 45 HMz below those 
frequencies. A digital synthesizer is utiMzed to generate the selected frequency. Each unit contains two 
independent receivers to demodulate voice and data with a Receive Signal Strength Indicator (RSSI) 
circuit to select the one with the best signal strength. The transmitter provides a 1.5 watt modliated 
signal to drive an external power a!11>1ifier. channel selection is ~ed with a 10 bit binary inp.it 
via a connector on the back panel. Other interface requirements for operation are 26 voe 
(unregulated) and an 18.990 MHz reference frequency fof the digital synthesizer. The units contain 
independent boards for receivers, exciter, synthesizer, tunable front end, and interlace asseni>ly 
{which ircludes power supplies and voltage-controlled oscillator}. Service manual, schematics and 
circuit descrl>tions ircludad. 

'SI-ISO' Debugger+ Program mer 

Qualified by and inhouse tool for 
Scenix Semiconductor AUDIO - VIDEO 

- LASERS 

FREE LASER CATALOG. Helium
Neon, Argon, ruby, visible laser diode mod
ules, lightshows, holography, laser pointers. 
Lowest prices. Midwest Laser Products, PO 
Box 262, Frankfort, IL 60423. 815-464-0085 
www.mldwest-laser.com 

ANTIQUE VIDEO TRANSFER SER
VICE: transfer any 2" QUADRUPLEX tape. 
Affordable fast! Phone/fax 415-821-7500 or 
4) 5-821-3359. 500 I Diamond Heights Blvd., 
San Francisco, CA 94131-1621 . 

• In-system debugger for SX18/20/28/48/52 
• Built in programmer 
• Full speed emulation 
• Real-time in-system code ·execution and breakpoint 

SYNC-A-LINK UNIVERSAL video 
sync generators. For more details 
phone 918-479-6451, E-Mail: rlc@sstelco 
.com or write to Sync-A-Link, PO Box 
4, Locust Grove, OK 74352. 

WANTED: PRO video equipment, VCRs, 
switchers, cameras, etc. Advanced Media 
702-874-191 I. 

• STEREOSCOPER YR is a stereo multi
plexer that creates JD stereoscopic video 
from two genlock cameras. Stereoscoper YR 
comes with LCS glasses and driver. 90 day 
warranty $247 or write to Sync-A-Unk, 
PO Box 4, Locust Grove, OK 74352. Phone 
918-479~645 I, E-Mail: rlc@sstelco.com 

USE PC MONITOR AS SECURITY 
MONITOR. The VGA-80 I accepts stan
dard NTSC or PAL inputs for display on any 
existingVGA/SVGA computer monitor. Small 
compact size. Over 600 lines of resolution, 
twice that of standard TV monitor! $69 
each. Dealers welcome. MATCO, Inc., 1-
800-719-9605; Fax 847-619-0852; E-Mail: 
sales@mat-co.com Website: www.mat
co.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 

• Correct implementation of manufacturer 
specified algorithms for fast, reliable 
programming. 

•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 
using adapters listed below. 

Available Adapters 
EP-PIC(16C5x,61 ,62x.71,/lo4) $49.95 
EP·PIC6-4 (16C62-5.72-4) $39.95 
EP-PIC12 (12C50x) $39.95 
EP-PIC17 (17C4x) 
EP-51 (8751,C51) 
EP-11E (68HC11 EJA) 
EP-110 (68HC71103) 
EP-16 (16bit EPROMS) 
EP-ZB (Z86E02,3,4,6,7,8) 
EP-SEE2 (93x,24x,25x,85x) 
EP-750 (87C750.1 ,2) 
EP-PEEL (ICT22v10, 1 BvB) 
EP-1051 (89C1051 ,2051) 
EP-PLCC (PLCC EPROMs) 
EP-SOIC (SOIC EPROMs) $49.95 
EP-TSOP (TSOP EPROMs) $59.95 

Many Other Adapters Available 

M2L Electronics 
970/259-0555 

Fax:9701259--0777 
250 CR 218 

Durango, CO 81301 
CO orders please add 7% 

sales tax 

htt :lwww. m21.com 

Write In 48 an Reader Service Card. 

• Frequency synthesizer from 25khz to 75mhz I 120mhz* 
• External oscillator support to 90 mhz / 1 OOmhz* 

From • Source level debugging for SASM, SXC and more 

$295* • Selectable internal frequencies 
• External break and clock inputs 
• Conditional animation break and Software animation trace 
• IDE runs under Win 95/98/2000/NT 4 via parallel port 
• Comes with SASM Assembler, SXDEMO board, SX28AC 

device and 18-pin, 28-pin SDIP headers 

* SX-ISD ......... $295 (synthesize to 75mhz, external 
OSC support to 90-95mhz) 

• SX-ISD100 ... $350 (synthesize to 120mhz, external 
OSC support to above 100mhz) 

Also Available ... 

PGM2000 Gang Programmer 
• Stand alone 8 gang programmer 
• Parallel Port Interface for on-line operation 
• Different 8-socket DIP, SOIC, SSOP, TQFP, 

PQFP adapters for all SX18/20/28/48/52 
• Adjustable programming voltages in 0.1V 
• Codes and fuse reside securely in EEPROM 

· of Master Control Unit 
• Comes with Win 95/98/2000/NT4 software 
• Also supports other processors via different 

8-socket adapter modules 
• Starts at $900 with one 8-up DIP adapter 

PGM-SX Programmer 
• Parallel Port Interface 
• 40-pin ZIF socket to carry device to 

be programed or program in-circuit 
• Win 95/98/2000/NT 4 software 
• Comes with SASM assembler 
• Optional SOIC, SSOP, TQFP and 

PQFP programming sockets 
• PGM-SX $149, SMT adapters $120 

A1lvtmcedThansdA.tA 
14330 Midway, #128, Dallas, Texas 

Tel 972.980.2667 Fax 972.980.2937 
Email: atc1@ix.netcom.com 

www.adv-transdata.com 
Write In 49 an Reader Service Card. Nuts & Volts Magazine/SEPTEMBER 2000 59 



SONY PLAYSTATION MODCHIPs. 
Allows you to play CDR backups & imports. 
$8 ea. $3 shipping. 619-749-7788. CABLE TV 

QUAD VIDEO CABLE MODULA
TOR. CVS-600 inserts 4 color or black & 
white composite video signals on unused 
cable channels, 81 thru 9S. Watch 4 remote 
security cameras from any TV in your home! 
Built-in signal amplifier and comb filter elim
inates any ghosting and actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199/each and $169/each in qty. of 4. 
MATCO, Inc., l-800-7 I 9-960S. E-Mail: 
sales@mat-co.com Website www.mat
co.com 

BROADCAST VIDEO equipment want
ed: all types, new or old. Please call, Jon with 
info. l-800-S39-28S9. 

LITTLE BIG™ SPEAKER/ I is a book
shelf loudspeaker offering hi-fl bass response 
to 70 Hz (half-powered point),AUDAX dri
vers and a cabinet width of only 6-1 /2". Bass 
response is not muddy or boomy due to 
unusual design. For details, email: 
betacircuit_designs@email.com or write 
Betacircuit Designs, 40 Camrock Drive, 
Rockport, ME 048S6. 

NEWI CABLE converter electronic ser
vice equipment and supplies for most cable 
converter boxes. Highest service, lowest 
prices. Call Ken Erny Electronics. 24 hr. order 
and information hot line SI 6-389-3S36. , 

Lig11t11~avc 2000 Fl:isl1/ig11t 
$29.95 

Four super-bright white LEDs replace the bulb 
you'dfind in a traditional flashlight, providing 
a long-lasting high-intensi~y light. LED lights 

mean your flashlight will last about 14 times 
longer than a regular flashlight, and these 

flashlights are waterproef and slwckproef. 
Ideal for short-range use in cars, planes, etc. 

Flashlight requires 3 AA batteries (included). 
11.tfanufacturer's limited lifetime warranty even 

includes the LED lights! 

UNMODIFIED CABLE CONVERTERS. 
Zenith ST 1600, ST I 086, ST300, Panasonic 
17S, 14S vol. & non-vol. Regal RR-92 & RC 
83, DPS, DP7, DRZ, SS03 VIP, SA 8S80. 
Guaranteed low prices. Please call for more 
converters 40S-63 1- I 8S6. 

~------------------~ I mini keyboard $10.00 I 
I A very small computer keyboard (measures less than 5-3/ I 
I 4" x 9-3/4") that takes up minimal desk space. Uses a I 
I PS2 connector, and ·keyboard enclosure is black. Great for I 
I applications req~iring a complete keyboard in a limited I 

space, and an ideal solution for those wanting something 
I lightweight and compact for transporting. I 
I Great for home or work applications! I 
I optional keyboard adapter: PS2 to 5 pin DIN $3.95 I 

: - : 
~-----·············' -iiiiiiGiiieiioiipiihiioiiiniieiiiiiiiiiiiiiiiiiiiiiiiiiili~ ( Reading this little tiny space 

NO TAN LINES!!! i will get you a free gift with 
vibration sensing kit 

Detect a fly stomping across 
the desk! 

Well maybe not that sensitive. 

AMAZING MINI ' purchase ... go to our 
MICRO FM RADIO! website, place your order 

$7.50 online, and click on the Nuts 
Much lighter than a & Volts box on our home 
heavy jam box with 
really good sound! \_~ ____ p_a_g_e_ !! ___ _ 

but almost. These vibration sensors made by 
Geosource® were used in oil exploration to 

determine geological statistics. They are made 
with a magnet suspended in a coil and are very 

sensitive lo vibration. Compact size. the unit 
This tiny radio 

(1.5"x1.06"x0.38") has 
a seek button, reset 

control, and an on/off 
switch. Personal 
listening has never 

sounded better! Ideal 
for ballgames, 

beaches, and work

••••••••••••••••• • • measures approx. 1.6" high and 1.2' dia. 
The kit includes a geophone vibration sensor 

along with parts to build a basic detector that 
will light an LED. In addition we include a 

schematic that will show you how to operate a 
relay. The sensitivity Is adjustable. so you can set 
it to detect elephants and other small creatures. 
Similar units were used by our armed fotces to 
detect enemy troop movements ... the perfect 
device to alert you to the pitter patter of little 
Leroy's feet! Unit sensitivity can be set high 

enough to detect a business card dropped on a 
table. and we've made it work with vibrations 

up to 40 feet away! Earthquake or Aunt 
Agatha ... you decide! It's a fun gadget with 

. many uses. 
COMPLETE GEOSENSOR KIT....$ 9.95 

GEOSENSOR UNIT ONLY .... $7.95 

outs. 
Battery 

and 
nugget 
style 
ear

phones 
included. 

r-------------------------1 SP5CTR.lA..M L5D 
I A RAI Nl?,OW OF LIC'.11-tT! I 
I _<f;s3s I 
I 1~cigL111ve CIV\. L5D wpcible of pro~ucLV\.g cill tVw~e prLvi.:Clrt:J color,; 1 · 

I L..11\. tVie sciw..e pcicfwge1 TVie eV\.hre spectruVltl.., L..il\,cluo!L..11\.g V\.ecir- I 
I wl1Lte, CCIV\. be creciteol! 1w..cigLV\.C1HoV\. becoV1t1..es recilLttj wLtVi tViLs T I 
I 1.-3/4 w..uLH-coLor L5D. 1-tere's tVie tecViV\.oLogtJ: Cl reel cViLp, Cl greeV\. I 

cViLp, C!l/\.cl two bLue cViLps el/\.cC!secl LI/\. Cl c!Lffusecl T1.-3/4 pC!cRll ~Je. 
I VlSLV\.g vci rLous currell\.t covu.bLV\.C!HoV\.s, Y.l ou cC! II\. proo!uce reo!, orci 11\.ge, I 
I t:Jellow, greeV\., ciquCI, blue, vLolet or wVitf:e lLgVit1 DetciLleol ::.pee .c;Vieet I 
I LV\.clucle!if. wVicit cCIV\. tJDU clo wLtVi tVies.e (bel::)OV\.cl tVie obvLou.c; C1V1t1..crze I 
I t)Our frLeV\.ols,1)? Crecite Cl s.Ll/\.gle Ll/\.o!Lccitor Stjstevu., o!esLgl/\.cite I 
I vcinous COV\.froLs. btJ co Lor, vu.Cl Re ci vu.uLtL-coLor bci rg rcipVi, vu.Cl Re tJOUV I 
L :!:!:~ct sow..etViL~ out of tVie orc!LV\.C!~LtVi w..ultLcoLor L5Ds! .J 

• • • • • • • 

- Light-UP 
Favorites! 

The RF Bug is 
/ ..--....... , always a 

( 
• •. ') favorite just 

, •. • $15.00 for a 
______:__,.. ' little blinking 

disk that is 
..--/ 

triggered by RF within a 

short range. 

The Photon 
Microlight II 

is a sup_er bright keychain 

LED flashlight, push to 
light or switch on for 

continuous bright illumina
tion. Available in a 

variety of colors. Blue, 
Green, White, or 

Turquoise $17.50; 
Red , Yellow, or 
Orange $13.50 

• 

, ---- - .--... riiiil iiiiii" - -- liiiiii' iiii iiii iii .. - - iii ~ ~ ... iiiii liiiit ...... --- ' • • • • • • • • • • • • • • • 

g te e I e C 0 m THE FINE PRINT : PRICES SUBJECT TO CHAN&E WITHOUT lwww a Way X I NOTICE·&ATEWAYISNOTRESPONSIBLEFORPRINTIN& 
• • ERRORS• MASIERCARD, VISA AND DISCOVER ACCEPTED• 

YES, WE'LL !AKE YOUR CHECK·· SORRY, NO C.O.D.1 • $10 

' ·- - - - - - - - - - - - - - - - - - - - - - - - -"' MERCHANDISE MINIMUMONMAILORDtRS•suPPLYOF SOME ITEMS IS LIMITED• PRICES DO NOT INCLUDE 

8123 PAGE BLVD • ·ST LOUIS MO 63130 • (314)427-6116 SHIPPIN& • UPS UOUNP SHIPPINAIMANDLIN9 WITHIN THE 
• ' CONTINENTAL U.S. (ITEMS REQUIRING ADDITIONAL 

9222 CHESAPEAKE DR. • SAN DIEGO, CA 92123 * (858)279-6802 AMOUNTS ARE NOIEDJ ... ss.oo FOR THE FIRST ITEM, so.so 
2525 FEDERAL BLVD • DENVER co 80211 • (303)458-5444 FOR EACH ADDITIONAL mw. mTocK1N& mm MAY BE 
MAIL ORDERS CALL.TOLL-FREE 1-800-669-5810 ASSESSED ON=D ITEMS •• H··,;~~.1:.~ :.1;m 
FAX ORDERS (314)427-3147 rnA:JlOO -~1~11• t 
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CABLE CONVERTERS. Original equip
ment with remote. Like new. Lowest prices. 
Guaranteed, ready to go. Limited models. 
Call for flyer 412-833-0773. 

NOTCH FILTERS 110, 108.S, 106.S, 97.S 
7SdB deep notch. $19.9S ea., 1-S qty. $1 S.9S 
ea., 6-10 qty. $ I l.9S ea., 11-20 qty. $9.9S ea., 
21 or more qty. Call 24 hr. order and infor
mation hot line SI 6-389-3S36. 

TOCOM UNMODIFIED SS03 cable 
converters, untouched, $6 ea. I 0 lot min. Call 
706-657-444S. 

QUAD VIDEO CABLE MODULA- . 
TOR CVS-600 inserts 4 color or black & 
white composite video signals on unused 
cable channels, 81 thru 9S. Watch 4 remote 
security cameras from any TV in your home! 
Built-in signal amplifier and comb filter elim
inates any ghosting and actually 
IMPROVES existing video! Only one unit 
needed with existing cable system. 
$199/each and $169/each in qty. of 4. 
MATCO, Inc., l-800-7 I 9-960S. E-Mail: 
sales@mat-co.com Website www.m~t
co.com 

BRAND NEW basic converters, SSOMHz 
w/remote,$9.9S ea.10 lotmin.Call 706-6S7-
444S. 

POSITIVE NOTCH FILTERS. All chan
nels available. Starting at $16 each. Order by 
single channel #. Top quality non-tunable 
metal cylinder type. 7SdB deep on the notch. 
Need to block the video on a cable channel? 
Order a negative notch filter. We carry a 

_ large stock on all channels for dealers and 
vendors. VISA, MASTERCARD, DISCOVER, 
and UPS COD for established customers. 
Quantity pricing on S or more. I 00 pcs. $7 
each. Open Sam to Spm CST, Monday-Friday. 
All sales must comply with FCC 1996 Cable 
Act. On the web go to WWW.GOFIL 
TERS.COM "THE FILTER COMPA
NY:' Call for all orders 1-800-2JS-
8080. 

UNMODIFIED CABLE converters. SA 
8S90, $24.9S ea. 10 lot min. Call 706-6S7-
444S. 

ZENITH UNMODIFIED converters. ST 
1600, $29.9S ea. 10 lot min. Call 706-6S7-
444S. 

SA UNMODIFIED cable converters. 
8SSO@ $9.9S ea.,8S70@ $19.9S ea. 10 lot 
min. Call 706-6S7-444S. 

NEW IN BOX 860MH:z analog con
verters. Enjoy the newest technology CATV 
equipment can offer along with superior 
quality all in one unit. Channel ouput 3 or 4. 
HRC, IRC, standard switchable. Includes I 
set of audio/video cables, I RF quick connect 
cable and remote control. Parental control, 
sleep timer, last channel recall, memory I 
thru 4, and volume control are all available 
on remote. Minimum order taken for I 0 pcs. 
at $S9.9S each. $49.9S for SO pc. order. 
Significant savings on larger quantities. Call 
706-6S7-444S. 

SEGA DREAMCAST BOOT CD
ROM. This CD-ROM allows you to play 
CDR-BACKUP and IMPORTS on your 
Dreamcast. Includes BOOTCD, instructions, 
& informational packet. For US Dreamcast's 
manufactured before 8/2000. Includes 
WWW/FTP places via Internet for down- ' 
loads. $SO+ shipping. 619-749-7788. 

ONE STOP SHOP: FOR ALL YOUR 
CABLE NEEDS. UNMODIFIED DPBB-7312, 
CFT 2014, CFT 2224; S/A SSSO TO 8600; 
ZENITH: ST 160 I, PIO BA 6310. CALL FOR 
BEST PRICES. JERROLD SSO AND PANA
SONIC HAND REMOTES ONLY $2.9S 
EACH. ALSO, UNIVERSAL 3-1 REMOTE 
WORKS ON CFT UNITS $3.95 EACH. 
CALL FOR FREE CATALOG. 40S-63 l-S I S3. 

CABLE PARTS for all makes and 
models, raw boxes at low prices. 
Call 1-888-817-8100 WWW.Chip 
place.com 



REFILL INKS FOR INKJET PRINTERS 
Refill you r old cartridge and saue. All refill kits come with instructions 
and needed materials for refi lling inkjet cartridges. Success guaranteed. 
Auailable for the following: 

CANON BC..01 , BC-02 CANON BJlOe, APP!£ STYlEWRITER, BJ-200 Single, 
Black, $8.00. CANON BJC-600 (BC-201) 9 refills Black $19.00 3 refills each 
color $24.00. CANON BJC-6000 (BCl-3B) 5 refills black $19.00 3 refills each 

. color (BCI-3C, 3M, 3Y) $24.00. CANON BJ-130/300/330 & IBM Exec Jet 
'' (Cart #BJl-481 & BJl-642) Black - 3-bottle kit $22.00. CANON BJC-210/240 

(BC-05 Cart) 3-color kit (3 refills each color for BC-05) $24.00. CANON BJC-
4000 and Apple Stylewriter 2400 Black 3-bottle kit (3 refills BC-20, 9 refil ls BCI-21 black, 30 refills BCI-11 black, 
10 refills BCI-10) $19.00. CANON BJC-4000/BJC70 and Apple Stylewriter 2400 Tri-color kit - 6 refills each 
color for BCl-21or15 refills each color for BCl-11 $24.00. CANON BJC800/820/880 3-bottle kit (for BJl-
643B) $19.00. CANON BJC-800/820/880 3-bottle tri-color kit (Cart #BJl-643CMY) $24.00. EPSON STY
LUS COLOR PRINTER - (Cart S020034) Single Triple black $19.00; Tri-color kit (Cart 5020036) 2 refills each 
color $24.00. EPSON STYLUS-COLOR D - (5020047) Triple Black $19.00 (5020049). Tri-color (2 refil ls each 
color) $24.00. EPSON STYLUS COLOR 400, 500, & 600 (5020093) Triple black (7 refills total) $19.00. 
EPSON STYLUS COLOR 200, 500 (5020097) Tri-color 3 refills each color $24.00. EPSON STYLUS 
COLOR 400, 600, 800, 1520 Tri-color (5020089) 3 refills each color $24.00. EPSON STYLUS 800/1000 
(5020025) 3-refill kit, black, $19.00. EPSON STYLUS COLOR 440 AND 640 Black refill kit. (5020187) 4 
refills plus free vacuum bottle $19.00. EPSON STYLUS COLOR 440, 640, AND 740 (5020191) Color refill 
kit. 4 refills of each color $24.00. HP DESKJET 500/550/560 (51608A, 51633A, 51626A) Black single refills 
$8.00. HP DESKJET 500/550/560. Black 3-bottle kit $19.00. HP DESKJET 500C/550C/560C. Tri-color 
kit (5 refills each color) $24.00. HP DESKJET 1200C, DESIGNJET 650 (Cart #HP 51640B) Black Three pack 
(3 refills) $19.00, HP DESKJET 1200C/1600C, DESIGNJET 650 (Cart #HP 51640 C,M,Y). Tri-color kit (one 
refill each color) $24.00. HP DESKJET 600/660 (HP 51629A) Black three pack $19.00. HP DESKJET 
600C/660C. (HP 51649A) Tri-color (5 refills each color) $24.00. HP DESKJET 855C/1600C (HP 51645A) 
Black three pack $19.00. HP DESKJET 855C (HP 51641A) Tri-color kit (2 refills each color) $24.00. HP 
PAINTJET and PAINTJET XL (51606A) Black 3-bottle kit $19.00. HP PAINTJET and PAINTJET XL 
(51606C) Tri-color kit $24.00. HP PAINT JET XL300 (C1645A & C1656A) Black 3-refill kit $19.00. HP PAINT
JET Xl.300 Tri-colqr kit (1 refill each color) HP 51639C,M,Y $24.00. HP TIUNKJET, QUIET JET, KODAK 
DICONIX 150 (51604A or 92261A) black 5 refil ls $9.00. IBMJLexmark/Exetjet/4076 (1380620) black 3-
refill kit $19.00. IBM/Lexmark Exec.Jet DC, WinWriter 150 C (Cart #1380619) 4 refills each color $24.00. 
Lexmark 3200, 5000, 5700, 7000, 7200, Optra 45 and Z51 (12A1970)3 refills Black $19.00. Lexmark 
3200, 6000, 5700, 7000, Optra 45 and Z5 1 (12A1980)4 refills each color$24.00. SNAP AND FILL SYS
TEM - Permits refilling HP 51626A (black for HP 500-series) and HP 51629A (black for HP 600-series) cartridges 
without making a hole in the cartridge. Consists of special cartridge holder, syringe, plastic tubing, and directions. 
STARTER KIT - with ink for 3 refills $28.00. EXlRA INK FOR SNAP & FILL SYSTEM (black only) 4-oz. bot
tle $18.00; 8-oz. bottle $34.00. Specify whether for HP 51626A or HP 51629A. 

HARD-TO-GET PRINTER RIBBONS ~ 
Gorilla Banana, Commodore 1525 $8.00; Adam Coleco $12.00; TI-850/ 855 $6.00;.Centronlcs 700 Zip Pack 
$5.00; C. ltoh Prowriter Jr., Riternan C+/F+ '$6 .00; Riteman lnforunner $8.00; Commodore MPS-801 $5.00; 
MPS 803 $5.00; Decwriter LA30/ 36 $4.00; Apple Scribe $4.00; Mannlsman Tally Spirit 80, Commodore 
1526 $5 .00; Epson JX-80 4-Color $ 14.00. Printronix P-1013 $11.00; Star SJ144 color 3-pack $29.00. 

ALSO HEAT & TRANSFER RIBBONS AND PAPER FOR PRINTING T-SHIRTS. 

Over 300 different ribbons in stock. All ribbons new, not re-inked . Fu lly guaranteed . 
Order directly or send SASE for complete list. 

Add $4 per order shipping. CA residents add 7.75% sales tax . On ribbon orders CNer $50 deduct 10%. -!~~=-:'.Ii I 1. I• '-'1 II I \JVlllt'UL'COI vUt't'll'CO~ 

~ 249 Juanita Way, Placentia, CA 92870-2216 

714-528-9822 • 800-377-2023 • FAX 714-993-6216 
~ e-mail: Htorr@aol.com r-w 
~ http://www.extremeplay.com/occomp/orr.htm IL.iii 

4 Inch Video NTSC $150 

Sh~rp P/N 4LU4E 

Composite NTSC & RGB Input 

12:00 OR 6:00 Viewing Angle 

Integrated Backlight & Inverter 

Extended Temp: -10 to + 60 C 

Brightness: 260 nits 

Power Consumption: 4.3 Watts 

Contrast: 50 to 1 

TOUCH MONITOR 
Earth Vue 10.4 

· 10.4' VGA TFT 

Analog VGA Input 
105 Nit Brightness 
RS-232 Touch Screen Option 
Only 9.9"W x 7.7'H x 1.5'D 
Ideal For Factory Automation 
Fully Articulating Ball Mount 

Only $1095 With Touch 

CHARACTER LCD 

OPTREX DMF-5005SN-EW 
240 x 64 Graphic EL Backlit STN $30 
OPTREX DMF-5005N 
240 x 64 Graphic Reflective STN $30 
SANYO DM2023-7G1 
2 x 20 Character Reflective STN $8 
SHARP LM20A21 
2 x 20 Character Reflective STN $8 
VIKAY 2035TNLD NOTW-D 
2 X 16 Character LED Backl~ STN $8 

-:<t.- ,, ~ 

. -
...... < ~ \ .. \ 

• ,~cy'~~-~ 
~ ~~ 1; ~ 

. " t; -.11 
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LCD DISPLAYS 

6.3' Mono STN $60 

9.4 • Mono Reflective $60 
8.4' TFT $250 
9.4' DSTN $150 
i 0.4' TFT $350 
10.4' DSTN $240 

NoteBook Screens 
340 Models In Stock 

Obsolete Screens Stocked 
Hard To Find LCD? Call! 

~ f~!!!.!Lnologie' 

10.4" DSTN or 12.1' TFT 

Analog SVGA Input 
Autosync 
Auto Sizeing 
Automatic Expansion of VGA 

imagestoSVGA(On 12.1') 

Very Aggressive Pricing 
Starting under $500! 

• 
' ·. 

CONTROLLERS 

ISA 

PCI 

PC/104 
NTSC 
Analog VGA 
Complete LCD Kits with LCD, 

Controller & Cable Starting 
under$200 

"The World Leader In LCD Recycling" 

Ph: (949) 361-2333 Fax: (949) 361-2121 
http://www.flat-panel.com 

Write In 51 on Reader Service Card. Write In 52 on Reader Service Card. 

NEW 125 CHANNEL VOLUME CON
VERTER $59. PANASONIC TZPC-175 $39 
(RAN). BUY FACTORY DIRECT & SAVE. 
DEALERS WELCOME. 405-616-0 I 00. 

RAW CONVERTERS: Pio 5135 $45; 
Zenith ST 1600 (99 channel) $65; S/A 8590 
(I 0 button) $65, 8590 (I I button) $75; 
Tocom 5503 VIP (400MHz) $35,Tocom 5507 
$45; CFT 2014 $85, CFT 2224 $I I 5; DPBB-

7 $75; S/A 8600 $95. Also, hand remotes as 
low as $2.95. Call for items not listed. 405-
634-1535. 

UNMODIFIED DPV-7 $JS, CFT 
2014 $65, S/A 8600 $65. POWER
UP, JO-DAY WARRANTY. MINI
MUM I 0-LOT, CALL FOR OTHER 
ITEMS NOT LISTED. 405-692-
4982. 

ATTN: CABLE BROKERS. THE 
FOLLOWING UNMODIFIED CON
VERTERS FROM CB SYSTEMS 
FIELD-PULL AVAILABLE IN I 00-
LOT. ZENITH ST-1600 $25 EA., 
JERROLD DPV-S $IS, DPV-7 $19, 
CFT 2014 $45, S/A 8600 $49, PIO
BA 9S IS $6S. MANY OTHER RAW 

_E~UIPMENT, WE CAN LOCATE 
FOR YOU. CALL 405-614-1 US. 

DISCOUNT CABLE converters, 
bullet snoopers, all makes and 
models: Genuine unmodified 
General Instrument, Jerrold, 
Yocom, Scientific Atlanta, 
Zenith, Pioneer, Panasonic and 
more. Best warranty. Free cata
log 1-800-241-0962. 

Test EQuipmem Cennection is laoking to purchase voar excess or undemlilized 
electronic test and measurement equipment We buY the largest varietv of 

electronic test equipment in the industrv. 

Specialist in Hewlett-Packard, Tektronix, and manv more manufacturers. 
Write In 53 on Reader Ser vice Card. N uts & Volts M agazine/SEPTEMBER 2000 



CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTP://WWW.CB-Electronics.com or call 
1-800-436-8630. 

THE WIZARD SAYS check out our 
prices. Cable parts and huge sale on raw 
boxes. 1-888-79-CHIPS. www.chipwiz 
ards.com 

UNMODIFIED ORIGINAL equipment. 
Jerrold, SA, 125 channel converters. Lowest 
prices guaranteed. Dealers only. SA 8580 as 
low as $35.Call now 214-476-7177. 

CABLE PARTS & EVERYTHING. 
Parts & accessories. Best prices & quantity 
discounts. WE DON'T SELL BOXES. 1-800-
MODULE-O. 

UNMODIFIED DPV-7 $35, CFT 2014 
$65, S/A 8600 $65 power-up, 30-day warran
ty. Minimum I 0-lot, call for other items not 
listed. 1-800-354-7719. 

SONY PLAYSTATION MODCHIPS. 
Allows you to play CDR backups & imports. 
$8 ea. $3 shipping. Quantity discounts. 619-
749-7788. 

THE EASIEST way to recover your lost 
master code. I 6C5X, I 6C62X, PALS, GALS, . 
other microcontrollers, custom ASICs. Chip 
readers and other custom hardware. Check 
out our web page at www.acdinc.com for 
details or call 703-764-5361 or write 
Advanced Circuit Designs, Inc., 5765-F Burke 
Centre Parkway #317, Burke, VA 22015. 

DREAMCAST MOD chips, 4 wire 
model, $14 each. Also Playstation one mod 
chips.Auto Dino mode program.Works with 
all models up to 900X. Seven wire hook up, 
$5 each. Playstation two mod chips. New 2 in 
I program $30 each. I 0% discount for I 0 or 
more, mix and match kits. Kits come with 
complete color instructions, but do not 
come with wires. Call 703-764-5118 to place 
an order. Orders shipped via US mail 2 day 
COD. 

RAW CONVERTERS CFT 2254 $110, 
DPBB-7 $70, PIO 5135 $40, PIO 6110 $60, 
PIO 6310 $70, TOCOM 5503 VIP $30, SA 
8600 $85,SA 8590 JIB $70,SA 8590 IOB 
$60, CFT 2014 $80, ZENITH ST-1600 $60. 
CALL FOR MORE 405-631-1856 OR EMAIL 
LEDV@NETZERO.NET 

Tired of Expensive Inkjet Cartridges ? 

Save 90% on Inkjet Inks ! 
Printer CCall for Others Not Listed!) #of Refills Cost I Refill · Kit Price 

Black I Color Black I Color Black I Color 

HP 500 Series. 400 Officeiet 300 350 Fax 7 14 4.71 2.85 32.95 39.95 

HP 600 Series Officeiet 500 570 600 7 14 4.71 3.21 32.95 44.95 

HP 820C. 855C 870C lOOOC. l150C. Cooier 120 210 6 12 6.67 3.33 39.95 39.95 

HP 720C 722C 712C 880C. 890C 895C ll20C ll70C 6 12 6.67 3.75 39.95 44.95 

Canon BJ-10 200 210 240 250 Annie SWriter 1200 1500 14 • 20 2.15 2.00 29.95 39.95 

Canon BJC-4000 Series C2500. C3000 C3500 C5000 60 60 0.50 0.67 29.95 39.95 

Canon BX:-6000 14 8 2.85 1.67 39.95 39.95 
Canon BJC-600 610. 620 Aoole SWriter Pro 20 13 1.50 3.07 29.95 39.95 

Enc:nn Stvlus Color Co.lor Pro Pro XL 12 12 2.50 3.33 29.95 39.95 

Enc:nn Stvlus Color II. lls 1500 (Black) 15 15 2.00 2.66 29.95 39.95 

Eoson Stvlus Color 500 200 20 17 1.50 2.35 29.95 39.95 

~n Stvlus Color 400 600 800 850 Photo I 440 640 20 17 1.50 2.65 29.95 44.95 

Lexmark JP 1000 1020 1100 ExecJet II lie Mecllev 4C 10 17 3.00 2.35 29.95 39.95 

Lexmark JetPrinter 3200 5700 5000 Zll. Z3l 15 17 2.67 2.35 39.95 39.95 

Com~ag IJ700. IJ900 Xerox XJ8C XJ9C 15 17 2.67 2.35 39.95 39.95 

Xerox Home Center 450C, XJ6C Inkjet 22 12 1.36 3.33 29.95 39.95 

SA VE 30 • so% on New Compatible Cartridges 
New Lower Cartridge Pricing! 

Printer BLACK COLOR 

CALL FOR OTHERS NOT LISTED !! CARTRIDGE CARTRIDGE 
Canon BJC-4000/5000/2000 Series C2500 C3000 

Hi-Co Canon B.IC-600 610 620 

Canon BJC-70 BJC-80 

.. ~~lus Color 400 500 600 800 850 1520 Photo 

E n S lus Color 440 640 660 7 40 7 60 860 

Epson Stylus Color Photo 7 50, 900, 1200 

• BULK Inks, Reim Accessories 
• Glossy card stock U Coated Paper 
• 2 • 3 Day Shipping 

Inkjet 

$10.95 $15.95 

Quality Inks for: 
HP • Epson • Lexmark 
Canon • Apple • DEC 

Call or see us online! 
Monday - Friday 

8:30 - 5:30 PST 10:30 - 7:30 EST 

www.inkietsw.com 1-800-44 7 ·3469 
(480) 668·1069 Fax (480) 668·0959 
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UNMODIFIED JERROLD DPV-S 
CONVERTERS, s2s·ea. 10 lot min. 
Call 6S 1-426-4435. 

TELEPHONE/FAX 

PHONE SYSTEMS WANTED!!! We 
buy AT&T MERLIN. SYSTEM 25/75/85 and 
other AT&T phone systems. Please call for a 
quote or fax us your equipment list. KEY
WAYS, INC., 937-847-2300 or FAX 937-
847-2350. 

SOHO PHONE systems and KSU-less 
phones. We carry Panasonic. BBS Telecom, 
Bizfon, and more.Tools, connectors, wire and 
so much more. Fax: 732-840-1390 or alarm 
land.com 

I 

COMPONENTS 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & htq>://www. 
militarycomponents.com 

IMMEDIATE CASH for Platinum, 
Palladium, Gold, and Silver in any form (ther
mocouple, labware, electronic, medical, gold 
filled, optical. contacts). Also rare earth and 
exotic metals (Indium, Gallium, Germanium, 
Tantalum, Rhodium, etc.). Ship material with
out prior notification for fast reliable service 
at competitive prices. Samples welcome for 
free assay and quote. No shipment too small. 
Payment guaranteed and made as requested 
in cash, check, or bullion. All transactions 
confidential. Individual dealer 25 years. John, 
D & Y Trading, PO Box 36A, Williamstown, 
NI 08094. 609-60 I-trade, E-Mail: metals@D
ytrading.com 

AMAZINGI JS~ TOGGLE SWITCH
ES. Brand new. Rated 6Amp/ I 25V. Hardware 
included. I /4" panel hole. SPOT or DPDT, 
on-on or on-off-on. Minimum I OOpcsJpack
age.Visa or MC, no COD. Gateway Products 
Corporation, 1-800-830-9195. 

SEE OUR ad on 4-channel 2.4GHz wire
less systems in the AdMart section on page 
77. Mateo. Inc. 

MATCO WILL design, engineer, and 
develop a 2.4GHz wireless 8 channel solu
tion for your remote applications. FCC 
approved. Mateo, Inc .• Schaumburg. IL 1-800-
719-9605. E-Mail: nsales@mat-co.com Web 
site www.mat-co.com 

RF COMPONENTS AND SPECIAL 
PARTS. Power transistors, power FET s, RF 
capacitors. variables (air, mica, cer.), Unelco 
type, silver dipped mica, gimmicks, ferrite 
cores, chokes IF FILTERS: monolithic, crystal, 
ceramic, ETC. Telemetry UHF boards, crys
tal, synthesized in regular and special for 
export bands (220-400 MHz) 5 watts PWR. 
VHF/UHF. PC prog. RF meters, chip loads. / 
and much more! Since ·1987 supplyintt 
America. Great prices! Leeward Tech. (uk) 
Ltd. Corp. For info/quotes contact via email: 
leewardusa@worldnet.att.net Fax: 603-925-
2475 Latin America: see our web site: 
www.leeward.com.ar 

CASH PAID FOR ICs. Military or com
mercial integrated circuits, transistors, 
diodes, any semiconductors. ELECTRON
IC SURPLUS, INC., 5363 Broadway, 
Cleveland, OH 44127. 216-441-8500 or fax 
216-441-8503, since 1946. www.electronic 
surplus.com 



WANT TO Buy: ICs, military & aircraft 
relays, diodes, transistors, connectors, tanta
lum capacitors, electronic test equipment & 
most components. Hoffy Electronic Ent., E
Mail: Hoffiel 165@aol.com 818-718-1165, 
FAX 818-341-5506. 

UV LEDs, new, have only 5 narrow beam 
and 5 wide beam, $30 ea. Bill 612-980-6503 
or deltalight77@hotmail.com 

RESISTOR KITS Kitt includes 12 each of 
36 popular values ( 1-1 OMohms @ l/4W) 
packaged in labeled resealable plastic bags 
within a compact case. JUST $19.95 + $5 
S&H. Send check or money order to Carlos 
Tovar, PO Box 596, Alpharetta, GA 30009-
0596; email: cftovar@email.com visit 
www.canvasdesigner.com/ea (US only). 

I 
I 

MICROCONTROLLERS 

WANTED: MILITARY capacitors, resis
tors, transistors. diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

ATMEL 89CXXXX programmer, IBM 
parallel port, C ++ source code, schematics, 
$250 + S/H. E-Mail: cbanni306 l@aol.com 

PIC & ATMEL PROGRAMMERS 
from $17.95 and $29.95!Visit www.electron 
ics 123.com for complete details. Amazon 
Electronics, Inc.Toll free 1-888-549-3749. 

PROGRAM PICs in BASIC. Complete 
package to get started includes: PicBasic 
compiler, EPIC programmer, cable, 
batteries, PIC I 6F84. $159.95. 
www.elproducts.com 

ANTIQUE 
ELECTRONICS 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
331 1/540-382-2935). 

WANTED: MILITARY capacitors, resis
tors. transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

IMMEDIATE CASH for Platinum, 
Palladium, Gold, and Silver in any form (ther
mocouple, labware, electronic, medical, gold 
filled, optical, contacts). Also rare earth and 
exotic metals (Indium, Gallium, Germanium, 
Tantalum, Rhodium, etc.). Ship material with
out prior notification for fast reliable service 
at competitive prices. Samples welcome for 
free assay and quote. No shipment too small. 
Payment guaranteed and made as requested 
in cash, check, or bullion. All transactions 
confidential. Individual dealer. 25 years. John, 
D & Y Trading, PO Box 36A, Will iamstown, 
NJ 08094. 609-60 I-trade, E-Mail: metals@D
YTrading.com 

WANTED: EIAJ R/R 1 /2" color VTR. 
Excellent operating condition only, please. 
415-821-3359, fax 415-821-7500. 

CRYSTAL SETS. Parts, plans, books, kits. 
Largest source in the world. Catalog $2. B. 
TURKE, PMB 270, 5030 Champion Blvd. G-6, 
Boca Raton, FL 33496. 

¥WW fr~'W= :<:' ,,)H? l>~ 

Don•t 'miss a single ssue! 
Vou ean have Nuts 8i Volts 

delivered right to your ~ every 
month Jor only $19.00 '.per,year. 

Calf1 !'800-7·83i~624 
and use your Visa qr ~?s~rCarcl. 

:':{.-

ING 

RADIO TUBES and phono. needles. 870-
347-2281. 

ALWAYS WANTED Western Electric 
theatre amps, speakers, horns, drivers, and 
tubes. Also seeking vintage tube equip. by 
Marantz, Mcintosh, and Tannoy. Chong Ong, 
10223 Valentino Dr., #7304, Oakton, VA 
22124. Tel: 703-255-3218, Fax: 703-255-3718. 
E-Mail: ongkt88@erols.com 

Laser Window Bounce Listening System 
Powerful listening system, yet simple in operation. n ,-..r===.r::=======---
You shine a LASER af a window and intercept the \IJ' °'" ~-==..:=. 
reflected beam with our ultra-sensitive filtered OPT/CA •. Ji.i 
RECEIVER. Vibrations on the window from internal ' ~ 
sounds and voices are now clearly heard. Range can 
be up to several hundred meters depending on the 
output power of the laser and optics used. 

LWB9 Plans and all Data for 3 Laser Window Bounce Systems 
LWB6K Kit of Complete 100' System with Visible Laser for Demo/Science Project 

LLR30 Optical RECEIVER with voice filter ....... $99.95 LLR3K Kit of Optical Receiver ---- . 

AVIATION 
ELECTRONICS 

BUY, SELL. trade, avionics equipment, 
Collins, King, Sperry: test equipment, IFR, 
Litton LTN series INUs. 941-625-3222 P, 
941-625-0494 F, E-Mail: avionics@afcon.net 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

·LLR40 Higher performance with /ow noise pre~mp, basic optics and delux headsets ....... $199.95 ------,,-i - ~ 

CWL 10 10 mw ClasslllB Invisible IR LASER for 500' .... $199.95 CWL 1K Kit of LASER. .$149.95 30 to SOx brighter lhan the red pointers. Shirt pocket sized pen .55" x 6. 
Full 5mw. Operates for hours from two "AAA" batteries. LM650P5 5 mw ClasslllA Visible Red Laser Module for up to 100'.... ....... . ......... $19.95 

LM650P10 10 mw ClasslllB Visible Red Laser Module for up to 200'.... . ... ... ... $69.95 Call for pricing as we will not be underso/dllllllllll 

Gravity Motor 
Electrical charge reactions 
produce the effect of wanti 
gravity. You build a model 

craft from simple lr 
parts and levitate it • · 
w;th our ion power 
source. Battery or 
115vacoperation. Gre 
science or fascinating e r · project 
indudes our gravity handbook. 
GRA3 Plans/Book 
GRA3K Power Source Kit 
GRA30 Assembled Above 

Tesla Coil 
Produces 30" Sparks 

Create a spectacular 
display of nature own 
lightning. Many 
amazing experiments 
possible. See in actioq,_,....,;-_.,. 
on our web sitell 

BTC4 Plans .. $20.00 ' 
BTC4K kit... .$799.9 
BTC40 Ready to use ............. $999.95 

Smaller Version (8-10" Sparks) 
BTC3 Plans .. $15.00 BTC3K KU349.95 

Star Wars Technology Demonstrates Weapons 
Potential , Force Fields, lonMotors, Antigravity etc. 
Projects electric shocks without contactll 
Conduct many weird and bizarre experiments. 
Handheld battery operated and easy to operate. 

6 Easy FM Xmtr Projects! 
1 8- Sensitive Ultra Clear 1 Mile+ ~ 

Voice Transmitter. ~ 

2 1 Mile+ Telephone Transmitter. -

3 ~~::~::: :a~~;:e!!~nsmitter 

4 ~==~ming Beacon Beeping 

5 Video/Audio Rebroadcaster 1 Mi. 

6 TV/FM Radio Disrupter. Neat Prank! 
Discretion Required 

__. __ .._ BTC30 Ready to Use .................. $449.95 

MKE aJNJ'eoL Using 
COM BOX Parts Above 6 Projects 
COM BOP Plans Above 6 Projects 

Electronic Hypnosis 

Electronic circuitry induces hy~~ a 
well as ALPHA relaxed mind states. 

Place subjects under your control 

HYP2 Plans... ..$10.00 
HYP2K KiVPlans ....... $49.95 
HYP20 Ready to Use ............... $69.95 

MIND2 Plans for Mind Control..$15.00 
MIND2K l<iVPlans ..................... $49.95 
MIND20 Ready to Use .. ... .......• $79.95 

Theramagnetic Pulser"' 
Complex Magnetic waves '\ / 
are claimed to produce man\'SI 
health benefits. Board level .llll 
experimental device is solcµ'or ' 
research purposes only. 

THMAG10 lab Assembled .... $24.95 

Cybernetic Ear! 
Provides that ·extra edge• f 
many listening applications. 
Enhances 3 to 4x of normal. 

CYBEREAR. 

Lights up a 4' fiuorescent 
tube-all w~hout any 
contact!! Yet only 3" tall ! 
MTC1K KiVPlans. 
MTC10 Assembled .. . 

Telephone Line Grabber 
Room Listener 
Controller and 
Call Dlverter 
Listen to your premises. Break in to calls 
Control household appliances. Remote 
dial long distance calls·from anywhere!! 
TELCON4 Plans ...... $10.00 
TELCON4K KiVPlans ........... $129.95 
TELCON40 Ready to Us ...... $169.95 

Pain Field Pistol 
Caution! Do not aim at people! 

Blast out rodents with 
high power ultrasonics. 

Handheld and battery 
operated with all controls. 

Rental units available. 

PPP1 Plans..... . ......... $8.00 
PPP1 K KiVPlans ...................... $49.95 
PPP10 Ready to Use ............... $79.95 

Amazing Gravitron 

Remarkable true levitation~· 
without any tethering 
or external sources 1 J 
of energy. Winning · 
science project. 

Includes se~ starter •••••IJ 
Hover Board 1'.,. ~~-
28 pages of data related - _... "' -
to the most revolutionary · 
advance in transporta
tion. Cutting edge R&D 

HOVER Plans and Data ..... . 

IOG7/9 Plans .............. $10.00 
IOG7K KiVPlans ........ $99.95 
IOG70 Assembledffesled... . ... $149.95 

Higher Powered Device 
IOG9K KiVPlans... . .. $129.95 
IOG90 Assembledffested .. ...... .... $199.95 

Semi-Cond Burning Lasers 
1 Omw to 2 Watts of 
continous outputll 

Use for directed beam of heat, 
illumination source for •r 

• 35000x Light Gain 
• Over 100 yds Recognition 
• Built in IR llluminator 
• 20 degree Field of View 
• 20 Hours Battery Life 
·Spectral Response 810-840 nm. 

.... $239.95 

.Jacobs Ladder 
Amazing and bizarre Pyrotechnical traveling fiery 

effects turn a normal light ,,; :~:ae~:~~~~n~v~t~·space . 
bulb into a spectacular .. 
plasma display!! With Solid state circuitry with 
adjustable frequency r •• adjustable arc control. 115/ 
control. Safe 12vdc input 230 volt operation. Uses safe 

high frequency energy. 

Hand shock balls, wands. Mini it is easily 
hidden. Great payback for those wise guys. 
SHK1K KiVplan ......... .. ... $19.95 

Mind&Brain Controllers 
Incredible device Turbo charges memory. 
Boost mental powers, Controls stress, 
Speeds up healing 
processes and Uncover 
hidden potentials. 
High quality 
unit with 
many 
features. 

BWPLUS-APOLLO Ready to use .. $189.95 
BWll- EINSTEIN Lower cost unit ... $129.95 

~rrent and Future Weapons Syste 

~ We Stock Partsl 

LC3 Plans Poor Mans CO, System .... $15.00 

LC7 Plans Lab CO, System 30W+ ..... $20.00 

LAGUN2 Plans Nd,Yag, Ruby 6Kw .... $20.00 

All Three Plans for on/y ................. $25.0011 

?£4~'"'" F,eE ~IJQEe 
Patented Moving Light Concept Defies all Logic 

as it Appears to Evaporate into Spacell 
Duplicate the STAR WARS effect 

Replaceable Blades. Overide Switch 
Interactive Sound Module 
Available on Request TCL5 Plans .. $8.00 TCL5K KiVPlans .. $59.95 JACK1 Plans ......... $8.00 

TCL50 Assembled and Tested.: .......... $99.95 JACK1K Supply, Mlg Blks, Ladders .. $149.95 .,,,. 

Attention I High Voltage Modules ;.JA• C• K• 1• 0• R• e11a•d•y i:::to=U=s=e= .. = ... = .. = ... = .. = ... = ... i::: .. = .. $=2=4=9=.9=15~ . 

Battery powered for hovercraft, plasma 3 Mi FM Voice Transmitter 

Specify Color: 
photon blue, starfire red 
phaser green, neon red 

guns, anti gravity, force fields, pyr~},efh 
MIMIMAX44KV ...... $19.95 ~· Crystal clear performance. Many 
MINIMAXJ JKV ....... $17.95...... applications. Easy to assemble 

MINIMAX2 2KV ....... $14.95 FMV1K Parts and plans ... . 

SAB15K - Kit 15" Display .... $29.95+$5.00 s&h 

SAB24K - Kit 24" Display ..... $59.95+$5.00 s&h 

SAB36K -Kit 36" Display .. $129.95+$15.00 s&h 

lnfonnation Unlimited PO Box 716 Amherst N.H. U.S.A. 03031 
1 800 221 1705 Orders/Catalogs Only! Fax 1 603 672 5406 lnfonnation 1 603 673 4730 Free Catalog on Request 

Pay by MC,VISA,Cash, Check, MO, COD. Add $5.00 S&H plus $5.00 if COD. Overseas Contact for Profonna 

Write In 55 on Reader Service Card. Nuts & Volts Magazine/SEPTENER 2000 63-
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COLLIMATING LENS 

I 
This economical collimating 

· l•n• auernbly c:on•ists of a 
black anodizecl aluminum bar
rel tftat ads as a heat !inlc~ 
and a Ala- lens with a local 
point J 7.Smm. Deoi11necl lo 

fit llandard 9mtn la.er dioclet. Simpy place 
diode in th. Ions ....... bly, adjust beam lo 
desired locus, then Ml with adhesiw. 

LSI.ENS Leno >--ibly 24. 99 23. 7 4 21.37 

DIODE/ TRANSISTOR TESTER KIT 

DTIOOK 2".99 23.74 21.37 

ANTI-STATIC FOAM CLEANER 

A thid., IOami~ cleaner lor use 
; • in static sensitive applications. 

~ 
Saf... lor plastics and fiberglass. 
U.. on oomputer cases and all 
office equipment. Also deam 

xii fabrics. 5 oz. aeroool can. 

- ~- "ff .• ,.. - 2St . 

S81102 1.99 1.89 1.70 

·O Download our board layout software ~ 
6 Design your 2-sided plated-through p"cs 
0 Select the type of boards you want 
0 Send us your layout over the Internet 
0 Sm~ll orders are shipped the next 

business day 

l7i•. Year 0 f 

2716 2.99 2.84 2.56 
2732 4.49 4.27 3.84 
2732A-20 5.49 5.22 4.70 
2764-20 5.39 5.12 4.61 
2764-25 4.49 427 3.84 
276.AA-20 3A9 3.32 2.99 
2764A·25 2.99 2.84 2.56 
27C64·15 2.99 2.84 2.56 
27256-15 4.79 4.55 4.10 
27C256·15 2.99 2.84 2.56 
27512·25 3.09 294 2.65 
27C512·25 2.99 2.84 2.56 
27C010-15 2.79 2.65 2.39 
27C02C>-15 3.49 3.32 2.99 
27C040-12 5.49 5.22 HO 
27C08C>-12 10.99 10.44 9AO 

.39 

.19 

.29 

.33 

.33 

.49 

.33 

.2" 

.24 

.55 
68HC705C8P 8.99 
8749 17.99 
62256U'- I 0 2.79 
2816 2.79 

.37 .33 

.18 .16 

.28 .25 

.31 .28 

.31 .28 

. .47 A2 

.31 .28 

. 23 .21 

.23 .21 

.52 .47 
8.54 7.69 

17.09 15.38 
2.65 2.39 
2.65 2.39 

s·ervlce JJ 

FM MICROPHONE KIT 

/ 
Transmit your 
..Oceon any 
FM radio. 
Rang.14>., 
1000'.C
induded 

K30 15.99 15.19 13.67 

What Do We Have ? 
•I.C's 
• OsdildOB 
• Ciysluk 
• Oiode5 
•Tools 
• Loser Diodes 
•Y-11115 
• Rasis!OB 

• Capocfton 
• Connector5 
• Trimpots 
• Us 
•Vises 
• lID's 
• Tnmslslors 
• And more! 

183360 2".99 23.7' 21.37 

-------------------------------• Order Line - (800) 824-3432 • lntema~onal - (724) 495-1230 • Fax Orders - (724) 495-7882 
• Technical Support- (724) 495-1231 •No Minimum Order - (Orders under $20 subject to$ 5 

charge) •UPS 3 day, Blue, Red, & Fed. Ex. Shipping A..ailoble {CoU for charges) • PA Res . .6dd 7 % 
Soles Tax •Open Mon-Fri 9:00 AM - 5:00 PM (EST) • Corporole Accounb I Quonfity Discounb 
Available •We accept M/C, VISA, Discover & American Express with no surcharge • Coll For FREE 
Cato!~ ($2.00 Ovtiide U.S.) 

• We C..:orry A Complete Line Of Electronic Components • Email - unielect@ aol.com 
Visit us on the web , www.unicornelectronics.com Unicorn Eledronics 

1142 Stale Route 18 
FREE SHIPPING!! on pre-paid ortlers Aliquippa, PA 15001 
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Lowesc Dealer Pnce AwaHable 
5+ 10+ 20+ 

Refurb. Panasonic 145 $45 $40 $35 
Regal w/Remote $38 $35 $30 
BC4535 86 Channel $30 $28 $25 
.Oak Sigma 99 Channel $45 $40 $35 
75 Channel Converter $18 $18 $18 
Zenith ST1600 w/Remote $75 $70 $65 
Panasonic Converters Model-175 $65 $55 $45 
(550MHz) Six month's warranty on this model only 

Call us today to satisfy all your cable equipment needs! 

SAN9 S ELECTRONICS 
I -405-6~ 1-1 856 

All Cable Equipment is unmodified. 

IMMEDIATE CASH for Platinum, 
Palladium, Gold, and Silver in any form (ther
mocouple, labware, electronic, medical, gold 
filled, optical, contacts). Also rare earth and 
exotic metals (Indium, Gallium, Germanium, 
Tantalum, Rhodium, etc.). Ship material with
out prior notification for fast reliable service 
at competitive prices. Samples welcome for 
free assay and quote. No shipment too small. 
Payment guaranteed and made as requested 
in cash, check, or bullion. All transactions 
confidential. Individual dealer 25 years. john, 
D & Y Trading, PO Box 36A, Williamstown, 
NJ 08094. 609-60 I-trade, E-Mail: metals@D
YTradlng.com 

PUBLICATIONS 

OUT-OF-PRINT TECHNICAL 
BOOKS. www.Johnsontechnlcal 
books.com 805-525-8955. sales@john 
sontechnlcalbooks.com 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & tittp://www. 
militarycomponents.com 

BASIC STAMP 2 users:"lnside the BASIC 
Stamp II" tells how the PBASIC interpreter 
works, how code is stored in EEPROM, how 
to optimize code for space and speed. 160 
pages, 50 illustrations, many examples. See 
http://members.aol.com/stamp2book Send 
$29.95 check or money order (US funds) to 
Brian Forbes, PMB 326, 19672 Stevens Creek 
Boulevard, Cupertino, CA 95014-2465. 

ROBOTICS 

ROBOT BOOKS.COM visit our web 
site for reviews of robotics books, plus robot 
kits, toys, movies, and magazines! 
www.robotbooks.com 

ROBOTS WANTED: Dead or alive, 
whole or parts. Marvin (Iowa Precision), 
Gemini, RoPet, Hubot, RB5X, Newton 
SynPet, ComroTot, ELAM!, ITSABOX, 
HeathKit (HERO JR, I, 2000, or Arm Trainer), 
Androbots (TOPO, BOB, Fred, and 
Androman), Rhino, Maxx Steele, Omnibots, 
etc. Also looking for robot prototypes, 
options, and literature, will pay cash. Please 
E-Mail rdoerr@bizserve.com Call 810-777-
1313 or write to: Robert Doerr, 26308 
Cubberness, St. Clair Shores, Ml 48081. 

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 

SECRETS OF RF CIRCUIT DESIGN 
From Joseph Carr, one of today's most 
respected electronics authors, comes this 
pragmatic, intermediate-level guide to 
designing, building, and testing all types of 
radio frequency circuits. Filled with function
al projects that demonstrate the principles 
of RF circuits. Only $29.95! I 0% dis
count to Nuts & Volts sub
scribers. Call 1-800-783-4624 to 
order using Visa or MasterCard. 

MOTOR CONTROLLERS, PWM, I 2V, 
24V, 35A, many features from $40 
plus S&H. Info: 570-735-5053. Details: 
http://divelec.tripod.com Toll free orders 
(only) 1-877-679-1865. 

PRACTICAL ANTENNA 
HANDBOOK, by Joseph Carr. The most 
popular book on antennas ever written, 
widely known as "the antenna builder's 
bible." This Third Edition is a work for anyone 
with an interest in antennas, from the newest 
of novices to the most experienced engi
neer. This empowering book gives you all 
kinds of projects and material that explains 
why what you did works.Only $49.95! I 0% 
discount to Nuts & Volts sub
scribers. Call 1-800-783-4624 to 
order using Visa or MasterCard. 

GEARHEAD MOTORS. 24V, 35 RPM. 
Manufacturer rated 900 pounds. $I 0 
plus S&H. Info: 570-735-5053 Details: 
http://divelec.tripod.com Toll free orders 
(only) 1-877-679-1865 . 

PLANS - KITS -
SCHEMATICS 

SCHEMATIC DIAGRAMS. We have 
amassed 3200+ for all kinds of electronic 
devices in our years as reverse engineers. 
Video items, medical, video games, automo
tive, telephone, security, etc.Technicians mak
ing extra bucks working on odd-o'ggs, or just 
curious how things work, we may have the 
prints you need. Check our website or send . 
a STAMP for our retromingent propagan
da. BOMARC SERVICES, Box I I 13, 
Casper, WY 82602. 307-234-3488. 
BOMARC.ORG 

Continued on page 85 



DUM 
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 WHATSOEVER are made by the publisher. The implementation of 
any answer printed in this column may require varying degrees of technical experience and should only be attempted by qualified individuals. Always use common 
sense and good judgement! 

QUESTIONS 
Does anyone know of a circuit I 

can build, that will allow me to 
determine the specific percentage 
of pure silver dissolved in distilled 
water. by electrical means? 

I am trying to find the percent
age of the processed silver for a 
given amount of water. by volume. 
after processing. I wish to measure 
the percentage of the final colloid 
silver solution. 
9001 Antonio J. Anzevino 

Wappingers Falls, NY 

I eat in a crowded dining room 
and am extremely hard of hearing. 
I'm interested in obtaining informa
tion. plans, etc., for a device to be 
used as a transmitter to my head
phones. The transmitter could be in 
my shirt pocket and receiver in the 
same case. 
9002 Vernon A. Rodgers 

Venice, FL 

I have a medium-sized satellite 
dish. I would like to make a parabol
ic microphone out of it. I need plans 
and information on what kind of 
microphone and amps to use? 
9003 Eric Hado 

Hopewell Junction, NY 

Does anyone have information 
on how to build ferrite antennas for 
the AM broadcast band and the 
shortwave bands? 
9004 Marvin Rosen 

Baltimore, MD 

Can the small bobbin-shaped 
and cylinder-shaped fixed inductors 
found in abundance in computer 
monitors and modern day lVs be 
used as "RF chokes" in radio receiv
er /transmitter construction pro
jects? 

These small inductors [about 
1/4" to 5/8" in diameter and 
about 1/2" to 1" long) measure 
less than 1 uH to over 15 mH (RCL 
meter) and appear to be wound on 
a non-metallic [ferrite?) core and 
with DC resistances of milliohms to 
several ohms. 

With a lab full of test equip
ment, including a research grade 
Q-meter, how do you test the 
appropriateness of these inductors 
for radio receiver/transmitter con
struction projects? 

Also, what is the purpose of the 
small disk-shaped permanent mag
nets attached to one end of some 
of these inductors? I have found 
that by removing the magnet, the 
inductance [RCL meter) increases. 
9005 Ted Roubal 

Shoreline, WA 

I am looking for a circuit that is 
run from a 1 2VDC gel-cell or car 
battery. The application is for my 
RC gas powered car. I need one cir
cuit to be 1.5 volts and be able to 
provide up to 4-5 amps. I will need 
-to be able to adjust the current to 
the glow plug due to the change in 
resistance when it is hot. and if it is 
not a real big deal have a meter in 
the circuit so I can monitor the cur
rent flow and adjust it as needed. 

The second circuit is to 
charge the AA batteries in the con
troller and receiver in the car. It 
needs to be run from the same 
12VDC. 
9006 Tony Pugh 

via Internet 

Some time back, I bought an 
Apple "clone" ... the first company 
licensed by Apple, I believe. It's a 
power computing corp. 
"PowerBase 180," 1.2GIG HD. BX 
CD-ROM. 32 meg of RAM. 

I love the system, except that it 
didn't come with any manuals, or 
software (i.e .. CD, floppies. etc.). It 
has an IDE HD. with a SCSI CD
ROM. I could live without the TMs 
probably, but I really need the sys
tem disk. 
9007 Anonymous 

via Internet 

Please give me a source of a 
wiring diagram for a DC power sup
ply for a Hewlett Packard Laserjet 
series II printer. 
9008 Leland Glenn 

Fort Myers, FL 

I am looking for the vendor(s) 
that are producing the DIY Solar 
Charge Controller/Monitor PC 
board described in your April 1 997 
issue of Nuts and Volts. I have 
already attempted to contact 
Circuit Designs of Central Point, or 
the original vendor listed as a 
source in the article. The phone is 

disconnected and I don't hold out 
much hope for a response from 
their mailing address. Is someone 
else producing the PC board? 

Any help will be greatly appreci
ated. 
9009 James Vrzal 

Holiday, FL 

ANSWERS 
ANSWER TO #8003 - AUG 2000 

In answer to #10011, Jan. 'OD 
regarding a schematic/SW to 
allow the PC via its parallel port to 
connect to a GPIB device. The reply 
cited "plotgpib.zip" a shareware 
product. 

I have looked many places in a 
lot of shareware cites {share
ware.com, tucows.com, etc.}, and 
have come up empty. 

Can someone please come up 
with a more definite location for 
this software? 

Some years ago, I found some 
source code that twiddles the PC 
parallel port to simulate an IEEE-
488 controller. I fixed a problem in 
it, then lost track of it. But Stan 
Eker reposted it on Usenet. and 
even had my bugfix! So I've put it up 
here in the hope that it will be easi
er to find. 

There are some limitations - it 
can only drive one or two devices, it 
may need a modified parallel port (I 
recommend that you use a cheap 
card, not a motherboard port), and 
is probably rather processor speed 
dependent. I last used it on a 
12MHz 1286. I doubt that it will 
work unde_r Windows. but that 
might be a blessing. 

Sources and documentation 
can be found in plotgpib.zip 

Ed Bell 
Colchester, VT 

ANSWER TO #8005 - AUG 2000 
I have an old DOS graphics pro

gram that uses printer control 
codes to control an NEC PGB027 
printer. This application was writ
ten for a DEC PDP-11 (RSX-11M), 
which runs from DOS via a Strobe 
Data Osprey emulation board. The 
application was written by Minato 

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 E-Mail. 
• In most cases. only one answer per 
question will be printed. 
• Your name. city. state. and E-Mail 
address. [if submitted by E-Mail). will 
be printed In the magazine. unless 
you notify us otherwise with your 
submission. 
• The question number and a short 
summary of the original question 
will be printed above the answer. 
• Unanswered questions from a past 
issue may still be responded to. 
• Comments regarding answers 
printed in this column may be print
ed in the Reader Feedback section if 
space allows. 

QUESTION INFO 
TO BE CONSIDERED FOR PUBLICA-

TION 

All questions should relate to one or 
more of the following: 
1) Circuit Design 3) Problem Solving 
2) Electronic Theory 4) Other Similar Topics 

INFORMATION/RESTRICTIONS 
• No questions will be accepted that 
offer equipment for sale or equipment 
wanted to buy. 
• Selected questions will be printed one 
time on a space available basis. 
• Questions may be subject to editing. 

HELPFUL HINTS 
• Be brief but include all pertinent infor
mation. If no one knows what you're ask
ing, 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 and 
Phone Number. Only your name will be 
published with the question, but we may 
need to cont.act you. 

has since been.purchased by Ando. 
The printer is no longer supported 
by NEC and there's no new source 
code available for the program. Of 
course. it's a program that I still 
need to use. Is there a hardware or 
software means of translating the 
printer control codes from this 
printer to a more modern one? I 
.thought of using an EPROM 
decoder or a TSR patch. 

{Japanese tester company], which The easiest way to run a "lega-
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PICmicros & BASIC 
PicBasic Compiler - $99.95 

PicBasic Pro Compiler - $249.95 

Now it's even easier to program 
the fast and powerful Microchip 
PICmicros. The PicBasic and 
PicBasic Pro Compilers convert 
your English-like BASIC 
programs to files that can be put 
directly into a PICmicro. True compilers for 
faster, longer programs. BASIC Stamp'" I/II* 
libraries. For mid-range PIC12C67x, 14Cxxx, 
I 6C55x, 6xx, 7xx, 8x, 87x, 9xx and high-end 
I 7Cxxx (PicBasic Pro only). 

•BASIC Stamp is a registered ttademark of Parallax Inc. 

New!PIGXI 
Experimenter I 

Ltb Board 
Assembled - $199.95 
Kit with pans - $139.95 
Bare PCB only· $49.95 

EPIC Plus PIC Programmer - $59.95 

• 

Programs PICl2C5xx, 67x, 
14Cxxx, 16C505, 55x, 6xx, 
7xx, 8x, 87x and 9xx. 
Optional ZIF adapters for 
DIP, sore. MQFP, PLCC. 

Runs off two 9-volt batts or optional AC adapter. 
Includes programming software and assembler. 

PICProto 
Prototyping Boards 

Get it wired quicker! High-quality 
blank prototyping boards for 
PICmicros. Holds PICmicro, 
5V reg, caps, oscillator, DB9-25, 
large proto area_. $8.95 • $ 19.95 

micrtJ~n§inecrin5 ~s, @nc. 
lllJ Box 7532 Colorado Springs CO 60933 Ii.II 
~ (719) 520-5323 (719) 520-1867 fax .it 
._. http://www.melabs.com -=-i 

Write In 61 on Reader Service card. 

---- The RF Connection 
~J)i§ 213 North Frederick Ave. £ N 

~ Suite 11NV 
! Gaithersburg, MD USA 

____ " .. 20877 

http://www.therfc.com/ 

Complete Selection of MIL-Spec Coax, RF 
Connectors and Relays 

UG-21B/U N Male for RG-2131214 ........ $5.00 
UG-210/U N Male for RG-2131214 ........ $3.25 

N Connectors for 9913/Flexl4XU9096 

UG-21819913 ... .. $6.00 Pins Only ...... $1.50 
UG-21019913 ... .. $4.00 Extra Gasket.. ... 75 

Amphenol 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 llA) 

New Product: Belden 9913F. 9913 with 
High Density PE Foam dielectric, stranded 
center cond. and Duobond Ill Jacket.. ......... .. 
.. ......... .. ................... ...... 80/ft or $76.00/1 OOft 

Also New: 9092, RG8X with Type II Jacket 
Intro Price .... ........... .................. $23.00/1 OOft 

Call for ~peclals 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 

BODn83·2666 
3011540-54n 
3011869-3680 

66 Write In 62 on Reader ,Service Card. 

cy" application such as your DOS 
graphics program. is with the lega
cy hardware it ran on. If that equip
ment cannot be repaired, then the 
next best bet is to get the code to 
at least load on a new DOS sys
tem. 

If the application is a single 
"EXE" executable. file and is not too 
big, then you could [oad it under 
DEBUG and patiently trace through 
its operation until you find exactly 
what control sequences it is send
ing out. It would help if you know 
exactly what control sequences the 
old NEC printer used; for then you 
would know what to look for. 

Once you have documented the 
old sequences and the places in the 
program where they occur. and you 
have in hand the document that 
tells you the corresponding 
sequences for the new printer that 
you want to use, then you can, in 
principle, patch the code to send 
out the new sequences. 

If it turned out that the old 
sequences and the new sequences 
are exactly the same length, and 
there is one-to-one correspon
dence between what you have and 
what your need, then an EPROM 
translator might actually work. 

If the DOS program is writing 
directly to the printer port, then it is 
not so obvious hc:iw you would slide 
a TSR wedge in under it so as to 
intercept and translate the bytes it 
is sending out. On the other hand, if 
it is calling DOS via Int 21 H or call
ing the BIOS via Int 17H, to send its 
stuff to the printer. then a TSR 
probably could handle the transla
tion. 

What typically happens in prac
tice, of course, is that the DOS 
graphics program is too big to load 
under DEBUG, or it was deliberate
ly designed to discourage any 
attempt to "revers!;! engineer" the 
code. In that event, tbe remaining 
easy way is to take out a clean 
sheet of paper and write yourself a 
nice new program that does things 
the way you want them done. 

Such labors, of course. will also 
help you to acquire new apprecia
tion of the Linux open source move
ment. You really should have the 
source for the programs you 
depend upon. As time goes on and 
Linux becomes the standard oper
ating system, there will be far less 
justification for allowing ourselves 
to be locked in the "byte" you are 
now in. 

Jack Dennon 
Warrenton, OR 

ANSWER TO #8002 - AUG 2000 
Does anyone have a full service 

{POP3/SMTP) bias tweak for the 
Mail Station? 

There are ways to tweak the 
mail station depending on which 
revision you have. There is an 

Internet discussion board for dis
cussing modifications to a variety of 
devices at www.kenseglerdesigns 
.com/ cgi·bin/ UltraBoard/ 
UltraBoard.pl. 

Yo!-l'll find a link to the mail sta
tion discussions on that page. 

Doug Smith 
Via Internet 

ANSWER TO #80015 - AUG 2000 
How can I access the Internet 

over my Motorola bagphone? 

Since you refer to a Motorola 
bagphone, I'm going to assume 
you've got an older analog model in 
the order of the 3000 series. 

Mota has a small black box 
called The Cellular Connection [& 
1936). Electrically, it installs in 

ANSWERS TO #8007 - AUG 2000 
I am desperately looking for a 

way to control a residential bath 
fan/light unit. It is now wired on one 
switch. I am seeking a way to con
trol them independently while using 
the existing wiring which is two 
wires {only one load wire). 

I have seen such a unit for pad
dle fans, but I can't locate one for 
exhaust fans. None of the major 
electrical manufacturers I contact
ed were any help. 

#1 You want to control more 
than one electrical device with only 
one set of wires. This is easily done 
using X-10 or X-10 compatible con
trollers and devices. Basically, you 
leave the power on all the time. 

Put a two- or four-device con
troller (it looks like a switch) where 
your current switch is and get sep
arate power controllers for the 
light and for the fan motor. 

Th1:. ~e are several different 
models, florescent light or incan
descent, relay [motor), and dim
ming. 

You can see the X-10 stuff at 
www.x1O.com, but my favorite 
place is SmartHome.Com [compa
ny name and web site). They have a 
great catalog with almost 50 
pages of X-10 and many X-10 com
patible devices. If you don't have 
access to the internet, you can call 
for a catalog at 1-800-762-7846, 
24/7. 

Randy Boettjer 
Oak View, CA 

#2 Having worked in a lighting 
store, this is not an uncommon 
question. 

Most ceiling (paddle) fans can 
have both the motor and light con
trolled by the same potentiome
ter/ switch using two wires [one 
load and one neutral). But the 
motor speeds up as the light 
brightens. So most opt for a sepa
rate load wire and dimmer/switch 
for the light. 

series between the control head 
and the radio itself. Physically, it can 
be mounted under the handset 
bracket, [the holes line up). 

A most interesting device; it's 
got an RJ-11 port that will accept a 
standard telephone, fax machine, 
or computer modem. The 
Connection translates telephone 
DTMF tones and loop signalling to 
the serial data stream used by the 
cell phone. It also generates "ring 
battery" on an incoming call and 
splits the telephone audio into the 
appropriate land-mobile and 
mobile-land paths for the radio cir
cuit. 

Ideally, you would unplug your 
computer modem from the wall 
jack and plug it into the Connection. 
'(our modem would go off-hook, 

To control each individually with 
one load wire, a transmitter and 
receiver with two channels is need
ed. It would work much like an X10 
unit, or use RF. I can imagine it 
working with an exhaust fan, but 
have not tried it. 

A more common approach [for 
short distances) is to fish a new 
load wire through the ceiling and 
down the wall to the switch box, 
replacing the single switch with a 
dual switch. If there is no attic, the 
wire can jump into the room 
around the ceiling/wall corner and 
then back into the wall, fitting into a 
groove that will be plastered and 
painted. This method can also be 
used if the joists block a direct 
path. An electrician is usually able. 
to find a method to do this. The 
wire can also be hidden using 
moulding. Fancy moulding can 
spice up a plain bath! 

A common approach is to add 
a pull chain switch to the light/fan 
cover for the fan, which won't run if 
the light is off. 

Another method uses an X10 
module and wall switch or con
troller unit. This gets a little more 
complicated since X10 doesn't 
have a relay module that responds 
to lamp on/off that I know of [and 
needed). 

Or, a special relay can be put in 
the fan/light that cycles each time 
the wall switch if flipped on: light, 
then fan, then both. A different ver
sion has the relay with off as a forth 
position, and replacing the wall 
switch with a normally open push 
button, but works only if both 
switch wires run back to the 
fan/light. 

Arid then there are the wire
less switch products where the 
switch has a battery and gets 
attached to the wall while the 
[motor rated/relay) receiver gets 
put into the housing to control the 
fan. 

Rick Detlefsen 
Austin, TX 



-Y-EC:- F~l=l-IVI 

hear dial-tone, DTMF out the num
ber of your ISP and establish a ses
sion as usual. 

We've found, though, that the 
quality of the cell call has a big influ
ence on the throughput of the ses
sion. You will need to be stationary, 
with a very good cell signal or your 
session may collapse. 

The Cellular Connector works 
only with the older Mato phones, 
but there is (or was), a similar sys
tem put out by Telular that inter
faced to a number of non-Mota cell 
phones. 

However, if you're doing a lot of 
mobile computing, you might con
sider Cellular Digital Packet Data. 
CDPD is a service offered by a num-

ANSWERS TO #8009 -AUG 2000 
LM3909 is an LED blinker 

chip, it is being discontinued. 
Jameco sells them for about 
$5.00 a piece now. Does anyone · 
know of any replacement LED 
blinker chip that sells for a reason
able price? RadioShack no longer 
carries LM3909. {I do not have a 
computer.) 

#1 The LM3909 is available for 
$0.99 each from the nice people 
at: 

B.G. Micro 
555 N. 5th St., Suite 125 

Garland, TX 75040 
1-800-276-2206 
972-205-9447 

http:/ /www.bgmicro.com/ 
It would be a good idea to 

stock up since National 
Semiconductor no longer makes 
this part. 

David OiGiacomo 
San Francisco, CA 

#2 I too needed to refill my stock 
of LM3909 flasher chips, and was 
surprised to find it discontinued. I 
would have been happy if I found 
1.5 volt flasher LEDs. but the clos
est was almost three volts. 

An Internet parts search indi
cated that many vendors had 

ber of cellular service providers 
that provides Internet access 
directly over the cellular system. 
One or more channels in each cell 
site may be dedicated to the ser
vice or the system may use a "sniff
ing and hopping" technique to send 
a quantity of data on an idle voice 
channel, then quickly hop to anoth
er idle channel when a voice call 
comes up, and resume sending 
packets. 

COPD-only modems are avail
able in PCMCIA form factors. as 
well as a combination cellular 
voice/ cellular modem/fax/CDPD 
unit. 

Rusty Schwarz 
River Vale, NJ 

almost 5000 available, but how 
accurate is that? I went down my 
list of suppliers that listed the part, 
only to be told it was no longer 
available. I then tried Unicorn 
Electronics that at least said 'back 
ordered.' They arrived about a 
week later. They cost $1.09 each 
at the time (plus shipping and any 
tax). So I'm set. 

Another method offered in 
NtJts & Volts [March 2000 issue 
page 7 4 ). was to use an ICL7660 
voltage doubler chip to run a 
three-volt flasher LED. or use two 
to run a six-volt flasher LED. For 
twice the current price, this will 
work. Using the SMD version will 
make for a tiny package. 

Some say this chip is obsolete. 
but it's just discontinued as noth
ing better is available to replace it 
(the word obsolete needs to 
become obsolete!). Nothing 
matched this chip in voltage, ver
satility, parts count, and price. I 
think only the 555 had more arti
cles and circuits published. I have 
projects that run on 1.5 volts and 
this chip was ideal. I may use the 
voltage doubler in the future a_nd 
save this chip for its many other 
uses. 

Rick Detlefsen 
Austin, TX 

LMr.MCdJ Tll llST IATTllllS SEPTEMBER 2000 SUPER SPECIALS! Ill AMERICA I 
ForlCOM IC-2SAT IW2A/3SAT /4SATetc: Packs & Charger for YAESU FT-SOR I 40R I 10R: 

FNB-40xh -. .. .,.. 7.2v 650mAh $41.95 
FNB-47xh <,..,..> 7.2v 1800mAh $49.95 
FNB-41xh 1sw!!i!!H) 9.6v 1000mAh $49.95 

For YAESU FT-51R I 41R I 11R: 

FNB-38 pack 1sw1 9.6v 700mAh $39.95 
For YAESU FT-530 I 416 I 816 I 76 I 26: 

FNB-26 .-<- 7.2v 1500mAh $32.95 
FNB-27s 15wNM<J 12.0v 1000mAh $45.95 

For YAESU FT-4111470173133123: 

FNB-11 pack (5wl 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for ALINCO DJ-580 I 582 I 1 BO radios: 

EBP-20ns pack 7.2v 1500mAh $29.95 
EBP-22nh pk.(5w) 12.0v 1000mAh $36.95 
EDH-11 6-Cell AA case $14.95 

For ICOM /C-Z1A I T22-42A I W31- 32A I T7 A: 
BP-180xh .. ,,..,..> 7.2v 1000mAh $39.95 
BP-173 pack !5wl 9.6v 700mAh $49.95 

ForlCOM IC-W21Al2GXAT IV21AT:(BlockorG .. yJ 

BP-132s 15w .......,, 12.0v 1500mAh $49.95 

BP-83 pack 7.2v 600mAh $23.95 
For ICOM 02A T etc & Radio Shack HTX-202 I 404: 
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In Part 1 of this arti
cle, we examined how . 
disassemblers work, 
describing the basic func
tions needed to disassem
ble Intel INHX8M Hex 
files for the PIC 16C84. 
We examined what is 
possible with multiple dis
assembly passes. 

In Part 2, we'll actually 
write code to implement 
the functions we 
described in Part 1. So, 
let's fire up our source 
code editors and get to 
work! 

The very first thing to do is 
choose a language and there is no 
shortage to choose from . Selecting 
one can be difficult. I adopted the 
following criteria for my choice: 

• Very low cost or free. 
• Very easy to learn. · 
• Has a future. 
• Well-supported with lots of 
free code and documentation. 

• Has an active online 
developer community. 

• Has solid development and 
debugging tools. 

• Multi-platform. 
• Powerful. 

Surprisingly enough, this leaves 
a number of contenders still stand
ing. But among them is one very 
special language: Python. 

Python can be used at a variety 
of levels. You can develop in it using 
classes and methods, taking advan
tage of object-orientation (00). You 
can use it like a non-00 language, 
taking advantage of modules in 
hierarchically separated files. Or, you 
can write simple programs in it as if 
it were a script file. 

To keep the usage as stra ight
forward as possible for readers new 
to Python, I am keeping all of my 
code in a single, non-00 file. I do 
take advantage of functions within 
the file and standard library mod
ules (one of the major reasons for 
using Python), but all of the disas
sembler code resides in one place. 

Designing a Disassembler 

To define what we want to 
build, it helps to start with require
ments. These should describe -
from the point of view of the prob
lem not the solution - what we 
want the program to do. 

1. We want the program to 
read Intel INHX8M Hex files. 

. 2. We want the program to 
turn the hex file into readable 
assembly language. 

3. We want the program to 
translate register addresses into 
readable names. 

4. We want the program to 
translate jump targets from address
es to readable names. 

5. We want the program to 
insert the jump target names as 
labels in front of the target lines 
referred to. 

6. We want the program to cre
ate a symbol table. 

these goals. 
Python has some powerful 

internal constructs which we will 
take advantage of. Two of these are 
dictionaries and lists. A list is an 
ordered set of data elements. An 
example list could look like: 

['A', 123, 'fred ' ] 

These data elements can be 
strings or numbers or even other 
lists. To use terminology from other 
languages, a list is an array. We can 
access the elements within the list 
using their index. 

A dictionary is an unordered set 
of data elements comprised of a key 
and a value. The key can be any sin
gle data element; the value can be 
any element or set of elements such 
as a string or a list. An example dic
tionary could look like: 

{'john' :[14, 'blond', 78704], 
'lisa' :[27,'brunette' , 32501]} 

Other languages refer to dictio
naries as hash tables or associative 
arrays. Items within dictionaries are 
accessed by their keys . 

We need some structure to 
store the data we derive from the 
hex file. This structure should sup
port the activities we want to per
form. We can use a dictionary very 
easily for this purpose. 

Each entry in the dictionary will 
represent one line from the assem
bly code. The key to each dictionary 
entry will be the address of the line. 
The value will be a list of the addi
tional fields we want associated 
with that address. Lists in Python 

Python, created by Guido van 
Rossum and named after Monty 
Python, is a language that everyone 
will be hearing about in the next 
few years. It meets or exceeds all 
my criteria, as well as bringing some 
additional strengths to the table. 
Python is fully object-oriented. 
Python is amazingly easy to main
tain; the very structure forces differ
ent programmer's code to look simi
lar. This makes it very easy to look 
at someone else's code and reuse 
or support it - a major problem 
with other popular languages. 

7. We want the program t9 out
put the results somewhere easy to 
use. 

are surrounded by square brackets 
and dictionaries are surrounded by 
curly brackets. A colon separates the 
key from the value. 

Python is used by some very 
large companies who describe their 
use of Python as a major competi
tive advantage. Industrial Light and 
Magic - the special effects 
wizards behind Saving 
Private Ryan and Star Wars 
Episode 1 - The Phantom 
Menace - are one of the 
companies who believe that 
Python makes them dramati
cally more productive. 

Python is also easy to 
learn. It has been chosen as 
the language for a major 
new government program, 
"Computer Programming for 
Everyone" (CP4E}, that 
intends to teach script level 
programming to middle-
schoolers in the next few 

This is a good high-level set of 
requirements. Now we need to 
design some ways to accomplish 

Python Resources 
A brief selection of Python books 

Python Programming on Win 32 
By Mark Hammond, Andy Robinson 

O'Reilly & Associates 
ISBN: 1-56592-62 1-8 

The Quick Python Book 
By Daryl Harms, Kenneth McDonald 

Manning Publications 
ISBN: 1-884777740 

Python Essential Reference 
By David Beazley 

Our structure for holding the 
disassembly data looks like this: 

{ lineaddr:[hexval, labelname, 

ISBN: 0-73570-901 -7 

Python on-line 
All things Python - www.python.org 

PIC Resources 
Microchip - www.microchip.com 
The PIC archive - http://come.to/ 

thepicarchive 

Microchip Net Resources -
http:j /www.geocities.com/SiliconValley/ 

Way/5807/ 

years. 
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1 #!/usr/localfbin/python 
2 ################################################################### 
3 # PIC16_disasm.py 
4 # v 0.3 
5 # 9/99 - Tim Deagan 
6# 
7# 
8# 

Disassemble an intel hex file for a PIC 16Cxx microcontroller. 

9 # asmlist format: { lineaddr:[hexval, 
10 # labelname, 
11 # 
12 # 
13 # 
14 # 
15 # 
16 # 

mnemonic, 
arg_one, 
comma, 
arg_two, 
comment]} 

Listing 1 -
A PIC 16C84 
disassembler 

written in 
Python. 

17 ################################################################### 
18 import os,string,sys #import the modules we'll need throughout 
19 
20 Dbug = 0 # set to 0 to turn off additional debug output 
21 code_limit - Ox1fff #upper range in memory for code 
22 hexcode = { } # init some global data structures 
23 asmlist = { } 

24 # setup the register lookup table 
25 reglist={ 
26 OxOO:"INDO", 
27 Ox01 :"TMRO/RTCC/OPTION", 
28 Ox02 :"PCL", 
29 Ox03:"STATUS", 
30 OxQ4·"FSR" 
31 Ox05:"PORTA/TRISA", 
32 Ox06:"PORTB/TRISB", 
33 Ox08:"EEDATA/EECON1 ", 
34 Ox09:"EEADR/EECON2", 
35 OxOA"PCLATH" 
36 OxOB:."INTCON"i 
37 
38 # asmlist format: { lineaddr:[hexval,labelname,mnemonic,arg_one,comma,arg_two, 

comment)} 
39 # setup variables as their indices for readability in some functions 
40 hexval - O 
41 labelname = 1 
42 mnemonic = 2 
43 arg_one - 3 
44 comma =4 
45 arg_two • 5 
46 comment = 6 
47 
48################################################################### 
49 def hexlineparser(line): 
50 "Parse an Intel Hex File line into a dictionary" 
51 hexlen = line(1:3) #number of data bytes on the line 
52 hexaddr = line(3:7) # starting address of data on line 
53 hextype = line[7:9) # 00 - data, 01 - eof 
54 hexdata = line[9:-2) #data bytes (use words for the 14 bit PIC instructions) 
55 hexcrc - line[-2:) #ere of line 
56 
57 linelen - hexish(hexlen) # decompose line length 
58 lineaddr = hexish(hexaddr) # decompose starting address 
59 
60 
61 

if hextype != '01 ': # if not eof 
for i in range(O,linelen,2): # grab each data word 

62 hexcode[lineaddr + i) = hexdata[i*2:i*2+4) # populate diet. with addr:data 
63 
64################################################################### 
65 def hexcodeparser_pass1(i): _ 
66 "Parse a dictionary of machine hex into Assembly language" 
67 hexval - hexcode[i](2:4]+hexcode[i)[0:2) # flip LSB,MSB to MSB,LSB 
68 hinibble - hexish(hexval[O)) & Ox03 # get 2 bits (OOxxOOOOOOOOOOOO) 
69 lineaddr - i/2 # make byte addresses into word addresses 
70 labelname = ... # initialize values 
71 mnemonic=·· 
72 arg_one = •• 
73 comma="" 
74 arg_two = "" 
75 comment = "" 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

if lineaddr <= code_limit: #make sure we're parsing within the code space 
# for comment readability I'll number the 14 relevant bits of the 16 bit word 
# 0 - 1 3 with 0 being the least signficant bit 
if hinibble == 0: #one major group starts with 00 as bits 12, 13 

znibble = hexish(hexval[ 1 )) # get bits 8 - 11 
de_zero = (hexish(hexva1[2)) » 3) & Ox01 # get bit 7 
fi_zero = hexish(hexval[2 :)) & Ox7f #get bits 0 - 6 
de_print = ["W"."F") #setup target names 

if znibble == 0: # subgroup of instructions based on bits 8-11 
if de_zero: # if bit 7 is 1 then 

mnemonic = "MOVWF" # it's MOVWF 
arg_one = reglistlookup(fi_zero) # resolve the address 

else: # bit 7 is 0, so ... 
zero_ops = ["NOP","?","?","SLEEP","?","?DATA?","?", 

"CLRWDT","RETURN","RETFIE") 
# it's one of these instructions. I used question marks since there 
# are no operands for those indexes and I wanted to use a simple list 

lb_zero = hexish(hexval[3 :)) #check bits 0-3 
mnemonic= zero_ops[lb_zero] #use result as index to instr. 

elif znibble == 1: # Check next value of bits 8-1 1 
zero_ops ;. ["CLRW","CLRF" ) 
mnemonic= zero_ops[de_zero] 
if de_zero: 

# setup instruction list 
# choose instruction based on bit 7 

#if pit 7 = 1 

102 
103 
104 
105 
106 
107 
108 

109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 

143 
144 
145 

146 

arg_one = hex(fi_zero) # there is an arg., get its hex value 

elif znibble >• 2: #check next value of bits 8-11 
zero_ops = ["SUBWF","DECF","IORWF","ANDWF","XORWF", 

"ADDWF","MOVF","COMF","INCF" ,"DECFSZ", 
"RRF","RLF","SWAPF","INCFSZ") # setup instruction list 

mnemonic= zero_ops[znibble - 2) #use value of bits 8-11 minus 2 as 

arg_two = de_print[de_zero) 
comma="," 
arg_one = reglistlookup(fi_zero) 

index 
# use bit 7 to get 'W' or T as 2nd arg. 

# put a comma between arguments 
# resolve the address 

elif hinibble == 1: # check the next value of bits 12-13 
one_ops = ["BCF",''BSF","BTFSC","BTFSS") #setup the instruction list 
op_one = (hexish(hexval[1)) » 2) & Ox03 #turn bits 10-11 into index 
mnemonic= one_ops[op_one) #get the instruction 
fi_one - hexish(hexval[2:4)) & Ox7f #bit number to test is bits 7-9 
arg_one = reglistlookup(fi_one) #resolve the address 
comma="," #put a nice comma betweer.i args 
arg_two = hex((hexish(hexval[ 1 :3]) » 3) &-Ox07) #file to test is bits 0-6 

elif hinibble == 2: # check the next value of bits 12-13 
two_ops = ["CALL","GOTO") #setup the instruction list 
op_two = (hexish(hexval[1)) » 3) & Ox01 #index is bit 11 
mnemonic= two_ops[op_two) #get the instruction 
ad_two = hexish(hexval) & Ox7ff #jump address is bits 0-10 
arg_one = hex(ad_two) ii cleanup the jump target 

elif hinibble == 3: #check the next value of bits 12-13 
# this one is extra funky since there are a buch of 'don't care' bits among the 
# distinguishing bits. They are all least significant bits, so I use a greater 
# than or equal statement to find them. I used two lists instead of a dictionary 
#to skip the xxx.keys(), xxx.sort() and xxx.rev() steps, since I needed them to 
# to be sequenced in my specific order rather than a sorted order. 
three_ops = ["ADDLW",''SUBLW","XORLW","ANDLW'', 

"IORLW","RETLW"."MOVLW") #setup instruction list 
three_keys = [14, 12, 10,9,8.4,0] # setup values _to map to instructions 
op_three = hexish(hexval[1)) # distinguishing bits are bits 8-11 
arg_one = hex(hexish(hexval[2:])) #literal is bits 0-7 
for j in three_keys: # walk through the key values 

if op_three >= j: # if the distinguishing bits >• key 
mnemonic = three_ops[three_keys.indexO)) # grab the instruction that 

maps 
break # jump out of this loop 

asmlist[lineaddr )=[hexval,labelname,mnemonic,arg_one,comma,arg_two,comment) # 
create diet entry 

147 ################################################################### 
148 def hexcodeparser _pass2(): 
149 "Second pass Disassembly parser, replaces CALL and GOTO args with labels" 
1 50 target_hold = { } # init place to hold targets 
151 target_c::ount = 0 # start with a 0 target count 
152 addrlist = asmlist.keys() # get addresses from the first pass diet. 
153 for test_addr in addrlist: # walk the addresses 
154 test_list - asmlist[test_addr] #get the details for the test address 
155 if test_list[mnemonic) ·= 'GOTO' or test_list[mnemonic] == 'CALL': # look for 

156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

jumps 
test_target = string.atoi(tesUist[arg_one], 16) #turn the target address into a key 
target_list - asmlist[test_target] . #get the details of the target 
if not target_hold.has_key(test_target): # if we haven't done this target ... 

target_count = target_count + 1 # inc the target count 
target_hold[test_target) = target_count #add a target diet entry 
targeUist[labelname) = "TARG_" + str(target_count) #a unique label for target 
asmlist[test_target] = [target_list[hexval], # rebuild target diet entry 

target_list[labelname ]+" :" 
] + targeUist[ mnemonic:] 

tesUist[arg_one] = target_list(labelname] #change the test line's jump to label 
asmlist(test_addr] - tesUist # rebuild the test diet entry 
if Dbug: print ".·, # if debugging, print a timing dot 

return target_hold # send back the list of targets 
169 
170################################################################### 
171 def print_listing(): 
172 "Output pretty disassembly and symbols" 
173 codebreak = 0 # init some variables 
174 idbreak = 0 
175 configbreak = 0 
176 eeprombreak = 0 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 

# print listing from hex info 
addrlist = asmlist.keys() 
addrlist.sort() 
for addr in addrlist: 

if addr <= Ox1fff and codebreak == 0: 
# layout header 
print "\nASSEMBLY CODE" 
print" " 

# get address list from diet 
#order it 
#walk it 
# address in code space? 

print "ADDR WORD LABEL OPERAND ARG 1,ARG2" 
print"- - -- -----· 
codebreak = 1 # don't print header again 

elif addr >= Ox2000 and addr <= Ox2003 and idbreak == 0: # address is code ID? 
# layout header 
print "\n\nCODE ID(S)" 
print·---" 
print "ADDR WORD" 
print "--" 
idbreak = 1 # don't print header again 

elif addr == Ox2007 and configbreak == 0: # address is the config word? 
# layout header 
print "\n\nCONFIGURATION WORD" 
print" " Continued 
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200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

dg = configworddecode(asmlist(addr][hexval]} 
wds = dg.keys() 

# decode configuration word 

# output configuration data for wd in wds: print dg[wd] 
print "\nADDR WORD" 
print"- - " 
configbreak = 1 

elif addr > Ox2007 and eeprombreak == 0: 
# don't print header again 
#address is eeprom data? 

. # layout header 
print "\n\nEEPROM DATA" 
print"---" 
print "ADDR WORD" 
print"--" 
eeprombreak = 1 

# Setup some comments 
if addr == OxOOOO: 

# don't print header again 

# test for restart vector 
asmlist(addr][comment] =";Restart Vector" 

etif addr == Ox0004: 
# setup comment 
# test for interrupt vector 
# setup comment asmlist[addr](comment] =";Interrupt Vector" 

# Output the line 
print "%04X %s %-08s %-06s %s%s%s \t%s" % tuple([addr,] + asmlist[addr]) 

# print symbol table header and info 
print "\n\nSYMBOL TABLE" 
print" " 
print "ADDR SYMBOL" 
print"--" 
# print labels 
reportlist = target_hold.keys() # get list of target addresses 
reportlist. sort() # order them 
for item in reportlist: # walk them 

print "%04X %s%-12s" % (item,'TARG_', target_hold(item]) #output address and 
label 

# print registers 232 
233 
234 
235 
236 
237 

portlist = reglist.keys() # get list of known register labels 
portlist.sort() #order them 
for item in portlist: # walk them 

print "%04X %-17s" % (item,reglist[item]) # output address and label 

238 print "\n" # end with a blank line 
239 
240################################################################### 
241 def hexish(tohex): 
242 "Change an ascii hex string to a hexadecimal integer" 
243 return string.atoi("Ox" + tohex, 16) 
244 

mnemonic, arg_one, comma, 
arg_two, comment]} 

where lineaddr is the address of the 
line, hexval is the hexadecimal value 
of the instruction (opcode and 
operands), labelname is a label if 
the lirie has one, mnemonic is the 
instruction name, arg_one is the 
first argument, comma is a delimiter 
we'll use in printing if there are two 
arguments, arg_two is the second 
argument if one exists, and com
ment is a place to store comments 
we generate. 

The PIC 16C84 microcontroller 
uses 14 bit instructions that contain 
an opcode and an operand. The 
opcode is the instruction name and 
the operand is the argument or 
arguments. Each instruction has a 
specific format of bits representing 
the opcode and the operands. To 
determine which instruction a given 
hex value represents, we must sort 
through the bits to first identify the 
instruction and then derive the argu
ments. 

Most of the instructions are 
grouped together as blocks of simi
lar bits. This allows a simple set of 
nested if statements to sequentially 
sort through the bits to arrive at the 
decoded instruction. Once the cor
rect instruction has been deter
mined, code unique to that instruc
tion decodes the arguments. 

We also have to be car.eful to 
only decode the values that are at 
addresses within the range defined 

as code for the microcontroller. 
Values outside this range represent 
items stored in EEPROM memory or 
system flags. We want to do a 
straight decode of these without 
trying to turn them into instructions. 

We want to be able to read 
through the code and get a pretty 
good idea of what registers are 
being interacted with . The PIC 
16C84 uses multiple banks of regis
ters. Different registers have the 
same address, determining which 
register is being !JSed requires know
ing the state of a register bank 
flag. 

To really know whicnbank is in 
use would require writing a micro
controller simulator. That's beyond 
the scope of this article, so we'll 
dodge the issue by returning a 
string with the names of all regis
ters using that address. This will 
provide the end-user with some 
help without implying more than 
the disassembler is really capable 
of. 

When we find an instruction 
that has a register as an argument, 
we do a quick lookup of the 
address against a list of register 
name strings. We return the string 
found and replace the hex value 
with it. 

Many possibilities exist for the 
final output structure. I have cho
sen to emulate the Listing file pro
duced by assemblers. This format 
shows addresses, hex values, code, 
and symbol table info all on the 
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245 ################################################################### 
246 def reglistlookup(targetfi le): 
24 7 "translate hex to register name if appropriate" 
248 if reglist .has_key(targetfile): #determine if targetfile is a known address 
249 return reglist[targetfile] #if so, use the nice name(s) for it 
250 else: · 
251 return hex(targetfile) # otherwise use the hex value 
252 
253 ################################################################### 
254 def configworddecode(dgwd): 
255 "translate the config word into list of flags" 
256 dgwdh = hexish(dgwd) 
257 if (dgwdh » 4) & Ox01 :dg = "CP=on," 
258 else:dg = "CP=off," 

# turn ascii into hex 
# Code Protection 

259 if (dgwdh » 3) & Ox01 : dg = dg + "PWRT=on," # Power-up Timer Enable 
260 else: dg = cfg + "PWRT=off," 
261 if (cfgwdh » 2) & Ox01 : cfg = cfg + "WDT=on," # Watchdog Timer Enable 
262 else: cfg = dg + "WDT=off," 
263 if dgwdh & Ox03 == 0: dg = cfg + "OSC=LP" # Oscillator Selection 
264 elif dgwdh & Ox03 == 1: dg = dg + "OSC=XT" 
265 elif dgwdh & Ox03 == 2: dg = dg + "OSC=HS" 
266 etif dgwdh & Ox03 == 3: dg = dg + "OSC=RC" 
267 
268 return dg # return the decoded values 
269 
270 ############################################################### 
271 # main entry to the program 
272 ############################################################### 
273 if _name_ == '_main_': 
274 for filename in sys.argv[l :]: 
275 print "\n"+filename 
276 file = open(filename, 'r') 

# do each passed file 
# output file name 
#open file 

277 for line in file.readlines(): # grab each line from the file 
278 hexlineparser(line) 
279 file .close() 

# decompose into address:data 
# close the file 

280 
281 
282 
283 
284 
285 
286 
287 
288 
289 

addrs = hexcode.keys() # grab keys (addr.) from line parser output 
addrs.sort() # sort them 
for i in addrs: # walk addresses 

hexcodeparser_pass1(i) #perform lstpass disassembly 
target_hold = hexcodeparser_pass2() #perform 2ndpass disassembly (label jumps) 

print_listing() 
hexcode = (} 
asmlist = {) 

# output usable code to stdout 
# rein itialize storage 

same page. A different output for
mat could be designed which you 
could feed right back into an 
assembler. Readers can easily modi
fy the output to meet their needs. 

The easiest place to output the 
disassembled file is to the screen 
(or stdout.) This allows a quick 
view, or allows the output to be 
piped to a file directly. Using com
mand line pipes and filters (such as 
'>' and 'more') saves a great deal 
of coding on an initial effort like 
this. 

The Program Flow 

1. Read the file. 
Python looks for a section in 

the code (see Listing 1) that is test
ing for the _name_ variable (a 
special Python name for an internal 
variable) called '_main_' (line 
273) and starts execution at that 
block. In our code, this section ini
tially reads the file to be disassem
bled (lines 274-279) and sends it, 
line by line, to a subroutine called 
hexlineparser(line ). 

2. Create a data structure. 
Function hexlineparser(line) 

uses a powerful Python mechanism 
to break the line from the hex file 
up into its constituent parts. Python 
allows substrings of strings (and its 
other sequence data types, lists, 
and tuples) to be accessed via 'slic
ing operators.' A slicing operator 
looks like: s[i:j] , which returns 

everything in s that has an index 
greater than or equal to i and less 
than j. Given the statements: 

A = "howdy world" 
C = A[0:6] 

C is now equal to "howdy". 
Once we have carved up the 

hex line into its parts using slicing 
operators, we have to take care of 
some conversion issues between 
ASCII and hex. When we read a 
hex value from a string such as '6A' 
we want the program to deal wi.th 
this as a number, not two charac
ters. To address this issue, we've 
created a function called 
hexish(tohex). 

Function hexish(tohex) is 
passed the string we want to con
vert and returns the result of 
'string.atoi("Ox" + tohex, 16)'. This 
call concatenates "Ox" and the 
ASCII string passed to it (in our 
example, we would then ·have a 
string "Ox6A".) "Ox" is the prefix 
that Python uses to identify hexa
decimal numbers. The command 
string .atoi then does a translation 
of ASCII to integer on the string we 
created using base 16. We now 
have an integer data type with the 
value of our hex number. 

After all the pieces have been 
parsed out and we have trasmuted 
to hex the strings w<; need, we 
then proceed to populate a simple 
dictionary with the addresses and 
data values (lines 60-62). Line 61 



ADDR WORD LABEL OPERAND 
0000 1683 BSF 
0001 3000 MOVLW 
0002 0086 MOVWF 
0003 3000 MOVLW 
0004 0085 MOVWF 
0005 1283 BCF 
0006 3000 MOVLW 
0007 OOAA MOVWF 
0008 3010 MOVLW 
0009 OOAB MOVWF 
OOOA 3002 MOVLW 
OOOB OOAC MOVWF 
oooc OAAA TARG_l INCF 
OOOD 1DAA BTFSS 
OOOE 2811 GOTO 
OOOF 01AA CLRF 
0010 OAAA INCF 
0011 082A TARG_ 4: MOVF 
0012 072B ADDWF 
0013 0086 MOVWF 
0014 3010 MOVLW 
0015 07AB ADDWF 
0016 lFAB BTFSS 
0017 281A GOTO 
0018 01AB CLRF 
0019 OOAB MOVWF 
001A 082B TARG_3: MOVF 
001B 072A ADDWF 
001C 0086 MOVWF 
001D OAAC INCF 
001E 1DAC BTFSS 
001F 2822 GOTO 
0020 01AC CLRF 
0021 OAAC INCF 
0022 082C TARG_2: OVF 
0023 0085 MOVWF 
0024 280C GOTO 
0025 0063 SLEEP 

SYMBOL TABLE 

ADDR SYMBOL 
oooc TARG_l 
0011 TARG_4 
001A TARG_3 
0022 TARG_2 
0000 INDO 
0001 TMRO/RTCC/OPTION 

sets up our loop using the built-in 
range function. Here we use range 
to start at 0, run for as many loops 
as the linelen (number of data 
bytes in the hex line), and count by 
twos. This allows us to process the 
line in words (two bytes), not single 
bytes. 

In line 62, we chop out words 
from the set of data bytes and 
stuff them into our dictionary. We 
are still storing ASCII strings of the 
data at this point even though we 
translated some of the values we 
needed to determine the data byte 
count and addresses. 

3. Perform the first pass. 
We now proceed to our first 

pass of disassembly (lines 281-284.) 
The first thing we do is grab all of 
the addresses out of our dictionary 
using the .keys method and then 
use the .sort method to organize 
them sequentially. This allows us to 
retrieve the data bytes in the order 
that they are addressed. Python dic
tionaries do not maintain the entries 
in any sequence, so you have to 
manually declare a sequence or sort 
order if you want one. 

ARG1,ARG2 
STATUS,Ox5 ;Restart Vector 
OxO 
PORTB/TRISB 
OxO 
PORTA/TRI SA ;Interrupt Vector 
STATUS,Ox5 
OxO 
Ox2a 

Ox10 
Ox2b 
Ox2 

Listing 3 -Ox2c 
Ox2a,F The output 
Ox2a,Ox3 from the 
TARG_4 disassembler. 
Ox2a 
Ox2a,F 
Ox2a,W 

Ox2b,W 
PORTB/TRISB 
OxlO 
x2b,F 
Ox2b,Ox7 
TARG_3 
Ox2b 
Ox2b 
Ox2b,W 
Ox2a,W 
PORTB/TRISB 
Ox2c,F 
Ox2c,Ox3 
TARG_2 
Ox2c 
Ox2c,F 
Ox2c,W 
PORTA/TRISA 
TARG_l 

0002 PCL 
0003 STATUS 
0004 FSR 
0005 PORTA/TRI SA 
0006 PORTB/TRISB 
0008 EEDATA/EECON 1 
0009 EEADR/EECON2 
OOOA PCLATH 
OOOB INTCON 

The first pass of disassembly 
occurs in hexcodeparser_pass 1 (i) 
where i is the address of a data ele
ment in our initial dictionary. Right 
away we have to take care of some 
housekeeping and flip the data 
bytes. Intel Hex stores these values 
as least significant byte first and 
most significant byte second. We 
need to reverse this order. Line 67 
takes care of this using our slicing 
operators. · 

Line 77 starts our sieve to find 
the instruction that this hex value 
represents. The first thing we do is 
verify that the address in question 
is within the- code space of the PIC 
16C84. Otherwise, we could crash 
our sieve by attempting to decode 
some data stashed in EEPROM that 
would be illegal as an instruction. 
We then start testing various bits 
from the hex value to see if they 
match groupings of instructions. 
Lines 104-111 demonstrate a good 
example. 

In this example, we've deter
mined that bits 12-13 are equal to 
zero (line 80) and that bits 8-11 are 
equal to or greater than 2. We then 
build a list of instructions that fall 

Listing 2a Listing 2b 

STATUS equ 03 :100000008316003086000030850083120030AA007D 
PORTA 05 equ : 100010001030AB000230ACOOAAOAAA 1D1128AAO 1 B8 
PORTB 06 equ : 10002000AAOA2A082B0786001030AB07AB1F1 A2834 
TRISA equ 05 :10003000AB01AB002B082A078600ACOAAC1D222886 
TRISB equ 06 :OC004000AC01ACOA2C0885000C28630001 
RPO equ 05 :00000001 FF 

LEDlREG equ 02a 
LED2REG equ 02b Listing 2 -
LED3REG equ 02c An assembly 

wdtoff language 
and hex 

bsf STATUS.RPO ;init ports output 
movlw 00 example. 
movwf TRISB 
movlw 00 
movwf TRISA 
bd STATUS, RPO 

movlw 00 ;init led*reg 
movwf LED1REG 
movlw 010 
movwf LED2REG 
movlw 002 
movwf LED3REG 

loop ind LED1REG ;inc led1reg 
btfss LEDlREG,3 ;skip next if >= 8 
goto ledl ;jump 
clrf LEDlREG ;clear led 1 reg 
ind LED1REG ;ledregl = 1 

led1 movf LEDlREG,w ; move led 1 reg to w 
addwf LED2REG,w. ;combine with led2reg in w 

movwf PORTB ;output on portb 

movlw 010 ;setup w with increment 
addwf . LED2REG,f ;inc led2reg (high nibbble) 
btfss LED2REG,7 ;skip next if >= 8 
goto led2 ;jump 
clrf LED2REG ;clear led2reg 
movwf LED2REG ;ledreg1 = Ox10 

led2 movf LED2REG,w ;move led2reg to w 
addwf LED1REG,w ;combine with led1 reg in w 

movwf PORTS ;output on portb 

ind LED3REG ;inc led3reg 
btfss LED3REG,3 ;skip next if >= 8 
goto led3 ;jump 
clrf LED3REG ;clear led3reg 
ind LED3REG ;led3reg = 1 

led3 movf LED3REG,w ;moveled3reg t 

movwf PORTA ;output on porta 

goto loop ;do it all over again 

sleep 

END 
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TEl<LA..B 

BUYING $10 MILLION DOLLARS 
WORTH OF TEST EQUIPMENT! 

Hewlett Pac/card Hewlett Packard 
1143A. ........... $365 6552A ............ $585 
11667A ........... $325 6574A ......... $1,239 
11792A ....... $1,376 66CXX>A. .......... $762 
11974U .... .... $4,257 66101A. ........ $592 
16442A ....... $1,565 66102A. ........ $537 
16518A ....... $1,a'.Xl 66103A. ........ $429 
16522A ....... $3,182 66128 ........... $408 
16533A ....... $1,916 6621A. ....... $1,069 
165570 ........ $5,535 6622A. ....... $1,366 
1600CS ........ $4,074 6623A. ....... $1,336 
1662AS ........ $2,542 6624A. ....... $1,792 
16700A ....... $4,231 6626A. ....... $4,010 
16702A ....... $4,862 6629A. ....... $2,603 
6717A ........ $9,102 66328 ........... $n5 
3245A ........ $1,599 66332A. ........ $981 
33120A ......... $843 6653A. ....... $1,068 
34401A ......... $487 6654A. ........ $1,068 
3458A ........ $3,362 6673A ........ $1,788 
346A ............. $664 6674A. ....... $1,659 
3468 .............. $511 6683A. ....... $2,396 
346C ............. $756 6812A ........ $2,253 
34970A. ........ $567 68128 ...... .. $2,939 
35670A ..... $7,808 6813A ........ $3,121 
3589A. ....... $9,606 68348 ........ $6,175 
3708A. ....... $7,505 70911A. ..... $7,712 
3no2A. ..... $3,608 81103A. ..... $2,430 
3n18A. ..... $9,046 81106A. ........ $800 
414218 ......... $999 8110A ........ $3,162 
41422A ... .. $1,381 81110A ...... $3,541 
41425A. ........ $587 8114A. ....... $3,954 
41428 ........ $3,784 8133A ..... $21,733 
4156A. ... .. $17,275 81530A. ..... $1,681 
41568 .... .. $23,728 81531A. ..... $1,214 
41800A. ........ $439 8153A. ....... $1,226 
4278A. .. ..... $2,512 83050A. ..... $8,665 
4284A. ....... $4,622 83206A. ..... $4,365 
43388 ........ $1,278 83220E ...... $3,804 
43528 ...... $30,983 832368 ...... $4,400 
4395A .... .. $11,478 83480A. ..... $5,253 
43961A. ..... $1,109 83484A. ..... $6,480 
43968 ...... $14,n2 83485A ..... $6,028 
53131A. ........ $736 83640A. ... $18,273 
53181A ......... $674 836408 .... $22,311 
53310A ..... $4,891 836508 .... $30,880 
5347 A. ....... $3,009 837118 ...... $9,333 
5348A. ....... $1,950 837128 .. .. $11,609 
53508 ........ $1,592 837328 .... $18,492 
5373A. ..... $10,593 83752A. ... $11,842 
54522A. ..... $4,921 837528 .... $11,854 
546028 ......... $786 84498 ........ $4,622 
546108 ...... $1,074 8481A. .......... $330 
546158 ...... $2,443 84810 .......... $458 
546450 ...... $1,713 84828 ........... $367 
54845A. ..... 14,051 85024A. ........ $733 
6010A ........ $1,128 850250 ...... ... $633 
6015A. ....... $1,739 85025E ......... $516 
6030A. ....... $) ,941 850270 ...... $2593 

. 6031A. ....... $1,688 850328 ......... $812 
6032A. .. ..... $1,814 850330 ...... $1,272 
6035A. .. ... .. $2,053 850520 ... ... $1,667 
605018 ......... $604 8508A ........ $2,385 
605028 ... .. .... $747 851078 .... $54,767 
605048 ......... $906 85178 ...... $16,246 
605078 ...... $1, 101 8560E. ..... $15,767 
6050A ........... $901 8561E. ..... $19,164 
60638 ....... .... $848 8562A ....... $9, 199 
6543A. ............ $453 8563A ...... $9,699 

Hewlett Pac/card 
8562E ..... $20,039 
8563E ..... $22,6n 
8564E. .... $31,629 
8565E ..... $44,070 
857188 ..... $1,000 
85719A. ....... $689 
8590L. ....... $3,540 
8591C ....... $6,198 
8591 E. ...... $5,667 
8593E. .... $10,047 
8594E. ...... $7,228 
8595E. ...... $7,880 
8596E. .. .. .. $9, 141 
8643A .. ..... $3,404 
86448 ...... $11,655 
8645A. .... $13,637 
8648A. ...... $2, 139 
86488 ... .. .. $3,518 
8648C ....... $4,363 
86480 ....... $4,896 
8662A ....... $6,n5 
8663A. .... $15,639 
8664A ..... $17,260 
8665A. .... $15, 154 
86658 ..... $24,718 
8713C ....... $5,623 
8714C ....... $6,795 
8714E8 ... $13,329 
87200 ..... $31 ,990 
8720E8 ... $33,243 
87220 ..... $45,912 
8722ES ... $43,823 
87512A. .... $1,088 
87530 ..... $15,237 
8753E. .... $16,922 
8753E8 ... $18,232 
87570 ....... $3,750 
89208 ....... $8,237 
8922P ...... $18,516 
89228 ... .. $14,610 
8924C ..... $26, 190 
89431A. .. $13,062 
89441A ... $34,986 

. 89708 ....... $4,515 
8990A. ...... $7,972 
8991A ....... $6,473 
E3631A ........ $474 
E3632A ........ $407 
E3633A. .. .. ... $657 
E44028 ... .. $7,37 4 
E44048 ... $10, 157 
E4406A ... $16,264 
E4418A ..... $1 ,214 
E44188 ..... $1,612 
E4419A ..... $2,069 
E44208 ..... $3,439 
E4421A ..... $4,571 
E44218 ..... $5,665 
E4422A. .... $4, 184 
E44228 ..... $5,864 
E44258 ..... $8,220 
E4432A ..... $4,075 
E44328 ..... $8,661 
E44338 ..... $9,528 
E7405A ... $17,069 
E8285A ... $32,424 
1:44198 ..... $2,223 

Rohde&Schwarz fJuM 
AMIQ ......... $6,747 2625A. ...... $1,328 
CM055 .... $14,947 2645A .. ..... $1,364 
CM057 .... $11,363 5500A ....... $4,650 
CMOS0 .. .. $17,965 5520A ..... $10,432 
CTS55 ....... $4,054 5790A ....... $7, 188 
F8EA20 ... $10,940 6062A ....... $1,550 
F8EA30 ... $21,n6 6080A ..... .. $1,433 
F8EB20 ... $19,452 EN1 
F8EB30 ... $29,732 240L... ......... $894 
F8EK30 ... $39,453 5100L. ....... $6,334 
FSEM20 ... $17,601 525LA ....... $2,340 
FSEM30 ... $25,649 550L.. ........ $2,370 
8ME03 ...... $9,659 Anrimi 
8ME06 .... $15,612 MS46238.$17,069 
8MI003B .. $10,698 M897108.$18,516 
8MT03 ...... $5,487 MT88018.$:13,825 
SMT00 .... $10,564 .wHmm 
SMYOL ... $1,914 67xxx .......... $call 
8MY02 ...... $2,537 68xxx .......... $call 

Chsck Out Thess 
BUY PRICES! 

Options pay evtm more 
IH1raD.ix Tektronix 

2712 ......... $2,682 TDS784D ... $10,001 
118018 .... $10,338 TDS7940 ... $22.207 
11801C .... $11,223 TD8820 ..... $5,362 
1502C ....... $2,428 TLA714 ...... $5,584 
370A ....... $14,313 TLA701 ..... $3,504 
371A ....... $16,135 TLA702 ..... $6,795 
AM5038 ..... .. $560 TLA7N3 ..... $4,994 
AWG2021...$5,185 TLA7N4 ..... $8,116 
AWG510 .... $7,305 TLS216 ... ... $8,635 
AWG520 .. $14,904 TSG130A. .. $1,127 
AWG610 .. $17, 147 VM700A. .... $2,951 
C8A803C .. $7,462 VM7001.. .. $8,679 
CT8850 .... $7,773 Glgatronics 
OG2020A..$4,293 8003A. ....... $1,525 
G81400 ... $35,116 80301 .......... $309 
HF89003 ... $5,658 80303 .......... $391 
P6245 .......... $446 80304 .... ...... $524 
P82520G. .... $400 80320 .......... $329 
8022 ........ $2,581 80323 ......... . $411 
8024 ........ $6,346 80324 .......... $544 
8026 ........ $4,054 80503 ....... $1,090 
8T112 ....... $8,849 80504 ....... $3,090 
8T2400A.$22,947 8542C ........ $1 ,648 
TD8220 ..... .. $382 8650A. ....... $1,950 
TDS3032 ... $1,392 fil 
TDS3034 ... $2,850 · 6007 ............. $584 
TDS3054 ... $5, 149 30609 ........... $510 
T08340 ....... $573 31812 ........ $2,601 
T08350 ....... $880 40540 .......... $949 
TOS360 .... $1 ,492 41800 ........... $784 
T08380 .... $1,941 41945 ........ $1,639 
TDS460A. .. $3, 164 41440A. ..... $1, 107 
TD8510A ... $3,376 6000A. ...... $4,691 
TDS5200 ... $4,016 6000FT. ..... $4,057 
TD8540B ... $3, 168 FB500P ..... . $4,027 
TDS540C ... $5,592 lBER0100J.$3,131 
TD85400 ... $7,466 lBERD2l!A$1,921 
TDS640A. .. $2,610 TBER2roSP$2.711 
TDS6848 ... $8, 138 lBERD2200.$2,201 
TDS684C ... $9, 193 TBERD224 .. $2,498 
T08694C$22, 7 48 TBERD231C$10,551 
TD87540 ... $8,591 TBERD310 .. $5,109 
TOS784C ... $8,755 TBERD950 .. $3, 104 

email: sellnow@teklab.cc 
Phone: 561-334-0600 FAX: 561-334-0655 
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within this grouping (lines 105-107) .. 
The value of bits 8-11 minus 2 

provide the index which picks our 
target instruction from this list (line 
108). We can then determine the 
second argument by looking at bit 
7 and determining if it represents 
'w' or 'f' (line 109). Since these 
instructions all have two argu
ments, we know that we will need 
a comma to separate them (line 
110.) and finally, we use our list of 
registers to convert the first argu
ment to a readable register name 
(line 111 .). Once we've passed 
through this sieve, we populate our 
main data structure, 'asmlist', in 
line 145. If the address was outside 
the code space, the hex.value 
alone is stored in asmlist. 

4. Perform the second pass. 
We now want to enhance.our 

disassembly by labeling all our 
jumps and jump targets. We do 
this by executing 
hexcodeparser_pass2(). This func
tion (lines 148-168) walks through 
the addresses in asmlist and looks 
for GOTO or CALL instructions (line 
155.) When it finds one of these, it 
then converts the argument of this 
GOTO br CALL into a readable 
address (line 156) and looks up the 
details of that address from asmlist 
(line 157.) 

If we haven't already discov
ered this target within some other 
instruction (line 158), we then 
increment our count of jump tar
gets and make a note of it (lines 
159-160.) We then proceed to give 
it a unique name based on the 
count and replace the jump targ_et 
in the calling instruction. We also 
replace the label name in the tar
get instruction with our unique 
name (lines 161-166.) We return 
the list of targets for use in printing 
the symbol table later. 

5. Create the output. 
The last major thing to do is 

output the disassembly (line 287.) 
We do this with the print_listing() 
function in lines 171-238. Each 
address in asmlist is handled in 
sequence and a structure of if-elseif 
statements (alas, Python does not 
have a 'case' statement, but this 
works exactly the same) determines 
the proper response. 

The if statements serve to 
carve up the addresses into the dif
ferent spaces such as code, code 
ID, config word, data etc., and pre
pares an appropriate header the 
first time one of these types is 
encountered. 

Lines 214-217 add comments 
to lines that have a known func
tion. Line 220 actually prints out 
the asmlist details using a format
ted print statement. The formatted 
print statement requires a tuple, 

which is a list that cannot be inter
nally modified. We create a list out 
of the address and the asmlist 
details for that address. We then 
use the tuple command to turn it 

_ into the format needed by the print 
statement. 

Running the Program 

Let's take our new tool for a 
spin. Using a simple PIC 16C84 pro
gram written in assembly (see 
Listing 2a) that sequences some 
LEDs on PIC port pins, we will feed 
its hex output (see Listing 2b) to 
our disassembler. The command 
line to print to a file would look 
something like 

'c:\python PIC_dis.py test.asm 
> dis_test.txt' 

depending on where the various 
files were installed. It is often con
venient to run this without the '> 
dis_test.txt' redirector so that the 
output goes to the screen for quick 
debugging. 

The output from the disassem
bler (see Listing 3) looks both simi
lar and different from our original. 
The layout we have implemented in 
this version produces something 
that looks a lot more like the 
Listing output from an assembler 
than an .asm file. The code is cer
tainly much more readable than the 
hex file was! We can determine the 
major registers in use, we can iden
tify jump targets, and we can view 
a symbol table. This output is great 
for learning how problems have 
been solved in code, or as the basis 
for running code simulators or In
Circuit Emulators. 

What Else Could You Do? 

There are a number of exciting 
features that could be added to the 
disassembler. It would expand the 
usefulness of the tool to expand it 
out to assure compatibility with the 
entire set of PIC 14-bit instruction 
microcontrollers. Adding additional 
print formats to allow the output to 
be used directly by assemblers 
would be very handy. With a bit of 
work, a lot more comments could 
be added to the output, as well. 

It would be an excellent exer
cise, for readers so-inclined, to turn 
the code for this article into a class 
for disassembling PIC 14 bit instruc
tions, or even a generic 00 disas
sembly class. Python also has a 
number of excellent parsing class
es; it would be worth examining 
them as candidates for enhance
ment. The code for this article is in 
the public domain for anyone who 
would like to take it in that direc
tion or make any other modifica
tions desired. NV 
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by Joseph J. Carr where the antenna can fall onto a power ~ne 
if it falls down or breaks. You have to exa'mine 
the situation with a critical eye to see if there is 
any possible way for that antenna, or its sup- · 
port structure, to fall onto a power line if it 
breaks in any way whatsoever. ~[J][J](B[} On my lot in Virginia, I have a 23-fQot 
mast erected on the back of the house. when 

Let's Be Radio/Electronics Safe ••• Please? 
I installed it, I made a scale drawing of the 
back yard showing the path of ~he~ power line. 
The 23-foot fall radius of th.e antenna was plot
ted for several possible antenna locat.ions. It 
should not intersect either the power lines or . 
the cable TV line when it falls. It should also 
not be in a position to fall ov~r fl pedestrian 
path, a place where children play, or across a 
public walkway or street (lawsuits are messy). 
Or, as one chap found out the hard way, it 
should not be-in a position to fall through a 
window! 

Every now and In In another case, a friend of mine 
then something suffered serious injt,.1ries (arm, leg, 

happens to and pelvis broken) because he failed to 
. heed · warnings about the difficulty of 

re~ind me that installing deep fringe area all-channel tele
rad10 and elec- vision antennas in a windy seashore location 
tronics can be .. . and was blown off a roof. Antennas -

a dangerous even television antennas - have a huge "sail 
hobby. area." That means they weigh more under 

Sometimes 1 even a slight breeze than they do under zero 
wind conditions. 

read about Finally, a friend of mine was a profes-
some chap who sional electronics technician who worked 

is electrocuted on very large AM BCB and shortwave 
erecting an transmitters (50 KW) for the Voice of 

antenna or work- America in the 1950s and 1960s. The 
transmitters he worked on were not in 

in~ on a piece of cabinets but in metal "rooms." One 
equipment. day, he opened the access door and 

In one case, I was walked into the high voltage cage. 
present in a broad- Someone had disabled the interlocks 

casting station that prevent accidents, so they could 
when an electri- work on the live circuits. To his horror, he 

cian working on 
the three-phase 
440-VAC panel 

saw his companion about to throw the 
wall switch level that would energize the 

transmitter, unaware that my buddy was 
inside the cage. 

feeding the 
transmitter was 

electrocuted 
by working 

the panel 
"hot" and a 

wrench 
slipped and he 
became - shall 

Fortunately, he was armed with a large 
adjustable end wrench, which he threw with 
great force against the wall just above the 
switch panel. Startled, the rogue turned and 
noted with dismay that he damn near electro
cuted his fellow worker. After that, only tem
porary interlock jumpers were permitted, and 
a padlock was placed on the power panel 
switch handle ... and the only key would be 
inside the cage with the worker in danger. 

we be crude - Antenna Erection Safety · 
a 200-ampere 

"biological Safety is not a "given" where antennas 
fuse." are concerned. Antennas are inherently 

dangerous 
to erect if 
certain pre
cautions are 
not fol
lowed. It is 
not possible 
to foresee all 
of the situa-
tions that 
you might 
face in erect
ing an anten
na. I would 
like to give 
you all possi
ble warn
ings, but that is not even possible. You're on 
your own, and must take your own responsi
bility when installing an antenna. I can, how
ever, give you some general safety guidelines. 
Knowledge of what you face, some hard
nosed sound judgment, modulated by com
mon sense, are the best tools on any antenna 
job. 

One rule that is an absolute is that no 
antenna should ever be erected where either 
the antenna, the feedline, or any part thereof 
crosses over a power line or can fall into the 
power line ("pole pig") transformer (Figure 1 ). 
EVER! This is a "no kidder" - don't do it! 

Power lines look insulated, but there are 
often small breaks or weakened spots (espe
cially a couple days or more after original 
installation) that can bring the antenna into 
contact - lethal contact - with the hot power 
line. Every year or so, we hear about an SWL, 
scanner/monitor buff, or ham radio operator 
being killed by tossing an antenna wire over a 
power line. Avoid making yourself into a high 
power resistor! 

And the same rule applies to situations 

Another caution is that you b~ pnysically 
fit to do the work. While the on-the-ground 
portion of the work is not usually too strenu
ous, any climbing at all,-even on- ladders, can 
be taxing for some people. Antenl'!a materials 
are deceptively lightweight on the ground, but 
when you get up on even a small ladder, they 
are remarkably difficult to handle. 

Attempting to manhandle a 22. foot verti
cal onte wiped my back out, and I consider 
myself fortunate that the pain hit me after I'd 
dismounted the ladder. Besides, if you could 
see me, you would wonder why a man my size 
was on any ladder in the first place. 

Before using a ladder, learn how to use a 
ladder. A lot of homeowners, whether putting 
up antennas or painting the upstairs windows, 
fall off ladders that were being used incorrect
ly. 

If the wind blows even a few miles per 
hour, the danger is magnified considerably. 
The friend I mentioned previously - who is a 
large, strong bear of a man - attempted to 
install a 26-element television "all channel" 
antenna on the roof of his second story house. 
It is located on the Chesapeake Bay (at the 
point where the bay, Hampton Roads, and the 
Atlantic Ocean converge). . 

The antenna was easily handled with one 
hand on the ground and with no wind blow
ing, but up on the roof, it was a different story. 
He was on the peak of the roof, when a gust 
of wind came up suddenly and caught the 
antenna. It acted like a hang glider, and pulled 
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him off the roof, plunging down two stories to the patio 
below; he fractured his pelvis and busted both a leg and an 
arm. Expensive TV antenna, I reckon. Be careful! 

One good rule is to always work under the buddy sys
tem. Ask as many friends as are needed to safely do the 
job, and always have at least one assistant even when you 
think you can do it alone. Erecting a large antenna - and 
some small ones - without help is just plain stupjd. At least 
have someone around who can call 911 if you mess up. 

Always use quality materials and use good work prac
tices. I generally prefer commercial kits, even for simple 
wire antenna. Antennas - being potentially dangerous -
should always have the best of both goods and workman
ship in order to keep quality high. Complex antennas have 
a lot of metal fittings and fasteners . Make sure that all are 
tightened properly. This is easy to overlook because some 
of those fasteners are usually left "finger tight" until the 
antenna tuning adjustments are made. It is not just the 
electrical or radio reception workings that are important, 
but also the ability to stay up in the air and safe. 

When planning the antenna job, keep in mind that 
pedestrian traffic in your yard could possibly affect the 
antenna system. Wires are difficult to see, and if an anten
na wire is low enough to intersect someone's body, then it 
is possible to cause very serious injury to passersby. In 
World War II, saboteurs and the Resistance - according to 
the movies - knocked Nazi motorcyclists off their bikes 
(and to their doom) using a bit of wire stretched across the 
road . Even when the person is a trespasser, the courts may 
hold you liable for injuries caused by an inappropriately 
designed and installed antenna. Take care for safety not 
only of yourself, but also of others. 

One necessary reminder is that your local government 
might have some interesting ideas - legal requirements, 
actually - concerning your antenna installation. The elec
trical , mechanical, and zoning codes must be observed . 
There is a great deal of similarity between local codes 
because most of them are adaptations from certain nation
al standards. But there are enough differences that one 
needs to consult local authorities. Indeed, you may need a 
license or building permit to install the antenna in the first 
place. 

One problem that SWLs and scanner monitors 
in the USA face is that their antennas are not pro
tected by the FCC as are ham antennas. Local gov
ernments in the USA have limited rights to regulate 
ham antennas, only "reasonable" mechanical -and 
electrical standards can be imposed, so it may be.ille
gal to install any antenna. 

About 30 years ago, a friend of mine in a radio 
club found out that his county had an ordinance 
that said an outdoor antenna must be double its 
own height plus 50 feet from the nearest property 
line. He received a summons after a complaint from 
a neighbor. In a county full of quarter acre home 
lots, however, that was a ridiculous law. Very few 
outdoor TV antennas met that strict requirement! 

So Hal went to the court house and asked for 
50,000 complaint forms. Using a local county direc
tory, he proceeded to fill out the same complaint as 
he'd received against every homeowner in the area . 
The county board repealed the law during the next 
meeting. 

Save all paperwork regarding your building per-

violated an electrical, mechanical, building, or zoning code. 
That clause may be overlooked by an enthusiastic antenna 
builder, but it could prove to be a costly oversight if some
thing happens. 

Tower Safety 

Still another friend of mine - a chap I worked with in the 
1960s - is a professional tower and antenna rigger. His main 
work is broadcast and commercial towers, but he also does 
some 100-foot amateur radio towers as well . He is normally 
quite a conservative fellow when working (except for the 
time in his youth when he dropped his trousers and defecat
ed from the 1,020-foot level of a local TV tower!), and had 
some tips to pass along. 

First, don't even think about working a tower without 
using an approved safety belt ... and inspect it before each 
use to make sure it is in good repair. My friend uses two safe
ty belts. One is the standard type, and the other is one 
designed to simply hitch him to the tower, and is used as a 
backup in case the regular one fails. 

Second, wear an approved motorcycle crash helmet. It's 
amazing how many things fall off antennas and can hit work
ers below in the head. 

Third, tether tools with strong twine or small rope. If you 
drop a tool, the guy below you will need the crash helmet. 

Fourth, don't work when tired, or when it is either too 
hot or too cold for reasonable comfort. It is better to come 
back another day than to make the kind of mistakes that 
fatigue produces. 

Fifth, wear appropriate comfortable clothing (including 
shoes or boots). 

- Finally, if you work on a slip-up tower, then use a safety 
bar (Figure 2) to prevent the inner section(s) from slipping 
down while you are on the tower. The safety bar is a hard
ened steel bar, and is held in place with light but strong 
chain. It prevents "guillotine" action that severs hands and 
feet. 

After hearing about one situation, I would also suggest 
keeping one person on the ground as a safety observer. A fel
low I read about had a minor heart attack while up on a 

Figure 2 

tower. Use a handheld 
radio to keep in contact. If 
remote, equip the ground 
observer with a cellular 
telephone to call for help 
in case you are injured or 
become ill . 

I was tempted to call 
this section "having a safe 
erection," but something 
told me it wasn't appro
priate. 

Hearing Safety 

mit, including inspection decals or papers, and the 
original drawings (with the local building inspector's 
stamps). If a casualty occurs, then your insurance 
company may elect to not pay off if you have 

Safety bar on slip-up tower. 

Another safety issue 
regards your ears, or more 
specifically your hearing. 
It is a bit less dramatic 
than electrocution or 
falling off roofs, but it is 
nonetheless quite impor
tant. I never have a quiet 
day. Why? Because my 
right ear has a constant, 
never-ending ringing that 
sounds about like a 4 KHz 
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Let's Be Radio/Electronics Safe ••• 
sinewave. The ringing started about two years ago. It 
wasn't constant at first, but over several weeks it got 
real darn annoying. So I went to the doctor who, in 
turn, referred me to an ENT ("ear, nose, and throat," 
aka "Otolaryngologist" when he wants to impress 
himself or charge more money) doctor. 

The ENT doc sent me to an audiologist who ran 
a simple audiogram and found rather bad high fre
quency hearing loss in that ear. 5he next ran an 
evoked potentials test called an "ABR." In this test, 
they measure the patients EEG (brain waves), while 
repetit1vely providing the same tone to each ear in 
turn for several minutes. When the EEG waves are sig
nal averaged, the component due to the sound 
emerges and the rest is filtered out. It was abnormal. 

The ENT doc next sent me to have a magnetic 
resonance imaging (MRI) scan of the brain to rule out 
an acoustic neuroma tumor. Now that's an experi
ence! It doesn'.t hurt, but MRls are aggravating as all 
get out. The test came back normal. The ENT doc told 
me "I've got good news and bad news. The good 
news is that you don't have a tumor." So I asked him 
about the bad news: " ... you don't have a tumor. If 
there was a tumor, then there's something I could do 
for you. Without the tumor, you'll just have to live 
with it." 

We discussed my audio .history. In many people 
my age, the cause of ear ringing is 1960s vintage rock 
music, which we heard live. But that was not the case 
because I have disdained post-1960 (or so) rock music 

·tor many, many years and have never voluntarily lis
tened to it for more than a few milliseconds (I'm a 

bluegrass and 50s rock fan) . And I never listened to it 
loud. After further questioning, the doctor believes 
that my problem is due to my shortwave listening and 
ham radio hobby. 

Yep! Radio! The problem stems from the late 
1950s and early 1960s when I was operating every 
day for several hours instead of doing homework 
(which explains my high school record!). With the 
gain up high, listening for a weak signal through ear
phones, I would frequently tune across some guy 
who was about a gozillion decibels stronger than sig
nal I was copying. Either that, or the clown across 
town running a 2,000-watt loudenboomer RF power 
amplifier into a high gain bandbuster antenna settled 
right on my frequency without listening first (rude!). 
I can remember some of those events causing an 
(almost pleasurable) buzz in my right ear. Those expe
riences caused damage to the cochlea structure of 
my inner ear. 

I normally don't like to share personal things with 
my readers, but this story is a "lessons learned" tale 
that hopefully prevents you from having similar prob
lems. Earpnones put a high audio power density into 
your ear. Even though communications receiver audio 
output stages tend to be low power (<1 watt in many 
cases), the power density is high because of the con
fined area provided by earphones. The high power 
density makes 40-meters CW like being too close to 
the bandstand at a rock concert. Avoid using the ear
phones in a manner that assaults your ears! 

I asked the ENT doc how this problem could be 
prevented. His advice was three-fold: 
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1. Wear "shooter's earplugs" under the ear
phones. These ear plugs are used by target shooters 
to prevent ear damage. They have a little piston 
plunger inside. The plunger stays open at normal 
sound levels, so you can hear what's going on around 
you, but snap shut when a high amplitude sound (like 
a pistol shot or loudenboomer signal) is received. 

2. Wear the earphones a little forward of the 
ears, so that the ear is not fully covered. 

3. Ride the volume control so you can instantly 
knock down the signal level if it gets louder sudden
ly. 

That second piece of advice struck me liard. It 
was one of those "slap-palm-of-hand-on-forehead" 
experiences. My ham radio mentor, the late Mac 
Parker (W411), told me exactly the same thing when I 
was 14 years old . In addition, a number of profes
sional merchant marine radiotelegraphy operators, 
and a former boss (who was a Chief Radioman in the 
World War II US Navy) gave me the same advice. But, 
dumb kid, I didn't follow it. 

When I left the ENT doc's office, I asked him: "If 
you can't get rid of the ringing, will you at least tune 
it to the bluegrass station?" NV 

Connections ••• 
I can be reached by snail 

mail at P.O. Box I S87, 
Annandale, VA 22003, or via 
E-Mail at CARRJJ@AOL.COM. 

Write In 30 on Reader Service Card. 



.. ,00.0,000 WA.LL 
TR..A.NSF<>R.IVIER.S 

n-PINSIMM 
8x32 (32MB) EDO . . . . ........ . ! . ...... . .. .. . . . $82.50 
16x32 (64MB) EDO .......... .. . . .. . ....... .. . $132.00 

DC Adjustable Power Supplies 
.... ........ .. ....... ................ ....... ... .... $50 

UPS, 250va to 3 kva, functional and 

SDRAM PC·100 DIM 
4x64 (32MB) . . . . ...... . ..... . ...... . ....... . . $39.00 
8x64 (64MB) . . . ... . . .. . ... . .. . . ... . . ......... $63.50 
16x64 (128MB) .... . ..................... .... $126.00 
32x64 (256MB) .. . .............. . .. .. . ...... . $225.00 

CACHENIDEO KITS UPGRADE ~ 
nonfunctional ... .. ...... .. ....... email for list 

Power Conditioners, Oneac, TLC, 
Teal, Sola, various sizes ... email for list 

BMI, Dranetz, and RPM 

3VDC/100MA •••• CX099 •••• $0.75 
6VDC/100MA •••• CS039 ••• ~$1.45 1 
9VDC/100MA .••. CR314 •••• $1.45 
12VDC/200MA •••. CS033 •••• $0.99 
13.5VAC/400MA·· CR574 ····$1.29 
24VDC/500MA •••• CR174 •••• $3.40 

V' Brighi attractive highly vtslble dlsplay- super effldent 
V' Compatible Biza, mounting with LCD 2x16 display 
"' 4 digits (0.56" 11111) plus declmaJ points 

. V' Customization evallable fJi 

1 MB Video for P.B. 486 .............. . . . .. . .. . .. $35.00 
1MB Video for P.B. Pentium ..... . .......... .... . . $18.00 
128K Cache for P.B. 486 . .. . ..... . .... . ......... $18.00 
512K Cache for P.B. 486 . .. .. .. . . .. . .. . ..... . . . . $49.00 
256K Cache Module/Pentium . ... .. . .. . .... . ... . . $25.00 

SPECIAL CONTROLLER 
AT90S8515-4PC, . .. . . ... . .. . . . . 

We also stock EPROMs, CPU, UPGRADE KITS 
for other name brand computers and printers. II' Serial RS..232 and 12C lntertace -

V' 80mm wide x 36mm high (3.15" x 1.47") 
Min 1000/type - Call for other types 

Power Quality Monitors ....... $750 & up S Ulll1 I .. IJ S 'l1llJU) I~ ll V' Low power- less than an LCD display with baddight 
V' Reasonably priced- $29 In 1 OO's $43 each In singles 
V' Order a few today for your next project 

Visit our website for more details or order by 
calling directly to our toll free 1-800-586-4900 

www. powerqua I ityi nc .com 
E mai I: i nfo@powe rq ual ity .org 

• MODELS (WOOD AND 
RESIN). TO EVALUATE 
YOUR PARTS BEFORE 
YOU COMMIT TO 
MANUFACTURE A MOLD. 

•MOLD DESIGN AND 
BUILDING. 

• 
• PRODUCTION OF 

INJECTION MOLDED 
PARTS. NO ORDER 
TOO SMALL OR TOO 
BIG. 

• VERY COMPETITIVE 
ON HIGH LABOR 
PARTS. 

We can also Inject your parts on manual low pressure 
machines for very small runs or prototypes of parts up to 
2 oz. At surprisingly low price. 
USA Office: V&V Mach. And Equip. Inc. 
Tel. (281) 397-8101, Fax. (281) 397-6220. 
Please send blue prints or samples to: · 
Marketing Tech. S.A. Alamo 93, 4 Pisa Sta. Monica, 
nal. Edo. De Mexico 54040 Tel. 011 (525) 361-3351. 
Fax. 011 (525) 361-5996. ATTN: VICTOR M. MENDOZA. 

PLEASE VISIT OUR WEBSITE 
WWW.VANDVMACHY.COM 

http://www.Trexon.com 
email: speff@trexon.com 

Trexon Inc. 905-271...Wn Fax: 905-271·9838 

ADVANTKH mnx>LS Nl!!l!!DHAMS DATA IO ... MICRO 
XILTEIC SYsn:M GmmAL. ICE Tl!CHNOl.OGY CHllOMA. 

1295 Aclvanhch labtool-48 
895 Needham EMP-30 
869 EETool Topmax 
650 Xeltek Superfro Ill 
629 ICE Tech Micro,,_., LV 
469 Xelt.k Superfro F 
419 Needham EMP-2D 
419 EETool Megamax 
379 X.lt.k Superfro UC 
299 EETool ChipMax 
279 X.ltek 1o-...11 
209 Needham EMP-lD 

Gang l'n!arammen 4 70 8 Sockets w~ 
CALL Advant.ch labtool-848 8XGang r%"RRY 
1085 EETool TopMax W/8XGang .96J BISr 

689 Needham SA-2D 8X Ga"111 IN ;:ION 
529 EETool MegaM-4G 4XGang WoR,J, 
General Device Instruments 

Sales 916-393-1655 Fax 916-392-4949 
Order Only Toll Free 800-760-3820 

www.lapazelectronics.com 

La Paz Electronics International, Ltd. 
PO Box 261095 San Diego, CA 92196 

Phone (858) 586-7610 Fax (858) 586-1482 

Security Systems. Tune Cards, 
Emulation, Acce88 Contrail for 
Home, Office, Auto, Computers, 
Robotics Programming. Interface 
with any application! 

Tuol Kit comee complete with: 

• CyberMouse SmartCard Reader/Writer 
• Developer Software Package 
• Documentation on CD-ROM 
• Technical manual in printed form 
• 3 Blank Smart Canis Ready t.o Program 

VISA • \'-..' C • • .4 1 - 1 1 ·.11 1 E-"'1 t_::.'> 

To O"''' C"' ' 1·800·773·6698 
Send Mor,) t rch r:-o to v,1c rid '"Y'J1° Corn 

31523 E1gl •t Mil t> RrJ 11A ~ .::f 1 L var 1 1 \111 -l8152 

V1s11 us online ht1p //www l'Jorldwyde com 

=~,. TWO NEW TITLES YOIJ ''AIJTO'' HAVE/I 
AUTO AUDIO 
CHOOSING, 
INSTALLING, AND 
MAINTAINING 
CAR STEREO 
SYSTEMS 
SECOND EDITION 

by Andrew Yoder 

O ne of the bestselling car 
stereo books ever, this 

is the be-all, end~all guide to maintaining a com
plete automobile audio system. Whether you're a serious audiophile 
or tinkerer, and whether your dream is a boombox on wheels, or 
just a serviceable car stereo system that sounds good, this book has 
all the answers. In this fully illustrated, break-it-down-to-basics guide, 
one of America's most popular consumer electronics writers shows 
you how to: 

• Save hundreds of dollars on car and truck audio equipment selec
tion, purchase, installation, ·upgrade, maintenance, and repair 
• Design and install a better-than-professional system customized to 
your tastes 
• Create your own plan or duplicate one of numerous case studies 
• Tweak your system for peak performance 
• Avoid mistakes and discover solutions with real-life stories 
• Simplify finding and correcting problems with an indispensable 
troubleshooting guide 

CAR STEREO SPEAKER 

PROJECTS ILLUSTRATED 
20 COMPLETE PROJECTS FOR 
EVERYTYPE OFVEHICLE 

by Dan Ferguson 

W ant to almost phone in ultimate, high
end, custom auto speakers! Talk about 

simple - this heavily illustrated, step-by-step 
guide puts leading-edge auto speakers within PAIVFE1t6oso 

anyone's grasp. Speakers are, of course, the pivotal ingre- ~······ 
dient in any sound system, and this book makes it possible for you 
to create the ultimate custom sound to enhance your ride. Written by Dan Ferguson, 
the author of two previous books and many articles on speaker-building, this clear, com
plete guide removes the confusion from building your own auto speakers, while adding 
more fun. This book helps you: ' 

• Plan the ultimate speaker system for your particular vehicle 
• Design, build, and install speakers that put recording-studio-quality sound on the road 

· • Save serious bucks on custom car speakers 
• Follow fully illustrated step-by-step instructions at every stage of the project 
• Learn where to get high-end tools and parts 
• Sit back with pride and enjoy fantastic sound while driving 
• Even create your own custom, personalized speaker faceplates! 

For more great titles, check out the Nuts & Volts Book Store 
ad on page 50! Plus, find out how you can get a I 0% discount! 
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2.4 GHz Wireless 
Transmitter & Receiver 

$89-$159 
per pair 

• Microwave 2.3 GHz to 2.5 GHz 
• NEW!! 8 Channel Version 
• Audio, Video {NTSC + PAL} 
• Frequency Development Kit Available 

MATCO 
OEM Sales 630-350-0299 
General Sales 847-605-1020 

www.mat-co.com 

•Caner-ID ~ 
LED display ~ 
Audio Output Jacl< 

• Real 20Hz Ring 
• $325 ($169.95 kit avail) 

PARTY-LINE TELCO SIMULATOR 

• Six Extensk>ns 

•Caller-ID 
• Distinctive Ringing 
• CPC Disconnect 

,,,., >j[/'' ~ /.~~ "''° 
"':;,~ ~.!!V_~ '!!_E 
~ ... .. ... - . .. . 

• $425 ($199.95 ktt avail) 

Digital Protl11cts 
[IDmJ[il[fJ@IBJ(!J 

PC BOARD 
SERVICES 

PCB Design Layout 
Thru Hole 
SMT 
Multilayer 

PCB FABRICATION 
In-house Prototypes 
Single and Double Side 
Plate Thru Hole 

ASSEMBLY 
Thru Hole 
Small Project Specialists 

Serving Engineers and Hobbyists 
for 16 Years 

MIDLAND TECHNOLOGIES 
800-726-8871 Voice 
406-586-0300 FAX 

• Next Day Delivery 
• 2-Sided, plated thru 
• Order over the 

Internet 

For Complete Details and 
Instructions Log on: 

www.pcbexpress.com w v 

SINCE 1964 

9.!P.ll!ll!!lll'!llllJllllll 

Build Your 
Elect:ronics 

Librarg 
At: A Price You 

Can Afford! 
Check out the 

Great Deals at the 
Nuts & Volts Bookstore!! 

(See ad page 50.) 

As a paid subscriber, you'll 
get 10% off the listed price!! 

Tiny BOB-II module superimposes up to 
308 characters on NTSC/PAL video or 
generates video automatically. Fast 
2.4-19.2kbps RS-232 serial Interface. 
Simple to control; llke a printer. Many 
powerful applications: 

Home Automation - MATV 
Video Inspection & Testing 
Surveillance - CCTV - ATV 
Remotely Piloted Vehicles 
Gaming - Racing - Sports 

Process/Experiment Monitor 
Robotics - Electronic Signs 

New! 
Active Wire ™USS 

Simple USS Interface 

II . 
~ ) ) ' • l 

• Internet Browser Script-able 
• 24 MHz CPU core with USB 
• Finnware downloadable via USB 
• 16 bit parallel 1/0 
• Expandable add-on boards 
• New finnware and scripts 

available from website 

$59 plus shipping 

ActiveWire, Inc. 

$2 09, 9 5 plus $8.50 S&H 

· 5.6" COLOR LCD TFT 
NTSC VIDEO MODULE 

Commercial quality, 
completely self con. 
tained video display. 
5.6" high resolution 
display can be view
ed up to a 45 
degrees. RCA NV 
inputs. Accepts 
standard compos

ite video from any 
camera or VCR. 

Overall module size: 
6.6" x 5.8"x 1.2" Active 

screen area 4.5'' x 3.3" Resolution is 960 (hor.) 
x 234 (ver.) = 224,640 

Miller Engineering, P.O. Box 282, 
New Canaan, CT 06840-0282 

Tel. (203) 595-0619 Fax (203) 322-6116 
www.microstru.com/lcd.html 

GetToner.com 
Ink Jets • Toners • Fax Ribbons 

Guaranteed Lowest Prices on 
Compatibles or We'll Match the 

Price and Give you 10% Additional 
Compatibles for: 

• HP • Lexmark 
• Canon • Brother 
• Epson • Apple 

and MORE 
FREE SHIPPING • NO MINIMUM 
www.GetToner.com 

1-800-933-8211 

QUALITY KITS 
#1 Source for Electronic Kits 

Great selection of Hi-Fi AUDIO Kits, 
PSUs, Transmitters, Oscilloscopes, 
PIC Programmers, and much more. 

Toll Free Order Line: 
1-888-464-5487 

Secure On-Line Ordering 

www.qkits.com 
Call 613-544-6333 for free catalog 
North American Kit Distributor 
49 McMichael St, Kingston, ON 

K7M 1 M8, CANADA 

~Cable TV Remotes ,_OJI) Blow-Out Sale 
-=-
We carry all models 

10pc. 50pc. 100pc. 
$3.50 $3.25 

500pc. 1kpc. 
$2.75 $2.50 

Rebelion-3 125ch. Converter 
12pc. 50pc. 100pc. 
$50.00 $48.00 $46.00 

Globaltech 1-(800)-582-5116 
View Our On-Line Display Catalog at: 
www.globaltechdistrlbutors.com 

SWITCHES - LEDs - MOTORS -
SPEAKERS - POWER SUPPLIES -

CONVERTERS - CHEMICALS - WIRE -
OTHER ELECTRONIC PARTS - All types -

All sizes - Commercial to Spec Grade 

Full Size Toggle Switch, 1/2" Dia ., as low as ....... ........ 36¢ 
Mini Toggle Switch, 1/4" Dia., as low as .. 30¢ 
Sub-Mini Toggle Switch, 1/8" Dia., as low as .............. 32¢ 
Rocker Switches. as low as ... ..... 20¢ 
Slide Switches. as low as....... .. . 20¢ 
Push Button Switch, 1/4" Dia, as low as..... ... 29¢ 
Surplus Small and Mini Motors, as low as.. .. ..... ....... .. 50¢ 
Mini Speakers, as Iowas..... .............. . ....... $1.00 
3mm LED - Red. Green. Yellow, as low as.. .. ... ..... ... 15¢ 
5mm LED - Red. Green. Yellow. as low as .. ........... . .. 15¢ 

let us.quote on your specific LED needs 

AC-DC Converters, 7 outputs, 1000 mA .... ... ............. $4.00 

Chemicals. see catalog 
WIRE: Hook· Up. Lead. Speaker & Telephone 

CALL OR FAX FOR QUOTES 
OR CATALOG 

DEMAR ELECTRONICS 
P.O. Box 7215, Algonquin, IL 60102 

Toll Free 877-655-6433 
Fax 847-854-4434 

PC Boards in Minutes 

8.5" x 11" Shts. 
• Or Photocopy 
'*Use standard 
household iron 

1. LaserPrint• 
2. Press On•• 
3. Peel Off 
4. Etch 

Use Standard Copper Clad Board 
20 Shts $30/ 40 ·Shts $501100 Shts $100 

Visa/MC/PO/Ck/MO $4 S&H/Foreign Add $7 

Techniks Inc. 
P.O. Box 463 , Ringoes NJ 08551 

ph. 908. 788.8249 fax 908 . 788.8837 
www.techniks.com 

Vist Our E-Store On-Line! 

$45 Converters 
Repeaters 

." Fiber Optics 
; Digital uo 
: 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: 

(5 1 3) 8 7 4 - 4 7 9 6 

• ROOM Battery & Mains • TELEPHONE 
• RECEIVERS • TELEPHONE RECORDER 
·VEHICLE TRACKING SYSTEM 

DIS.PLAYS ON WEB SITE 
PRICE SURVEILLANCE 

P.O. BOX 6856, TALLAGH, 
DUBLIN 24, IRELAND 

Tel: . +353-1-451-7653 
Fax: +353-1-451-7706 

E-Mail: crystal@pricesurveillance.com 



*PROTOTYPE TO PRODUCTION* 
S/SJDED: 5-days, 10 Pcs. $275.00 
D/SIDED: 5-days, 5 Pcs. $300.00 
D/SIDED: 5-days, 10 Pcs. $350.00 
4-LAYERS: 5-days, 5 Pcs. $750.00 
4-LAYERS: 7-days, 10 Pcs. $850.00 
6-LAYERS: 5-days, 5 Pcs. $950.00 
6-LAYERS: 7-days, 10 Pcs. $1, 175.00 
(Up to 30 sq. inch each, includes Tooling) 

*SERVICES* - UL Approved 
SMOBC, LP1 mask & Legend 

Photoplotting, Electrical Testing 
Thru hole/SMT, Gold/Nickel Plating 

Routing and Scored Panel, Instant Quotes 

PH: (888) 427-2920, Fax (847) 427-1949 
E-Mail: cir1920@aol.com 

LOWEST COST & FAST DELIVERY 

Antique Radio's Leading 
Monthly Magazine 

Articles - Classifieds - Ads for Parts & 
Services. Also: Ham Equip. - Books -
Telegraph - 40's, 50's & 60's Radios -
Early TV - Auction Reports & more ... 

1-Year: $39.49 ($57.95by1st Class) 
6-Month Trial - $19.95. Foreign - Write. 
~ A.R.C., P.O. Box 802-G23 ~ 
hUii!I Carlisle, MA 01741 ~ 
Call: 978-371-0512-Fax: 978-371-7129 

Web: www.antiqueradio.com 

Producible designs since 1970 
Contract Engineering 

Embedded Microprocessors 
PCB Layout and Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 
A/Dand DIA 

Contract Assembly 
High-Speed Fuji Surface Mount 
Through hole 
Tum-key or Kit 
Run sizes one through thousands 
Test and bum-in available 

Bilocon Corp. 
800-736-5927 
425-353-2276 

www.bilocon.com 

TV86/3 86/CH TV86/3V/A 
T~JVISON 550/3 $37.95 
VIEW MASTER 2600 

125 CHANNEL UNITS 
1RI 860/3 IO LOT 
1RI 860/3V/A 10 LOT 
V/MASTER 3800/3V/A 

FOSS WAREHOUSE DIS 
289 SCHENCK ST 

N TONAWANDA NY 14120 

800-473-0506 
800-488-:0525 FAX 

716-694-6400 716-693-4322 FAX 

E/M FOSS@BUFFNET.NET 
WEB PAGE: WWW.FOSSW.COM 

BX-120-P SX-800 

$59 $79 
• 430 TV Lines Resolution 
• 9-14 VDC Operation 
• Infrared Sensitive 
• SX-800 has Audio Output 
• A-300 Camera Enclosure also available 

MATCO, INC_ 
Schaumburg, IL 

1-800-719-9605 • 1-847-619-0852 FAX 
E-Mail - info@rnat-co.com 

Website - www.rnat-co.com 

Stereo Microscopes 
Surface mount Assy. & inspection. 

All sizes of PC boards & instruments 
Photo & Video adapters for many. 

New with 5 year warranty. 
Catalog available. 

S~ Technical Ph 6501367-8320 
3580 Haven Avenue 

Redwood City, CA 94063 
Jlittle@netwizards.net 

GPS Units from 

Communications Surplus 

Trimble SVeeSix-CM3 
6 Chan Differential Module & 

Magnet Mt. Antenna $49.95 

Rockwell MicroTracker LP 
5 Chan NMEA Differential OEM . 
Module $59.95 

Call 713-526-8000 Or 

1-877-878-&GPS Or Fax 713-522-6309 

Emall @ commsurplus@ev1.net 

or w-.commsurplus.com 

• RS-232 Interface 
- 28 lines digital 1/0 
• Eight analog Inputs 
' PWM output 
• Three stepper ports 

• 12-blt 1 OOKHz /VD • Four analog outputs 
• Three timer counters • 24 digital 1/0 

PRAIRIE DIGITAL, INC. 
920 SEVENTEENTH ST., INDUSTRIAL PARK 
PRAIRIE DU SAC, WI 53578 
TEL: (608) 643-8599 • FAX: (608) 643-8754 

EM FORMULARY 

500+ formulas, conversions, 
and tables. Electronics, 
science, math. Practical, 
educational, and easy to use_ 
Internet Special $19.95 + 
tax/ship. Order online, more 
info and sample screen at 
our web site. 

ELECTRO SCIENCE APPLICATIONS 
(562) 989-1190 
www.esap.com 

New! E><perimenter • Lab Board 
Several models available! Built in 

--Graphics LCD Servos, Button Matrix, 
EEPROM, So\derless Bread Boards . 
From Beginners to Professionals! PIC 
& Scenixl Kits Starting at $49.95 

VISA • iv\1 !t" Carn • A·1 _r11 dr1 Exµr0:;c:.s 
To Orcler Coll 1·800-773·6698 

Send f1/onF y cr(JFrs to WorirJ\' yclt Com 
33523 E 1yt 1t Mi t- Rel t1A3 2£J1 L ivonia Ml 48152 

V1s1t us onhne http //www worldwyde com 
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TOGGLE SWiTCH 
SUPERMARKET 
WHOLESALE 
PRICES 

FERTIK'S 
5400 ELLA ST., PHILA., PA 19120 
LARGE VARIETY• FREE LIST 

PH/FAX 215-455-2121 

SMART CARD 
DEVELOPMENT KIT 
INCLUDES: UNIVERSAL 
PROGRAMMER, POWER 

SUPPLY, DB9 CABLE 
DEVELOPMENT SOFTWARE, 
4 BLANK BASIC SMARTCARDS. 

KIT $200.00 + SHIPPING 
EXTRA CARDS $20.00 EACH 

OR 8/$100.00 
SOFTWARE INCLUDED. 

POSSIBLE APPLICATIONS INCLUDE: 
IDs, COMPUTER SECURITY, SECURE 

DATA, MEDICAL RECORDS, ETC. 
NOT FOR USE WITH DSS TV 

Call TONY at 
WIZARD ENGINEERING 

1-419-385-31 00 
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l£¥ the classifieds!! 
TYPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not all 
caps) on a separate piece of paper. Spell out words when submitting handwritten copy. 
Calculate the number of words and multiply it by the appropriate rate (see RATE PER 
WORD section). Include any charges for bold and/or CAPPED words, any artwork costs 
that would be applicable, and/or costs for boxing your ad (explained below). Choose the 
appropriate classification for your ad(s) to appear in (see below). If no classification is indi
cated, it will be placed in Misc. Electronics or wherever we deem most suitable. Enclose 
your name, address, phone number, and Nuts & Volts account number from your 
mailing label (if available) for identification purposes. Include full payment - CLASSI· 
FIEDS RUN ON A PRE-PAID BASIS ONLY - and. mail your completed order to: 

N U TS &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 m inimum charge per ad per insertion. 

WORDS IN BOLD AND/OR ALL CAPS 
Words to be set in bold or CAPS are each 10¢ extra PER WORD. BOLD CAPS are 20¢ 
extra per word. The fi rst two words of each ad are bold capped at no charge. Indicate bold 
words by underlining.W ords normally written in caps (e.g., IBM) and accepted abbreviations 
such as VAC or MHz are N OT charged as all cap words. Use a two-letter abbreviation for 
states. 

PHOTOS, DRAWINGS.AND BOXES 
A photo or draw ing may be run at the top of your classified ad for an additional $I 0.00 (I " 
depth max.) for camera-ready art. No wording is allowed in this area. To BOX your ad, 
include an additional $50.00 for copy-only ads, or $75.00 for ads w ith art or photos. 

FAXING IN AD COPY 
You may fax in ad copy o r changes before the closing date (S:OOpm on the 5th) at 909-371 -
3052 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. Ads without 
credit card information will not be listed as received until payment is received in full. WE 
DO NOT CALL OR FAX BACK VERIFICATION OR QUOTES OF FAXED-IN 
ADS. For verification of faxed-in ads, please call 909-371-8497. 

DEADLINE 
Prepaid ads received by 5:00pm on the closing date (5th of the month) will appear in 
the following month's issue.Ads postmarked through the 5th, but received after the closing 
date, will be placed in the next available issue. No cancellations or changes after the 5th. 
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 limited 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 classified ads. Repeat ads or ads run in multiple classifications w!thin the same issue are 
allowed. Paid subscribers may run ads at the 60¢ rate only through their subscription expi
ration date. NO REFUNDS. Credit only. No credit for typesetting errors will be issued 
unless you clearly print or type your ad copy. 

Choose a category for gour ad from the dtusifieatlom u.ted belo111. 

I 0. Ham Gear For Sale 
20. Ham Gear Wanted 
30. CB/Scanner s 
40. Music & Accessories 
50. Computer Hardware 
60. Computer Software 
70. Computer Equipment Wanted 
80. Test Equipment 
85. Security 
90. Satellite Equipment 
95. Military Surplus Electronics 

I 00. AudioNideo/Lasers 
110. Cable TV 
I 15. Telephone/Fax 

120. Components 
125. Microcontrollers 
130.Antique Electronics 
135.Aviation Electronics 
140. Publications 
145. Robotics 
I 50. Plans/Kits/Schematics 
155. Manuals/Schematics Wanted 
·160. Misc. Electronics For Sale 
170. Misc. Electronics Wanted 
175. BBS & O nline Services 
180. Education 
190. Business Opportunities 
200. Repairs/Service 
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control that is very easy to use. An optional steering 
wheel mounted remote control is available to operate 
both the navigation system and a Blaupunkt car audio 
system. 

Blaupunkt's TravelPilot technology has been 
proven in over 300,000 car navigation systems already 
sold by Blaupunkt and under license by several of the 
world's most respected auto makers. 

The new DX-N is both flexible and expandable. 
With optional interface modules, it can be connected to 
on-board VCRs, DVD players, and video games. 
Additional video displays can also be mounted for view
ing maps or video by rear seat passengers. [The ulti
mate accessory for the back seat driver.) 

Like all TravelPilot systems, the DX-N uses a dear, 
pleasant-sounding voice to provide precise turn-by-tum 
directions to the driver over the car audio system. The 
video display supplements the voice guidance system by 
displaying directional symbols, a moving-map display, 
and additional information like estimated time of arrival, 
and distance to next tum. It is also used to .display set: 
up and system functions. 

Destinations can be entered for a town center, 
street address, or intersection, or selected from a large 
list of points of interest, such as gas stations, restau
rants, airports, hospitais, parks, theaters, shopping cen
ters, etc. In addition to programming a single destina
tion, the driver can program "tours" of multiple destina
tions - perfect for a salesperson. When faced with traf
fic or road work, ·the driver can press the "congestion" · 
button, and the DX-N will suggest an alternate route. 

The Blaupunkt TravelPilot DX-N uses an advanced 
32-bit RISC processor for fast access speeds, rapid 
route calculation, and outstanding graphics display. Its 
navigation resources include an integrated eight-channel 
GPS receiver, directional gyroscope, and speed sensor 
input. With map matching plus the speed and gyro 
inputs, the system is accurate to within 15 feet. It 
allows the DX-N TravelPilot system to continue navigat
ing when GPS satellites are blocked by buildings, ter
rain, ~r trees, and to negotiate closely spaced turns· 
without getting confused. 

The route guidance software considers the type of 
road and probable speeds in planning a route. The dri
ver can chose the fastest or the shortest route, and 
select a stopover point. The driver can also effect the 
route selection by noting known blockages. Points of 
interest can be selected by name, by category, or by dis
tance from either the current iocation or from the cur
rent destination. For example: 'find the nearest restau
rant, ' or 'find a restaurqnt near the destination.' 

The Blaupunkt TravelPilot DX-N has a suggested 
retail price of $1 ,999.00. Maps and travel data for the 
entire US are provided on nine regional CD-ROMs 
which cost $229.95 each. 

About Blaupunkt 
Blaupunkt, the mobile electronics division of The 

Robert Bosch Corporation, designs and manufactures 
high-quality and high-performance car audio and navi
gation products for sale worldwide. For Blaupunkt deal
er locations and product information, call 1(800) 950-
BLAU (2528) or visit the company's web site at 
www.blaupunkt.com. 

•• •• ••••• •• 
Print Visual Buie Source In Color 
and Export It to Word Processors 

Jn-Software has released VBcodePrint v. 6.13, a 
Microsoft Visual Basic add-in that saves system devel

opment and maintenance time and money by enhanc-
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ing source code printing. VBcodePrint's main window is 
a dockable floating toolbar that integrates fully with 
Visual Basic, and can be used to set options, preview 
source code, print it without previewing, export the for
matted output to Rich Test Format (RTF) ready to be 
incorporated into word processors, or view the help 
file. 

VBcodePrint's color-coded printing lets users speci
fy the font attributes and colors for comments, identi
fiers, keywords, line numbers, strings, procedure head
ings, and page headers and footers . This color coding, 
combined with source code indenting and line number
ing, make it quicker and easier for software developers 
to write and maintain Visual Basic programs. 

Using an Explorer-like selection control, you can 
print any combination of procedures, components, aod 
projects. These selections can be saved and restored for 
later printing. The program's WYSIWYG preview 
screens let you look at the formatted source code with 
unlimited zooming, multi-page thumbnails; and side-by
side page previews. 

Users have total control over page layout, including 
paper source, orientation, borders, margins, headers, 
and footers. You can even print in multiple columns. 
Line spacing can be set to .5, single, 1.5, or double
spacing. With the proper printer drivers, the output can 
be scaled, and print quality can be adjusted from draft 
through high quality. 

Contract programmers can reduce clients' mainte
nance costs by using these more informative printouts, 
and they can reduce clients' down-time by being more 
speedy when responding to service calls. Companies 
with in-house programming staffs can save training time 
because the easy-to-read printouts make it easier to get 
a new maintenance programmer up to speed. Cross
training becomes simpler and less costly, and communi
cations between programmers and system analysts are 
facilitated. 

VBcodePrint requires Visual Basic 6, costs $25.00 
(US), and may be purchased securely online at www.jn
software.com. Earlier versions of VBcodePrint, support
ing earlier versions of Visual Basic, are available. 
VBcodePrint and SQLPrint may be purchased together 
for $39.00 (US). You can download a fully-functional, 
30-day trial version of either program from the same 
web site. For more information, contact 

Jn-Software 
PO Box 3139 

Wokingham, Berkshire, RG41 2FZ England. 
Phone: +44 118 9780421 

Fax: +44 118 9780421 
E-mail: jnahil@jn-software.com 
Internet: www.jn-software.com 

Links to sample screen shots, as well as a preview 
of the VBcodePrint output, are located on 

www.jn-software.com/ 

About Jn-Software 
UK-based Jn-Software specializes in marketing 

development tools that increase the productivity of 
Microsoft Visual Basic and SQL Server developers. In 
addition to VBcodePrint, Jn-Software offers SQLPrint, 
a Windows development tool that makes it easy to pro
duce professional looking documents for Microsoft SQL 
Server dictionary objects. Later this year, Jn-Software 
will release VBAPrint, a program that offers the same 
functionality as VBcodePrint for programmers who 
develop applications using VBA in Microsoft 
Office2000. 

specified. 
The amplifier in Figure 3b is very 

interesting. The Darlington input 
stage has a reasonable current 
(lOmA) through Q2, and the emitter 
follower configuration has negative 
feedback to reduce distortion. The 
second stage (Q3), however, is a dis
aster. First, its bias current is one
tenth that of Q2 and there is no neg
ative feedback, so Q3 will distort sig
nal levels that are faithfully repro
duced in Q2. Q3's bias current should 
be at least Q2's. Second, the stage 
has no power gain. Its voltage gain, 
when driving a 50 ohm receiver, is 
only 2 . The reactance of ClO at 
160kHz is 10 kilohms; the input 
impedance of Q3 is about 2 .5 kilo
hms. Thus the input coupling attenu
ates the input voltage by a factor 
between 4 and 5 , and the whole sec
ond stage looks like a voltage attenua
tor. When impedance levels are con
sidered, the story is much worse. The 
impedance mismatch between the 
first stage (whose output is a few 
ohms) and the input to the second 
stage (10 kilohms) produces an addi
tional 30dB mismatch loss. 

The second (500kHz) broadcast 
band filter is not very effective for low 
BCB stations. A seventh order O.ldB 
Chebyshev filter has about 40dB of 
attenuation at 1.5 times the band
edge frequency (if the bandedge is 
specified at O. ldB). The first 
(300kHz) filter will provide at least 
40dB of attentuation for all frequen
cies above 450kHz, but the second 
filter has less th~n 20dB of attenua
tion at 540kHz. Most interference fil
ters use zeros to get good close-in 
supression. The column also switches 
millihenries and microhenries in some 
places, and the Toko part numbers 
are actually Digi-Key's catalog num
bers f9r the Toko parts. The filter val
ues depend not only on bandedge fre
quency, but also on the impedance 
level, which was not specified. The 
impedance level must be matched at 
both the filter input and the filter out
put; any mismatch alters the res
onator Q (as in the signal generator 
example above) and affects the filter's 
performance. Even if the impedances 
match, some filters cannot be cascad
ed. 

On another note, Carr's band 
definitions are loose. The band defini
tions have precise decade ranges: LF 
is 30kHz to.300kHz, MF is 300kHz 
to 3MHz, and HF is 3MHz to 
30MHz. In fact , there is a whole 
series of systematically named decade 
bands that goes from ELF (3Hz to 
30Hz), SLF, ULF, VLF, LF, MF, HF, 
VHF, UHF, SHF, to EHF. I think 
these definitions were set in a 1959 



Serial in, graphics out. 

Almost too easy. 
These serial displays take RS-232 at 2400 or 9600 baud 
and produce stunning text and graphics on a supertwist 
LCD screen. See our complete line at www.seetron.com. 
All models are in stock for immediate delivery. 

G120:J2 
120x:J2-pixel LCD 

SGX-l20l $99.00 
Same size.as 2x16 text LCD 

Editable font(s) in 4 sizes 
Up to 6 screens in EEPROM 

Easy terminal protocol 

(3.7 x 2.B in.) 

(3.2 x 1.4 in.) 

G12864 
128x64-pixel LCD 
$199.00 BGX-128l-I 

Large, sharp LCD 
Editable font(s) 
Up to 14 screens in flash 
Separate text, graphics layers 
DB9 connector built in 
AC adapter jack built in 
Easy terminal protocol 

Write In 66 on Reader Service Card. 

ATC modules tum your PC ~;::;::;::::E~;;;;:::::;==.::~ 
into a full-function DSC, 
spectrum analyzer, logger, .& ~-.....,.........,-.,.,-.-....... ......,=< 

DVM. Units DC to SOMHz. 

0-Scope II now in Windows ~tlmlJtJJmJI~~~ 
3.1, 95/98,NT and DOS. 

0-Scopelp 
0-Scopell , 
Specialty probes 

$189. 
$349. 
call. 

ATC is a stocking distributor ~- rrir · .,,.,.. 1 ~. 

for Pico Technology LTD which . 
offers scope modules to 
lOOMSPS, resolutions from 8 to 

1,.\. I 

16 bit. ....--B-;_£i:: , • j 

Pico offers PC based data loggers from 1 to 22 
channels, 8 to 16 bit and the Enviromon 
environmental monitoring system. 

Pico products - call 

The DFA-5, low cost differential amplifier, cuts through 
common mode noise problems to reveal low voltage signals. With NEW 
gains from lX to lOOOX and band widths from 20KHz to l.2MHz, 
DFA-5 is .the test accessoryto help you work withsignalsfrom DFAS 
SVolts to 5 microVoltes. Only$129.00. 

Serial Port Problems? ? ? 
Check out Serial ! ! Our 
lowcost serial channel 
analyzeronly $99.00. 

Allison Technology Corporation 
2006 Fmney Vallet Rd., TX. 77471 U.S.A. 

800-980-9806 or 281-239-8500 
http://www.atcweb.com atc@accesscomm.net 

Geneva radio convention. Modern usage tends 
to refer to the top of the UHF band and above 
by microwave band designations (such as L, C , 
and K). Practical usage also merges the bottom 
bands. A VLF receiver should cover at least 
something in the 3kHz to 30kHz band, but 
lower frequency receivers are usually referred to 
as ELF-VLF receivers. The moniker may be 
short for the range ELF-SLF-ULF-VLF, or it 
may reflect the limited utility of the SLF and 
ULF bands - too much power line noise, too 
difficult to radiate, and too little bandwidth. The 
military likes the ELF band (which is below the 
power line frequencies) because it reaches sub
merged submarines, and the military can justify 
huge transmitting antennas and small band
widths in the interests of national defense. 

circuits. It may not sound like much, but if 
you've ever tried-finding the best pair of 1% 
resistors by trial and error, you'll appreciate how 
useful it is. 

cise system, in your Aug. 2000 issue. 
It seems, however, that the major concept 

was missed in the text. That is, with the TV 
Pedaler, you have to keep pedaling or the TV 
screen gets scrambled. 

In spite of the above comments, I enjoyed 
both articles. The design issues are subtle, and 
many commercial products have similar flaws. 
None of these problems prevent the designs 
from working, but they do impact the design's 
performance or its reproducibility. 

Gerald Roylance 
Mountain View, CA 

lr"reslstor"ble Program at 
Electronlx Express Web Site 

Dear Nuts & Volts: 
As a subscriber to Nuts & Volts, I wanted to 

pass along something really helpful I found at 
the web site of one of your advertisers. 

Electronix Express has a Tech Tips section, 
and in there I found a nifty little program for 
picking 1 % resistors to set the gain in op-amp 

You can download the program from: 
http://www.elexp.com/t_find_r.htm There is also a PC Pedaler that works the 

same way, but with your computer. If you stop 
pedaling, the screen gets scrambled, but no data 
is lost. .ThiS is the motivating concept of the 
system. Our toll free number is 1-877-602-
PEDAL 

Jim Stewart 

Point oJ Patent-Pending 
Pedaler Is Powering Picture 

Dear Nuts & Volts: 
Thank you very much for presenting our 

new product, the patent-pending Pedaler exer-
David Delman, MD 

D Squared Technologies, Inc. 

NEW BOOKI 
cticol Electronics for Inventors gives you information you need, in 
format you can work with. Packed with hand-drawn illustra

ons, this learn-as-you-go guide shows you what a particular 
device does, what it looks like, how it compares with similar 

devices, and how it is used in applications. W r itten by Paul Scherz, an inven
tor and electrical hobbyist, this reference provides beginning hobbyists and 
inventors with an intuitive grasp of the theoretical and practical aspects of 
electronics - just the kind of insight you need to get your projects up and 
running. Starting ,with a light review of electronics history, physics, and 
math, the book provides an easy-to-understand overview of all major 
electronic elements: Basic passive components • Resistors, capacitors, 
inductors, transformers • Discrete passive circuits • Current limiting net
works, voltage dividers, filter circuits, attenuators • Discrete active devices 
• Diodes, transistors, thrysistors • Microcontrollers • Rectifiers, ampli
fiers, modulators, mixers, voltage regulators.Along with coverage of inte
grated circuits (ICs), digital electronics, and various input/output devices, 
Practical Electronics for Inventors takes you through reading schematics, 
building and testing prototypes, purchasing electronic components, and 
safe work practices.You'll find all this - and more - in the guide that's 
destined to spur you on to new levels of creativity. 

Order Today From The Nuts & Volts Bookstore 
Send check or money order to Nuts & Volts, 430 Princeland Court, Corona, CA 92879. Include a complete shipping 

address (no P.O. Boxes, please). Shipping & handling $4.50. CA residents add 7.75% sales tax. Or, call our toll-free 
order-only line at 1-800-783·4624 and use your MasterCard or Visa.ALL ORDERS MUST BE PREPAID. 
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Software for learning 
& designing 

This new range of products, from 
Matrix Mummedia in the UK, 
includes resources and tools to 
help you learn about electronics 
and helping you to design 
electronic products and systems. 

A complete course in 
electronics: Made up of 3 CD 
ROMs: Electronic Circuits & 
Components, Digital Electronics, 
and Analog Electronics. 

by Dennis 
Eichenberg 
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' -r-A complete course In 
programming the PICmicro 
series of microcontrollers: the 
PICtutor CD ROM and 
development board. 
Comprehensive tutorials, 
assembler I send package, and 
flexible development board. There are certainly abundant analog and digital volt

meters available to provide accurate voltage meas
urements. But oftentimes, a very simple visual volt

age indicator is all that is required. The voltage-controlled 
flasher shown in Figure 1 performs this task admirably. 
The LED is off when the input voltage is 0 volts and flash
es progressively faster as the input voltage is raised until 
the LED is on continuously. A quick glance to the LED 
will indicate the relative voltage level. 

A Murata PKB5-3AO piezo-electric alarm AL 1 can be 
connected to the output of U2 as shown if an audible 
indication of voltage level is desired. NV 

A course in Filter design: Filters 
CD ROM. 

A complete Electronics CAD 
suite: CADPACK includes 
software for schematic capture, 
circuit simulation , circuit 
animation and even PCB layout. 

A scalable digital logic 
simulator: Digital Works allows 
complex digital logic circuits to be 
built and tested on-screen for 
learning logic design and 

shareware available from: 
www.matrixmultimedia.co.uk 

lcadpad<.hbn 

shareware available from: 
www.dwocks.oo.uk 

Student Institution 1 O user 

each program I CD ROM $50 $99 $300 
PICtutor CD + 

development board $149 $300 

CD ROMs now available from all Velleman 
distributors 

Compklte product descriptions available at: 

www.matrixmultimedia.co.uk 
or order immediately at: EB Bright Future ~ 
6540 Cedarview Court, ~ 

Dayton Ohio 45459-1214 
Tel · (937) 438 5373 Fax : (937) 438-3229 

The heart of the circuit is the 331 voltage-to-fre
quency converter U1. It is very linear, extremely stable, 
operates on a single supply, is very efficient, and inex
pensive. The output frequency of U1 is Vpin7 /2.09 x 
R4/R3 x 1 /R5C2. A voltage divider comprised of R1 and 
R2 is used to scale the input voltage as desired for U1 . 
R2 can be adjusted to precisely provide the desired flash 
rate. The output of U1 is divided by the 4020 binary rip
ple counter U2. A division of 210 was found to be appro
priate for this application. The output of U2 drives LED1 
via current limiting resistor R7. 

Turn Your Multimedia PC into a Powerful 
Real-Time Audio Spectrum Analyzer 

VOLTAGE-CONTROLLED 
FLASHER PARTS LIST 

No. Description 
U1 Voltage-to-Frequency Converter, 331 
U2 Binary Ripple Counter, CMOS, 4020 
LED1 LED, Red, RadioShack No. 276-041 
R1,6 Resistor, 10K 1/4 watt 
R2 Potentiometer, 1 OK, 1I4 watt 
R3 Resistor, 100K, 1/4 watt 
R4 Resistor, 15K, 1/4 watt 
RS Resistor, 4. 7K, 1I4 watt 
R7 Resistor, 1 K, 1I4 watt 
C1 Capacitor, 0.68 uF, 25 WVDC 
C2 Capacitor, 0.01 uF, 25 WVDC 

~ Metric 800-432-3424 
• 20 kHz real-time bandwith 

• Fast 32 bit executable 

• Dual channel analysis 

• High Resolution FFT 

• Octave Analysis 
• THO, THD+N, SNR 

measurements 

• Signal Generation 

• Triggering, Decimation 

• Transfer Functions, Coherence 

• Time Series, Spectrum Phase, 
and 3-D Surface plots 

• Real-Time Recording and 
Post-Processing modes 

Applications 

• Distortion Analysis 

• Frequency Response Testing 

• Vibration Measurements 

• Acoustic Research 

System Requirements 

• 486 CPU or greater 

• 8 MB RAM minimum 

•Win. 95, NT, or Win. 3.1 + Win.32s 

• Mouse and Math coprocessor 

• 16 bit sound card 

Priced from $299 
(U.S. sales only- not for export/resale) 

DOWNLOAD FREE 30 DAY 
TRIAL! 

www.spectraplus.com 

PHS ;~~n;;r:~!~~~~~are msp_ectra Plus 
Poulsbo, WA 98370 ~ . 

a subsidiary of Sound Technology, Inc. FFT Spectral Analysts System 

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer@telebyte.com 
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Equipment Sales, Inc. Fax: 510-264-0886 
www.metricsales.com 

~C~T t BUY I 8]11 
. 

. ' ' . ' 
' t 

Scopes, Meters, Analyzers, Power Supplies, Signal 
Generators, Counters, Recorders and more 

Hewlett-Packard, Tektronix, Fluke, Dranetz, TTC, Anritsu, 
Wavetek, Keithley, and more 

Test & Measurement Instruments 

Over 7000 Models • 6-Month Warranty 
Save 30·90% • S·Day Free Trial 

Write In 131 on Reader Service Card. 



Continued from page 64 

' 

PCB Milling 
"!/ 

CIRCUIT BOARDS. Low-cost, preci
sion-made PC boards from your CAD pro
gram files (no photoplots required) . Single 
and double-sided with contour routing. Ideal 
for RF/analog/digital prototypes. Full details 
at http://www.pcbmilling.com E-Mail: feed 
back@pcbmilling.com FAX: 703-818-0071. 

TEST EQUIPMENT kits. If you liked 
Heathkit, you will love Technology Systems, 4 
Prospect Pl., Torrington, CT 06790. 

200+ ELECTRONIC PROJECTS. Secure 
WEB ordering @ www.matcopublish 
ing.com/plans I .htm or send $I (refundable) 
for catalog. MATC0-5A, POB 509, Roseville, 
Ml 48066-0509. 

SMART CARD applications CD-ROM 
$50. Blank smart cards $20 or 8/$100. Tony 
419-385-3 I 00. 

MANUALS
SCHEMATICS WANTED 

MY TEK TRONIX oscilloscope 2445 
needs repair.Who can supply me the service 
manual or photocopies/ Fax 0 I 1-590-52-
0289. 

MISCELLANEOUS 
ELECTRONICS FOR 

SALE 

SOLAR-POWERED FAN HAT. 
Baseball type hat with solar powered fan. 
Great for sports fans, golfers, etc.Available in 
red or blue. $19 plus $2.00 shipping. CA res-
idents add 7.75% sales tax. 
Visa/MC/Disc/Amex OK. H.T. Orr 
Computer Supplies, 249 Juanita Way, 
Placentia, CA 92670. 714-528-9822, 1-800-
377-2023, FAX 714-993-6216. 

HIGH QUALITY TOOLS AND 
STAINLESS STEEL HARDWARE. 
European and American screw
drivers, nutdrlvers, pliers, hex
keys, balldrlvers, and morel 
Wlha, Bondhus, and Knlpex. 
Stainless cap screws, machine 
screws, nuts, washers, U-bolts, 
and eyes. Free catalog. Robert 
Mink Import-Export, Box 6437V, 
Fair Haven, NJ 07704. Telephone 
or fax 732-758-8388. E-Mail: 
w2tv@Compuserve.com 

ANAHEIM WIRE PRODUCTS. DIS· 
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items available 
from our stock: Hook up wire, Automotive 
primary wire, GXL, SXL, Plenum cable, Teflon 
wire, Multi-conductor cable, Irradiated PVC, 
SO-CORD, Mil-Spec wire, Building wire, 
Welding cable, Battery cable.Telephone wire, 
Shrink tubing, Cable ties, Connectors. Wire 
cut & strip to specs. If interested, please call 
1-800-626-7540, FAX: 714-563-8309. 
Visa/MC/Amex. SEE US ON THE INTER
NET: http://www.anaheimwire.com OR E
Mail: info@anaheimwire.com 

NUCLEAR ELECTRONICS (NIM, 
CAMAC), PMTs, optics, high vacuum, and 
high voltage components and equipment. 
Guaranteed quality at reasonable cost. OE 
Technologies, Box 703, La Mildera, NM 
87539. Ph: 505-583-2482, Fax: 505-583-9190, 
E-Mail: oetech@newmexico.com http:// 
www.oetech.com 

FREE FLYER on DBS, cable TY, phones, 
credit cards, schematics, health items. Bill 1-
800-879-9657. 

HARD-TO-find parts: big screen screens, 
keypads, picture tubes, flybacks, tuners, CRT 
sockets, · & modules for all TVs. 912-272-
6561. Scarborough TV, 1422 Old River Road, 
East Dublin, GA 31027. 

ILL 
ILi 
c 0 R 

Panasonic# HHR-11AAO 
1.2 Volt, 1100 mAh "flat-top" rechargeable 
AA cells for use in battery packs. Nickel
metal Hydride cells have approximately dou
ble the capacity of Nickel Cadmium cells and 
can be charged and discharged up to 500 
times (under ideal conditions). These cells 
are specifically for use in packs; they do not 
have the raised button found on most 
replaceable batteries. 0.55" diameter X 1.95" 
long. Large quantity available. Two styles: 

REGULAR-
FLAT TOP .. (O}J)i~•t.=--iJ 
CAT# NMH-110 

.--~~~~~~~~~-

$1
50 40pcs $1.25 • 120pcs $1.00 
each 800pcs 85¢ each 

SOLDER-
TABBED 
CAT# NMH-110T 

.--~~~~~~~~~ 

$1
75 40pcs $1.50 • 120pcs $1.25 
each 800+ $1.00 each 

Designed for hi
efficiency CPU 
cooling, t)1is 
beautifully engin-

, eered 12 Vdc 
brushless fan is 

aluminum 
heatsink. 
The heatsink and mounting plate are milled 
from a single block of aluminum with many 
slots and holes creating lots of surface area 
for maximum heat dissipation . The unit is 
3.55" in diamete r x 1.6" high. The mounting 
_plate is 2.54'" x 2.12". s2250 
CAT# CF-75 each 

TUBES $2.98, surplus electronic compo
nents. SASE brings list. DNF, 6690 7 Mile Rd., 
South Lyon, Ml 481 ]8, www.dnfnet.com 

MISCELLANEOUS 
ELECTRONICS 

WANTED 
WANTED: BALANCING machines & 
vibration analyzing equipment manufactured 
by the following: Spectral Dynamics, 
Hofmann, Bentley Nevada, Schenck, IRD 
Mechanalysis, Gishott. Contact Mike Park at 
E.T. Balancing, 12823 Athens Way, Los 
Angeles, CA 90061. 310-538-9738, FAX: 310-
538-8273. 

WANTED: TIS 5A Sci. calculator in good 
working order, will pay. Hugh M. Adams, 
hughmadams@msn.com I 011 Hondo Ave., 
Apt. D, Fort Walton Beach, FL 32547-3823, 
850-864-2414. 

WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, relays, 
lamps, synchros. Hyness Company, 7098 
Delair Road, Monroe Twp., NJ 08831. Phone: 
609-395-11 16, FAX 609-395-1 I 17. 

CASH PAID FOR ICs. Military or com
mercial integrated circuits, transistors, 
diodes, any semiconductors. ELECTRON· 
IC SURPLUS, INC., 5363 Broadway, 
Cleveland, OH 44127. 216-441-8500 or fax 
216-441-8503, since 1946. www.electronic 
surplus.com 

QUALITY Parts 

FAST Shipping 

DISCOUNT 

Plug-in-wall regulated 
switching power supply. 
Ideal for cameras, 
scanners, cell phones, 
computers or any 
devices sensitive to 
power fluctuations. 
Input: 100 - 240 Vac. 
6 foot output cord has a 
coax DC power plug 
(2.1 mm id, 5.5mm od). Tip 
positive. Ferrite snap-bead for 
EMI suppression. Compact, 3.23" x 2.23" x 
1.38" UL, CSA, CE. CAT# PS-1225 

s10~h 
,,/( 

10 for $9.25 each 
100 for $8.50 each 

Organize your CDs or CD 
ROMs with these high
impact, black plastic 
CD storage racks. Slots 
for 12 jewel cases.Each 
12 CD module can inter
lock vertically and 
horizontally with other 
modules. Can be free
standing or.wall mounted. 

CAT# CDR-3 200 
I 10 for $17.50 I $ each 

1 ·············· ........... ·.··>rj ~,e~1•~•,••·•·······•·••••••· ·•·•·-······-•:] 

• 
Accurate and easy to use for short and long 
distance leveling. Center the bubble, and any
thing that intersects the beam is at exactly the 
same height. Use it to match heights in large 
rooms or across buildings. Set and align electri
cal and plumbing fixtures, cabinets and shelves. 
Rugged, black anodized aluminum housing with 
pocket clip. Locking push button switch to pre
vent unintended actuation. 
lncludestwoAAAbatteries. s1695 
CAT# LL-1 each 

Ora Electronics# MP-700 ~ 
Protects modem, fax and voice 
transmissions from interruption. 
Prevents eavesdropping of 
phone conversations. The first 
device to answet or access a 
line secures the line. All of the others are 
denied access until the first device hangs-up. 
Easy to use. Installs in seconds between 
phone line and wall jack. Note: You need one 
unit for each instrument sharing a line. 
CAT# TLM-20 

s1~~ch 
10 for $12.50 

100 for $90.00 

Crouzet/ Gordos # G280D25-49 
Control Voltage: 3 - 8 Vdc 
Load: 25 A, 24-280 Vac 
2.25" x 1. 75" x 1" metal
backed epoxy package. 
Screw terminals. Back-to-back 
(dual) SCR output for severe inductive 
loads. False turn-on immunity and positive turn
off at high dv/dt. Removed from equipment. 
"like-new" condition. Although input is marked 
3-8 Vdc, will operate at 12 Vdc. UL, CSA, CE. 

CAT# SSRLY-2503U 1100 
I 10 for $100.00 I $ each 

Cramer Co# 105VA150-E 
40 RPM, 115 Vac gear motor. 
1 .83" diameter x 1.18" body. 
Mounting ears on 2.1" centers. 
0.25" diameter x 1" long shaft. 
Prepped with a 1.25" long pin 
through the hole in the drive 
shaft. Pin is removable. 
4" long pigtail leads. UL, CSA. 
CAT# ACM-108 $250 

each 

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

MAIL ORDERS TO: 
ALL ELECTRONICS CORP. 

P.O. BOX 567 •VAN NUYS, CA 91408-0567 

FAX (818) 781-2653 •INFO (818) 904-0524 

E-MAIL allcorp@allcorp.com 
NO MINIMUM ORDER• All Orders Can Be Charged to Visa. Mastercard. American Express or Discover• Checks and Money Orders Accepted by Mail• 
Orders Delivered in the State of California must include California State Sales Tax• NO C.O.D •Shipping and Handling $5.00 for the 48 Continental United 
States - ALL OTHERS including Alaska. Hawaii. P.R. and Canada Must Pay Full Shipping • Quantities Limited • Prices Subject to change wrthout notice. 
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WANTED: AVIONICS test equipment, 
IFR, 600A. 40 IL. others, Collins, King, Sperry, 
North Atlantic, Litton IN Us LTN series. rate 
and tilt tables, air data test sets, 941-625-
3222 P, 941-625-0494 F, E-Mail: 
avionics@afcon.net 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

WANTED: EXCESS ELECTRONIC 
COMPONENTS, BOARD-LEVEL 
COMPONENTS; MILITARY COM
PONENTS; ICs, MEMORY, TRAN
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS 502-439-2453 
FAX 502-439-0453. 

IMMEDIATE CASH for Platinum, 
Palladium, Gold, and Silver in any form (ther
mocouple, labware, electronic, medical, gold 
filled, optical, contacts). Also rare earth and 
exotic metals (Indium, Gallium, Germanium, 
Tantalum, Rhodium, etc.). Ship material with
out prior notification for fast reliable service 
at competitive prices. Samples welcome for 
free assay and quote. No shipment too small. 
Payment guaranteed and made as requested 
in cash, check, or bullion. All transactions 
confidential. Individual dealer 25 years. John, 
D & Y Trading, PO Box 36A, Williamstown, 
NJ 08094. 609-60 I-trade, E-Mail: metals@D
YTrading.com 

Subscribe to Nuts & Volts 1800 783-4624 / www.nutsvolts.com 

Roger's Systems Specialist 
(800)366-0579 
(661 )295-ssn 

fax{661 )295-87n 

• 
Diii 

• 

24895 Avenue Rockefeller 
Valencia California 91355 

Computer •Telecommunications 
~---' Network • Audio •Video 

w w ·w . r o 
PRINTER CABLES 

Bi-Directional Shielded 
Used to attach printers to IBM 

compatable PCs 

CC-PR6-1284 (Sft.) ........................... $4.50 
CC-PR1-1284 (10ft.) ........................ $6.50 
CC-P15-1284 (15ft.) ......................... $8.50 
CC-PR2-1284 (25ft.) ...................... $15.00 

IEEE 1284 0825 male to Centronics 36 male 

use CABLES 
CC-USB-6 ... (6ft.) USB (A- A M/M) .......... $5.00 
CC-USB-AB6 ... (6ft.) USB (A - B M/M) ..... $5.00 
CC-USB-AB10 ... (10ft.) USB (A- B M/M).$6.00 
CC-USB-AB15 ... (1 Sft.) USB (A- B M/M).$8.00 
CC-USB-X6 ... (6ft.) USB (A- A M/F) ........ $6.00 
CC-USB-X10 ... (10ft.) USB (A-A M/F) .... $6.00 

.. ,:,,, 
Ji J .. 
"-.' : . <.,/ 

CC-USB-PP $2500 

USB to Parallel Printer 

IEEE-1394 FIREWIRE 

erssys e 
S-VGA Extensions 

male/female 
black colored pvc 

CC-VGA-4C SFT ............................. $6.00 
CC-VGA-SC 10FT ............................. $8.00 
CC-VGA-25CX 25FT .......................... $16.00 
CC-VGA-50CX SOFT .......................... $25.00 
CC-VGA-100CX 100FT ......................... $44.00 

S-VGA Switch Box Cable 

ma e ma e 
black colored pvc 

CC-VGA-3C SFT. .... ................ $6.00 
CC-VGA-9C 10FT ...... ... ......... ,$8.00 
CC-VGA-11C 25FT .................... $16.00 
CC-VGASOMM SOFT .. ............... ... $25.00 
CC-VGA100MM 100FT ............. ...... $44.00 
These premium VGA cables are made with 75 ohm 
coaxial cables. They are triple shielded to support 
extremely high bandwidth and unsurpassed protection 
against interference .. Furthermore, our premium cables 
are Plug-N-Play ready and are compatible with the 
latest technology. 

ADD ON CARDS 

'\......a Call for more information 
...... on any of these cards!! 

PPGACelalcn CPU Ski 1 adaj:u . .$10.00 
ISAltiSi'igle Pi¥1llel IEEE Card. ... $12.00 

PCI 32tjSi'igle PIMalel IEEE Card. .. .$33.75 
16bl ISASruldCardESSCtip ... .$14.00 

USBxPCIAddonCard. .. .$27.00 
S.VGASIS.WS PCI VDeoQird. .. .$31 .00 

Savage432'JB/lG' 1:tt:D VdeoCard..$99.00 

Multi-PC Controller 

FW-6X4-6 
FW-4X4-10 

w/keyboard & mouse emulation 
6ft 6pin x 4pin .. .... $500 Easy to select by push button 
10ft4pin x4pin .... $12°0 

PCI to 1394 Card 
Driver • Spin to 4pin cable 

MGI Softare included 

$89.00 
· 520.00 min. Order required 

10-100 

Add $4.50 shipping for prepaid orders 
Prices subject to change without notice 

All major credit cards accepted 
Special offers ooly valid on items in stock 

Call for quantity discount 
No out or state checks accepted 

HD15-S-VGA 
PS/2 KEYBOARD 
PS/2MOUSE 

C-PS2-VGA6 

with this Item $1200 

DS-HD2-66EM 
DS-HD4-66EM 

2-WAY $4900 

4-WAY $6900 

• 

1110 

Place an Order on 
our Newly Updated 

Website 
• 

m s 

and receive a 
FREE mouse! 

• c om 
use HUB 

4-port USB hub with power & cable 
Full compliance w/USB spec. Rev 1.0. 
LED indicator for fault or dummy USB port. 
Transmission for 5 meter cable segment. 
Plug & Play capability for outside 
peripherals. 
Support UHCI and OHCI spec. 
One year factory warranty! 

$3900 

TM-USB-4HUB 

Electronic CPU Switch 

DS-102-KMMPS 

One MiliVlew KVM switch 
2 Sets of Premilm Grade 
KVMCables 

$9900

kit 

One PS'2to AT keyboard adapler 
One PS'2 to Serial mouse adapter 
One User Guide 
Fealures: 
Keyboard & mouse emul<IOOn forenor 
Free PC boomg 
No eJC!emal power required 
Works virtualtf wih any operamg system 
Fuly hot plugable 

SLOT FAN 
Extends your computer life. 

Ball Bearing 
Takes up only one of the PCl/ISA slots. 
Special designed turbine fan gives you 

great performance and quietness. 

CPU's-Motherboards-HardDrives 
Memory-SCSI Adaptors -SCSI Cables 
CD burners -CD's & Rewritable CD's 

AndMucbMucbMore!!!!! 
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DEC EQUIPMENT WANTED!!! We 
ar.e buying DEC systems, boards, terminals, 
drives and peripherals.Also Scientific Micro 
Systems (SMS), DSD, Datability, Dilog, other 
DEC compatibles, and Computer Output 
Microfilm (COM) units. Please call fo r a 
quote or fax us your equipment list. We buy, 
sell, and trade. KEYWAYS, INC., 937-
847-2300 OR fax 937-847-2350. 

BBS & ONLINE 
SERVICES 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 818-
769- 1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

EDUCATION 

MAGICIAN IS available to solve your RF 
problem. I will teach you in my laboratory 
how to do it. Young engineers and techni- · 
cians are welcome. SMT prototyping up to 
3GHz for customers. Minaret Radio, john 
Horvath ph: 909-943-3676. 

I 

BUSINESS 
OPPORTUNITIES 

WANTED: MILITARY capacitors, resis
tors, transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 918-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

COUNTER-SURVEILLANCE=$250 
HR! Electronic eavesdropping is unbeliev
ably widespread! Are you sure you're safe? 
.Learn how others (without prior experi
ence) earn $250 HR in the fascinating field 
of COUNTER-SURVEILLANCE! For FREE 
catalog call: 1-800-73 2-5000. 
HTTP:/IWWW.SPY-CITY.COM 

REPAIRS - SERVICES 

PRINTED CIRCUIT design by profes
sional with 30+ years: conventional, multilay
er, downhole, fine line. Prototype and pro
duction fabrication. Reverse engineer exist
ing 2-layer board. Toll free 877-236-
3223. www.circuit-applied-tech.com 

(E)EPROM PROGRAMMING done 
quickly and economically. One day turn 
around typical. Simple copy $3 per device. 
Also prototyping, design, and consulting ser
vices available. Call or send SASE to: Luzer 
Electronics, 4023 North 
Bayberry, Wichita, KS 07226. 
3 I 0-687-2127, FAX 3 I 0-087· 
3103. 

WANTED: MILITARY capacitors, resis
tors. transistors, diodes, ICs, semi's, etc. 
Please fax/E-Mail excess lists & RFQs 8 I 8-
769-1002 fax 818-769-1084. 
electmatind@earthlink.net & http://www. 
militarycomponents.com 

CIRCUIT BOARDS for projects, proto
types, short runs. From your artwork. Low 
rates. Atlas Circuits 704-735-3943. 
www.pcbatlas.com 

WELD ALUMINUM WITH 
PROPANE! EZ. INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., TAY
LORS, SC ·29687. 1-800-547-WELD(9353) 
FAX 864-244-6349. http://www.durafix.com 



by Robert Hansel 

Planes, Trucks, and Ferries 

y journey to 
this year's 
GEAR began 
further from 
Seattle than 
that of any

one else, all the way from Pittsburgh, 
PA. Shoshana, Yonatan, and I first 
flew to Bozeman, MT so my folks 
could get their twice-yearly fix of 
their grandson. We spent a pleasant 
week in their log home on the 
Jefferson river just outside of Three 
Forks, and gathered our strength for 
the marathon of driving to come. 
Aside from our normal luggage and 
baby support paraphenalia, I had 
brought with me on the plane Jiffy, a 
camp stove, a mug, a lantern, and a 
laptop computer - just part of the 
bare minimum to survive camping at 
GEAR. I borrowed the rest (tent, 
sleeping bag, ice chest, and a pickup 
truck to haul everything) from vari
ous family members. 

The trip from Three Forks to 
Seattle is an easy 11 hours, but I had 
never driven it with an 18-month-old 
baby and a pregnant wife, and we 
weren't driving directly to Seattle, 
anyway. I wanted to swing south
west to Portland first to ·see Marvin 
and Coreen Green. Marvin is a good 
friend, a gifted amateur robot 
builder, and an old GEAR stalwart, 
but his anniversary vacation plans 
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wouldn't allow him to attend this 
year. 

I've also got relatives near 
Portland who haven't met my son 
and wife, plus a couple of writer 
friends I would like to catch up with . 
And I could go to Powell's Technical 
bookstore, too. Any one of these 
was good enough reason to drive to 
Portland. A no-brainer. 

More like brainless. 
It was a 14-hour drive with just 

two rest stops between Coeur 
d'Alene, ID, and Portland. The three 
of us were crammed in the front of 
the pickup, and the person driving 
could shift gears only if the passen
ger held Yonatan's legs out of the 
way. (Yonatan liked to amuse himself 
by kicking the gearshift, which was 
okay when cruising, but potentially 
disasterous when driving in town.) 

Murphy Strikes 

It is a well-observed thermody
namic phenomenon that the entropy 
(some say perversity) of the universe 
tends toward a maximum, at least in 
the parts I visit, so I should not have 
been surprised that both entropy 
and perversity stalked us the whole 
trip. When I arrived in Portland, I 
called Marvin's number only to dis
cover from Coreen that he'd been 
called away at the last minute on an 

Bill Harrison of Sine Robotics brought this Hexapod II 
(Professional Edition), a sharp looking kit with excellent 
performance from Lynxmotion (www.lynxmotion.com). 

emergency to Minneapolis to nurse 
an ailing web server. 

We had a short visit with 
Coreen, saw everyone else we 
intended, and paid our respects to 
the Pacific Ocean and Powell's. 

The Seattle segment of the trip 
started well enough, if a little frenet
ic: Thursday afternoon stop cit 'REI to 
get more camping supplies, zip over 
to Jam Juree to eat Thai food with 
more writer friends, head north to 
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Doug Kelly examines. one of Bill Harrison's small robots. 
This 'bot is made mostly from hobby shop plywood. It uses 

rubber bands and plywood pulleys for speed reduction. 

Gene Elliot is ramming up the drag half of a sand mold, the 
first step in the process of casting aluminum - right in the camp 
ground! He's using Petrobond, an oil-based casting sand that's 

much easier to use than ordinary "green" {moi5t) sand. 
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Jeff Bronk and his daughter Anna look over Bill's robot. This view shows 
the triangular bumper used for wall following. 

Echo Lake to stay the night with one 
of those friends, swoop back down
town for a mid-morning meeting the 
next day, back north at noon to buy 
food for GEAR, then get lost in 
Seattle traffic on the way to the 
Mukilteo ferry. Somewhere in all this 
it began to rain, though it was sup
posed to clear up by Friday evening. 

We had to wait an hour and a 
half to catch the ferry, so it was after 
dinner by the time we got to South 
Whidbey Island. Bill Harrison of Sine 
Robotics had arrived the day before, 
and the rest of the campers arrived 
that afternoon. I was the last one to 
show. I unpacked the truck and set 
up camp while Shoshana kept 
Yonatan from finding too many mud 
puddles. Since Shoshana was four 
months pregnant, and Yonatan was 
adept at finding mud and as exuber
ant about it as a puppy (with about 
as much common sense), we had 
decided ahead of time that 
Shoshana and the boy would not be 
camping ~ not this year, at least. 

They were to head back to Seattle to 
stay with a friend of hers. 

An important note for next year: 
Be sure to check that the tent I bor
row has its rain fly and stakes; I got 
all the way to South Whidbey Island 
before I discovered these things were 
missing. The stakes I could live with
out (there was barely a breeze), but I 
looked up at the clearing sky, pon
dered the probabilities, and bor
rowed a tarp to pinch hit as a rain fly. 
Thus weather-proofed, I waved as 
Shoshana and Yonatan drove away. 

High GEAR 

Aside from Bill Harrison and his 
wife and two daughters, that first 
night we had as fellow GEAR 
campers Ron Nucci and his wife 
Nancy and their son Peter, Jeff Bronk 
and his daughter Anna, Doug Kelly 
(from whom I borrowed the tarp), 
and Gene Elliot and his wife Val. 

Bill brought a trailer and Gene 
came in a Winnebago. The two of 

Here Gene is striking off excess sand from the drag. The pattern being 
molded is a medallion made especially for GEAR The resulting casting 

will be awarded to the best robot built during the campout. 
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Bill Harrison and his daughter Isa demonstrating a no-solder servo modification. 

them spent most of that first night at 
the picnic table talking about the 
funny-looking jeep Bill uses to tow his 
trailer. It was an antique called a 
"Willy," though this particular one 
was special because it was a two
wheel drive rather than the more 
common four-wheel-drive (and, thus, 
impossible to get parts for). 

The rest of us were gathered 
around the campfire trying to get 
our minds into camping mode, but 
most of us were still mentally at 
work and spoke of IPOs, stock 
options, difficult co-workers, and 
software development management. 
(This last sounded like an oxymoron 
to me since I hear managing pro
grammers is like herding cats; maybe 
it should be called software develop
ment survival.) 

That first night, GEAR seemed 
different to me . .First of all, it was 
going to be shorter - we were start
ing on Friday rather than Thursday. In 
the Seattle Robotics Society, the pur
pose of GEAR had always been to 
tear us away from our quotidian 
world of jobs, telephones, and com
puters, to let us connect in ways we 
could not during the brief SRS meet
ings on the third Saturday of every 
month. I was newsletter editor for 
the SRS in the early 90s, when the 
SRS was growing rapidly. I always 
had a bunch of announcements to 
make at meetings, and after the 

If you have suggestions, 
questions, or comments about 

amateur robotics topics or, if you 
want to come to High GEAR, you 

can reach me at: 

Robert Nansel 
Box 228 

Ambridge, PA 15003 

E-Mail: 
bnansel@nauticom.net 

meetings, when I really wanted to 
talk more in depth with folks who'd 
presented some cool ideas or gad
gets, I'd be besieged with other peo
ple wanting more information or to 
give me their membership dues. 

GEAR was supposed to give us 
time to relax and just be Human 
Beings instead of Human Doings, to 
loosen our creativity. This time, aside 
from the talk of work, there were cel
lular telephones and laptops at 
GEAR. I worried we might never get 
to a relaxed state of creativity in just 
two nights, and the phones and lap
tops only increased my apprehension. 

Are We Relaxed Yet? 

As the sky darkens, we slip into 
the right groove. Jeff Bronk begins to 
talk about the '332 SIG of the SRS. 
Jeff is a member of the quadrumvi
rate that has labored for more than a 
year to produce hobbyist-friendly 
68332 boards. I will be reviewing 
these boards in depth in this column 
in coming months, but let me just 
say now that I'm really excited about 
the work of the '332 SIG. Their pro
fessed goal is to make available 
boards with the power and flexibility 
of a 32-bit processor, but with the 
simplicity and low cost of an eight-bit 
processor. Marvin Green's BotBoard 
II is their inspiration. 

Jeff is keen on wooing amateur 
roboticists into using high-level lan
guages such as C ++ for their robots. 
With their '332 hardware, they stand 
a good chance, since efficient free-

' ware compilers are readily available 
for the '332. With its TPU - a sort of 
super-duper programmable timer 1/0 
unit - the '332 is a robot builder's 
dream chip, and if anything can 
wean us gearheads from assembly 
language, it's this. 

I drink my beer and finish my veg
gie sandwich, as Jeff and the others 
talk about the possibilities of the 

Preparing the cope half of the mold. The sprue hole 
has been cut, and Gene is cleaning up the pour 

hole on the opposite side. Note the white parting 
powder on the drag. The clay pattern has already 

been removed. 

Bill and Isa demonstrating an experimental method of 
molding a silicone rubber tire on a robot wheel. 
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The drag and cope clamped together for the pour, Gene 
pours the molten aluminum from his miniature crane ladle . 

. On the right is the home-made crucible furnace tle used to 
melt the aluminum, and on the ground is the lid to the 

furnace. The stubby pipe projecting from the furnace is the 
tuyere, the air. inlet to which is attached a hair dryer. The 

furnace burns nothing but plain old charcoal, and the 
whole setup is quieter and cleaner than any of the camp 

fires in the campground. 
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Bill Harrison checking out the brains of Catalina, the robot 
Isa and he built entirely at GEAR. 

'332. Then there is a spirited discus
sion of the merits of machine vision 
systems, with Ron Nucci leading the 
charge for non-traditional vision . He 
believes we should think of video 
cameras more as fine-resolution sen
sor arrays than vision systems. He is 
also excited about work he's doing 
with RAD Robot, in particular, a sort 
of brain transplant board to convert a 
RAD from an RC toy into a serious 
experimental robot. I relax into the 
lawn chair and smile. This is the stuff 
I came for. 

Ron and I talk into the night, long 
after the others have all gone to bed. 
As it turns out, we are both stay-at
home dads, and we both aspire to 
make a difference in amateur robot
ics. Ron tells me more about his RAD 
Robot plans, about a robot navigation 
approach using something called LPS 
- Local Perceptor Space. I know little 
about this, but it appears to be a 
faster and less memory-intensive way 
of keeping track of obstacles and 
landmarks than occupancy grids. In a 
lull in our conversation, Ron nudges 
one of the logs with his boot, sending 
a flurry of firefly sparks skyward and 
drawing my gaze up to the blazing 

stars above. Ron says, "Cool." 

Demo Day 

Saturday. Between.them, Bill and 
Gene have worked out a schedule of 
alternating tech demonstrations 
throughout the day. Bill shows a sim
ple no-solder servo hack, then Gene 
demonstrates how to ram up a sand 
mold for casting aluminum. Gene had 
earlier (anonymously) called park 
ranger Richard Ambrose to see if 
there would be any problem if Gene 
were to operate his charcoal-fired cru
cible furnace in the park . 

This wasn't a question that had 
ever arisen before, but it must have 
given Ranger Rick nightmare visions of 
choking clouds of black smoke and 
rivers of molten metal running down 
the Hobbit trail, so he politely refused 
to allow such activity. This only means 
that the casting demo will be done 
covertly, disguised to look as innocent 
puttering around a campfire (of which 
there are many, all much smokier than 
Gene's demo turns out to be). 

While Gene stokes the furnace, 
we head back to Bill's table where he 
has assembled the two servos he and 

After filling the medallion mold, Gene pours the excess aluminum into ingot 
molds. "You always melt more aluminum than you need, so you gotta have 
someplace safe to pour what's left over." 



his daughter Isa have just hacked into 
the beginnings of a robot. Bill has 
been inspired by my Jiffy design, and 
though he doesn't have any peanut 
butter jar lids, he has a whole bunch 
of Gator-Aid lids. He and Isa will use 
these - along with tape, oversized 
pipe cleaners, a BASIC Stamp clone, 
and tongue depressors - to build a 
robot caterpillar. 

Back at Gene's campsite, the 
metal is hot enough to pour. The fur
nace is quiet, barely audible beyond 
the bushes shielding Gene's site from 
the rang_er's eyes. No visible smoke. 
The big moment comes when Gene 
removes the crucible from the furnace 
and quickly makes his pour. In a few 
minutes, the casting solidifies and 
cools enough to shake it out the sand 
mold. 

The petrobond sand, smokes just 
a little from the heat, but even this 
quickly dissipates. I'm impressed. This 
is much less work than I remembered 
from casting aluminum in green sand 
in college. I recall we spent most of 
our effort then getting the sand to just 
the right moisture content, but with 
the oil-based petrobond sand you just 
don't have to worry about this. The 
sand is ready to go whenever you are. 

The casting turns out great. It's a 
commemorative medallron Gene 
designed especially for GEAR, and he 
awards it to Bill and Isa, the only ones 
who built a complete robot during 
the campout. I designed Jiffy for just 
this, but decided I'd have a better 
time talking to folks rather than build
ing a robot, so no medallion for Jiffy. 

To finish off the afternoon, Bill 
gives a demo of a different kind of 
casting process, this time with silicone 
rubber. He shows how to make sim
ple, cheap robot wheels. First, you 
use a hole saw to cut disks of hobby 
shop plywood or expanded PVC (sold 
under the "Sintra" brand name), then 
you put them in home-made molds 
(also made of plywood) to mold sili
cone tires onto the nms of the disks. 
The process works, though some of 
the tires delaminate in spots. Bill goes 
right to work roughening up the rims . 
of the next batch of wheels so the sil
icone will adhere better. 

Is it Time to Eat? 

More people have shown up for 
the traditional GEAR Saturday potluck 
dinner. I greet old friends from the 
SRS: Frank Haymes, Dick Martin, and 
Ron Provine, and meet a couple new 
people. There's a buzz about 
GameBoy video cameras, which are 
being remaindered at Toys-R-Us for 

$10.00. 
Ron Provine shows me 

one he's just picked up. This 
coming year, there will be 
many more attempts at inte
grating video cameras with 
robots, to which I say, 
"Bully!" 

Ron Provine also speaks 
with me of his interests in 
educational robots and kids. 
He's worked with a lot of 
grade school and middle 
school kids and is very high 
on Atmel processors since 
they give good performance 
and don't cost much. 

Dick Martin, when he 
isn't making cryptic com
ments about "fuzzy hyper
cube phase space mapping" 
(I'm not making this up), 
enthuses about the prospects 
of using byte-code int~rpreter 
languages like Python and 
jPython (Python written in 
Java) for robotics. I know a lit
tle about Python but haven't 
tried it. Dick says Python pro
grams read more like good 
pseudocode than C. I figure 
it's worth looking at. 

A couple hours before 
dinner, I retire to my camp
site to chop onions, toma
toes, peppers, and garlic for 
a pot of vegetarian chili. 
Randy Carter shows up and 
we chat about his latest pro
ject, a giant scoreboard for 
Robot Sumo events, while I 
wrestle with my campstove. 
The stove works great for 
boiling water, but it appears 
to have 'Only three settings: 
"too hot," "hotter still," and 
"call Gene quick, it's time to 
melt metal." I manage to 
keep the chili from scorching 
by turning the stove on for 
just a minute or so at a time 
(and repeating this process 
about 20 times). 

More Casting! 

After dinner, Gene gra
ciously conducts another alu
minum casting demo, prov
ing it really is as simple as it 
seemed the first time . While 
the casting cools, a group of 
us head down the Hobbit 
trail to the beach to catch 
sunset over Puget Sound. I 
bring Jiffy along so I can see 
how well it does on wet 
beach sand (no problem). 

Dick Martin (right) discusses the finer points of "fuzzy 
hypercube phase space mapping" with Frank Haymes (left). 
I have no idea what the heck Dick was talking about, but I 

swear it was about fuzzy hypercubes. Or something. 

The drag has been removed, revealing a perfect casting. 

The hot casting just after shaking it out of the mold. The protruding wires 
on top and bottom show where vent holes were poked in the sand to allow 

gasses to escape while the molten metal was poured. The sprue, still attached 
to the left side of the medallion, provided a reservoir of liquid metal to feed 

the casting, keeping it from shrinking away from the mold and 
producing voids. With a little hacksawing and filing to remove the sprue 

· and flashing, the medallion will be done. 



Jiffy making tracks in wet sand on the beach at twilight. 
Just two seconds after I snapped this picture, Jiffy was 

nearly swamped by a wave I hadn't seen coming. I picked 
Jiffy up just in time. 

Jiffy on the right, Catalina on the left, and the medallion Gene awarded to 
Bill and Isa for building Catalina in the middle. Catalina was inspired by my 
Jiffy design, though Bill used Gator-Aid lids for wheels instead of peanut 

butter jar lids. Catalina's wheels are purposely mounted off-center to make 
for interesting motion. 

We climb back up to camp in the fad
ing light, thankful the trail is so well 
marked. The second medall ion turns 
out as perfect as the first. 

The non-campers trickle away 
leaving us hardcore GEAR-heads to 
speculate around th.e campfire one 
last evening. We talk for quite a 
while about Disney and animatron
ics. I've neve·r been to any of the 
Disneys, but I enjoy listening to the 
afficionados. 

I talk some about what the 
writer's life is like and even a little 
about the novel I'm working on. As 
the night before, Ron Nucci and I stay 
up way too late. I talk a bit about 
nanotechnology (one of my interests) 
and Ron tells me more about LPS. 

Toward midnight, I spot a satel
lite crossing the sky. Ron can't see it 
at first, so he turns off his Coleman 
lantern. He spots it when I tell him it's 

passing between two stars immedi
ately above the shadow of one of the 
giant Douglas firs that surround us. 
The light of the satellite pulses slowly, 
and I conclude it must be a spent 
Russian booster tumbling end-over
end. 

The tumbling booster climbs 
higher in the sky, and just as I begin 
to lose track of it, a brilliant meteor 
streaks from east to west. Its briefly 
glowing trail covers a third of the sky, 
maybe more beyond the circle of 
trees, and the meteor itself goes out 
in a fireball, though it's much too 
high to make a sound. Ron and I 
both say, "Cool!" A good omen, we 
think. 

Saddling Up 

Sunday morning all of the tent 
campers (except me) pack up and are 

Build Your Own Intelligent Robot, We Make It Easy! 

At Lynxmotion we cater to the beginner. All of our kits are easy to assemble, requiring 
only common hand tools in the construction process. The detailed assembly manuals 
include 20 and 30 exploded view diagrams. The kits can be controlled or programmed 
in an easy to follow BASIC programming language. The technology is here, the costs 
are affordable, the support is available, join in and become a robot builder! 

rt.! 
Lynxmolion, Inc. t.~,, Tel: 309-382-1816 
104 Partridge Road '\'1i'~!"r.-~ t• Fax 309-382-1254 
Pekin, IL 61554-1403 iii·fnxmo IOn sales@lynxmotion.com 
www.lynxmotion com Visit our website or ask for our free catalog! tech@lynxmot1on.com 
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gone by 10:30. Neither Bill nor Ge.ne 
are awake yet, so I have time to write 
a few thoughts and to miss Shoshana 
and Yonatan . They are supposed to 
rejoin me before 11 o'clock, but this 
supposes that Shoshana will have 
dragged herself out of bed at 7:30 in 
order to catch an early ferry. 

To my del ight, they show up 
right on time. I give them both big 
hugs and kisses, and tell them about 
the amazing experiences of the last 
two days. About this t ime Bill and Isa 
are up, then Gene. Gene tells me that 
he hopes we all do GEAR again next 
year. 

He'd like to see the SRS come up 
with more contests where the 
emphasis is on writing software for a 
common robot platform - racing 
eproms in effect, rather than motors. 
This is an idea I've long thought 
about, so maybe we can get some-

thing going. 

Wrapping Up 

I hope from the photos and text 
you get a feel for what attending a 
GEAR is like. Next time, I 'spose I' ll 
just fly straight to Sea\tle and skip the 
arduous road trip. Or maybe I'll orga
nize an Eastern GEAR more accessi
ble to all you east-coast robot 
builders. 

If anyone would like to set one 
up, particularly if you are part of an 
organized amateur robotics club, 
drop me a note, and maybe I can give 
a hand . 

We're already planning next 
year's GEAR in Seattle, and if it or 
other regional GEAR events as may 
arise turn out half as well as this 
years, then they will be great fun 
indeed. NV 
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DAR Electronics, Inc., announces 
r their new line of MATV filters. 

Single channel attenuators and 
channel elimination filters are avail 
able for all VHF/UHF channels. The 
fi lters are housed in ABS UV stable 
housings suitable for indoor/outdoor 
mounting. 

Apf>lications include headend 
channe leveling and elimination. Not 

"NON-CONTACT" INFRARED 
THERMOMETERS 

Brighton Electronics, Inc., introduces 
their five new state-of -the-art "non

contact" infrared thermometers. These 
new temperature devices bring accuracy, 
ease-of -use, and safety to any industry. 

Measurements of hot, cold, or mov
ing objects can be taken at a safe dis
tance. With the laser pointer, the opera
tor is assured of precise accurate mea
surements in a response time of less 
than one second. 

The SIR812 and SIR815 each have 
laser pointers, wide temperature ranges, 
operation lock function, data hold func
tion, C/F selectable function, and a belt 
attachable carrying case. 

The SIR802 and SIR805 have all the 
same functions as the SIR812 and 
SIR815, but without the laser ~ointers . 

The SIR10 is Brighton's 'gun" style 
infrared "non-contact" thermometer. 
The SIR10 has all the same functions as 
the SIR815, yet has an easy-to-use grip 
gun-style handle, adustable emissivity, 
and K-type probe input compatibility. 

suitable for adjacent channel. All fil· 
ters are AC/DC passive. Pricing starts 
at $24.00. 

For more information, contact: 

PAR ELECTRONICS, INC. 
P.O. BOX 645 

DEPT. NV 
GLENVILLE, NC 28736 

828-743-1338 FAX: 828·743-1219 
EMAIL: par@parelectronics.com 
WEB: http:/ I parelectronics.com 

B r i ghto n 
Electronics also intro· 
duces eight high-quali
ty drop and water 
resistant touch probe 
digital thermometers. 
Each thermometer has 
a large, easy-to-read 
LCD display, is com
patible with most stan
dard thermocouple 
and thermistor probes, 
and carries a three
year warranty. 

Waterproof ther
mometers and probes, 
as well as Foodservice 
grade thermometers, 

are available. Thermometers come stan
dard with data hold functions, min/max 
and status display functions, C/F selec
table, and auto power off. 

Each thermometer comes with a 
temperature probe, operation manual, 
and carrying case. 

Brighton Electronics also offers 
seven specialty thermometers. These 
models include digital pocket thermome
ters, pocket dial thermometers, freez
er /refrigerator spirit filled and dial ther
mometers, meat thermometers, 
candy/deep fry thermometers, and fur
nace/oven thermometers. Each ther
mometer is of the highest quality stain
less steel and carries a one-year warran-
ty. 

For more information, contact: 

BRIGHTON ELECTRONICS, INC. 
9615 S.W. ALLEN BLVD., STE. 105 

DEPT. NV 
BEAVERTON, OR 97005 

1-877-276-3761 
503-644-1434 FAX: 503-643-8619 

EMAIL: 
chris@brighton-electronics.com 

HANo:itno DIGITAE STORAGE 
OSCIUOSCOPE/COMPONENT 

CURVE TRACER 

.Alliso .. n.. Tech· .. ······nology . Corporation announces the HH972, a hand-
held digital storage oscilloscope and 

• in-circuit component curve tracer. 
;The H~9?2 p~ovides two useful test 
instruments in·one package the size 
and weight of a digital voltmeter and 
at a price more in line with that of a 
DVM than an oscilloscope or a com
ponent curve tracer. 

Features include: oscillgscope,fi'. 
mode, with full auto-ranging; curve< 
tracer mode, displays l/V curyes for 
in-circuit component testing; wide. 
5MHz bandwidth (digital sampling @ · 
20 mS/sec); lightweight, just over 12 

· 9z.; low .. cost; power int,erna1 .. 9V bat
tery or A .. ·• C wall adapter{ high Contrast makes· it suitable for;educational and 
back-lit LCD 150 x 109 dot display hobby use. .... . 
with wiqe angly visibility; 2§0Y true The ~H9:72. digita.I stor~ie . o~£it: . 
RMS AC, ±400V DC maximum· input foscope 1s ava1lablt: now Pfor JU~t · 
voltage; display of amplitude, time, $259.00. The optional ST972 stand 
and resistor value; easy-to-use key- with rechargeable battery is $69.00. 
pad control, hold key+to freeze tne For more information, contact: 
display; test leads included; and 

;;optionaJ stand with rechargeable bat
tery. ·· 

The HH972 is well-suited for a 
wide variety of applications. Its small 
size and powerful digital storage oscil
loscope capabilities make it a natural 
choice for both bench and field ser · 

applications. Its low cost also';;. 

l ndustrologic, Inc., announces 
their TB-22 50-pin header screw 

terminal breakout board and cable 
assembly. 

The TB· 22 is based on the 
Opto-22 compatible (industry stan
dard) 50-pin header connector pre
sent on industrial digital 1/0 boards, 
and can be used to quickly and eas
ily connect to the logic level signals 
present on these boards. 

The TB-22 board owes its com
pact size to having been designed 
specifically for the industry standard 
digital 1/0 connections, plus its 

41.L.fSON :T~CHNOlOGY CORP. 
": 2006 FINNEY VALLEY ' 
.. DEPT. NV 
ROSENBERG, TX 77471 
. 1·800•980-9806 ; 

281-239-8500 FAX: 281-239-8006 
EMAIL: atc@atcweb.com 

WEB: http:/ /www.atcweb.com 

convenient 2.75 
by 4 inch size and 
four mounting 
holes allows for 
easy panel mount· 
ing or DIN rail 
mounting. 

Unlike most 
breakout boards 
of this style, each 
TB-22 comes 
complete with an 
18-inch ribbon 

cable to immediately connect it to 
an industry standard 1/0 board, 
making the TB-22 assembly an 
exceptional value in a breakout · 
board. 

The TB-22 breakout board and 
included cable are available for 1 

. ~; 
$49.00 in sing!e quant~ties. • i t~~ 

For more information, contact: , ;' .. ~~ 
r I . . ,~;;r 

INDUSTROLOGIC, INC. 
3201 HIGHGATE LN. 

DEPT. NV 
ST. CHARLES, MO 63301 

314-707-8818 
EMAIL: info@industrologic.com 
WEB: www.industrologic.com 



High Performance Auto Ran2in2 DMM 
New to our DMM line-up and possibly (probabTy} t he best DMM value anywhere! Includes: Analog Bar 
Graph! Auto-Ranging! Dato Hold! Temperature Probe! Frequency Test! Continuity Test! AND MORE! 
Features n"3'1....,f:f:::I 
Da ta Hold : Freezes reading fo r easy checking 
Auto Ranging: For easy, precise range settings 
Range Hold Control: allows for manual 
selection of your test r.1nge 
3-J/4 Digit LCD Disp lay: Reads up to 3260. 
Easy to read display. 
Function Dial: Easy to use to select 
measurement type or turn unit off. 
4 Jack Pl ug-ins: Safety design with different 
capacit ies fo r different functions. 
Diode, Continuity Check P ush-Button: For 
toggling between diode check and continuity 
check. 
Low Battery Ind icator: Advises you when it's 
time to change battery. 
Extra Long 44" Test Leads: Helps get to hard 
to reach places 

M easures: 
DC Vo lts: up to I OOOV 
AC Volts: up to 750V 
AMPS: up to 20 Amps (AC & DC) 
Resistance: up to 30M ohm 
Continuity Check: with audible signal (signal sounds if 
resistance is less than 20 ohms. Display reads actual resistance). \ 
Frequency: ( I KHz to 300KHz) displays both digital and bar 

1 graph reading . · 1 
Transistor hfe Test: Display shows approximate hfe value 
based on U!st condition of IOuA base current andVce of 
approx. 3V. 
Tempe rature Te st: Measures from 0° to 1832° F (probe 
su pp lied!) 
Dio de Test: Tests if diodes are shorted or open 

Specifications 
Accuracy 
Vdc: Screw-On All igator Clips: Convert one or both ± l.O% reading +S ditis 

~:,os:~~~t~::~:r~~~c~i~::r Vac: ± 1.5% reading +8 digits 

Built-In Stand: Makes one hand operation easier. ~;== ! ::;~ ~::~:~: :~ ~:~:: 
Shock Absorbing Rubber Carrying Case: with Resistance: ±1.5% reading +5 digits 
conv~nient probe storage d ips and hanging tab. ±J.0% reading +5 digi ts 

#CSl9903 
Input Impe dance: I OMohm (YdcNac): over 
tOOMohm on 300 mVdc range 
Re qu ires two AAA batteries sold separate ty,, Helps protect the DMM from damage if accidentally ± I .0% reading +6 digiu 

~eed. __ ;,;;;;;~;.::;.:;...;;,;,;,;;.;,;;,;;.::._,;.;.;;.;, _____________ ~ 

Auto-Temp 
Solder Station 
with Ceramic 
Element 

R-976 
Extra Tip Options 

Available. See Web!/ 

For More Info See www.web·tronics.co 

CCD B&W Board Cameras 
ASIC CCD Area Image Sensor 

• Extremely Low Power Consumption 
• 0.5 Lux Min Illumination 
• Built·ln Electronic Auto Iris for Auto Light Compensation 

Detailed Specs on the Web 
VM1030PA-B 30mmx30mmx25mm, Pinhole lens, I 2V $39.00 any qty. 

VM1030A 30mmx30mmx26mm, Standard lens, 12V $39. 00 any qty. 

• Frequency Range: 
I OOKHz to 2,060MHz 

• Narrow Band FM (NFM). 
Wide Band FM (WFM). 
AM and Single Side Band 
(5SB) Modulated Signals 
May Be Measured 

• PLL Tuning System for 
Precise Frequency 
Measurement and Tuning j 

• LED Backlight LCD 
(192x l92 dots) 

• Built- In Frequency 
Counter 

• Hand-Held and Battery 
Operated 

• All Functions are Menu Selected 
• RS232C for PC Interface and Printer 

Removable Hard Drive Rack 
For IDE/Ultra OMA Hard Drives 
This pro duct can be used w ith any 3- 112 IDE hard 
drive up to I" high. It includes an electronic keyloc 
for safe removal and insertion. Made of ABS 707 
fi re proof plastic. Use this product to protect sensit 
hard d rive data, take your hard drive between wo rk 
and home o r even set up different users with their 
own hard drives that they physically insert every t i 
they use a PC. O ther models available from C .$.1. 
include RHIO series and RH 20 se r ies, which are -1 OC-IDE 
interchangeable within the same interface design (IDE o r SCSI). 
Other Models ore Avoiloble. See www.web-Ironies.com under "hard drive and 
accessories" for more clelai/s and pictures, 

Removable Hard Drive Rack with 
Auto Door And Cooling Fan 

ee the web site for details 

Mini CCDs (B/W & Color ( 
Sensational NEW Design for Small 
Observation Cameras. Smaller and Better! 

Ultra Miniature Design 
Black & White Versions Only 25mm JC 25mm 
Color Versions Only 32mm JC 32mm 
Available in Standard Lens or Pinhole Lens 
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 ( etai/e 
CCD Area Image Sensor for Long Camera Life S 
Back Light Compensation Circuit pees on 
Built-In Electronic Auto Iris Lens he We 

VMCW-H11A 32mmx32mmx30mm,Color CCD with standard lens, pre
wired cabling, 12V DC Power $139.00 I $129.00 5 or more 

VM1035A 42mmx42mmx25mm, Standard lens, I 2V with back light compensation $49.00 any qty. 
VMCB21 44mmx38.Smmx28mm, with 6 infra-red LEDs, I 2V $49.00 any qty. 

VMCW-H12A 32mmx32mmx I 9mm, Color CCD with pinhole lens, pre-wired 
cabling 12V DC Power Input $139.00/ $129.00 5 or more 

VCC-3232 32mmx32mm, CMOS Color with standard lens, See our website 
for details $79. 00 any qty. VM1036A 32mmx32mmx25mm, Standard lens, I 2V, reverse mirror image feature $49.00 any qty. 

ullet CCD Cameras 
B& Wand Color 
• Smart Rugged Metal Housing Detailed Specs on the Web 
• Extrememly Low Power Consumption 
• 12 Volt 
• CCD Area Image Sensor for Long Cam_era Life _ 
• Built-In Electronic Auto Iris for Auto Light Compensation 
• No Blooming, No Burning 
• 0.1 Min Lux II/um/nation (B&W { 1 Lux Min Lux Illumination (color ( 

VMBL T1020 B&W, 21 mm(D)x55mm(L) $49 .00 any qty. 

VMBLT1020W B&WWeatherproof, 21 mm(D)x58.Smm(L) $79. 00 any qty. 

VMBLT JC19BW COLOR!Weatherproof, I 7mm(D)x88mm(L) $139.00 any qty~' 

COLOR CCD Mini Board Cameras 
Low Power Consumption 
1 Lux Illumination 
Built-In Electronic Auto Iris for Auto 
Light Compensation 
Internal Synchronization 
12Volts 
400 TV Lines 

VM301 OPA 33mmx33mmx I Smm, Pinhole lens $99. 00 any qty. 

VM3011-A 45mmx40mmx24mm, Standard lens, single board $89. 00 any qty, 

VM3010-A 33mmx33mmx32mm, Standard lens $99.00 any qty. 

e;;.r~ 3-1 /2 Digit JUMBO Digital Panel 
l1 • • Meters Check these LOW PRICES! 
• 21 mm Figure Height 
• S Volt Common Ground or 9V Independent Power Supply Versions 

Available 
• Voltage Divider Resistors included and maK Measured Range 

Selectable by Soldering a Selection Joint 
• Easy Bezel Snap-In Design (84mm x 4 1 mm rectangular hole typical) 
• "O" Reading for "O"Voltage Input 
• High Quality SMD Production Method 
• Dual Slope Integration A-D Converter System ±0,5% Accuracy 

PM-1028A LCD 9V Independent Power Supply Version 1/$12.95 I 0/$10.89 I 00/$7.99 250/$6.25 
PM·1028B LCD 5V Common Ground Power Supply Version 1/$13.95 I 0/$11.84 I 00/$8.89 250/$7.15 
PM-1 029A LED 9V Independent Power Supply Version 1/$14.95 I 0/$12.50 I 00/$9.95 250/$7.89 
PM·10298 LED 5V Common Ground Power SupplyVersion 11$15.95 I 0/$13.40 I 00/$10.79 250/$8.65 

ur Most Sophisticated DMM We Sold Over 700 Last Year/ 
with RS-232 Interface & Software, 3-3/4 Digit, 4000 Count, 
Auto-Ranging with Analog Bargraph 

• True RMS Mode 
• I OMHz Frequency Counter 
• Time Mode with Alarm, Clock, 

and Stop W atch 
• Dual Display 
• I 0 Locatio n Memory 
• Min, Max. Avg and Re lative 

Mode 
• Decibel Meas ureme nt 

• K Type Temperature Probe Included 
• Pulse Signal for Logic & Audible Test 
• Continuity/D iode Test 
• Logic Test 
• Auto Power OFF/"Keep ON" Mode 
• Fused 20A Input with W arn ing 

Beepe r 
• Back Light 
• Data Ho ld/Run Mode 
• Safety Design UL! 244 & VDE-0411 
• Pro tective Holster 
• Silicon Test Leads 

VMPS-718A 25mmx25mmx30mm, B/W CCD with standard lens, pre-wired 
cabling, I 2V DC Power Input $59.00 / $49.00 5 or more 

VMPS-250A 25mmx25mmx I Smm, B/W CCD with pinhole lens, pre-wired 
cabling, I 2V DC Power Input $59.00 / $49.00 5 or more 

Hot Air SMD 
Rework Station 

WOW! ONLY $489 
Similar Systems Cost 10 

e-.;,•':c 2.4 GHz A1V Sender/ 
n · • Receiver System 

• Wireless FM transmission of video (color or BIW) and 
sound (stereo or mono) up to 150 meters (line of 
sight) 

• Directional Antenna Design optimizes performance 
• Use with remote cameras or any input (satellite TV, 

cable etc.) where wireless transmission is desired. 
View on a TV set. 

-. ====---:::===::... new! Afc O'Scope Offer 
- ,~ ... - - ~OM Hz! ONLY $299',/';· :wo-__ , 
Take Advantage of this low 
price! 

•Dual Channel 
•Dual Trace 
• Vert Trigger 
• I Year C.S.I. 

Warranty! 
#OSC-1030 

Manufactured for CSI by a leading 
O.E.M. manufacturer. See our website 
for detailed specifications! 

• Pe rformance through walls varies depending on 
construction methods etc. CSIHTR2400 Includes One ransmitter & One 

• Each set includes a plug-in power supply for the Receiver with Power Supplies ~ $109.00 
transmitter & receiver. CSIHTR2400TX Extra Transmitter/Each Receiver 

• 7 segm~nt LED displays channel ( 1-4) on receiver & will Monitor up to 4 Transmitters $89 .00 

transm5~:r.more detailed specifications at www.web-tronics.com in the CCD camera setcion. 

3000 Series Digital RIO Bench Power Supplies 
• Low Cost Single Output • 3 Amps 
High stability digital read-out bench power supplies featur~n~ ~onstant v~ltag.e 
and current outputs. Short-circuit protection and current hm1tmg protection 1s 
provided. Highly accurate LED accuracy and stable line regulation make the 3000 
series the perfect choice for lab and educational use. 

Line Regulation: 2x10 -• +lma 
LED Accuracy: Voltage: ±1% +2 digits 

Current: ±1.5% +2 digits 
Wave Line Noise: ±lmVrms 
Dimensions: 291mm x 15 8mm x 136mm 

CSIJOOJ: 0-30v/0-3amp 
Digital R/0 Bench PS, 

1x10-•+smv Load Regulation 
$99.00 S/$89.00 



COPIES EVElmllNG 
PMllllOllt, 0/5, 

MWOllSI 

EUMINITES DEFEas 
ON SCSI AND IDE DIMS 

PIUWL POii' PRINTS 
TEST RESUIJS 

INSUllTLY CLONES ANY 
SCSI OR IDE DIM 

CLONE, TEST OR REPAIR 
ANY HARD DRIVE 
'1HE MOST COMPLETE HARD DRIVE WORKSTATION WE'VE SEEN!" BOB ROSENBLOOM, DIGITAL VIDEO, INC. 

DRIVE SERVICE STATION 
Copy entire hard drives with ease. 

Drive duplicators are essential tools 

for dealers and system builders. Don't 

spend hours installing and formatting 

drives. Do it instantly with the Pro. 

Set up any SCSI or IDE drive with 

your original software. Connect blank 

drives to the Pro and presss start. 

You'll copy entire drives faster and 

more accurately than is possible on any 

PC. With our combination IDE and 

SCSI model, you can even copy data 

between diffferent interfaces. All 

models include both 2.5" and 3.5" 

interface adapters. The Pro a lso 

supports SCA and Wide SCSI drives. 

Choose the Pro, and you'll also have 

an entire factory drive test and repair 

system for under $1000. The Pro gives 

BUY MANUFACTURER DIREO: $995 

408 330·5525 
you the ability to copy, reformat, 

repair, translate, and test any hard 

drive. Use the Pro to pu t any hard 

drive through its paces. A full 

factory final test and performa nce 

analys is is performed. Complete test 

and repair reports are sent to any 

standard printer. 

The Pro will also reassign and 

eliminate drive defects . Here's how 

it works: First, a precise media 

analysis system scans the di sk for 

errors. Defects are mapped out, 

and effectively "erased." The error 

correcting system then "trains" the 

drive to permanently avoid defective 

areas. Data is stored only on the safe 

areas of the disk. Capacity is reduced 

by an insignificant amount, and t he 

drive works flawlessly once again. Get 

the technology used by major repair 

shops and data recovery centers. The 

Pro repairs a ll disk defects caused by 

normal wear. Drives with mechanical 

damage may not be repairable. 

CORPORATE SYSTEMS CENTER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.DRIVEDUPLICATORS.COM 

Call today for high volume multi-drive copiers and CD Duplicators 
Sold a nd intended for backup purposes only. Copyright laws must be observed. 

Write in 120 on Reader Service Card. Nuts & Volts Magazine/SEPTE•ER 2000 95 
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BASlC Stamp software provides 
real-time data logging and graphing 
Stamp Plot Pro is a laboratory and educational tool for your BASlC Stamp 
that lets you plot analog and digital data on your PC simply by inserting a 
DEBUG command in your PBASlC code. Sensor output may be logged in a 

file for viewing in a spreadsheet, gauges can be created, 
and multiple analog and digital channels can easily be 

graphed. 

NUTS &VOLTS MAGAZINE 
430 PRINCELAND COURT 
CORONA, CA 92879-1300 
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