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BOTH SINGLE AND DUAL 
DRIVE MODELS AVAILABLE. 

EXTERNAL SCSl·ll PORT WORKS 
LIKE A STANDARD CD WRITER 
FOR CREATING CUSTOM DISCS. 

INTERNAL A/V HARD DRIVE 
STORES DISC IMAGES FOR MULTIPLE 
COPIES, AND CUSTOM AUDIO DISCS. 

MAKE CUSTOM DISCS WITH 
JUST THE MUSIC YOU LIKE. 

CD DUPE-IT! STAND ALONE CD DUPLICATOR 

*** Main Menu *** 
S~steM Software Update Menu 

• CD DuPlication Menu 
CD Rudio Extraction Menu 

SOURCE CD 
TARGET #0 

CD-R I 
BX WRITE 

- -- ------------ VOL 

COPY CD WRITE CD UP DOWN ENTER 

0 - 0 0 TARGET # 1 l CIJ-R I 
BXIVRIT"E 

..... 

• ti - -

BUSY WAITING {io CORPOllATE SYSTEMS CENTER - --. ------------ PHONES 

TOTALLY SELF CONTAINED, 
NO ADDITIONAL HARDWARE 

IS REQUIRED 

ADVANCED FORMAT DETECTION 
PRODUCES PERFECT DUPLICATES 
ON STANDARD CD·R MEDIA. 

COPY ANY CD NOW. 
NO PC REQUIRED. 

DUPE·IT! 
Instantly copy music and 

CD-ROM compact discs. Make 
backup copies of your favorite 
music and software on rugged, 
permanent CDs. Produce com

pact discs quickly and economi

cally. No mastering or multimedia 
experience is required. 

Insert your original CD and 
press "start." The multimedia 

processor quickly copies any disc 
to the internal NV hard drive. 
Insert blank CDs and make as 
many copies as you like. You'll 

produce perfect duplicates. The 

system is totally self contained ~ 
no additional hardware is required. 

FROM $595! 
100 BLANK CDs $ 169! 

408 330·5524 
Just plug in the power cord 

and press "start"~it's that easy. 

You can even make your own 
custom music CD without a PC! 
Insert your original CD's, select 
the tracks you want, and Dupe-It 

will copy them to the internal 
hard drive. Built in amplified 
stereo speakers allow you to pre
view the music before recording a 

CD. Then insert a blank CD, and 

you 'll have a custom music CD 
with just the songs you want. 

With the included CD master

ing software, Dupe-It will work 
overtime as your personal CD 

design system. Just attach a 
SCSI cable to your PC or Mac, 
and you' re ready to design and 
create your own original CD's. 

Similar systems used in duplication 

houses cost over $5,000. Now 
you can easily copy CDs yourself 
for a fraction of the price. 

CORPORAll SYSllMS CENIER 
3310 WOODWARD AVE, SANTA GARA, CA 95054 

WWW.DUPEIT.COM 
Musicians-ask about our pro-audio CO recorders. Software publishers-ask about our high-volume multi-drive dupljcation systems. 

Dupe-It is sold and intended for backup and in-house design purposes only . Copy right laws must be observed. 
Dual 8x20 model is pictured above. 
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. .". brings you a potpourri of high-tech goodies for the techno-tinkerer! 
For th irty years we have been your source for Silicon Valley exotica! 

Pentium IVCeleron 440 LX 
Motherboard! 

+ Part Number: HOT367 

+ Intel 440 LX chipset 

+ Supports 266-400 (at 66 MHz bus) Celeron CPUs 

+ Supports Pentium II processors from 233-333 MHz 

+ Award BIOS, ATX Form Factor 

+ 1 AGP, 4 PCI & 3 ISA slots, 4 DIMM skts. 

+ Integrated EIDE/Floppy cont, 2 USB, 1 PIO, 2 SIO, 1 
PS/2 mouse, and 1 PS/2 keyboard 

+ Supports up to 512 MB EDO OR SDRAM 

+ Modem Ring Power-on 

+ Includes CPU retention bracket, IDE cable, Floppy 
cable, CO-Rom driver and manual 

+ New in box, 90-day warranty 

HSC#18016 47.50 

Power Supply 
+ 'LITEON' 145W fan-cooled supply 

+ Perfect for bench use or motherboard tesVdevelopment! 

+ Note: this is not standard tower-case form-factor. 

+ Input: 100-127VAC - 5A/200-240V - 2.SA, 5D-60Hz 

+ Output: +5VDC/18.5A, -5VDC/0.3A, +5Vs/0.02A, 

+12VDC/4A, -12VDC/0.3A, +3.3VDC/7A 

+ Standard A TX-motherboard, disk drive power connectors 

+ Measures 2.75" x 4.125" x 6" 

+ New, 90-day warranty 

HSC#17973 $12.50 

Tiny Color CCD Camera! 
+ Last batch of these popular cameras found in warehouse! 

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

+ Has glass micro-lens element, not pinhole lens 

+ OSP on board for auto white-balance, shutter 

+ Standard NTSC composite video output 

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

+ Uses 4 - 5 voe, only 150 mA! Three AA batteries would 
power ~ for over six hours! 

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

HSC#17736 $89.95 

Infrared Connections! 
+ IBM "Options" series ISA-Bus and PCMCIA card adap

tors will add industry standard infrared communications 
capability to your desktop PC (with ISA slots) or notebook 
computer! (Win95 instructions available on our webs~e) 

+ Allows wireless connection to compatible notebooks, 
workstations, printers, and other peripherals supporting 
the Infrared Data Association (lrDA) standard. 

+ Also will emulate a COM port for cable-less hook-ups 

+ Communicates up to 11 SKBps, or up to 1.152MBps with 

the included TranX~ Software. 

+ Operates over distances up to 3 meters (10 ft.) 

+ Includes Card, transceiver module, driver disk & book 

+ Both styles new in box, 90-day warranty 

HSC#1 6483 PCMCIA Version $19.95 
HSC#16813 ISA-Bus Version $19.95 

Rechargeable Battery Buy! 
Three types of rechargeable battery for a variety of uses! 

Amazing power in a small package! Nickel-Metal Hydride 
(Ni-MH) batteries have the capacity of Nicads without the 
"memory" effect. These are factory-new, not pulls! 

'l- - ~ I 
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+ Tosh iba BTH-FS-F1-AIR, 9.6VOC at 600 mAH, mea
sures 4.5" x 1.875" x .25" thick (8 cells in series) 

+ Appears to have a thermal fuse for over-current protection 

HSC#17871 $17.50 

... Or you can choose a NiCad battery pack in a similar forrn
factor. These are a flat array of cells, like the battery above, 
with handy solder tabs for connection. 
+ Thin NiCad pack, 8.4VOC at 450 mAH, measures 4.5 x 

1.875 x .25" thick (7 cells in series) 

HSC#17872 $12.50 

.. Or you may need the power of a lead-acid battery. These 
are all new batteries with tab terminals. Perfect for hobbies, 
security systems, battery back-up, garden equipment, etc. 

+ TRl .2-12, 12VOC at 1.2 AH , measures3.75 x 1.875 x 2" 

HSC#17197 $4.95 
+ TR4-6, 6VOC at 4 AH , measures 2.75 x 1.75 x 4 ' 

HSC#17588 $4.95 
+ BAT-0063 (x2) , 12VOC at lOAH, 4" x 6' x 4", this is two 

6-volt batteries packaged in series by Best Power 

HSC#17810 $17 .50 

Video-hack is back! 
+ Logitech Videoman Video-conference camera & interface 
+ These units were sold with Hewlett Packard S-700 work

stations for videoconference capability 
t We have collected some data, check on our website at 

http://www.halted.com/online/index.htm 
+ All we have is cameras with stand, and SCSI-II interface 
+ The camera is on a weighted stand that extends from 13' 

tall to over 20' tall , and has a electrel microphone 
+ Color camera is digital output, but some delicate SMT 

surgery will provide NTSC signals (not for amateurs!) 
+ Interface box has two SCSI-II ports on back, and a DC 

power input (we do not have the adapter), and on the front 
it has a mic. out jack, composite video input (BNC), and 
the connector for the camera cable. 

Laptop Carrying Cases 
+ Measures 12.5" x 1 O' x 2' inside dim. 

+ Velcro-sealed outer pouch, padded shoulder strap with 
heavy-<luty swivel hooks, zipper closu•n ' 

+ Handsome black vinyl 'leather-grain" 
exterior 

+ Cushiony plush interior protects your 
laptop's case 

+ Quantity discounts available 

HSC#17662 $17.50 

Electronic 
Supply [E 

Toll Free (Orders Only) 1-800-4 HALTED (1 -801H-42-5833) 
Internet World Wide Web: http.l/www.halted.com 
3500 Ryder St., Santa Clara, CA 95051 (408) 732-1573 -or-

4837 Amber Ln., Sacramento, CA 95841 (916) 338-2545 FAX your orders to: 

5681 Redwood Dr., Rohnert Park, CA 94928 (707) 585-7344 {408) 732-6428 

... 
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Price Breakthrough on 
Variable Transformers! 

You say you 've wanted one of these in the past, 
but the price kept you away? Now you can afford 
a brand-new variable AC supply for your work
bench! All have enclosed cases, knob and dial . 

+ Model AICVR-500W, 120 VAC input 

+ O - 120 VAC ouput, 500 watts 

+ Measures 5' dia., 6' tall 

+ Features meter, binding post terminals for input, output 

+ New in box, made in China 

HSC#80474 $50.00 
+ Model AEEC-1090VR, 120 VAC 60 Hz input 

• 0 - 120 VAC output, 1 KVA 

+ Measures 6.5" dia., 8 ' tall 

+ Features meter, illuminated switch, line cord, fuse 

+ New in box, made in China ------

HSC#80481 $85.00 
+ Model AEEC-2090VR, 120 VAC 60 Hz input 

+ 0- 120 VAC output, 2 KVA 

+ Measures 8' x 1 O" x 8" tall 

+ Features meter, illuminated switch , line cord, fuse 

+ New in box, made in China ------

HSC#80461 $125.00 

/SA to SCSI Adapter 
+ Adaptech model AVA-1505AI -- Brand Name Quality! 

+ Single, complete PC connection 

+ For single non-bootable SCSl2 peripheral 

+ New, OEM pack, with install diskette & manual 

HSC#17995 $17.50 

S ecial! ••• w/DB2S adapter & cable $19.95 

Sidewinder Slashed! 
+ Microsoft ' Sidewinder" game controller ... Wow! 

+ New.OEM package, high quality for fast action! 

+ Download drivers from Microsott.com 

+ Eight programmable action buttons, two lire buttons 

HSC#80486 $17.50 

S-3 Aurora Video! 
+ 64-bit DRAM base graphic engine MPEG accellerator! 

+ Smooth video playback up to 30 frames per second 

+ Integrated 24-bit RAMDAC w/135 MHz output rate 

+ Glueless PCI 2.1 complient, VESA DOC 2.0B support 

+ New, W3.x & W95 comp., CD install, 90-day warranty. 

HSC#80458 $17.50 

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 conslantly being revised, please visit otten! 

+ Or, you can email your order to hscmail@halted.com 

Chiantech ATX Socket 7 
Motherboard 

with Intel TX Chipset! 
+ Part Number: 5TTM-M201 

+ Original Intel TX Chipset 

+ General Specifications: 
- Standard ATX Form Factor - single rack 
- 512K Cache on board 
- Supports EDO/FPM DRAM, 256 MB max 
- Standard IDE 1/0 on board 
- 4-16 bit ISA and 4 PCI slots 
- 4-5V, 72-pin SIMM sockets, 3-3.3V 168-pin DIMM 

sockets 
+ CPU Compatibility List: 

- Intel MMX 200 to 233 MHz 
- Cyrix/IBM 6x86 (rev 2.7+) , 6x86L, PR120+ to 

PR1 66+ and 6x86 MMX, PR166+ to PR200+ 
- AMO-KS PR75 to PR166 and up to 233 MHz AMO 

K6 CPUs 
- Supports 55/60/66175 MHz system clock speeds 
- ZIP Socket7, 321-pin 

+ Comes with cables, drivers, utility CD -- 90-<lay warranty 

HSC#18015 $37.50 

ATX-Style Mid-Tower! 

+ Need a case for your motherboard? 

+ ATX-style mid-tower cabinet 

+ ATX power supply included 

+ Three 5.25" and two 3.5' front bays 

+ 16.5" H x 8.25' W x 16.5' 0 

+ Brand new in box, 90-day warranty 

HSC#80459 

+ Andrea Electronics NC-50 headset with microphone 

+ Features passive Noise Cancellation technology 

+ Mono speaker & mic., use with your sound card, etc. 

+ New in bag, 90-day warranty 

HSC#17445 $4.95 

PCl-Bus 56K Modem! 
+ Genica PC I-Bus 56K Modem at unheard-of price! 

+ Data, FAX, voice, full V.90 compatibility 

+ Voice from handset 

+ Windows 95/98 or NT only (Not Win 3.1 compatible) 

+ Uses latest Lucent chipset, comes with Lucent drivers 

+ New retail box, with expanded application software on CD 

+ 90-Day Warranty 

HSC#17532 $39.95 

Topside Oil Extractor! 

SHOWING MOTOR 
MOUNTS AND SHAFT 
ASSEMBLIES 

+ SA VE MONEY! Quit crawling under your car! 
+ For autos, yachts, forklitts, tractors, textile machines, 

lawn mowers ... any large or small engine! 
+ Pumps 4 liters in 3 minutes 

+ Model R602A , 12VOC powered! 

+ Air compressor option NOT included or available 

+ Many uses ... wherever you need a small , portable pump! 

+ New .. .includes manual, hoses and molded carrying case 

HSC# 17999 $19.95 

HSC Catalog online! 
+ Thars right, get HSC's catalog on the World-Wide Web! 

+ Simply go lo www.halted.com and follow the big red link. 

+ Adobe .PDF files are available for download and viewing. 

+ Or drop on by and pick one up ... we'd love to see you! 
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(no P.O.ea..)....._olawlleip8Clled,lnwhldl-pnMlllngcantar.-.... $5.00lwllllnglle ....... l'Npmldanlnllll 
don'tlncludelhfllpirlgdwgllBwmbelhlppedhlghlCOD. Thenlllla$5.00UPSc:hmgeaddlldtolhfllplrlgc:twgmslarCODllllpmnl. 
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Reaction Tune 
Scanner Not Included 

:;. 

Optoelectronics presents the NEW 

Multicounter CDlOO Counter I Decoder. 

The Multicounter combines a frequency 

counter and tone decoder in one handheld pack

age. As the Multicounter locks onto a 

nearby RF signal, the frequency along with 

either CTCSS, DCS, L TR, or DTM F is 

instantly shown on the two-line LCD display. 

Like the popular Optoelectronics Scout, the 

Multicounter also 

ORDER 
NOW 

Reaction Tunes many 

radios for instant monitoring 

of the frequency captured. 

The Multicounter is so easy to operate that it is ideal for 

quick radio checks by a two-way radio technician or the hob

byist looking for unknown frequencies and tones . 

• •lOMHz - lGHz Frequency Range 
•Measures frequency and tone in < 1 second 
•Decodes CTCSS, DCS, LTR, and DTMF 
•LTR displays Area code, Go to Repeater, Home Repeater, ID, and Free repeater 
•Built-in .5ppm TCXO for accurate frequency measurement 
•Reaction Tune the ICOM RIO, R7000, R7100, R8500, R9000, AOR 
AR8000,AR8200, 
OS456/Lite, OS535, Optoelectronics R 11, and Optocom. 

•Two Line LCD Display with EL backlight 
•Internal memory for frequency I tone measurement 
•Download memory to PC with optional Optolinx PC interface 
•Patented Digital Auto Filter 

OPIODIRECT 800·327·5912 
~-W!!~P'I I I !! "~"-llrr 
'-'I I '-'~I I '-I '' '-'1 WI' • 

5821 NE 14th Avenue • Ft. Lauderdale, FL 33334 • Visa • MasterCard • C.O.D. • 
Prices and Specifications are subject to change without notice or obligation 

Tel: 954-771-2050 Fax: 954-771-2052 Email: sales@optoelectronics.comInternet: www.optoelectronics.com 

4 SEPTEMBER 1999/N uts & Volts Magaz ine Write in 69 on Reader Service Card. 



10. Ham Gear for Sale ............ ....... 32 120. Components ............................ 41 
20. Ham Gear Wanted ........ ... .. .... .... 0 125. Microcontrollers .......... ... ..... .... .42 

X 30. CB/ Scanners .. .......................... 32 130. Antique Electronics ... ... .. ... .. ... .. 42 
Q) 40. Music & Accessories ..... .. .. .. .. ...... O 135. Aviation Electronics ..... .... .... ..... 42 

-0 C:: 50. Computer Hardware ..... ........... 32 
60. Computer Software ...... ...... .... . 33 

140. Publications ............................. .42 
145. Robotics ... .. ... ...... .... .. ... ........ ... .42 

-0 70. Computer Equip. Wanted .. ..... . 34 
<( 80. Test Equipment ......... ..... .......... 34 

150. Plans/Kits/Schematics ............. .55 
1 55. Manuals/Schematics Wanted .. .56 

-0 85. Security ..... ....... .. ..................... .37 160. Misc. Electronics For Sale ..... ... 56 
~ 90. Satellite Equipment ................. .38 

V> 95. Mi litary Surplus Electronics ....... 38 
~ 100. Audio/ Video/ Laser ................... 38 

- 110. Cable TV .................. ... .... .... .... . 39 
U 115. Telephone/Fax .. ... .. .. .......... ...... .41 

170. Misc. Electronics Wanted .... ..... 56 
175. BBS & Online Services ... .......... .. . 0 
180. Education .. ... .. .. ............. .... .... ... 57 
190. Business Opportunities ........ .. ... 57 
200. Repairs/Services ............. ....... ... 57 

About 
the 
Cover 
The lab on the 
cover is a JD 
re-creation of the 
labs and sets used 
in the original 
1931 version of 
Frankenstein with 
Boris Karloff and 
Lon Chaney. 
Of course, there 
are a few modern 
features added to 
this lab, and a couple hidden surprises. (Can you find the photo of the artist and 
the author of the Tesla coil article?) The Tesla coil seen is an exact replica of the one 
designed and built by Walt Noon. Matthew Roddy is a video producer and 30 
artist in Southern California . .For the cover, he used Imagine for Windows 2.0 
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ION PROPULSION IS A REALITY 
Build your own ion propulsion motor that works on the same basic principles as 
NASA's Deep Space 1 craft . David Williams 
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Almost every project today uses an op-amp to amplify analog signals . However, operational 
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by David Williams 

D®W CP~®CP00[1~0®W D~ W 
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On October 24, 1998, NASA launched the 
spacecraft Deep Space 1 with a remark
able new ion drive. The Deep Space 1 
mission was the first launch of NASA's 
New Millenium program. This is the first 
time that ion propulsion has been used 
as the primary means of propelling a 
spacecraft. 

n a spacecraft, ion propul
sion has advantages over 
conventional chemical 
propulsion systems. It can 
operate on a small 
amount of fuel for extend
ed periods of time. 

The limitations of ion propul
sion are that it produces very low 
thrust and uses a lot of electricity. 
The engine on Deep Space 1 con
sumes 2,500 watts of electrical 
power at full throttle, but only 
exerts 1 /50th of a pound of thrust. 
However, given extremely long 
periods of time, an ion thruster 
can allow a spacecraft to achieve 
theoretical velocities over 60,000 
miles per hour. 

I on the same basic principles as 
NASA's Deep Space 1 craft. This 
project uses a high-voltage poten-

• tial that generates four streams of 

I "ion wind." The ion streams exert 
enough force to spin a rotor at a 
remarkable speed. This high-tech 

• device makes a great science pro-

1 
ject or an interesting desktop toy. 
The ion motor also generates neg
ative ions, which can reduce pollen 

• and pollution in the air to produce 

I 
a healthier environment. 

The ion motor in this project 
doesn't need exotic gases for fuel , 

• because it ionizes regular air. 
Figure 1 is a block diagram that 

I demonstrates the motor's princi
ples. 

• A wall transformer provides 
nine volts DC to a step-up voltage 

I converter. The DC-to-DC converter 
boosts the nine volts to a negative 
potential of over 1 OKV. The output 
current of the converter is limited 

Since NASA's ion engine 
works in the vacuum of space, it 
uses xenon gas as a fuel. Solar 
panels on the spacecraft generate 
the electricity needed to ionize the 
gas and to charge a grid in the • 

to a safe level of less than 0.5 mil-engine's chamber to a 1,200 volt I 
potential. The charged grid exerts liamps. The high-voltage is con-
a strong electrostatic pull on the nected to a metal pivot pin and a 
xenon ions. The electrostatic force • PC board rotor is balanced on the 
is powerful enough to cause the I point of the pin. The rotor has four 
xenon ions to reach an exhaust ion discharge points made from 
velocity over 30 kilometers per four bent pieces of solid wire. 
second. During operation, the four wire 

BUILD YOUR OWN 
ION PROPULSION 

MOTOR 
Now you can build your own 

ion propulsion motor that works 

I 
tips on the rotor get charged to 
10,000 volts and the strong nega
tive potential affects the surround-

• ing air. Any air molecules that 
come near the wire tips become 
negatively charged "ions." 

Since opposite charges attract 
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I and similar charges repel each 
other, the negative air molecules 
are repelled from the negative wire 

• tips. As the air moves quickly 

I away, it creates an "ion wind." It 
also generates a reactive force on 
the wire tips that causes the rotor 

• to spin on the pivot pin. 

I 
The neutral side of the DC-to

DC converter is connected to an 
aluminum plate on the bottom of 

• the ion motor's enclosure. This 

I 
metal plate is at a higher voltage 
potential than the negatively 
charged air ions. Therefore, it 

• attracts some of the ions and gives 

I 
the rotor additional speed. 

CONSTRUCTION 
• All the parts for the ion motor 

are shown in the Parts List. The 
rotor is made from a small printed 

I circuit board. The foil layout for 
the PC board is shown in Figure 2. 

Begin by inserting one of the 
• pin sockets in the center of the PC 

I board rotor as shown in Figure 3. 
Solder the socket in place and 
then insert and solder the four 

• jumper wires on the rotor. Trim 

I 
any excess wire from the bottom 
side of the rotor, and then bend 
the four wire tips as shown in 

• Figure 4. 

I 
Next, take the wall transformer 

and cut off any connector from the 
end of the wires. Then separate 

• the two wires for a distance of 1 

I 
inch and strip back about 1/2 inch 
of the insulation from each wire. 
Identify the positive (+) wire and 

• twist it together with the red wire 
on the high voltage power supply. 
Use a plastic wire nut to hold the 
two wires together. Take the neg a-



tive (or ground) wire 
from the transformer 
and twist it together 
with the black wire 
on the high voltage 
power supply. Solder 
the two wires to the 
metal ring lug as 
shown in Figure 5. 

Place the high 
voltage power supply 
on the aluminum base 
plate and attach it to 
the plate with a #4-40 
screw and hex nut. 
Make sure to place the 
ring lug under the nut 
as shown. 

WALL 
TIIANIFQlllllA 

JI 
tvDC 
IOll MA 

IL.ACK WIRE 

l»to-DC HIGH 
VOLTAGE CONWRTER 

ttlOH VOl.TAOI WIH 

- Pl\IOTtilN 

- PIUQCHT 

FIGURE 1 

Now insert the 
remaining pin socket 
in the plastic case. 
Tum the case over 

ION MOtO ROTOR 

and solder the high voltage output 
wire to the pin socket as shown in FIGURE:. 

PC OARD ROTOR A ·aMBLV 
FIGURE 

4 

Pln:Socktt 

FIOURE 2 
PC 8-1'4 Ratw 

PC8all'd 
ComponeAt Sid• 

t 

Panasonic Color Camera Micro Video Specialist 
• k tor Micro Color MB-45cB: $99.95 · ' · · · . 

·~ •Wide Voltage Range, 5-12 Volts! 
~)l(ll~~~"l' • Horizontal Res. More than 380 lines. 

• Small Footprint! 
• Self contained ultra small package 

design for various applications. 
• MCM PCB design for minimizing 
the size and improve durability. 

TFT-4 $179.95 
Color 4" Screen. 
(Size: 6"(W) x 
4.5"(H) x 2"(D) 
An excellent4" 
monitor for one 
camera monitoring 
or for setting up 

-----------' cameras during 

MB-8108 
$119.95 

installation 
or maintenance. Color 

TFT Monitors 
The Door Video Camera Is 

Designed to replace a 
Standard Front Door 

Peep Hole! 
• For Home or Office. 1McLuoes 
• Shipping/Receiving. 60 
• Employee Entrance. ble! 
•Viewing without Moving. fee1°1ca 

MB·650PA -$Call MB·750P -$Call MB·750U -$Call 
2.Bmm Pinhole Lens. 4.3mm Micro. Lens 2.Bmm Pinhole Lens. 4.3mm Micro. Lens 

~:~fit~~ :~~r: ~ ~ ~1~21~os~~ries rij ~ 
• 1.18" sq. • 420 TV Line 
• 380 TV Line 

~ 14 n- I>! 14 ."::. •I 14 m- •I 

Call and Compare! We Match or Beat All Price ! 

W IRELESS TRANSMITTER M b~UL S GW-24005 • $449.95 
Makes any Camera Wireless. " Includes: 2.4 Ghz Color 
When wires are impossible to run, Wireless Camera. 
our wireless transmitters & Receiver with 
receivers are lightweight and · Built-In Monitor. 
excellent for Hobbyist or Remote 
Control-Airplanes, Boats & 
Helicopters enthusiast. Small 
enough to place anywhere. 
Can operate off of 12VDC or 
Battery power supply. 

MPX-900HP 
900 Mhz High Power $Call 'S 
MPX-900 te""a 
000Mhz $119.95 /!Jr.I\ ded\ 
MPX-1200 11\C\U 
1. 2 GHz $149.95 
MPX-1300 
1.3 GHz $149.95 
MPX-2400 
2.4 GHz $1 19.95 
All complete wtth FM Module 4 Channel 
Transmitter wtth Audio/Video cables, Power 
Swttch/LED and Antenna. 

Polaris Industries 1 800 752 3571 
fi"IJ:ttf: /7,,YwV.t~P~larisusa.c<!_ • • • 
470 Armour Drive NE •Atlanta GA 30342-3943 • Tech Info 404.872.0722 • FAX 4-4.872.1038 
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Figure 6. Carefully place the plas
tic case over the assembled base
plate and guide the transformer 
wire through the slot in the plastic 
case. 

I properly, refer to Figure 7 and 
attach the aluminum baseplate to 
the case with four screws. Locate 

I Locate the metal pivot pin. 
This is a quilter's "T" pin with the 
"T" section cut off. Insert the pivot • 

I pin. It should be balanced and 
should spin freely. 

Read the safety precautions 
• below before you plug in the wall 

When everything is fit together 

• the four rubber adhesive feet and 
apply them to the corners of the 
aluminum plate. 

pin into the pin socket on top of 

I the plastic case. Then place the 
rotor onto the point of the pivot I transformer. As soon as the wall 

transformer is plugged into a wall 

This project contains high-voltages 
and a sharp pivot pin. The current has 
been limited to a safe level, but the unit 
can deliver small "static electricity" 
shocks. Keep the Ion Motor away from 
children at all times. 

Never leave the point of the pivot 
pin exposed. Always remove the pivot 
pin from the pin socket whenever the 
unit is not in use or whenever the rotor 
is removed. 

Do not touch any metal surfaces 
on the ion motor while power is on. 
The Ion Motor can generate "static 
electricity" sparks, so do not operate 
the unit near combustible materials or 
gases. 

Do not run the Ion Motor near 
electronic equipment including com
puters. The Ion Motor can cause an 
electrical charge build-up inside nearby 
equipment that could damage electron
ic circuits. Do not use any electronic 
equipment to make measurements on 
the Ion Motor. 

Never use the Ion Motor to charge 
a capacitor or Leyden jar. Fatal voltage 
and current levels can result. 

• 
.. 

. ~ ; . 

PowerMac 7200 
75 Mhz PPC 601 
4 168 pin DIMM slots 
Build your own Mac! 

$79 Brand New! 

Peltier Junction 
with heat sink 
13/lfilx1 3/161 
$10 each or 3 for $25 

Texas Instruments 
Color Composite 
Display 
Great for Surveillance 

Refurbished $99 

Apple llE Logic Board 

$19 

LC Power Supply 
+5V, -5V, + 12V Output 

$5New 

Aw.HUM 
Pl.ATE 

FIGURES 

HIGH VOLTAGE 
WIRE 

Global Village Bronze CMS Tower SCSI Case 
Holds 4 5.25 full height drives External Modem 

2400 Bps/9600 Fax 

$1 Each 
Log c Boards 
Q610 Logic $79 
Q660 Av Logic 
Q650 Logic 
Q800 Logic No 
Qa40 Logic Processor 
Q900 Logic 

Power Suppl es 
Apple llE 
Apple llGS 
Mac llCX, Ci 
Mac II, X, FX 
Mac llSi 
Q610,660AV,6100 

$59 
$69 
$99 
$49 
$49 
$149 

$99 
Claris Works 

• 3.0 For 
PC/Mai. 

Claris\\clrk · EDOCS ~29 
-~ ... ,,._ ... ___ -
M scellaneous 

.___ _________ ___, :;:;:==::::;::::::==::;::;::::;:::==========: Apple 8 bit Video Card 
Newton 130 $ g LaserWriter llNT 

$19 
$199 

$19 
$49 
$19 

~W.;..;;.it=h~o=ut~L=id;;____;;._1_7.,.---1 Apple ADB Keyboard 
Newton Carry Bags $19 1.44 Super Drive 
Newton Fax Modems $19 Clone ADB Mousell 
16 MB Flash Cards $79 Quicktake 100 Camera 

$129 
$10 

MacAlly ADB Keyboard 20 MB Flash Cards $99 Bernouli 90 MB EXT 

$10 

PDA Genuine 
Leather Carry 
Case 

24 MB Flash Cards $129 

RAM 
Let your palm 1 MB 30 Pin 
pilot lead the life 4 MB 72 Pin 
of luxury! 

4 For $1 
2 For $5 

Membrane 
Track Pad for 

laptop $2 
$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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FIGURE 6 

outlet, the rotor should begin to 
turn and then gradually pick-up 
speed. 

You can leave the Ion Motor 
running continuously, and it will 
add negative ions to the room. 
There have been many studies of 
the effect of negative ions on peo
ple. The results indicate several 
positive effects including: mood 
enhancement, reduced airborne 
contaminates, and improved physi
cal performance. The FDA limits 
health claims on negative ion gen
erators, but you can experiment 
and determine the benefits for 
yourself. 

ADDITIONAL 
EXPERIMENTS 

It was mentioned earlier that 
the aluminum plate on the bottom 
of the enclosure attracts the ions 
and increases the speed of the 
rotor. 

You can investigate this phe
nomenon further by getting anoth
er metal panel and connecting a 
wire from it to the aluminum plate 
on the bottom of the ion motor. 
Place the new movable metal 
panel near the rotor and watch the 
rotor speed increase. Be careful to 
not get the metal so close to the 
rotor that sparks occur. 

How does this work? Well, the 
attractive force between two differ
ent voltage potentials varies 
inversely as the square of the dis
tance between them. This means 

SOLDER MASK 
SCALE 1:1 

I the forces are much 
stronger as the surfaces get 
closer together. In fact, that 

• is why you get a spark if the 

I plate is too close to the 
rotor. With 1 OKV and a 
small gap, the attraction is 

• so incredibly strong that the 

I 
air ionizes to a plasma and 
the voltage jumps across 
the plasma in the gap. 

• 

• 

Refer to Figure 8 for 
other ways the unit can be 
used for high voltage experi
ments. A neon bulb will 
glow when one leg is 
grounded and the other leg 
is brought near the pivot 
pin. A flourescent bulb will 
generate an even more 
interesting glow in a similar 

I 
configuration. In both cases, 
you are seeing the ionization of the 
gases in the tubes. 

Note that using neon or 
flourescent bulbs for high voltage 
experiments may leave the bulbs 
unusable. - NV 

FIGURE 7 

FIGURE 8 

Nuts & Volts Magazine/ SEPTEMBER 1999 9 



Parts list for the 
Watts Showing™ 
printed circuit board 

From the August '99 issue ... 

Semiconductors 
U1 - LM317L 
U2 - LM393N 
U3 - LM2931 -5.0 
U4 - MC68HC705P6 * 
OPT1 - PS2501 (PANASONIC) 
01 - 2N3906 
D1 - 1N4148 
* - must be programmed with dwm.s19 
code - available from web site 

Resistors 
R1 - 3.9K 
R2 - 39K 
R3, 10 - 8.2M 
R4 - 100K 
.RS,8,9, 14, 15 - 91 K 
R6 - 1 SK 
R7 - 30K 
R11 - 470Q 
R12 - 2.2K 
R13 - 10K 

Capacitors 
C1 - 10UF, 16v 
C2 - 22uf, 16v 
C3 - .022 polyproplene 
C4 - 22uf, 16v 
CS - 100uf, 16v 
C6 - 1 Ouf Tantalum 
C7,8 - 22pf ceramic 
C9 - 0.1uf 

Misc. Components 
X1 - 4.00MHz crystal 
POT1 - 500ohm 
POT2 - 500k ohm 
POT3 - 1 Ok ohm 
LCD - Optrex 
SHUNT - see text for instructions 

Other Parts 
16ga, three-wire extension cord 
Enclosure 
Strain reliefs (2) 
6-9vdc wall transformer 
SPST power switch 
Wire nut for 16ga wire 

Kit of all PCB mounted parts, PCB, LCD, and 
enclosure with LCD cut-out is 
available from Harrison R&D for $79.00 + 
$5 .00 S&H. Does not include extension 
cord or wall transformer. PC board and pro
grammed U4 is available for $25.00 
plus $3.50 S&H . Phone 281 -485-7107 or write 
to 9802 Sagequeen Dr., Houston.TX 77089. 

www.ghg.net/dharrison 
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Ooops!! 
The parts list from the July '99 Voice Changer article by 
Jack Dennon, and the parts list and Figure 7 from the 
August '99 Watts Showing article by Dan Harrison were 
inadvertently left out of tlie original layouts. We present 
them here to you now, and apologize for any inconve
nience we have caused. 

+5v 

RS232 out to computer 

RS232 transmit from computer 

From the July '99 issue ... 

lnteerated Circuits 

2N3906 
R 

10K to SOUT on '705 

Figure 7. Example of 
RS232 Interface . Assumes 
Wattmeter only transmits. 

UI HT8950A 
U2 LM386 

Holtek voice modulator Digi-Key HT-8950A-ND 
Audio power amp Digi-Key LM386N-1-ND 

Parts list 
Resistors 
Rl,RIO IK 
R2 330 ohm 
R3 500 ohm 
R4 470 ohm 
R5,R6 4.7K 
R7 IOOK 
RS 47K 
R9 33K 

Capacitors 

I /4 watt resistor 
I /4 watt resistor 
3/8" sq. trimpot 
1 /4 watt resistor 
I /4 watt resistors 
I /4 watt resistor 
I /4 watt resistor 
I /4 watt tesistor 

' 

Mouser 29SJ250- I K 
29SJ250-330 
569-72P-500 
29Sj250-470 
29SJ250-4.7K 
29SJ250- I OOK 
29SJ250-47K 
29SJ250-39K 

CI I 00 microfarad electrolytic 
C2 4.7 microfarad electrolytic 

Mouser I 40-XRL25V I 00 
I 40-XRL25V4.7 

C3 22 microfarad electrolytic I 40-XRL25V22 
C4,C5,C6 0.1 microfarad film cap Digi-Key P4525-ND 

Diodes 
DI I N5227 3.6 volt Zener 
02 LED red light emitting diode 

Mouser 583-1 N5227B 
604-l53HD 

Switches. microphone. and speaker 
Sw I, Sw2, Sw3, Sw4 keypad switches 
MIC electret microphone 
SPKR 2" 8-ohm speaker 

Mouser I 01-0461 
Digi-Key P9970-ND 
Jameco 135589 

Misc: Printed circuit board, 9-volt battery clip, power switch, hookup wire, solder, suitable enclosure. 

Kit 
A kit consisting of the printed circuit board and 
board-mounted components is available for $9.95 
plus $3.00 for shipping and handling, from: 

MicroMethods 
P.O. Box 909,Warrenton, OR 97146. 
(503) 861-1765 voice/fax. 

We can accept check, money-order, Visa, or 
Mastercard. No CODs. Charge card orders do 
have to be submitted via fax; signature is required. 

Add $5.00 for shipping outside the U.S. The kit is 
easy to build but unless you have some experi
ence assembling circuit boards you may want 

someone else do the assembly as we cannot 
accept returns once you start soldering. The 
etched and drilled printed circuit board is avail
able for $6.50 postpaid to U.S. addresses. 

The HT8950A is available from: 
Digi-Key - (800) 344-4539; (218) 681-3380 fax 
http://www.digikey.com 
Digi-Key part number: HT-8950A-ND Voice mod
ulator IC 16-Dip $3.14 @ I ea., but of course 
they do have a minimum order. 

The other parts are available from either Mouser 
or Jameco: 
Mouser Electronics - (800) 346-6873 
Jameco Electronics - (800) 831-4242 

Reader Feedback is continued on page 68 
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ABUSE 
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11011111 DESERT11r SNOlfV 
lns1a111 ON - ZEao 1100111111111111 

lli'o113'10 Concr11111 
Rain: (4"/hr Rain w/ 40 MPH Winds) 

Silicone Rubberized & Diecast Case I 
Ultra Shock Mounted 1GIG EIDE Hard Drive I 

~~ SD I EMF & RF Resistant, Works from -4 to 120 Deg F 
~·~ & Vacuum to 15,000 ft 

t-~ 1- PCMCIA (type 1, 2 or 3), Serial & Parallel Ports in rear 
\ 16m Ram I 1 m Video I 32 Bit Local Bus 486-50 Mhz & ~ 

Math Co-processor, 28.8k Modem (Internet Ready) - - - ~ 

Looks so nice 
in person, 

it gives you 
Goose Bumps ~~!fiiiil-i'lk'' > Long Lasting Hydride Battery ($150 Value) 

• > Sound & Microphone, External Mini 3.5 Floppy 
> 8.25" Display-64 Shade Monochrome REFLECTIVE 
> (Optional) Touch Screen with Handwriting Recognition 

, Rough Service Handle with Loops for optional Shoulder Strap 
Roxanne's Voice Annotates all Windows 3.X Functions 
OPTIONS 
> W95 $89 > 12v car cord $29 
>Touch Screen $200 > 33k Baud PCMCIA Fax- Modem 
Upgrade $35 I 56k $89 
This was a unique (one shot) purchasing opportunity 

IT'S NOT OPEN STOCK 

LDMI' Prl&B ./High Pllrlll.1".lllBllCll 

233mhz 
3.2Gig 
32mram 

56kmodem 
CD 24x 

use c2> 
W98 

External Mini CO 8" SVGA Color Display Built-In Stereo Speakers & Mic 

External Mini Floppy Convenient Touch Pad Mouse (nice) 

Lithium Ion battery 2 USB ports IR Port All standard ports on rear 

2 PCMCIA Ports 3.31b Subnotebook 9.5 x 7 x 1.5 Built In palm rests 
Dark Gray One year Manufacturer Direct Waranteo 

FREE Lifetime NetcomTech support 

SOYO Is a leading maker of Desktop Computer Motherboards. 
They brand label them for FAMOUS NAME BRAND desktop computers. 
Now SOYO has come up front with their own "State of the Art" Sub Notebook. 

Sells for more on QVC I (Home Shopping Channel ) 
OPTIONAL CUSTOM Carrying Case $24 soyo Embossed 
LOGO, Tailored flt, Pockets, Handle & Includes Sholder Strap 

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) 

--------~============================::::I IBMThinkpa 
PllRllURI P-15 -llr- 486 814-100 
Huge 1 O.s• Actlw llatrbt SVGA Color Display (the Best) 

(Much Sharper & Brighter than a standard display. a $ 300 value) 
33k FAX MODEM • 2 PCMCIA Expansion Slots 
Dual Infrared Ports (Front & Rear) 
Track Point Mouse All Standard Ports (1S,1P,1VGA,1Kbd) 
Pop out • Hard Drive, Ram, & Battery 
Ram & Hard Drive Expandable & Upgradable. 
Includes Power Supply & Hydride Battery 
Free Lifetime Tech ·support Web Sile Creator Software 
Internet Ready, America On Line 4.X Latest Version 
Fax Modem Software. Searchable Owners Manual s/w, W95 

DX4-100 810Meg Hard Drive Standard -or- ( 2G'f only $59/) 
16M Ram Standard -or· ( optional 24M Ram $2 I) 

Pentium P-75 2Glg Hard Drive & 24 Meg Ram Standard 

~ 

CROSS REF6eA~F" 
I/SPEC 
Transistors, ICs & 

A Special/st in "Hard to Cross House Numbers" 
E1sy, P-n'u/ & F1R. 

7hB llost Compre/Jenshle Soflware Sold. 

w.w. o..a Spodflartiam & 75 to ao l'Otaltifll ir.pi.cenents I 
Replacement Numbers are Totally Global Including Domestic, Asian, European, 
House, Branded, as well as ECG, NTE, SK & GE. Displays Case Drawl1~ ........ lltll 
Laad Configuration & Pin-outs for many Devices. Coverage or Replace
ment Numbers Is Very Impressive. 7 Disk Set (17 Meg decompressed) 
For DOS, W3.1 & 95, 98 & NT. Current Version 7.11 
Includes: 
4 HUGE Consumer Electron/cs Industry Directories 
1· Consumer Electronics Parts Sources (Service) 2· Consumer Electronics 
Manufacturers 3- The Entire ~Industry 4- Semiconductor 
Manufacturers 

From IBM IBM Docking Stations 
This Is not just a port expander it's a full blown docking station $-3S(t 
You can add ANY desktop ISA card and It will work with your IBM laptop 
Imagine the poslbllitles. Add a TV card and watch TV while you compute ! 
ISA computer card hides In the base of the unit. 

FREE Local Area Network (LAN) card (a $79 value ) Notebook Snaps onto the dock. 
Expansion Port for optional CO Rom Built-In Speakers Built-In Power Supply & Fan 
SCSI Expansion Port I Parallel I Serial I Keyboard I Mouse I Monitor I Stereo In & out 
Front panel headphone Jack Hidden Carry handle LED Status Indicators 

iiiiiiiiiiiiiiiiiiiiiii~iMiii~~C~oi~~rBil~~ik~~jaitc~~oo~oo~ ~Port~~&-op~~~re~~ 
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Protecting Your Stamp From 
lhe Cold, Cruel World 

've spent the last few 

months working on a 

design that is going to be 

located in a very inhos

pitable environment. I've 

had to deal with widely 

varying temperatures, a noisy power 

bus, high current loads, and a slew of 

other factors which don't look upon 

electronics in a friendly manner. 

Overview 

All of this work started me thinking about some 
of the things that I take for granted. There are a few 
tried and true circuits that I regularly use for protect
ing my microcontroller designs. I thought it might be 
nice to cover a few of these concepts, as well as 

INTRODUCING 

some techniques for powering your BASIC Stamp 
designs. These are circuits and/or techniques that 
have helped me to ensure successful electronic 
designs. I'm no analog guru - nor do I pretend to be 
one - but the concepts that I'm laying out here can 
help you to avoid many of the pitfalls that the real-
world often presents. . 

It is also helpful to keep in mind that no matter 
how well thought out your PBASIC program is, a 
noise spike can still scramble the brains of your 
BASIC Stamp. This can lead to unpredictable behav
ior, or a complete system failure of your BASIC 
Stamp design. 

De-coupling capacitors 

It is good practice to isolate your local circuit 
(which can be an IC or group of ICs) from your 
supply impedance. This is termed "de-coupling," 
and is routinely accomplished with capacitors. 

Each IC in your circuit could benefit from de
coupling capacitors, but it is essential to use de
coupling capacitors on any high-speed logic chips 
that you may be using (the BASIC Stamp). The 
fast rising and falling edges of your logic level sig
nals as they switch states require additional current 
pulses from your power supply. Small ceramic capac
itors can supply these currents, when kept in close 
proximity to your ICs. Placing the de-coupling capac
itor within a half inch of your IC will typically do the 
trick. In most cases, the actual value of the de-cou
pling capacitor can vary. A good rule of thumb is to 
use a value between 0.1 uF and 0.01 uF. 

For circuits that are driving large loads, it may be 
necessary to use low frequency de-coupling 

C2 
22µF 

capacitors. A 10-
47 uF electrolytic 
or tantalum capaci
tor can often 
reduce voltage rip
ple caused by 
switching frequen
cies in the kHz 
range. All schemat
ics that I have seen 
of the various BASIC Stamps have 
shown a 22uF capacitor on the output of the on
board linear regulator, so some protection of this 
type may already be in place. 

I have found that placing a 0.022uF de-coupling 

DE-<:OUPLNG YOUR PO'M:R PINS 

+9VOC BASICstanp +5VOC 

VN voo 
+ 

C1 

I~ 0.0221F 

GND 

Flpre 1: Typical De-Coupling capacitors 

capacitor as close to each IC as possible reduces 
noise on the power bus significantly. I also ensure 
that at least one 22uF capacitor is included in each 
design, and that a few 2.2uF ceramic capacitors are 
located next to any IC that may be driving additional 
circuitry. 

I think the best philosophy regarding de-cou
pling capacitors is that they are cheap, so use them 
with great vigor, and sprinkle them throughout your 
design. 

Power Supplies 

0 Download our board layout software 
6 Design your 2 sided plated-through PCB 
0 Send us your layout over the Internet 

Electronics these days tend to 
end up in just about any place you can 
imagine. Cheap power supplies, car 
batteries, or noise caused by switching 
inductive loads (like turning on motors 
or lamps) can create enormous prob
lems for logic level parts such as the 
BASIC Stamp. 

Filtering your incoming power 
supply can be done several ways. A 
resistor in series with the Stamp VIN 
pin, as well as a low-frequency de-cou
pling capacitor, can act as a low-pass 
filter which will smooth out noise 
spikes. Pre-regulating your supply, 
such as with a zener diode, can help 
reduce the damaging characteristics of 
an inductive spike on your input volt
age. 

THE promenade PC1 
EPROM/FLASH PROGRAMMER 

• Connects to the parallel port of your PC, 
compatible, laptop or notebook computer 

• Programs and verifies thousands of device types 
to 8Mbits with supply voltages as low as 1.9 v 

•Use the PC1's battery pack to power the 
programmer to get complete portability 

•The PC1 costs just $159.50. Call, write or 
visit us on the web for complete information. 

JASON RANHEIM 

L.:05 GAYLE LANE AUBURN, CA 956:.12 
0-421-7731 530-878-0785 

http://www.jasonranheim.com 

Write In 31 on Reader Service Card. 

o In 2·3 business days, UPS delivers 
your boards, often under $100 

www.expresspcb.com 

The zener diode will act as a 
"rough" regulator acting to keep the 
voltage on your VIN pin at the zener's 
rated voltage. The zener can clamp 
positive going voltage spikes, and 
reduce the effects of negative going 
voltage spikes. Figure 2 shows an 
input clamping circuit that can be used 
to protect your BASIC Stamp. Figure 3 
is a simulation of the zener clamping 
circuit and how it handles both 
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+15VDC 

R110 

019.SV 

PROTECTING YOUR ON-BOAAD 
REGULATOR FROM NOISE SPIKES 

-c1 
0.022µF 

C2 
22µF 

BASIC stamp 

VN 

GND 

Flgare 2: Zener damp on Your Power Input Supply 

positive and negative voltage spikes of 9us duration. 
Power dissipation in your clamping circuit can be a 

problem if you select a zener diode that is rated at a voltage 
below your input voltage (as I did in my simulation). Your 
series resistor is then dissipating power based on the differ
ence between your input voltage and the voltage that your 
zener diode is regulating at. 

What usually works best is to select a low value series 
resistance (or none if your circuit is drawing a significant 
amount of current) and a zener diode whose voltage rating 
is slightly higher than the power supply you are using. For 
instance, if you were powering the BASIC Stamp with a 
12VDC supply, you might select a 10-ohm series resistor, 
and a 13V zener diode. The goal here is to protect the 
BASIC Stamp from voltage spikes that might damage its on
board regulator. 

Power dissipation can often be a problem with the 
BASIC Stamp on-board linear regulator. The power dissipat
ed bt, a linear regulator can be characterized by (Vin
Vout) lsupply. The higher the input voltage, the less current 
required to overheat a linear regulator. With a 30VDC input 
voltage, a five-volt regulator will have to dissipate one watt of 
power, as heat, when supplying just 40mA. Placing another, 
higher value linear regulator between the input voltage and 
the Stamp's VIN pin can allow both regulators to share the 
power dissipation requirements. 

As your input voltage gets higher, this becomes more 
difficult since many linear regulators are rated for 30-35VDC 
maximum input voltage. A transistor and zener diode pre
regulator can sometimes allow you to get the job done. 
Many transistors can handle large voltage drops from their 
collector to emitter (denoted in the data sheet as Vee), but 
heatsinking will still be required, and may be extensive. 
Figure 4 shows an example of a zener diode-NPN voltage 
regulator. 

Protecting Your Input Pins 

The BASIC Stamp is based on a Microchip PIC 

microcontroller. These microcontrollers have 
internal protective diodes that shunt signals higher 
than about 5.6V to the +5VDC bus, and signals 
lower than -0.6V to the ground bus. There can be 
some interesting unintended consequences 
regarding these protective diodes. 

One of the more interesting is that the BASIC 
Stamp can be powered off of one of its 1/0 pins. 
For example, if the BASIC Stamp was not powered, 
but a +5. 7VDC signal was present on one of its 1/0 
pins, the protective diode would be forward biased 
(turned on), and about 5VDC would then be pre
sent at the Stamp's +5VDC bus, and could power 

the BASIC Stamp. 
Furthermore, positive voltage spikes present on your 

1/0 pins can be translated directly to your BASIC Stamp 
+5VDC output (or negative going spikes to your ground 
bus). This can create problems which are hard to diagnose. 
Imagine turning on a relay with your BASIC Stamp, and 
watching your temperature sensor go up in smoke. There is 
no apparent connection between the two devices, yet they 
are only separated by diodes internal to the microcontroller 
which the BASIC Stamp is based on. 

Protecting your input pins can be done in a manner 
similar to the zener diode clamp used on the power supply. 
Yet, in this case, the series resistor can be much larger and 
can be a more active instrument in attenuating voltage 
spikes. The input impedance for a BASIC Stamp pin set as 
an input is about 1 megohms (very rough estimate). The 
input impedance can be estimated from the leakage current 
that is typical of an input pin (about 1 uA maximum). 

Any series resistors should be selected so as not to 
form a voltage divider with the input impedance of a BASIC 
Stamp pin configured as an input. This is especially impor
tant if your input signals are already attenuated by external 
devices such as op-amps which do not have rail-to-rail out
puts (like the LM741). 

A series resistor of about 1 k ohms, in conjunction with 
a zener diode rated for 5.1-5.6V, and a capacitor can effec
tively protect input pins from voltage spikes, and reduce 
noise that might affect your BASIC Stamp's program flow. 
The series resistor forms a low-pass filter with the capacitor 
in this circuit. If you are measuring pulses or frequencies 
with a particular Stamp pin, be sure to select component val
ues so that your signals are not attenuated out of existence 
by the protective circuit. You can calculate the frequency 
threshold of a low-pass filter with the equation ... 

f = 1 /(6.28*R*C) 

When measuring short pulses, keep in mind that the 
rise time of your pulse will be limited by the low-pass RC fil-

ter described above. The 

-----------------------------------------------------------------------------------------------------------------------· 
time it takes for a signal to 
rise from 1 0% of its maxi
mum voltage to 90% of its 
maximum voltage through 
an RC filter can be approx
imated by 2.2*R*C. This is 
also considered the rise
time of the signal in ques
tion. For the circuit in 

' ' ' ' ' ' ' ' 
-1114 Figure 3: Simulation of Input Clamp i 
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Rgure 5, this rise-time is 
roughly 48us. This is the 
time it takes for a five-volt 
pulse to rise from 0.5V 
(10% of 5V) to 4.5V (90% 
of 5V) . 

This means that if you 
are intent on measuring 
short pulses, you should 
consider the effects of fil
tering on the BASIC 
Stamp's ability to make the 
measurement in question . 
Figure 6 provides a graph
ical representation of the 
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Figure 4: Rough Zener-NPN Pre-Regulator 

rise time for the filter circuit in Figure 5. 
Rgure 7 shows the input signal versus the signal as seen by the 

BASIC Stamp after the signal passes through the protective circuitry in 
Rgure 5. The incoming signal has a 50kHz 0.5V peak-to-peak noise 
signal, a logic level pulse, and a 1 us glitch. As you can see, the pro
tective circuit filters out most of the noise and prevents the glitch from 
reaching the BASIC Stamp. The glitch is too short and, due to the rise 
time of the RC filter, it never reaches a logic high level which could be 
measured by the BASIC Stamp. 

One killer of electronic components is electrostatic discharge 
(ESD). If you don't believe me, try walking across your carpet with just 
socks on - be sure to shuffle your feet - and then touch your finger 
to your favorite BASIC Stamp project. Of course, if you do this, you'll 
be shelling out some bucks for a new BASIC Stamp, and probably a 
handful of other replacement components. On second thought, just 
take my word for it. 

But you can see from being shocked by your friends, neighbors, 
and loved ones that we humans have quite a capacity (or Is it poten
tial?) for carrying potential (or is it capacity?). Anyway, we can all carry 
a healthy enough charge to zap a BASIC Stamp into next week. This 
can be particularly common in designs with keypads. 

Rgure 8 shows a commonly used method of protecting 1/0 pins 
on microcontrollers from ESD when interfacing to switches or but
tons. The pull-up resistor (82k ohm) is required to ensure that 

PROTECT YOUR INPUT PINS 
FROM TRANSENT VOLTAGE 

SIGNAL SPl<ES n_n_ BASIC stamp 
£ £ NPUTPN 

R1 ~ ~ ~ . 
1K 

~~ ;i;; C1 

015.1V 0.0221F 

GND 

.7 

I Flpre 5: Protective Circuit for Input Pins I 

pressing the switch does not 
short your power supply to 
ground. The switching diodes 
allow transient voltages to open a 
path to either ground or the 
+5VDC bus, depending on the 
polarity of the voltage spike. The 
1 k ohm series resistor acts to 
limit the current during transient 
voltage spikes and protects the 
diodes which limit the voltage on 
the microcontroller input pins. 

The diodes which are inter
nal to the Stamp 1/0 pins (that I 
had mentioned earlier in the arti
cle) can be used in place of the 
external switching diodes, but 
should probably not be consid
ered as robust a form of protec
tion. 

Conclusion 

I think two general rules 
apply to protecting your BASIC 
Stamp designs: 

Rule 1 : If any connection 
interfaces to the outside world, 
PROTECT IT. 

For more information on the 
BASIC Stamp, contact: 

Parallax, Inc. 
3805 Atherton Road, # 102 

Rocklin, CA 95765 
phone(916)624-8333 

http://www.parallaxlnc.com 

Scott Edwards 
Electronics, Inc. 

1939 S. Frontage Rd. Ste. F 
Sierra Vista, AZ 85635 
phone 520-459-4802 

fax 520-459-0623 
www.seetron.com lnfo@seetron.com 

Solutions Cubed 
Lon Glazner 

3029 Esplanade Suite F 
Chico, CA 95973 

E-Mail: lon@solutlons-cubed.com 
www .solutions-cubed.com 

Phone: 530-891-8045 
Fax: 530-891-1643 
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' · http://members.aol.com/brigar2/brigar.html 
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BUT IN GREAT 
CONDmON. 
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$ 59.95 
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they over
heat? If a 
part blows 
up, will it 

robot itself. This may be at a distance from your 
BASIC Stamp. Any wires or ribbon cables connecting 
these two devices will act as antennae and can con
duct noise generated by your motors, battery charg
ers, or any other "noise generators." These kinds of 
connections are good candidates for protective cir
cuitry. 

··1 r:_ 1_ • i 

"i . ·~ ,_ : blow up 
open or 
shorted? 

--.•+-------------•-••--,-••••••·•·---------T·------------------,----------------- --.,----------------- --r-- ------ -----------i 

Spend
ing ample 
time figuring 
out both 
how to pro

After a while, protecting your circuits becomes 
second nature, and you start making trade-offs such 
as cost versus the level of protection you may 
receive from a specific circuit addition. I always try to 
add all of the protective circuitry that I can think of 
and, after the design is up and running, I whittle away 
the things that may be overkill. 

1s: 1.s. 1.-.s 1.5115 2. 11115 2.sm a.a.s 
o U(D2:2) 

Rule 2: If you can think of something bad that 
somebody could do to your design, assume it WILL 
HAPPEN. 

tect your electronics, as well as what to protect them 

When you are planning a BASIC Stamp design, 
always take time to look at where each connection is 
going. And try to figure out what odd things may 
happen to it. If you have a keypad or LCD display, 
can somebody spill liquid on it? If you have a relay 
that you are controlling, what happens if it can't close 
or open? If you are using switching transistors, can 

from, can be surprisingly beneficial. There are cer
tainly cases where protection is not much of a con
cern. Most chip-to-chip connections are short and 
don't require much in the way of filtering or protec
tive circuitry. 

In the end, good engineering is about one-third 
experience, one-third forethought, and one-third 
time in (or sometimes out) of lab testing. I think there 
is another± one-third or so wrapped up in test equip
ment, time of day, amount of beer you had the night 
before, and a few other important factors. Of course, 
the most indisputable measure of good engineering 
is design survivability. So protect your Stamps, and 
give them good safe homes! NV 

There are also situations that cry out for protec
tive measures. For example, you may have a small 
robot using an IR detector for wall sensing. It's a 
good idea to mount IR detectors of this nature at a 
point where they are unobstructed by objects on the 
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REVOLUTIONARY SERVICE 

CHANGES THE FUTURE 
OF E-MAIL 

ACT TeleSolutions, a leading provider 
of live operator messaging solutions, 
will revolutionize person-to-person 

mobile communications today with lbyphone, 
an exciting, innovative E-Mail service. This is 
the first initiative in the company's plans to 
make all that is available on the internet acces
sible via telephone, paving the way for the 
future of the wireless world. 

Pioneered by XACT, ibyphone is the first 
subscription-based E-Mail service that enables 
its customers to send E-Mail from any tele
phone, at any time, via live operator. Unlike 
other companies' attempts to fill the mobile E
Mail void with technology-driven solutions, iby
phone offers a simple, personalized, device-free 
alternative. "ibyphone is the customer-driven 
evolution of mobile communications for the E
Mail generation," says Dan Joseph, co-founder 
and CEO. "It enables users to bridge the gap 
between themselves and technology, through 
human interaction. Technology alone is an 
inadequate answer to problems inherent in 
mobile messaging. And who wants to have to 
drag around bulky machinery just to stay in 
the loop? The real answer is simplicity, cus
tomizability, and flexibility. Busy people seek 
solutions that give them - not the technology 
- control over their communications. ibyphone 
offers that solution and that control in an 
affordable package. The response from our 
test subscribers has been phenomenal." 

Using ibyphone is easy. Subscribers just 
call a toll-free number from any telephone, and 
dictate their message to a highly skilled 
Telephone Service Representative, who can 
send it instantaneously to any number of indi
viduals or groups. It's that simple. ibyphone 
optimizes and personalizes the user's experi
ence. Subscribers identify themselves with a 
PIN number, and are greeted by name. Service 
Representatives access the subscriber's online 
address book for rapid addressing to groups or 
individuals, and can add new addresses upon 
request. Representatives are trained to take 
messages quickly and accurately, and can read 
back and edit each message to ensure content 
quality. The ibyphone system was developed to 
mirror all E-Mail capabilities, enabling a host of 
service options and features. Subscribers regis
ter online at www.ibyphone.com, where they 
can customize delivery, signoff and confirma
tion options, build an address book for mobile 
access, and select a usage plan. Activation is 
immediate. 

XACT's test market shows that profession
als who rely on both mobile telephony and E
Mail could identify numerous situations in 
which ibyphone has met their needs in a way 
nothing else could. Such "ibyphone moments" 
speak for themselves. For instance: 

• "I was running late, and needed to reach 
my team with an update and game plan before 
getting on a long flight. I realized there was no 
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way I'd have time to boot up my laptop and 
find a place to log on. So I zipped off a group 
ibyphone, (which my team had already acted 
on by the time I landed.)" Scott Mataya, Senior 
Vice President, Petopia. 

• "I'm a real believer in what advances in 
technology can do for our lives and productivi
ty. But sometimes, simple solutions make a lot 
of sense. Take ibyphone, for example. It's great 
to be able to send E-Mail from my mobile 
phone, when I can't take my eyes off the road, 
or don't have my laptop along, or whatever. It's 
a very useful complement to my mobile phone 
and laptop." - Michael Doppelt, Vice President, 
Bear Stearns. 

• "I coordinate the activities of over 80 
people, and spend about half my time on the 
road. I like ibyphone because it allows me to 
set up groups for the teams I need to manage. 
I often want to communicate the same thing to 
10 or more people. Before, I would have had to 
make a half dozen calls to do this, and still I 
couldn't be sure everyone got the message. 
Now I can take care of things with one phone 
call! - Dan Feldstein, President, Shopper's 
Advantage. 

• "I started using ibyphone to E-Mail in a 
pinch. Then it occurred to me that I could use 
it in the car to actually accomplish something 
useful during my commute. That means Jess 
time I have to spend on E-Mail in the office or 
when I get home. Plus, getting CC'd means I 
don't forget to follow-up. ibyphone is a great 
tool." Mitch Smith, President and CEO, On the 
Go Hosiery. 

"ibyphone adds control, convenience and 
power to the way people interact with one 
another," says Dave Guttman, co-founder and 
President of ibyphone and XACT TeleSolutions. 
"It allows customers to take advantage of a 
direct phone-to-E-Mail solution without a costly 
investment in high-tech devices that will be 
obsolete in a matter of months. With over 38 
million professionals already carrying cell 
phones, and over 40 million professionals 
sending an average of 30 E-Mails a day, iby
phone meets a critical and unmet need. 
Communication via E-Mail whenever and from 
wherever one chooses." 

Beyond its advantages as a completely 
mobile solution, ibyphone is affordable and 
accessible. XACT invites interested parties to 
try ibyphone free for a month. Thereafter, sub
scribers can select a usage plan from a range 
of packages designed to meet the require
ments of target customer groups, such as "The 
Entrepreneur" or ''The Road Warrior." Packages 
start at as little as $9.95 per month. 

From unrivaled simplicity, accuracy, and 
flexibility to complete control and mobility, the 
first generation of ibyphone is undoubtedly a 
missing link in mobile telecommunications. 
True pioneers in the person-to-person commu
nication industry, the ibyphone team has creat
ed the first complete and custom-designed 
solution to sending E-Mail. 

http://www.lbyphone.com · 212-813-1700 

ROSTRA OBSTACLE 
SENSING SYSTEM (ROSS) 

ostra Precision Controls, Inc., 
Laurinburg, North Carolina, a leading 
manufacturer of electronic controls, 

systems, and components for the original 
equipment manufacturing and after-market 
automotive industries, announced the release 
of its Rostra Obstacle Sensing System (ROSS), 
a state-of-the-art obstacle detection system 
designed specifically for sport utility vehicles, 
pick-up trucks, mini-vans, and passenger vehi
cles. 

The innovative ROSS design uses a 
microwave signal to detect obstacles in vehicle 
"blind spots" up to 12 feet away located either 
directly behind or to the side of the vehicle, 
protecting both the rear and corners. When an 
obstruction enters the sensor coverage area, a 
change in the frequency of the microwave sig
nals emitted by the sensor occurs. 

From this change, the sensor can deter
mine the distance to and speed of the obstacle. 
This information is then converted into a tri
color visual display (LED), as well as an audio 
alert for the driver. 

The ROSS technology is a major improve
ment over existing obstacle detection systems, 
because the sensor can be mounted out of 
view behind the vehicle bumper. Also, unlike 
obstruction detection systems currently on the 
market, the ROSS is not affected by adverse 
weather conditions such as snow, fog, hard 
rain, sleet, darkness, extreme heat, or bright 
sunlight, any of which can prevent obstacles 
from being detected in time to prevent an acci
dent. 

''The ROSS is an economical way to great
ly reduce and/or eliminate the risks and repair 
expenses associated with the low speed obsta
cle collisions that frequently occur while dri
ving in reverse gear," says Raymond Ford, 
President, Rostra Precision Controls. 

According to a recent Allstate Insurance 
Company survey, 27% of all automobile acci
dents occur while driving in reverse gear. 
These types of mishaps are surprisingly costly 
to repair. A 1999 study conducted on six differ
ent sport utility vehicles by the Insurance 
Institute for Highway Safety revealed that typi
cal repair bills for low-speed (five miles per 
hour}, reverse gear collisions between the vehi
cles and stationary objects can range from 
$3,000.00 to $6,000.00. 

The suggested retail price for the ROSS is 
less than $300.00 installed, which includes a 
three-year, 36,000-mile warranty. 

Easily mounted on both newer and older 
vehicle models, the ROSS comes with a univer
sal installation kit and can be installed in less 
than 30 minutes without drilling holes in the 
vehicle, unlike other obstacle sensors. Rostra 
Precision Controls plans to make the ROSS 
available through automotive retail outlets by 
early September 1999. · 

Rostra Precision Controls is an ISO 9001 
and QS 9000 certified manufacturer of auto
motive products and is the single largest sup
plier of cruise controls and transmission modu
lators and solenoids to the automotive after
market industry in the U.S. 

Rostra Precision Controls specializes in the 
areas of vehicle speed control systems, trans
mission components, and vehicle comfort seat
ing systems such as seat heaters, lumbar sup
ports, and the industry-leading technology of 
the 'Active Seat'. Rostra Precision Controls 
employs 185 individuals at its headquarters in 

Continued on page 86 
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VIDEO TRANSMITTER, ON SALE 
Incredibly only 0.98" x a.a· x 0.037" in size. lTansmlts 
crystal controlled hi-res. images with lOOmW output! The 
transmitter you've been waiting for. Shown actual size. 
Smaller than the 9V baltery which powers It. Draws only 
35mA! Factory tuned. Receive on cable channel 59. Will 

work with color or B&W cameras. UHF Bow tie ootenna with .balun and 3· F cable for 
TV Included. Perfect with our GMlOOOA. Both will fit in a cig. pack with baltery! 

SEPTEMBER SPECIAL TVX-100.$159. w ith GMlOOOA CAM •••• $209. 

ULTRA PRECISE, KENSINGTON LABS, XY S1'AGE. 
Model 8500-6X. 6"X6" of high 
performance travel. One of the 
best lineor stages available. 
Highly repeatable, ultra-precise. 
Precision ground surfaces resutt in 
unmatched laboratory-grade 
performance. Lineor glass scale. internally 
altached to the table. eliminates all drivetrain errors 
not measurable when an encoder is altached to the motor. 
System provides up to 0.025µm res. over 100 mm. Built from stress relieved 7075 
aluminum. Crossed-roller bearings for excellent stiffness. load capocity and lifetime. 
Combined with a very low friction preloaded leadscrew and DC servo motor drive 
provides 20.000 hour MTBF. 100 mm/sec maximum speed and >50kg load capacity. 
Size: 15"L x 9"W x 2.7 5"H Regular price> $4Kea. X&Y stage with motors. USED. Very 
good condition. SEPTEMBER SPECIAL, 8500-6, XY STAGE ••••••••• $1295 

IR SOURCE with 1,000,000CP ! Hand held, long range ' 
illuminator. One of the most powerful available. Quartz halogen spottlght 
combined with the best military, glass IR fitter. Because it's solid glass & not 
laminated plastic It can lake the heat. Includes a coiled cord.std. cig. lighter ,,. -> ·1 
plug. Operates from 12VOC. SEPTEMBER SPECIAL, IR-SPOT $99 "'-/ 

ARGON LASER POWER SUPPLY. 
INDUSTRY STANDARD, AMERICAN LASER 60X 
We were fortunate to obtain these unused and factory 
refurbished ALC 60X power supplies. Always in demand but 
hord lo find. They can power most Argon heads up lo 
12AMPS. We have no manuals at press lime. If you have a 
60X series head or similar this is the unit for you. llOVAC 
power. Rugged anodized aluminum. housing with Internal 
fan. Size: 8"x8"xll"L, 22 lbs. Dan1 miss out. Very ltd. Qty. 

ALC60X ••• $299ea. or 2 for $549 

NEWPORT TRANSLATION S1'AGES. 
also a few other goodies too! 

MODEL: DESCRIPTION: EACH 
270 LAB JACK $249 
RSA-2T 360 deg. Rotary Stage $129 

with aeor Aperture. 
625A-4 Laser Holder $149 
481A Rotary Stage $189 
M36 Translation Stage $249 
460A-XY X-Y Translation Stage $189 
M37 3 Axis Trans. Stage $2 89 
415 Vertical Trans. Stage $129 
M360- 90 Mnttng. Plate 90deg. $29 
M436 Translation Stage $199 
Ml SO Magnetic Mtg. Base $129 
420 Linear Trans. Stage $119 
HP10703A INTERFEROMETER $129 
HP10702A INTERFEROMETER $129 
HP10780A RECEIVER $199 
RUCKER & KOLLS 222 X-Y-Z M ICRO POSIT. s 50 

10V ti 2.5 AH SEALED, LEAD ACID, lltlCK Each pack consists 
of five, 2 Volt cells. Each cell the size of a ·o· boltery. IJlll ... ~!'I""~ 
Arrainged as 1X5 cells. Enclosed in an ABS outer 
shell. !removed far photo) Perfect for high drain 
applications. Make custom packs of any rating. 
Size: 7.5"L x 2.8"H x 1.5"0 5-five packs for $20, 

NEW GM182, 580 LINE, CCD CAMERA, 
1/3" CCO, 580 lines Res .. 0.1 Lux sens .. ACX., Auto Shutter. Pwr. 
12VDC@120mA, 3.6mm. 71' FOY. Real glass lens. Focus from , , 
lOmm to infinity. Standard NTSC video out. 112 once! SENSITIVE lo IR. t 
Size: l.7"sq. x l"d. with 6" leads. Superior quality for demanding 
applications. GM182, w ith AC power adapter. 

SEPTEMBER SPECIAL ••••• ••• $1 69ea. 

MICRO CAMERA, with MIRROR IMAGE 
Perteet for "rear view." 1/3" CCO, with 266K Pixels. 410 lines Res., 
0.3 Lux sens. ACX. and Auto/Man Shutter. Low Power 12VOC 
@lOOrnA 3.6mm. 92' FOV. focus from lOmm lo infinity. A real 
glass Jens! WHY BUY DISCONTINUED OR SURPLUS? New first 
quality Standard NTSC video out. 112 once• IR SENSITIVE! 

GM251 , with AC power adapter ••.•• $69ea. 

ULTRA MINI and WEATHERPROOF, "LIPSTICK" C~ 
Sleek black anodized. olum. housing, 0-Ring sealed & 
RAINPROOF. Adj. lilting mount. 1/3" CCO. 380 lines. 0.3 Lux. 
ACX.. Auto Shulter. 9-12VOC @lOOmA, 4mm, 11.8. 78° FOV real 
glass lens. NTSC video. <Jounce! IR SENSITIVE. 23mmdX50mm. 
36" cable with BNC video & DC borrel jock. 

PINHOlE Model. So tiny you can install it directty info a claor. 
Only a 0.9" diameter hole! Specs as above. 90' FOV Pinhole 
lens. 112 once! Size only 23mm d.x35mm long. Think of the 
places you CO'Jld put this little jewel. 
GM-200K-STD •••. $99 OR GM-200K-PH lens •••. $99 

NOW YOU CAN SEE WHAT THE "FISHES ARE DOIN' (down 60 h.) 
. UNDERWATER B&W CAMERA with 

INTERNAL, INFRA-RED ILLUM INATOR! 
Sleek black anodized, BRASS, housing. 0-Ring sealed & 
WATERPROOF. Adjuslabe mount incl. Specs: 1/3" CCD, 400 
Lines res .• 0.05 Lux sensitivity, ACX.. Auto Shutter. 12VOC 
@225mA. 4mm. 78° FOV lens. A real glass lens. NTSC 

video out. Superior construction. SENSITIVE lo IR. Ultra small Size only: 1.25"diam. X 2" 
long. With 60 ft. cable. Great for general outdoor use also. GM-300KIR ....... $199 

DAYLIGHT/ LOW LIGHT MINI CAM & Al l LENS, For dawn 'till dusk 
applications. Rugged alum. housing, dual mtg. sockets. 1/3" CCD, 
420 lines res .. 0.1 Lux sens .. ACX.. 12VOC@120mA. Take full 
advantage of camera sensitivity with super, 4mm, 11.4. 78° FOV 
Auto Iris lens included. BNC video out. 50mm sq. X 65mml. Power 
adapter included. GM-SlOA/1. • .$199 or 2/$369 

NEW! 0.0081ux, COLOR NIGHT VISION CAMERA! . 
UNBEL/ElltBLE LOW LIGHT PERFORMANCE. 

Our GMV-2K, DOES it in COLOR TOO! 
, _.,.,....~7"';.;=--- For covert, military and 

scientffic applications that 
must be color. this is It. 
Performance is enhanced 
through low speed electronic 
shuttering and digitol frame 

memory. With an auto iris lens, 24 hour monforing is possible. Auto 
sensitivity mode starts as it becomes dork. Eight Gain/Shutter modes ore 
user selectable. Normal, X4, X8, Xl6, X24, X32, X64, Xl28. These provide 
frame rotes of 60, 15, 8, 4. 3, 2. l , and 0.5 frames per second. Auto/ 
Manual white balance. Aluminum housing with dual l/4x20 mounts. 
Specs: 1/3" CCO, with 291K pixels, 320 Lines, <l Lux std. mode sens .. 
12VDC @200mA, Std. video out on BNC. Size: 54mmx50mmx94mm long. 
With pwr. adapter. All functions can be externally controlled via an 8 pin 
mini DIN. Uses std. c-mount lens not included. 

Special Item, GMV2K •••••• .$589ea. 
4mm, fl.4 A/I lens with custom cable ••••••.• .$119ea. 

SEPTEMBER SPECIAL, PRICE BUSTER DEAL •.•.••• 
NEW, SHARP, YH-7B50, COLOR, CCD CAMERA. 

Now available for a 
fraction of Its' original 
price. Great looking 
styling. Camera has a 
very stable, manually 
adjustable pan and tilit 
base. Base is 
removable for tripod 
mounting via standard 
114-20 mount on 
boltom. Front panel LED 
power indicator. 
Excellent video 
performance packaged 
in a sturdy 2.7"W x 1.4"H x 5.8"L, 11 oz. package. Simply connect camera to 
any "Video Input." RCA cable supplied. Camera has 5.6mm lens with fixed 
focus from 18" to infnity. No adjustment required• Power is 6VOC from 
power adapter also included. 1/3" CCD, 300lines resolution 25% belter 
than standard VHS! Auto white balance. Perfect fro any general purpose 
video application. Brand new. in origina l sealed boxes. 

Don't miss out on this super special deal. 
YH-7B50 COLOR CAMERA ••• $59ea. Super deal 2 for $99 

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 
Resolution, Sensitivity 0.3 Lux. The 
GM410 specs: size only 1.5" SQ. x l.6"l 
>270,000 Pixels. 410 lines Res .• Sens. 
0.05 WX.. Bath cameras ore 1/3" CCO 
with ACX. & Electronic shUlter. 12V 
@llOmA power. NTSC out. IR SENSITIVE. 
BNC video out. Both use std. DC pwr. 

..... ,--
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jack. Aluminum housings with dual lhreoded top and bottom mounting. lTue 

performance not hype! These 
cameras will outperform ANY 
camera in this magazine. Multi-

. lens options are available to exploit 
their superior performance.GM412 
shown bottom. GM410 shown top. 

GM412, less lens •• $119, 
GM410, less lens • .$169 

low cost MICRO CAMERA, w/audio 113· 
CCD. 410 Lines Res .. 0.3 Lux sens., AGC, Auto Shutter. 
Pwr. from 9 to 12VDC @lOOmA, 250k PIXELS. Std. 
model, 4mm, 78' FOV lens, Pinhole, 90' FOV. A real 
glass lens. Bath focus from lOmm to infinity. Std. NTSC 
video out. 112 ounce! SENSITIVE to IR. Size Sid: 
l.25"sq. x l"d. PH is 0.6"d, l .6M long wiring horness 
with connectors included. WARNING: Don't confuse 
these models with LOW RESOLUTION, HIGH LUX C-MOS CAMERAS. 

GM-1 OOOA-STD ••.•.• $59 GM-1 OOOA-STD/ Aud ••••• $64 
GM- lOOOA-PH •••.•••• $59 GM- 1 OOOA-PH/ Aud ••••••• $64 
GM-1 OOOA-CMNT •• $59 GM-1 OOOA-CMNT I Aud.$64 

Micro Lenses for GM1000 series 
2.Smm, 150-••••••••••••• $22 8.0mm, f2.0 ••••••••••••• $22 
4.3mm, 78• fl .8 •••••••• $22 12.0mm, f2.0 ••••••••••• $22 
6.0mm, f2.0 ••. .•••••.•..• $22 Smm, 70°PH •••••••••••• $22 

C-MOUNT LENSES 
LOW LIGHT 

16mm, fl .6, 15° FOV ·-·-·.$39 
Smm, fl .3, 40" FOV ·-···-.$49 
4mm, fl .4, 78"FOV ·- -·-.$49 

STANDARD 
4mm, 80° FOV •••••••• $24 
Smm, 40° FOV ••••••• .$24 
12mm, 28" FOV ---..$24 

Write In 98 on Reader Service Card. 

MINIATURE and, PRECISE, 
PORTESCAP, SWISS, GEARMOTOR. 

Slate of the art "ironless" type. mini motor type Mll-
210-54--0 with approx: 40:1 gearbox. Size: 16mm d. x 
43mm L Operating parameters: @6VOC input. BmA. 
141RPM No Load, @ 12VOC input, 12mA 290RPM No Load 

PORTESCAP, TYPE B: $15ea. 2 for $27, Special.. .. 10 for $125 

POR1'ABLE, PERIMETER, PROTECTION 
PPS-15V, SURVEILLANCE RADAR SYSTEM! 

Up to 3000 Meter range. Provides 
audible indication of objects w / olorm. 

, Control panel with LED d isplay of 
battery. signal strength, range and 
azimuth. Con be operated remotely via 

< supplied coble and detachable control 
panel. 12VDC or 28VDC powered. 
Includes heavy duty, milita ry. aluminum 

.... ~~'-.; transit case. headphones. battery and 
tripod. Only 14 lbs. Latest flat antenna 
design. Motorized sweep. 

SEPTEMBER SPECIAL ••••••••• .$1295 

Smoke Det., Motion Det., Clock or Dome Camera, Special...$79ea. 
Exit Sign, Special... • .$99ea. Please add $10 for audio. (any model) 

6Vtl12AH SEALED, RECHARGEABLE, BATTERY 
New Panasonic, LCR6Vl2PI. Tough to gel at a discount. Very 
compact. Two lop mounted 1/4".faston connectors. Perfect for 
high drain projects. Size: 5.9"Lx 3.7"H x 1.9"0 

2 for $20, 10 for $89 

• 

MOTORIZED 10X ZOOM, 
SURVEILLANCE LENS 

New, llmm to llOmm, 11.8, C-Mount. Fulinon, 
industrial quality optics paired with precision 
drive enable smoooth remote operation of 
FOCUS, ZOOM ond IRIS. Unit is open frame, 
black anodized alum. structure supports the 
sophisticated drive. Two models: Mod ZS 

std. or Mod ZlO hos HP optical encoders for position feedback l128pprl 
on zoom & focus Edmunds sells the lens w/o drive for $869ea. 
Motorized unit sells for >$2000. Very limited qudntity. 

Model Z5 ••••• .$349ea. Model Z10 .••••• $399ea. 
New ZOOM LENS CONTROLLER ............... . $169ea. 

NEW! 4 or 8 CHANNEL, VIDEO AUTO SWITCHERS 
Model GM34 or GM38. Connect to any ~' ; _ .~ ' 
four standard video signals and they will ~ 4 . :.\•I/ 
be sequentially output to the dual rear ·. · - .. ,.- - ....... _ 
panel BNC outputs. Front panel user adjustable, variable dwell 1to15 
sec per channel. Auto or manual switching with channel bypass. 
Compact only 8.6"W x 3.7" D x 1.75" H, ac powered. Video loop through. 

GM-34 ••••••• $79, GM-38 ••••••• $99 

WEATHER RESIS1'ANT Camera Enclosure, 
Solid, extruded aircraft aluminum. Glass window. 
Strain reliefs for cables. Size: 3.5"w x 3.7"h xl4"L. 

Special.$59ea. w / 11 OV heater •• $69ea. 
Heavy Duty Alum. Adj. Mount •••• $29ea. 

MOTORIZED ZOOM LENS SPECIAL 
6X magnification, 12X on a 113" camera! Auto iris too! 

New, fabulous hi-res. optics with std. C-Mount. Superior Fujinon and Vicon 
lenses. Normally cost from $600 to $1500. There is no substitute for a 
good lens! All drive motors will operate from 6-12VDC. Auto Iris has a 
built in amp which works with any cameras video output for control. 

Type B-6, 12.5 to 75mm, 6X, fl .2 ....... $179 or 2 for $349 
ZOOM LENS CONTROLLER, NEW ....... $169 

Brand New, Video Motion Sensor. Model VMlO. Attach lo any standard video 
signal and you've got an electronic 
·watchman· diligentty watching the 
entire scene. Or any adjustable sized 
orea within the scene. Such as a 
doorway or even a drawer or cabinet. 

A state of the art security aid . The unit will close a contact when it senses a change. Use 
it to turn on a VCR or call the hounds. Auto or manual reset. Compact, ac powered. 
Adjustable sensitivity. Video loop through. NEW, VM10 ••••• .$189ea. 

NEW, 2.4GHz VIDEO+ STEREO AUDIO TRANSMITTER 
with SONY, CCM-PC5 COLOR CAMERA . 

...... ---···· Originally sold for $500! Now available for a 
fraction of that price. Groot looking styling. 

! Camera has a very stable. adjustable tililing 
F<lil base. front panel LED pwr. indicator and 
!4 sensitive built in electret mic. providing excellent 

'>ii audio and video performance from one 
compact package. Simply connect camera ta 
the completely se~ contained 2.4GHz 

-·-· lransmilter. All cables supplied. You can 
transmit up lo 700 feet cleor line of sight! Companion matching receiver works with any 
TV or VCR. Internal patch antennas. 
Camera has adjustable focus 6mm 
lens.11" lo infnity, macro capablel Aul< 
power off when the privacy shulter is 
closed. Power is 7-13VDC. tall pwr. 
adapters and cables included! 1/3" 
CCD. 330lines res. 35% belter than 
standard VHS! Can als be used lo 
transmit VCR oputput to another TV fo, 
remote viE!'Ning. 

SPECIAL, 2.4GHz SONY-ASTROVIEW •••• $189ea. or 2 for $339 
addtl. 2.4GHz TRANSMITIER/RCVR. less Camera •• .$129ea. 
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CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
CANADA - ONTARIO - CARP - Hamfest. Ottawa 
ARC, Jim Cummings VE3XJ, 613-446-1225. 
E-Mail: fleamarket@oarc.net 
Web: http://oarc.net/ fleamarket 
NM - ALAMOGORDO - Hamfest. Otero County 
Fairgrounds, US 54 & Fairgrounds Rd. VEC test
ing. Alamogordo ARC, Larry Moore WA5UNO, 
505-437-0145 
PA - UNIONTOWN - Hamfest. Uniontown ARC, 
Carl Chuprinko WA3HQK, 304-594-3779 

NC - SHELBY - Hamfest. Shelby ARC. John 
Ledford N4GOQ, 704-482-4507. 
E-Mail: n4goq@shelby.net 
Web: http://www.shelby.net/n4fan 

AR - MENA - Hamfest. Queen Wilhelmina 
Hamfest Assn., Charlotte Lee KC5DOR, E-Mail: 
blee@ipa.net. Ray Lively W5DLC, 903-764-5599, 
E-Mail: raysoft@intrastar.net 
Web: http://qwha.intrastar.net 

C1he Eve.nts C~lendar is a free service for publidzing electronic events such as 
.U amateur radio hamf~sts, flea r:ia~kets, etc. If your organization is sponsor
ing an event and would hke a free listing, contact us at least 60 days in advance. 
Include your flyer, estimated attendance, name of the person to contact, and 
phone number. 

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

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

NJ - PISCATAWAY - Ham & Electronics Auction. 
North Stelton Firehouse, Haines Ave. E of Stelton 
Rd. 6pm. Piscataway ARC, Marty 732-396-1836 
(before 9pm) 

COMPOTER sliows 
AGJ Shows, 317-299-8827. 
E-Mail: info@a~ishows.<:ol'Ji\ 
http://www.ag1shows.com 

Blue Star Productions 

Gibralta~ Trade Cen~~. l~c. 
810-465-6440. ML Clemens, ML 

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

AR - MOUNTAIN HOME - Hamfest. Twin Lakes 
ARC, Miles Waldron N5QMI, 870-492-4466. E
Mail: mpwaldron@centuryinter.net 
AZ - KINGMAN - Hamfest. Hualapai ARC, Ron 
Miller KK6BM, 520-757-3770. E-Mail: rmiller@kin 
gman.com Web: http://www.qsl.net/ harc-az 

FL - LAKE CITY - Hamfest. American Legion 
Hall, 4306 S. Hwy. 41. Fri: 4-9pm, Sat: 8am-5pm. 
Columbia ARS, Colin Boutwell WA5RKR, 904-755-
7969 or 1-800-752-7969, E-Mail: 
wa5rkr@isgroup.net. Joe Aymond WD4EOJ, 904-
935-2405 after 5pm, E-Mail: wd4eoj@isgroup.net 

612-788-1901. ' 
http:/ /www.supercomputersale.com ; ,MarketPro, Inc., 201-825-2229. 

http:/ /www.marketprq.com 

CA - FONTANA - Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-822-4138 eves 
DE - DOVER - Hamfest. Kent County ARC, Larry 
Roll K3LT, 302-678-4841. E-Mail: yodoc@aol.com 
or k31t@magpage.com 
IN - SPENCER - Hamfest. Owen County ARA, 
Kathryn Smith K91NU, 812-829-2140 
ME - WINDSOR - Hamfest. Fairgrounds. AARA, 
Frank NllTR, 207-623-9217 
MN - RUSH CITY - Hamfest. East Central MN 
ARC, Larry Jilek KAOMEN, 320-358-4205 
MO - COLUMBIA - Hamfest. Good Time Country, 
5551 S. Hwy. 63. 8am-2pm. VE Exams. Central 
Missouri Radio Assn., Nathan Odle KBONNV, 573-
474-9247. E-Mail: nathano@odle-associates.com 
Web: http://www.qsl.net/- cmra 
NY - BALLSTON SPA - Hamfest. County 
Fairgrounds. 7am-3pm. VEC Exams. Talk-in: 
WA2UMX 146.40/147.00 & 147.84/147.24. 
Saratoga County RACES Assn., Darlene Lake 
N2XQG, 518-587-2385 E-Mail: lake@capital.net 
PA - ERIE - Hamfest. Franklin Twp. Firehall . VE 
Exams, 9am, Franklin Center Methodist Church, 
Rt. g8. Talk-in: 146.01/61. Radio Assn. of Erie, Dr. 
Tom McClain N3HPR, 814-833-1640. 
E-Mail: TEM@ERIE.NET 
Web: http://www.erie.net/- n3ntj/hamfest.htm 
WA - PUYALLUP - Tacoma Electronics 
Fleamarket. (Pierce County Fairgrounds). Frontier 
Park, 21718 Meridian Ave. E. 9am-3pm. Talk-in: 
147.38+ PL 103.5, simplex 146.58. RCT, Roger 
253-475-4293. E-Mail: rtwig@worldnet.att.net 
Web: www.mashell.com/-roblee/rct.htm 

FL - MELBOURNE - Hamfest. Auditorium. 
Platinum Coast ARC, Tim Madden Kl4TG, 407-
724-9339. E-Mail : ki4tg@msn.com 
KY - LOUISVILLE - ARRL KY State Convention. 
Bullit County Fairgrounds, 1-65 (South 25 min.). 
Greater Louisville Hamfest Assn., Herbert Rowe 
W4WQD. 812-282-7007 or 812-948-0037 (com
mercial) , 502-935-7197 or 606-284-9090 
(FleaMkt/TailGate) E-Mail: wd4ixl@juno.com 
Web: http://www.thepoint.net/-glha/ 
· ·-~:)tWfo.W.WK 

DE - FELTON - Hamfest. Kent County ARC, Larry 
Roll K3LT, 302-678-4841. 
E-Mail: W3HZW@hotmail.com 
IL - JOLIET - Hamfest. Bolingbrook ARS, Marti 
Barton KA9ZJJ, 815-436-0559. 
E-Mail: mkbarton@flash .net 
MA - SOUTH DARTMOUTH - Hamfest. At club. 

AR - LITTLE ROCK - Hamfest. CAREN, Scott 
Derden K5SCD, 501-834-1881 
E-Mail: sderden@flash.net 
Web: http://carenclub.webjump.com 
CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
IL - ROLLING MEADOWS - W9DXCC 
Convention. Northern Illinois DX Assn., Bill Smith 
W9VA, 847-945-1564 E-Mail: w9va@aol.com 
Web: http://www.qth.com/w9dxcc 
KY - CAVE CITY - Hamfest. Convention Center. 
VE Exams. The Southern KY DX Assn., Larry 
Brumett KN41V, 502-651-2363. E-Mail: 
lbrumett@glasgow-ky.com Web: http://www.geoc 
ities.com/CapitolHill/5421 
MA - MARSHFIELD - Hamfest. Fairgrounds, Rt. 
3A. Genesis ARS, Lou NlWNT, 781-837-6651. 
E-Mail: n 1 wnt@mediaone.net 
Web: http://home.ici.net/- marsfair/marsfair.html 
ME - LINCOLN - Hamfest. Burr School. VE test
ing. Bagley ARC, Sylvia NlJNR, 207-732-5185. 
Ml - GRAND RAPIDS - Hamfest. Grand Rapids 
ARA, Ed Novakowski N8UXN, 616-458-9029. 
E-Mail: barbv@voyager.net 
Web: http://www.w8dc.org 
Ml - MT. CLEMENS - Hamfest. L'Anse Creuse 
ARC, John Slobodnik N8NXW, 810-791-4484 or 
810-757-8192 Ext. 151, E-Mail: irish12@juno.com 
Betty McGinn N8SIH, 810-791-4484, 
E-Mail: boops@juno.com 
Web: http:// www.flash.net/-lcarc/ 
NY • HAMBURG • Western NY ARRL Section 
Convention. Harold Smith K2HC, 716-424-7184 
E-Mail: info@buffalohamfest.org 
Web: http:// www.buffalohamfest.org 
NY - MARGARETVILLE - Hamfest. Margaretville 
ARC, Harold Murken NQ2Y, 914-586-3893. 
E-Mail: bourke@catskill.net 
PA - SCHNECKSVILLE - Hamfest. Fire Dept. on 
PA Rt. 309. Talk-in: 146.70 (PL 151.4)/ R, 444.90 
(PL 151.4)/ R. DLARC, William Goodman K3ANS 
610-258-5063. E-Mail: aa3ix@arrl.net Web: ' 
http://www.kutztown.edu/ faculty / chuk/ dlarc/ 
RI - FORESTDALE - Flea Market and Auction. 
VFW, Rt. 146. Rhode Island Amateur FM Repeater 
Service, Rick Fairweather KlKYI , 401-725-7507. 
E-Mail: klkyi@juno.com 
TX - WEBSTER - Hamfest. Clear Lake ARC, Bob 
Bieker! KA5GLX, 281-488-2913 E-Mail : 
ka5glx@clarc.org Web: http://www.clarc.org 

SE MA ARA, Bill KllBR, 508-996-2969 IL - PEORIA - Hamfest. Peoria Area ARC, Jim 
OH - FINDLAY - Hamfest. Hancock County Williams N9HHU, 309-692-3378. Fax: 309-698-
Fairgrounds. Talk-in: 147.15+, 444.15. Findlay RC, 8643.E-Mail:jimeoc@worldnet.att.net or 
Bill Kelsey N8ET, 419-423-4604. jimn9hhu@juno.com Web: http:// www.w9uvi.org 
E-Mail: kanga@bright.net TX - EL PASO - International Hamfiesta. Craig 
Web: http://www.bright.net/-kanga/ w8ft/ Lyles KC7UXM, 915-821-7501 
PA - BUTLER· Hamfest. Butler County ARA, VA - VIRGINIA BEACH - Hamfest and VA State 
Gerald Wetzel W3DMB, 724-282-6777. ARRL Convention. Pavilion. Sat: 9am-5pm, Sun: 
E-Mail: w3dmb@aol.comWeb:http://www.naut 9am-4pm. Talk~n : 146.970. Manny Steiner 
icom.net/www/cliff/hamfest.html K4DOR, 757-HAM-FEST. E-Mail: 
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Cbmputers And You, 734-283-1754. 
www.a1-supercomputersales.com 

Computer Central Shows 
847-412~1900 &1"888-296-6066. 
E-Mail: compcent@megsinetnet · 

... www.computercentralshows.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 
georgiamoun~ain.corp 

Glbr.-ltar Trade Center, Inc. 
734-287·2oqQ. Taylor, Ml. 

HAMFEST@EXIS.NET or Lewis B. Steingold 
W4BLO, 757-486-3800 
Web: WWW.VAHAMFEST.COM 

CT - NEWTOWN - Hamfest. Edmond Town Hall, 
Rt. 6. 9am-2pm. Talk-in: 146.67. Candlewood 
ARA, Jeff Cantor WB3DLG, 203-798-6860. 
E-Mail: wb3dlg@earthlink.net 
Web: http:/ / www.danbury.lib.ct.us/org/cara/ 
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 - ADRIAN - Hamfest. Lenawee County 
Fairgrounds. VE Exams. Adrian ARC, Brian 
Sarkisian KG8CO, 517-265-1537. E-Mail: 
kg8co@lni.net Web: http://www.lni.net/-w8tqe 
NJ - TRENTON - Hamfest. Tall Cedars of 
Lebanon picnic grove, Sawmill Rd. Talk-in: 
146.67-. Delaware Valley Radio Assn., Darryl 
Foyuth N2JVP, 609-882-2240. 
E-Mail: n2jvp@amsat.org 
Web: www.slac.com/ w2zq 
NY - BETHPAGE - Long Island Hamfair. 
Briarcliffe College, 1055 Stewart Ave. 8:30am-
1 pm. VE Exams. Talk-in: W2VL 146.85 repeater 
(136.5PL). Long Island Mobile ARC, Rich N2WJL, 
516-520-93 11. E-Mail : hamfest@limarc.org 
Web: http://www.limarc.org 
OH - CINCINNATI - Hamfest. Kolping Center. 
8am-4pm. Greater Cincinnati ARA, Jim Weaver 
K8JE, 513-825-2868. E-Mail: JimWeaver@aol.com 
Tom Denham K8VOE, 513-779-3951. 
E-Mail: tdenham@eos.net 
PA - YORK - Hamfest. York County Area 
Vocational Technical School , Queen St. (Exit 6E 
off 1-83). 8am-3pm. York Hamfest, 717-764-8193 
(ph/ fax) . E-Mail: W3SST@juno.com 
Web: http://www.yorkhamfest.org 

Ml - FLINT - State Convention. University of Ml
Flint Riverfront Campus. Tuscola County ARA & 
Bay Area ARA, Val Rose N8EXV, 810-607-7732. 

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

Narisaam 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 

E-Mail: n8exv@yahoo.com 

AL - MOBILE - Hamfest. Mobile ARC, Tommy 
Thompson KC40LV, 334-653-9239 or 334-431-
2019. E-Mail: kc4olv@zebra.net 
Web: http://www.angelfire.com/al/marc3/ 
FL - DAYTONA BEACH· Hamfest. Embry Riddle 
Aeronautical University Campus, Clyde Morris 
Blvd. 9am-5pm. ARRLExams. Talk-in: 147.150 
+600. DBARA, E-Mail: munseyj@mindspring.com 
Web: http://www.america.com/- dbara/ or http:// 
www.db.erau.edu/campus/student/ club/ erara 
NJ - MT. HOLLY - Hamfest. Mt. Holly Armory, Rt. 
38. 7am-2pm. South Jersey Radio Assn. Joseph 
Cramer N2XYZ, 609-268-2135. 
E-Mail: n2xyz@sjra.org Web: http://www.sjra.org 
NY • HORSEHEADS • Hamfest. Chemung 
County Fairgrounds. 6am-3pm. FCC Exams. Talk
in: 147.96/ 36, 444.20. ARAST, Dave Lewis, 607-
589-7495. E-Mail: info@arast.org 
hamfest@arast.org or winterfest@arast.org 
WA - WALLA WALLA - Hamfest. Walla Walla 
Valley ARC, Jack Babbitt, Sr. WA5ZAY, 509-525-
7003. E-Mail : wa5zay@valint.net 

l;;ji®F#1filqP•Ut't1Mw!illwftvS 
AK - ANCHORAGE - State Convention. 
Anchorage ARC, Rick Marvin KL7YF, 907-277-
6741. E-Mail: rlment@alaska.net 
IL - GRAYSLAKE - Radio Expo '99. Lake County 
Fairgrounds, Rts. 45 & 120. Sat: 8am-4pm, Sun: 
8am-3pm. VEC Testing. Talk-in: 146.16/ 76 MHz 
(107.2 Hz PL). Chicago FM Club, Mike Brost 
WA9FTS, 708-457-0966 (Voice Mail/ Fax). 
Web: http://www.chicagofmclub.org 
NH - LANCASTER - Hamfest. Lancaster 
Fairgrounds, Rt. 3 North. 9am. VE Exams. Talk-in: 
145.430 & 145.150 & 147.315. Moose Swappers, 
Russ Boyce NlYZE, 603-922-5514. 
E-Mail: cusvt@together.net 

CA - SANTA ANA - Swapmeet. ACP parking lot. 
Mary Russo 714-558-8813 
CO - LONGMONT - Hamfest. Boulder ARC, 
Randy Cassingham KORCC, 303-664-5366. -



E-Mail: arcie@thislstrue.com 
Web: http://www.thisistrue.comfbarc.html 
fl. · l"IEW PORT RICHEY • Harnfest. Recreational 
Center. 9am-3:30pm. Talk-in: 145.35 f, 147.15. 
SARC, Mike Whitmore WB80NY, 727-934-0226 
JlllA • l'RAMll'tOHAJlll • Hamfest. High School. 
FARA, Bev N1LOO, 508{i26-2012 
JlllD ·BOWIE • FARFEST '99. Prince George's 
Stadium, Rt 301 , 1/4 ml S of Rt. 50. 6am (tail
gate). VE Exams. Talk-in: 147.075 f, 146.52. 
Foundation for Amateur Radio, Al Brown KZ3AB, 
3014~3166, Mary Morris N4TCI, 703-971-3905. 
E-Mlllt Al Brown@tx.netcom.com 
E-Mail: amateur radio@hotmall.com 
Web: http://www.amateurradio-far.org 
l'IC • B<rll'll!R • Hamfest. Falls Lake ARC, Wiley 
Ayscue N4NCK, E-Mail: n4nck@bellsouth.net 
http://www.angelfire.com/nc/n4nck/flarc.html 
l'IY • YOl'IKERS • Flea Markel 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 156.7. Metro 70cm Network, 
Otto Supliskl WB2SLQ, 914-969-1053 
OH • BEREA • Hamfest. Cuyahoga County 
Fairgrounds. 6am-2pm. VE Exams. Talk-in: 
146.73- PLl 10.9. Hamfest Assn. of Cleveland, Ron 
Nichols N6LZA, 1.aoo.<:LE..fEST or 216-999-
7366. E-Mail: lnfo@hac.org 
Web: http://www.hac.org 
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WI • RACll'IE • Auction. Racine Megacycle Club, 
Dennis Doonan W9DAD, 414-552-6RMC. 
E-Mlllt w9dad@anl.net 
Web: http://www2.wi.net/-hamradio/auctlon.html 

AR • SPRil'IGDAU! • Hamfest. Northwest AR 
ARC, Clarence Morrow KC5llEW, 501-631-9231 

CA • LOl'IG BEACH • ARRL Southwestern 
Division Convention. Nate Brightman K60SC, 
562427-5123. 

AK • FAIRBAl"IKS • Hamfest. Arctic ARC, Fred 
Brown KL7CUS, 907452-3452. E-Mail: 
lbrown@mosquitonet.com. Jim Movius KL7EGO, 
907452-6347. E-Mail: ajmovius@gci.net 
Web: http://www.aarc.llllf.edu 
CA • SAl'ITI!E • ARC of El Cajon Ham, Computer 
f, Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
FL • JlllAlJLAftD • Hamfest. Bahia Shrine AR 
Unit, Cecil Morehouse K4KEN, 407-281 -9169 
MO· WARREl'ISB<IRG • Hamfest. Warrensburg 
Area ARC, Keith Haye WEOO, 616-697-3426. 
E-Mail: weOg@mlcrolink.net 
lU • LEOl'IARDO • Hamfest '99. Croydon Hall, 
Leonardville Rd. east of Hosford Ave. 6am. VE 
Exams. Talk-in: 145.465 (-1. Middletown Township 
OEM f, Garden State ARA, Mario Sellitti N2PVP, 
732-767-7164. E-Mail: gsara@monmouth.com 
Web: http://www.monmouth.com/-gsara 
l'IY • SYRACCISE • Hamfest. Pompey Hills F1re 
Dept., off Rt 20. 6am-2pm. Talk-in: 147.90/30. 
RAGS, Vivian Douglas WA2PUU, 315469-0590. 
E-Mail: ragsonline@hotmail .com 
Web: www.pagesz.net/-rags 
PA • LEWISB<IRG • Computer, Amateur Radio f, 
Electronics Show f, Flea Market. Silver Moon 
Antique f, Flea Market Show Area. Rt. 15, 2.3 1111 
N of Rt. 45. 9am4pm. Talk-in: 147.270 Repeater 
f, 146.52 simplex. Susquehanna Valley ARC, 
George Machesic 570.286-2066. E-Mail: 
gpmac@netscape.net, Dave Welker k3si@hot 
mail.com Web: http://loveland.dynlp.com/svarc 
SC· ROCK HR.I.· Hamfest. York County ARS, 
Haney Howell K2XN, 603-323-4534. 
Web: http://www.ycars.org 
TX • BELTOl'I • Hamfest. Bell County Expo 
Center. Temple ARC, Mike LeFan WA5EQQ, 254-
773-3590. E-Mail: hamexpo@tarc.org 
Web: www.tarc.org 

~Qiiii===:::i 
IA • WEST LIBERTY • Hamfest. Iowa City f, 
Muscatine ARCs, Bruce Dagel WBOGAG, E-Mail: 
wbOgag@excite.comWeb: http://www.netins.ne 
t/showcase/mrc/pictures/hamfl.jp 
l'IY. Q<JEENS • Hamfest. Hall of Science parklng 
lot, Flushing Meadow Park Corona, 47-01 11 lth 
St. 9am-3pm. Talk-in: 444.200 repeat, PL 136.5, 
146.52 simplex. Hall of Science ARC, Stephen 
Greenbaum WB2KDG, 71S-898-5599. 
E-Mail: WB2KDG@Bigfoot.com 
PA • WRIGHTSTOWN • Hamfest. Middletown 
Grange Fairgrounds, Penns Park Rd. Talk-in: 
146.52 simplex. Mt. AJry VHF RC, Mark Schreiner 
NK6Q, 610-647-2285, E-Mail: nk6q@amsat.org. 
Bob Minch N3XEM, 215-822-0779, 
E-Mail: raminch@bellatlantic.net 
Web: http://www.ij.net/packrats/l 

FL • STARKE • Hamfest. Bradford County 
Fairgrounds, US 301 N. Fri: 2pm-8pm, Sat: 6am-
4pm. Talk-in: 145.150-. Bradford Area ARC, Walt 
Terrell 904-7554964 or Tony Spatafore 904-964-
9326. E-Mail: wb2fgl@techcomm.net 
Web: www.angelfire.com/fl/arcba/lndex.html 
l'IH • ROCHESTER • Hamfest. Fairgrounds. Hoss 
Traders, Joe Demaso K1RQG, 207469-3492. 
E-Mail: k 1 rqg@aol.com 
Web: http://www.qsl.net/k 1 rqg/ 

CA • BAKERSFIELD • Hamfest. Bakersfield ARA, 
Robert Gerner Jr. KB6JFL, 661-568-7065. 

E-Mail: w6bar@hotmail.com Web: 
http://rnembers.tripod.com/-w6barfbara.html 

CA • SAN DIEGO • 17th Space Symposium f, 
AMSAT-NA Meeting. Duane Naugle K06BT, 619-
273-4066. E-Mail: ko6bt@amsat.org 
Web: http://www.amsat.org 

CA· FOl'UAl'IA • Inland Empire ARC Amateur 
Radio f, Electronics Swapmeet. A B Miller High 
School. Bill 909-8224136 eves 
GA· AQG<ISTA • Hamfest. ARC of Augusta, 
Terry Brown KE4MHN, 706-796-1126. E-Mali: 
cookie4u@cheerful.com Henry Arostegui KN4AV, 
706-793-1625, E-Mail: kn4av@bellsouth.net Web: 
http://www.gabn.net/kd4ahqweather/arca.html 

WA • BREMERTOl'I • Harnfest. President's Hall, 
Kitsap County Fairgrounds. License Exams IOam. 
Talk-in: WW7RA repeater 146.620., tone 103.5, 
simplex 146.520. North Kitsap ARC, Marcie 
Stilwell, 360-697-2797. E-Mail: nkarc@yahoo.com 
Web: http://www.silverlink.net/nkarc 

'/~ 

FL· TAMPA· Hamfest. 4050 Dana Shore Dr. Sat 
f, Sun 9am-3pm. Egypt Temple ARA, George 
Dixon 613-9334350; Len Smlth 61~; 
Larry Padgett 613-948-6500, E-Mail: kf41tl@ij.net 
11'1 • JlllEMPHIS • Memfest '99. 

CT • WAWl'fGFORD • Connecticut State ARRL 
Convention. Mountainside Special Event Facility, 
High Hill Rd. 9am-3pm. Nutmeg CT Conv. 

Tired of Expensive Inkjet Cartridges ? 

Save 90% on Inkjet Inks ! 
Printer #of Refills Cost/Reflll Kit Price 

Black I Color Black I Color Black I Color 
HP 500 Series, 400, Officejet 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, 1150C, Cocier 120, 210 6 10 6.67 4.00 39.95 39.95 
HP 720C, 722C, 712C, 880C, 890C, 895C 1120C, 1170C 6 10 6.67 4.50 39.95 44.95 
Canon BJ-10, 200, 210, 240, 250 Apple 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 

Apple StyleWriter 2400, 2500 
Caion BX:-600, 610, 620 Aoole SWriter Pro 20 13 1.50 3.07 29.95 39.95 
Ei:>sorl Stvlus Color Color Pro Pro XL 12 12 2.50 3.33 29.95 39.95 
Ei:>sorl Stylus Color II, lls, 1500 !Black 15 15 2.00 2.66 29.95 39.95 
Ecson Stylus Color 500, 200 20 17 1.50 2.35 29.95 39.95 
&>son Stylus Color 400, 600 800, 850, Photo 20 17 1.50 2.65 29.95 44.95 
Lexmcrlc JP 1000, 1020, 1100, Exec.Jet II, lie, Medley 4C 10 17 3.00 2.35 29.95 39.95 
Lexmcrlc JetPrinter 5700, 5000, 7000, 7200, 3200 15 17 2.67 2.35 39.95 .39.95 

Comoaa IJ700 IJ900. Xerox 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 • 50% on New Compatible Cartridges! 

Printer BLACK COLOR 
CARTRIDGE CARTRIDGE 

Caion BX:-4000 Series C2500, C3000, C3500, C5000 

Canon B.JC-70, B.JC-80 

Epson Stylus Color 440, 640, 7 40 

• BULlt Inks, RellD Acceaol'lee 
• Glouy card stock 8 Coated Paper 

Quality Inks lor: 
BP • Epson • Lexmark 
Canon • Apple • DEC 

Call or see us online! 
Monday - Friday 

8:30 - 5:30 PST 11 :30 - 8:30 EST 

www.inkietsw.com 1 ·800·447·3469 
(480) 668·1069 Fax (480) 668-0959 
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Nutmeg Hamfest Alliance, Gordon Barker KlBIY, 
860-342-3258 E-Mail: klbiy@juno.com. 
E-Mail: nutmeghamfest@qsl.net 
Web: http://www.qsl.net/nutmeghamfest 
MD - WEST FRIENDSHIP • CARA Hamfest. 
Howard County Fairgrounds, S of 1-70, E of Rt. 32. 
8am-3:30pm. VE Exams. Talk-in: 147.135 (-) 
repeater, 146.52 simplex. CARA, 410.796-2587. 
Web: http://www.ocbs-nt
server.umaryland.edu/carafhamfest.htm 
Ml - MASON • Hamfest. Ingham County 
Fairgrounds. 8am-2pm. Talk-in: 145.39().. Central 
Ml ARC & Lansing Civil Defense Repeater Assn., 
Don Tillitson WB8NUS, 517-321-2004. 
Web: http://www.qsl.net/cmarc/hamfair-html 
NC • MAYSVllJ..E • Hamfest. Jo Ann Taylor 

WD4JYR, 252-393-2120 
OH • LIMA • Hamfest. Northwest OH ARC, Greg 
Schwark N8WBD, 419-647-6321. 
E-Mail: gasl950@aol.com 

~J:lf.~~--~
MS • BILOXI • Hamfest. MS Coast ARA, Wayne 
Miller KB5AAU, 228-539-9929. 
E-Mail: kb5aau@worldnet.att.net 
Web: http://www.ametro.net/mcara 

~aert1&-tt;t~ 
CA - CONCORD • Pacific Div. Convention. Mt. 
Diablo ARC, Dick Brown KT6X, 925-676-9048. 

E-Mail: paccon99@pacbell.n_e_t """""""' .... -

~j~l.WW.\~~~~~~~~1~6~~~-... 
AZ ·TUCSON· Hamfest. OPRC/ARCA, Glenn 

Henderson WA70BG, 520.749-5478. E-Mail: 
linus@primenet.com 
CA • SAl"flEE • ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
IL - GODFREY • Hamfest. Community College, 
River Bend Arena. VE testing. Talk-in: 145.230, 
442.225. Lewis & Clark RC, Harold Elmore N9HE, 
618466-1909. E-Mail: n9whh@ezl.com 
Web: http://www.ezl.com/- lmiller/lcrc.htrnl 
MT • BOZEMAl"I • Hamfest. Gallatin Ham Radio 
Club, Laura Marino Lubner KJ7UN, 406-586-
6659. E-Mait ghrc@bigfoot.com 
Web: http://ghrc.webjump.com 
Tl"I • GRAY - Hamfest. Appalachian Fairgrounds, 
off 1-1 81. Kingsport, Bristol, and Johnson City 
Radio Clubs, POB 3682 CRS, Johnson City, TN 

Looking for these and other 
clever gadgets? 

Try Gateway's Online Ordering 

www.gatewayelex.com 
Place an order online with our secure server, and get a free gift with your purchase! 

Simply include the 'free gift' item in your selections, and along with your purchase 
you will receive a little something extra, just for trying our online ordering system! 

Don,, forget lo check the box tor your 

free gill 

THE FINE PRINT: PRICES SUBJECT TO CHANH WITHOUT 
NOTICE • CATEWAY IS NOT RUl'llNSIBlE FOR PRINTINI 

ERRORS• MASTERCARD, VISA AND DISCOVER ACCEPTU • 
YU, WE'LL TAKE YOUR CHECK - SORRY, NO C.O.D.1 • .IO 

MERCHANDISE NINlllUll ON MAil ORDERS• SUPPLY Of 
SOM£ ITEMS IS llMIT£0 •PRICES DO NOT INCLUDE 

8123 PAGE BLVD • ST LOUIS MO 63130 • (314)427 ,,116 SNIPPING • UPS GROUND SNIPPINl/HANDUNO WITHIN TME 
• • .... CONTINENTAL U.S. !ITEMS REQUIRINI ADDITIONAL 

9222 CHESAPEAKE DR. • SAN DIEGO, CA 92123 • (619)279-6802 AMOUNTS ARE NOTUJ ••• $S.OO FOR THE FIRST ITEM, f0.50 
2525 FEDERAL BLVD • DENVER co 80211 • (303)458-5444 FOR EACH ADDITIONAL ITEM. RESTOUINI CMARCE MAY H 
MAIL ORDERS CALL .TOLL..f'REE 1-800-669-6810 umm ON RETURNU ITEMS. • ~U:s!WEJ~~l~:ss 
FAX ORDERS (314)427-3147 -~. ARETAlKINITOME 

~ ANt NOT YO•I 
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TX • DEl"ITON - Hamfest. Denton County ARA, 
Don Mathis KB5YAM, 972-292-1203. E-Mail: 
dmathis@lsic.net. Web: http://lsic.net/dhf 

< ~Jt-17::-....... """'-' ........ 
FL • PALM BEACH GARDENS • Hamfest. 
AMARA Shrine Temple, 3650 RCA Blvd. Sat: 
9am4pm, Sun: 9am-2pm. Talk-in: 
147.165/147.765. Palm Beach Repeater Assn., 
Ken Summerell KD4CTG, 561-640-9447. 
E-Mail: sum@mnet.com 

~t 
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 
Altenbemd KAlMQX, 617-253-3776 (9-5) . Web: 
http://web.mit.edu/wl mx/www /swapfest.html 
Ml • KALAMAZOO - Hamfest. County 
Fairgrounds. Talk-In: 147.040 K8KZO. Kalamazoo 
ARC & SW Ml AR Team, Charles Burgstahler 
KA8BLO, E-Mail: ka8blo@net-link.net 
Web: http://www.qsl.netjka8blofhamfest.html 
OH • ASHLAl"ID • Hamfest. County Fairgrounds, 
Claremont Ave. 8am-2pm. Talk-in: 147.105+, 
71.9PL Ashland Area ARC, David Fike NBUCA, 
419-289-1082, daytime. Mike Stroub KC8LCH, 
419-945-2777, nighttime. E-Mail: 
aaarc@hotrnail.com 
PA - SELI.ERSVILLE - Hamfest. NEW Sellersville 
Fire House, Main St. Bethlehem Pike. 7am-lpm. 
VE Exams. Talk-in: 145.31 (144.71 input) W3AI 
repeater. R. F. Hill ARC, Linda Erdman KA3T JZ, 
215-679-5764. Web: http://www.rfhill .ampr.org 
WA - CHEHALIS • Hamfest. The Southwest 
Washington Fairgrounds. Talk-in: 147.06+ 110.9 
pl, simplex 146.46. Chehalis Valley ARS, Jim 
Kruger KK7AB, 360.748-1930; KK7AB@ARRLnet 
or Bill Harwell KC7QHJ, 360-748-8086. 
E-Mail: bharwell@localaccess.com 
Web: http://www2.localaccess.com/teaser/cvars/ 

~~r--~----
LA • LAKE CHARI.ES • Hamfest. Southwest LA 
ARC, Dick Rogers WB5TUG, 318474-7947. 
E-Mail: hotred@linknet.net 
l"IH • l"IASHUA - Hamfest. Res Ctr Church, 
Antique RC, 617-923-2665 
OK • ALTUS • Hamfest. Altus Area ARA, Mike 
Schenkel W5VXU, 580-846-5578. E-Mail: 
w5vxu@juno.com 
OR. RICKREALL • Swap-Toberfest. Polk County 
Fairgrounds. 9am-3:30pm. Talk-in: 146.86-. Mid
Valley ARES, Bob Boswell , W7LOU 503-623-2513, 
E-Mail: w71ou@goldcom.com Web: 
http://www.teleport.com/- n7ifj/swaptobe.htrn 
Tl"I • CHATTAl"IOOGA - Hamfest. C. Jordan in E. 
Ridge. Chattanooga ARC, David Hoffman 
KE4FGW, 423-877-7398. E-Mail: w4am@qsl.net 
Web: http://www.qsl.net/w4 .... a.,.m ____ ....,....,.. .. 

rr~& ... ~ ~~~iili@if·' 
11"1 - LEBAl"ION • Hamfest. Boone County 
Fairgrounds. 8am-lpm. VE testing . Boone & 
Clinton County ARC, Sara Lecklitner KB90EZ, 
765-482-9152 
MD • WESTMINSTER • Mason-Dixon Computer 
f, Hamfest. Carroll County Ag Center. Sam. VE 
Exams. Talk-in: 145.410 CCARC Repeater. Carroll 
County ARC, Wayne Wilson N3UN, 41().795-2556 
(ph/fax) . E-Mail: k3pzn@qis.net. 
Web: http://www.qis-net/- k3pzn 
Ml. WARREl"I • Hamfest. Utica Shelby 
Emergency Comm. Assn. Debbi Cokewell 
KB8YYB, 81().263-0227. E-Mail: cuer@juno.com 
Web: http://www.useca.org 
l"IY • UNDEl"IHURST • Hamfest. Great South Bay 
ARC, Tom Carrubba KA2D, 516-422-9594. E-Mail: 
info@gsbarc.org Web: http://www.gsbarc.org 
PA • GREENSBURG - Hamfest. 8am-2pm. Talk
in: 147.1~. Foothills ARC, Jim Vex WB3CQA, 
724-864-6228. E-Mail: jpyex@sgi.net Web: 
http://www.geocities.com/Heartland/ Acres/7896/ 
:::·h:r' -~~~i%ift~-:f% 

FL - JACKSONVILI.E • Greater Jacksonville 
Amateur Radio & Computer Show. Morocco 
Shrine Auditorium, 3800 South St., Johns Bluff 
Rd. Fri: 1-Spm, Sat: 9am-5pm. VE Exams. Greater 
Jacksonville Hamfest, Woody Parker KF4GSK, 
904-743-3121. E-Mail: sbarber@mediaone.net. 
Web: http://www.ccse.net/- lrichfhamfest98.htrn 
OK - KINGSTON • Hamfest. Texoma Hamarama, 
Herb Sleeper WB5PHM, 940-855-5820. 
E-Mail: retrnarine@cst.net 
Web: http://www.qsl.net/kc5sig/hamarama 

..... ~~~~~..,,,~~~----
Ml'! • ST. PAUL - Hamfest. The New RiverCentre. 
8am4pm. VE Exams. Twin City FM Club, Dale 
Reak KBOVCV, 612-687-9535. 
Web: http://www.hamfestmn.org . .._,..,.. __ _ 

, · oqomt:u 
IA • DES MOINES - Hamfest. Tlkva Tracer ARC, 
Randall Lees NOLMS, 515-279-4241. 
E-Mail: hamfestiowa@juno.com 
Web: http://www.bestofiowa.com/hamfestiowa/ 

Continued on page 77 
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by Richard Panosh 

Put the 

Almost every 
project today 
uses an op-amp 
to amplify 
analog signals. 

'

he reasons are multiple, as they 
can perform as gain blocks, 
they are economical, they have 

a small package outline, and pro
vide excellent performance. Some 
manufacturers even supply the op
amp with internal resistors to estab
lish the fixed gains without the 
external components and lost real
estate. 

Today, most op-amps are also 
frequency compensated to provide 
stable unity gain and even drive 
capacitive loads without going into 
oscillation. 

The term op-amp, however, 
refers to Operational amplifiers 
that were originally designed to per
form mathematical operations in 
analog computers. They can do 
more then just amplify. 

Op-amp circuits routinely 
employ negative feedback to 
achieve their performance, and posi
tive feedback is avoided unless one 
wants to build an oscillator. 
Generally, the difference between 
negative feedback and positive feed
back is understood as the difference 
between stability and instability. 

There is, however, a large range 
within these limits. In fact, the 
designer of op-amp circuits quite 
often intends to employ negative 
feedback, and the circuit oscillates. 
Then the circuit stability must be 
analyzed and the feedback properly 
compensated to produce uncondi
tional stability. The compensation is 
used to alter the phase of the feed
back signal as a function of fre
quency to maintain stability. It is, of 
course, the phase of the feedback 
that is referred to as positive or neg
ative. 

Circuits can be designed either 
intentionally or inadvertently that 
exhibit marginal stability that will 
ring on the edges of high frequency 

·Amps 
pulses or go entirely into oscillation. 

The condition necessary for sta
bility is simply that the total phase 
shift through the amplifier and feed
back network must never reach 
360° for any frequency where the 
gain of the amplifier and feedback 
network is greater than one. Since 
the inverting terminal of the op-amp 
produces 180°, the feedback net
work must provide less then 180° 
additional phase shift at a loop gain 
of one. In practice, the phase shift 
must remain less then 135° to main
tain sufficient damping and avoid 
conditional stability. Nyquist and 
Bode diagrams ar~ often used to 
determine the stability criteria and 
are discussed in most reference 
books. 

The following collection of cir
cuits employ negative feedback, as 
well as positive feedback to obtain 
useful parameters. They can be 
duplicated for testing by any means 
of construction such as wire wrap, · 
perf-board, or solderless plug-in 

breadboards. The circuits were con
structed with an FET op-amp (such 
as the TL082) and-the com-ponent 
values listed. The power connections 
for the TL-082 are +15V on pin 8 
and -1 SV on pin 4. The equivalent 
input circuit is also illustrated, as 
well as a typical load where applica
ble. 

It should be noted that the 
Negative lmmittance Converter 
(NIC) circuits utilize about 1 K output 
impedance which limits the current 
drive and/or voltage swing. It is 
more difficult to illustrate the AC 
characteristics such as positive or 
negative capacitance, whereas the 
DC characteristics of negative resis
tance are more easily demonstrated. 

Figure 1 illustrates the applica
tion of bootstrapping the input bias 
resistor to achieve high input resis
tance. A conventional high imped
ance non-inverting buffer amplifier 
requires an input resistor from the 
non-inverting input to ground to fur
nish a path for its bias currents. If 

this resistor is made very large, it 
will degrade performance by intro
ducing large DC offsets due to the 
bias current. 

On the other hand, if a lower 
value of bias resistance is used, the 
input impedance will suffer. An 
alternate design employs feedback 

The term op-amp, however, 
refers to Operational ampli
fiers that were originally 
designed to perform mathe
matical operations in analog 
computers. They can do more 
then just amplify. 

so that the signal applied at each 
end of the input resistor is very 
nearly equal so that the resistance 
appears much larger. Without C2, 
the input resistance is simply R1+R2. 

With the addition of C2, the 
input resistance becomes 
R1+R2+(R1R2)/XC2. Input resistance 
in this circuit can approach over 

Miniature Transmitters and Receivers 
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10 ... $16.95 ea 
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1000 megohms. R3 is made equal 
to R1+R2 to balance the voltage off
sets produced by bias currents in 
the input terminals of the op-amp, 
since the bias currents tend to be 
similar at each input. 

Figure 2 illustrates another non
inverting amplifier with the applica
tion of judicious positive feedback 
to cancel out the input capacitance. 
Such a circuit can be used to cancel 
the combined effects of transducer 
capacitance plus those from the 
shielded input cable. 

A typical input circuit might use 
a piezoelectric transducer such as a 
sonar receiver. The transducer can 
be modeled as a high impedance 
source that is parallel with a large 
capacitance that limits the frequen
cy response of the transducer. The 
non-inverting buffer will provide a 
high input impedance and the addi
tion of negative capacitance at the 
input can reduce the effects of the 
internal transducer capacitance to 
widen the bandwidth. The value of 
C1 should be less than (R2/R3)*Cs 
where Cs is the input source capaci
tance (the inequality is required to 
maintain some capacity to stabilize 
the circuit). It should be noted that 
the techniques of Figure 1 can also 

Another useful circuit is 
the NIC. The NIC can be 
built in two flavors, name
ly the Current Negative 
lmmittance Converter 
(INIC) and the Voltage 

· Negative lmmittance 
Converter (VNIC). 

be combined with this circuit to 
increase the effective resistance of 
R1. 

Figure 3 is a related non-invert
ing buffer that can be used to multi-

~ ply the value of a capacitor. The 
effect of Ri and C2 is to form a low 
pass filter at the input of the non
inverting amplifier that is coupled 
back at its output through R3. R1 is 
equal to Ri+R3 to reduce resultant 
bias current offsets. The effective 
capacitance is given as C2*(R2/R3) . . 
R3 is effectively the series resistance 

of the multiplied capacitance. 
Another useful circuit is the 

NIC. The NIC is a two port device 
that has the properties that the 
impedance connected to one port is 
the negative at the opposite port. 
The NIC can be built in two flavors, 
namely the Current Negative 
lmmittance Converter (INIC) and the 
Voltage Negative lmmittance 
Converter (VNIC). The two port net
work of the INIC is illustrated in 
Figure 4A. 

The INIC has equal port 1 and 2 

A #l~JZ/J _ rq p~~J//(1/£.fl@ INFORMATION VJSIT~UR "AC-TtON ':WEBSITE@ 
~!T_l~-:r ----- - BOX 716AMHEl?ST. N.H. 03031 UNLIMITED adnv699o hffp.//WWW.Omaztngl.com 

Laser Window Listener FM Transmitter Kits 
1 Super Sensttive Uttra Clear ..... 

1 Mile+ Voice Transmttter .~ 

1 800 221 1705 Orders Only! Fax 1 603 672 5406 Information 1 603 673 6493 Free Catalog on Request 
Pay by MC,VISA,Cash, Check, MO, COD. Please Add $5.00 S&H plus $5.00 if COD. Overseas Please Contact for Proforma 
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voltages with the currents at port 1 
and 2 inverted. The INIC can also be 
recognized as a current mirror with 
k = 1 . When a resistor is connected 
to port 2, the defined current and 
voltage designations are constrained 
to Ei = -l2*Z2. Substituting this 
expression into the input impedance 
that is defined as Z1 = E1/l1, we find 
Z1 = -Z1/k. Thus, the input imped
ance is related to the negative of 
the output impedance. 

The two port network of the 
VNIC is illustrated in Figure 4B 
where the voltages at port 1 and 2 
are inverted while the currents at 
port 1 and 2 flow in the same direc
tion . The current or voltage inver
sion, of course, can be used to 
transform positive impedances into 
negative values. In this case, the 
input impedance is found to be Z1 = 
-k*Z2. 

Both the INIC and VNIC are 
often used in the construction of 
active filters, but should be recog
nized as devices that actually gener
ate negative impedance, such as 
negative resistance, negative capaci
tance, or negative inductance. Of 
the two flavors, the INIC is more 
commonly employed as it is simpler 
to construct. Although the VNIC is 
seldom encountered, an example is 
given later. 

Figure 5 illustrates the INIC, 
where the value of k = 1. In theory, 
the unity gain INIC will give the 
same results even if the two ports 
are reversed. In practice, this is not 
the case, and stability requirements 
do not permit the ports to be inter
changed. 

For stability, the requirement is 
that V1 ;::: V2. The input port 1 is 
customarily referred to as the open
circuit-stable port (OCS) while the 



output port 2 is referred to as the 
short-circuit-stable port (SCS}. The 
OCS and SCS port can be easily 
determined by placing two unequal 
value resistors on the input and out
put ports to determine stability. 
When the smaller value is placed on 
the SCS port, the op-amp will not 
reach saturation. Note that the 
effect of Ri also gives the INIC a 
high output impedance that may be 
loa9ed by subsequent stages and 
require additional buffering. 

In the example, the input 
impedance of the INIC is -1,000 
ohms. If a +1.5V battery is applied 
to the input, the circuit will source 
about 1.5 mA to the battery. A bat
tery is convenient to use in this case 
as it will maintain +1.5V while sink
ing current. 

It is interesting to measure this 
effect and convince yourself that 
the circuit indeed sources current 
proportional to the applied voltage 
rather then sinking the current, 
since this phenomenon is contrary 
to our normal experiences. 

Reversal of the battery will simi
larly reverse the current flow to 
maintain negative resistance. A 
unipolar power supply that can only 
source current should not be used 
as the current w ill continue to 

The OCS and SCS port can 
be easily determined by 
placing two unequal value 
resistors on the input and 
output ports to determine 
stability. 

charge the output filter capacitor 
and the applied voltage will contin
ue to ramp up. 

Figure 6 illustrates an INIC used 
as a negative capacitance multiplier. 
The negative capacitance presented 
at the output terminal is given as 
-C1*(R1/R2), where R3 is again 
made approximately equal to R1 to 

reduce the effects of bias currents. 
Figure 7 illustrates a design of 

the VNIC that requires two op
amps. The summing point at the 
non-inverting input of the first stage 
is drawn correctly and is also a virtu
al ground. The voltages indicated 
make it easier to establish the direc
tion of current flow and circuit 

operation. 
These circuits employ both 

negative and positive feedback and 
require some thought, as well as 
circuit analysis. They can be quite 
intriguing to electronics students 
and occupy them for a long time. 
They can also provide a lot of fun 
on a rainy day. 
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Storage Oscilloscope, TM500 series 

PROBES 
HP 1122A Probe Power Supply .......................................................... $150.00 
HP 54701A 2.5GHz10X FET Probe, ...................................... ........ $1,000.00 

for 54700 series oscilloscopes 
TEK 1101 A Accessory Power Supply, for FET probes ....................... $200.00 
TEK P6046 100 MHz Differential Probe ...................... ........................ $500.00 
TEK P6150 9 GHz 1 OX/ 3 GHz 1 X ..................................................... $400.00 

50 Ohm Probe, SMA(m) output 
TEK P6201 900 MHz 1X/10X/100X FET Probe ................................. $450.00 
TEK P6202A 500 MHz 10X FET Probe ....... .. ........ ............................. $250.00 
TEK P6701-opt.02 O/E Converter, ....................................... ........ ....... $175.00 

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

CALIBRATIONS 
TEK SG503 Level Generator, 250 kHz-250 MHz, TM500 series ....... $600.00 

FUNCTION 
HP 331 OB 5 MHz Function Generator, variable phase trigger ........... $350.00 
HP 3312A 13 MHz Function Generator ........... ................................... $500.00 
HP 3314A-001 20 MHz Function Generator, HPIB .......................... $1,500.00 
HP 3325A 21 MHz Synthesized Function Generator, HPIB ............ $1,000.00 
HP 3325A-002 21 MHz Synthesized ................... ............................. $1,500.00 

Function Generator, HV oulput option 
HP 8165A-002 Prog. Signal Soun:e, ..... ....... ......... ........................... $1,250.00 

1 mHz-50 MHz, log sweep 
HP 8904A-001 ,002,004 Multifunction ............ .......... .. ................... ... $2,500.00 

Synthesizer, DC-600 kHz 
TEK AWG5102 Arb.Wavefonn Gen., ............. ...... .... ........................... $900.00 

20 MS/s, 12 bits,50ppm synthesis <1 MHz 
TEK AWG5105-<>pt.02 Arbitrary ... ................. ................................... $1,250.00 

Wavefonn Generator, dual channel option 
TEK 00501 Digital Delay & Burst Gen., .......................................... ... $275.00 

for function & pulse gen's -
TEK FG501 1 MHz Function Generator, TM500 series ...................... $225.00 
TEK FG502 11 MHz Function Generator, TM500 series .................... $300.00 
TEK FG503 3 MHz Function Generator, TM500 series ................... ... $250.00 
TEK RG501 Ramp Generator, TM500 series ..................................... $175.00 
WAVETEK 288 ?0 MHz Synthesized .................................................. $750.00 

Function Generator, GPIB 

PULSE 
BERKELEY NUCLEONICS 7085B ...................................... ... ... ......... $750.00 

Digital Delay Generator, 0·100 mS, 1 nS res.,5 Hz-5 MHz 
HP 214B 10MHz100 Vpk Pulse Generator .................................... $"..!~~.00 
HP 8007B 100 MHz Pulse Generator ................................................. ~0.00 
HP 8012B 50 MHz Pulse Generator, variable transition time ............. $600.00 
HP 8080A/81A/83A/84A 300 MHz Word Generator ............... ........ .... $800.00 
HP 8080A/91A/92A/93A 1 GHz Single ............ ................................... $950.00 

Channel Pulse Generator 
HP 8112A 50 MHz Programmable Pulse Generator, HPIB ............. $4,000.00 
HP 8115A 50 MHz Dual Channel Pulse Generator, HPIB ............... $2,750.00 
HP 8116A-001 50 MHz Pulse/ ......................................... ............... $3,900.00 

Function Generator, burst & log sweep 
TEK PG502 250 MHz Pulse .... ....... ................................................ .. ... $600.00 

Generator, Tr<1 nS, TM500 series 
TEK PG505 100 kHz Pulse Generator, ............................... ................ $275.00 

80 V peak, TM500 series 
TEK PG508 50 MHz Pulse Generator, TMSOO series ........................ $500.00 
WAVETEK 802 50 MHz Pulse Generator ......... ......................... .. ....... $300.00 

VOLTMETERS 
FLUKE 845AR High Impedance Voltmeter I Null Detector ................. $400.00 
HP 3456A 6-1/2 Digit Voltmeter, HPIB ................ ............. ... ................ $500.00 
HP 3457A 7-1/2 digit Voltmeter, HPIB ......... ..................................... $1,200.00 
HP 3478A 5-112 digit Multimeter, HPIB .... ........................................ ... $600.00 
KEITHLEY 181 6-112 digit ........ ............ ............................................... $900.00 

Nanovoltmeter, 10 nV sensitivity, GPIB 
SOLARTRON 7081 8-112 digit Voltmeter ........... ... ........................... $3,250.00 
TEK DM5010 4-1 12 digit Multimeter, TM5000 series plug-in .............. $300.00 
TEK DM501A 4-112 digit Multimeter, TM500 series plug-in ................ $225.00 
CALIBRATION 
FLUKE 51 OA AC Reference Standard, 10 VRMS, 0-10 mA ............... $450.00 
FLUKE 51 SA Portable Calibrator, ................ ............. ........................... $900.00 

DC/AC/Ohms, line & battery power 
FLUKE 5220A Transconductance ............... .. ....... ................. .... .... ... $3,000.00 

Amplifier, DC-5 kHz, 0-20 A 
VALHALLA 2703 AC Volt.Std., ..... ... ................................................. $1,500.00 

0-120V/10 Hz-100 kHz;120-1200V/10 Hz-1 kHz 

VOLTAGE SOURCES 
HP 6114A Precision Dual Range Power ............................................. $850.00 

Supply, 20 V 2 A/ 40 V 1 A 
HP 6115A Precision Dual Range Power ................ .. ........................... $850.00 

Supply, SOV 0.8A / 1 OOV 0.4A 
KEITHLEY 228 Programmable Voltage/Current Source .................. $1,900.00 

26 SEPTE..at t999/Nuts & Volts Magazine 

WE BUY AND SELL 
Inquiries 307-635-2269 • Fax 307-635-2291 

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

CURRENT METERS & SOURCES LAMBDA LPD-422-FM Dual ............ ................ .................................... $300.00 
HP 4140B Picoammeter/ DC Voltage .... ................... ..... ....... .. ..... .... $2,000.00 

Soun:e, without test fixture 
HP 6177C DC Current Source, to 50 V, 500 mA ................ ........ ........ $500.00 
HP 6181C DC Current Soun:e, to 100V, 250 mA .............................. $500.00 
HP 6186C DC Current Soun:e, to 300V, 100 mA ... .. ................. ........ $750.00 

0-40 V 0-1 A CV/CC Power Supply 
LAMBDA LPT-7202-FM Triple Output Power Supply ... .................. ..... $450.00 
TEK PS501 O Programmable Triple ..................................................... $650.00 

Power Supply, TM5000 series 
TEK PS503A Dual Power Supply, TM500 series ......... ....................... $200.00 

KEITHLEY 225 Current Soun:e, .................................................... ..... $500.00 MISCELLANEOUS 
0.1 uA-100 mA, 10-100V compliance 

~~:~~~~ ~~ ~~~~se~~~.' .. : .. ~.~:~ .~· .. ~5.~.~-~~~li~~~.::::::: : :: :segg:gg 
TEK CT-5 High Current Transfonner for .... ... ............. .................. ........ $375.00 

P6021/A6302, to 1000A 
TEK P6022 AC Current Probe w/tennination, ..................................... $275.00 

935 Hz-120 MHz, 6 A pk 

ACME PS2L-500 Programmable Load, ... ......... .... ........... ........ ........... $350.00 
0-75 V I 0-75 A I 500 Watts max. 

ELGAR 501 C/400SD AC Power Source, ......................................... $1, 150.00 
45 Hz-5 kHz, 500 VA, 0-135 VAC 

HP 59501B HPIB Isolated DAC/Power ........... ..... ........ ....................... $175.00 
Supply Programmer 

KEPCO BOP 20-20M Bipolar Op Amp/ ........................ ...................... $675.00 
Power Supply, to 20 V 20 A 

KEPCO BOP 36-SM Bipolar Op Amp/ ... ......................................... .... $400.00 

LC.R. 

Power Supply, to 36 V 5 A 
KEPCO BOP 50-2M Bipolar Op Amp/ ................................................ $400.00 

Power Supply, to 50 V 2 A 
BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH .............. ....... $550.00 TRANSISTOR DEVICES DAL-50-15-100 ........................................... $200.00 
BOONTON 72BD 1 MHz Capacitance ... ............................................. $650.00 Programmable Load, 0-SOV, 0-15 A, 100Watts max. 

Meter, 3-112 digit display 
HP 4262A-101 3-112 digit LCR Meter, ..... ................................ ........ $1,500.00 

120 Hz/ 1 kHz/ 10 kHz test, HPIB 
HP 4275A-001 5-112 digit LCR Meter, ..... ................ ............. ...... ..... $3,250.00 

10 kHz-10 MHz, inti ext. bias UNIVERSAL COUNTERS 
STANDARDS HP 5314A-001 100 MHz/100 nS Universal ................. ................. ....... $275.00 
E.S.I. SR-1 Standard Resistor, various values ... .. ........... .................... $125.00 
E.S.I. SR1010 Resistance Transfer ............ .................. .......... ............ . $550.00 

Standards, 1 Ohm-1<>0 K/step 
E.S.I. SR1050· 1 M Resistance Transfer ............................................ $2,000.00 

Standard, 1 Megohm/step 
GR 1404-A 1000 pF Reference Standard Capacitor ..... ..................... $700.00 
GR 1406 Standard Air Capacitors, ...................................................... $375.00 

GR900 connector, 0.1 % acc. 
GR 1432-U 4-Decade Resistor, .... ............................... ....... .... ............ $100.00 

0-111 .10 Ohms, 0.01 Ohm resolution 
GR 1433.J 4-Decade Resistor, ............. ............................. .. ............... $150.00 

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

0-1, 11 O Ohms, 0.1 Ohm resolution 
GR 1433-L4-Decade Resistor, ........................................................... $150.00 

0-111 , 100 Ohms, 1 O Ohms resolution 
GR 1433-N 5-Decade Resistor, ....................................... ................... $200.00 

0-11, 111 Ohms, 0.1 Ohm resolution 
GR 1433-X 6-Decade Resistor, ................ ........................................... $250.00 

to 111,111 .00hms, 0.1 Ohm res. 

HI & LO RESISTANCE 

Counter; TCXO reference option 
HP 5315A-001 100 MHz/100 nS Universal ......................................... $450.00 

Counter, TCXO reference option 
HP 5315A-002,003 100 MHz/100 nS Univ ....................... ........ ........... $650.00 

Counter; bait. power & 1 GHz C-eh. 
HP 5315A-003 100 MHz/100 nS Univ ................................................. $550.00 

Counter, 1 GHz C-ehannel option 
HP 531 SB 100 MHz/ 100 nS Universal Counter ................................. $500.00 
HP 5316A 100 MHz/100 nS Universal Counter, HPIB ... ..................... $600.00 
HP 5316A-001,003 100 MHz/ 100 nS Univ ..................... ......... ........... $750.00 

Counter, HPIB, TCXO, 1 GHz C-eh. 
HP 5316B 100 MHz/ 100 nS Universal Counter, HPIB .... ................... $750.00 
HP 5370B 100 MHz/ 20 pS 11 digtt ................................................. $1,200.00 

Universal Time Interval Counter 
PHILIPS PM6672/411 120 MHz/100 nS ............................................. $450.00 

Universal Counter, C-ehannel 70-1000 MHz 
TEK DC5004 Programmable ............................ ....... ....... .... ................. $250.00 

100 MHz/100nS Countermmer, TMSOOO series 
TEK DC5009 Programmable ................................... ............... .......... ... $400.00 

135 MHz Univ. Countermmer, TM5000 series 
TEK DC5010 350 MHz/ 3.125 nS ........................................ ..... ......... $950.00 

Universal Counter, TM5000 series 
HP 4328A Milliohmeter ..................................................................... $1,200.00 TEK DC503A 125 MHz/100 nS .... ........ ............................................... $275.00 
T.D.R. 
TEK 1502-<>pt.04 Time Domain ........... .. ....... .................................... • 1,400.00 

Reflectometer, 0-2,000 feet, chart recorder 
TEK 1503B-03,04 T.D.R., 0-50,000 ft., ........................................ .. ... $3,000.00 

chart recorder & battery power 
TEK 1503-opt.04 Time Domain Reftectometer, ............................... $1,400.00 

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

Universal Counter, TM500 series 

FREQUENCY COUNTERS 
EIP 545A 18 GHz Frequency Counter ........................................ ........ $750.00 
FLUKE7220A-010,131,3511.3GHz .................................................. $500.00 

0-50,000 feet.chart recorder Counter; battery power, OCXO, and res. mult. 
HP 5340A 18 GHz Frequency Counter .... .... ............ ........................... $450.00 
HP 5342A 18 GHz Frequency Counter ...... ...................................... $1,250.00 
HP 5343A-001 26.5 GHz Frequency ............................................ ... $3,500.00 

Counter, OCXO reference 
SINGLE OUPUT HP 5345A/5355A/5356B 26.5 GHz .................................................. $3,500.00 
HP 6200B Dual Range Supply, ............................................ ............... $200.00 

0-20 V 0-1 .5 A/ 0-40 V 0-750 mA CVCC 
HP 6201 B 0-20 V 0-1.5 A CV/CC Power Supply ................................ $175.00 
HP 6207B 0-160 V 0-200 mA CV/CC Power Supply .......................... $200.00 
HP 6256B 0-10 V 0-20 A CV/CC Power Supply ............. ... ...... .. ......... $250.00 
HP 6263B 0-20 V 0-10 A CV/CC Power Supply ................. ................ $400.00 
HP 6266B 0-40 V 0-5 A CV/CC Power Supply ................................... $400.00 
HP 6267B 0-40 V 0-10 A CV/CC Power Supply ................................. $550.00 
HP 6269B-028 0-40 V 0-50 A CV/CC ................................................. $900.00 

Power Supply; 230 VAC line 
HP 6274B o.eo V 0-15 A CV/CC Power Supply ................................. $650.00 
HP 6281A 0-7.5 V 0-5 A CV/CC Power Supply ....... ........................... $150.00 
HP 6282A 0-10 V 0-10 A CV/CC Power Supply .. .................... ........... $200.00 
HP 6289A 0-40V0·1.5 A CV/CC Power Supply ................... ............ . $200.00 
HP 6299A 0-100 V 0-750 mA CV/CC Power Supply .......................... $200.00 
HP 6384A 4.0-5.5 V at 8 A CV/CL Power Supply ........ ... .................... $125.00 
HP 6443B 0-120 V 0-2.5 A CV/CC Power Supply .............................. $450.00 
HP 6574A 0-60 V 0-35 A CV/CC Power Supply ..... .............. ........... $1,675.00 
HP 6672A System DC Power ........................................................... $2,750.00 

Supply, 0-20 V 0-100 A CV/CC, HPIB 
KEPCO ATE 36-30M 0-36 V 0-30 A CV/CC Power Supply ................ $900.00 
KEPCO ATE 36-BM 0-36 V 0-8 A CV/CC Power Supply ... ........ ......... $375.00 
LAMBDA LK-352-FM o.eo V 0-15 A CV/CC Power Supply ........... ..... $600.00 
SORENSEN OCR 20-2582 0-20 V 0-25 A CV/CC Power Supply ..... . $550.00 
SORENSON OCR 300-1.25A ............ .................... ............................. $400.00 

0-300 V 0-1.25 A CV/CC Power Supply 
SORENSON OCR 600-0.75B2 ........................................ ................... $550.00 

0-600 V 0·750 mA CV/CC Power Supply 
SORENSON OCR 600-1 .SB ............................................................... $700.00 

CW/Pulse Frequency Counter 
HP 5351 B-001 26.5 GHz Frequency ............................................... $4,250.00 

Counter, HPIB, OCXO reference 
HP 5364A Microwave Mixer I Detector, ........................ ................. ... $3,000.00 

for modulation domain an. 
HP 5385A-004 1 GHz Frequency Counter, .......... ............................... $800.00 

HPIB; OCXO ref. osc. option 

STANDARDS 
HP 105B Quartz Oscillator, .............................................................. $1,500.00 

0.1/ 1.0/ 5.0 MHz, battery power 
HP 5087A-opt.032 Distribution ......................... .......... .. .................... $1,750.00 

Amplifier, 12 outputs at 5 MHz 

SPECTRUM ANALYSIS 
HP 3586C Selective Level Meter, ............................. ....... ........ ........ $1,200.00 

50 Hz-32.5 MHz, 50 & 75 ohms 
TEK 7l.S/l.3/R7603 Spectrum Analyzer, ..... .................. ... ................ $1,500.00 

20 Hz-5 MHz, 10 Hz min. res.,w/frame 

DISTORTION ANALYZERS 
HP 8903A·001 Audio Analyzer, .... ................... ............ ................. .... $1 ,500.00 

20 Hz· 100 kHz; rear panel input 
TEK DA4084 Programmable Distortion Analyzer ................. ........... ... $750.00 
RMS VOLTMETERS 
FLUKE 8922A True RMS Voltmeter, ......................................... ........... $450.00 

0-600 V 0· 1.5 A CV/CC Power Supply 
SORENSON SAL 20-12 0-20 V 0-12 A CV/CC Power Supply ........... $400.00 
SORENSON SAL 60-8 0-60 V 0-8 A CV/CC Power Supply .......... ..... $600.00 
TEK PS501-1 Power Supply, ........ ..................... .................................. $175.00 

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 ........................... $450.00 
HP 6236B Triple Output Supply, to +/-20 V 0.5 A & 0-6 V 2.5 A ..... .... $375.00 
HP 6237B Triple Output Supply, to +/-20 V 0.5 A & 0-18 V 1 A ....... ... $375.00 
HP 6253A Dual 0-20 V 0-3 A CV/CC Power Supply ........................... $450.00 
HP 6255A Dual 0-40 V 0-1 .5 A CV/CC Power Supply ........................ $450.00 
KEPCO MPS-620M Triple Output Supply, ........................................... $250.00 

dual 0-2ov 1 A trackin & o.ev SA 

180 uV-700 V, 2 Hz-11 MHz 

OSCILLATORS 
HP 3336C Synthesizer I Level Generator, 1 O Hz-21 MHz .......... .. ... $1 000.00 
TEK SG502 Sine/Square Osc. , ..... .... ............ .... .................................. S200.00 

5 Hz-500 kHz, 70 dB step atten.,TM500 

MISCELLANEOUS 
HP 3575A-002 Phase-Gain Meter, ...... .......... ..................................... $650.00 

1 Hz-13 MHz, dual display 
KROHN-HITE 3103 High/Low Pass Filter, ........ .................................. $350.00 

1 o Hz-3 MHz, 24 dB/octave 
KROHN-HITE 3202 Dual HP/LP/BP/BR ............. ................................ $450.00 

Filter, 20 Hz-2 MHz, 24 dB/octave 
KROHN-HITE 3342R Dual HP/LP ....................................................... $900.00 

Filter, 0.001 Hz-99.9 kHz, 48 dB/octave 
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KROHN-HITE 3750 LP/HP/BP/BR Filter, ............................................ $600.00 POWER METERS HUGHES 45n1H-1000WR28 ... .. ...... .. ................................... ........... $900.00 
0.02 Hz-20 kHz, 6112118124 dB/oct. 

ROCKLAND 852 Dual Highpass/ ........................................................ $900.00 
Lowpass Fitter, 0.1 Hz-111 kHz 

TEK AM502 Dlflerentiel Amplifier, ....................................................... $475.00 
0.1 Hz-1 MHz, TM500 series 

WAVETEK 716 Brickwall Fitter .... .. ................................................... $1,500.00 

SPECTRUM ANALyzERS 
HP 11517A/18A/19A/20A Mixar .......................................................... $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 Mixar, 18.0-26.5 GHz ........................ $1,100.00 
HP 119700 WR22 Harmonic Mixer, 33-50 GHz .............................. $1,400.00 
HP 11970U WR19 Harmonic Mlxar, 4o-60 GHz .............................. $1,400.00 
HP 70620B Preamplifier, 1.0-28.5 GHz, for 70000 series ............... $3,900.00 
HP 8559A/853A-001 Spectrum ..................................... ................... $3,750.00 

An., 0.01-21GHz,1 kHz res. ,w/rackmount frame 
HP 8568B Spectrum Analyzer, ......................................................... $8,500.00 

100 Hz-1.5 GHz, 1 O Hz min. res. 
HP 8569B Spectrum Analyzer, ........ .. ............................................... $7,500.00 

10 MHz-22 GHz, 100 Hz mln.res.bw. 
TEK TA502 Tracking Generator, ......................................................... $950.00 

0.1-1800 MHz, for 7l1317L14 
TEK WM782V WR15 Harmonic Mixar, 50-75 GHz .......................... $1,500.00 
NETWORKANALyzERS 
HP 11650A Network Analyzer Accessory Kit, APC7 ........ .................. $600.00 
HP 35676A Reflection/ ..................................................................... $1,000.00 

Transmission Test Ktt, 5 Hz-200 MHz 
HP 4195A Networl</Spectrum Analyzer, 10 Hz-500 MHz ............. $12.1~~.00 
HP 8405A Vactor Voltmeter, 1-1000 MHz .................................. ......... ~0.00 
HP 85020A Directional Bridge, .................... ...................... .. ............... $650.00 

10-4300 MHz, N(f) test port 
HP 85027C Dlractionel Bridge, ......................................... - ............. $1,750.00 

0.01-18 GHz, N(f) test port 
HP 85044A Raflectk>WTransmlssion ................................................ $1,500.00 

Test Set, 300 kHz-3 GHz 
HP 85054A Type N Cellbration Ktt, for HP 8510 series .................. . $1,800.00 

~~ ~-=:~e:::i~~'.:.:'.'.~ .. :::::::::::::::::::::::::::::::::::::::::::::::: =~:=:gg 
28.5-40 GHz, for HP 8757 series 

WILTRON 56o-98KF50 SWR Aulotester, ................................... ........ $1 ,800.00 
1 o MHz-40 GHz, for WiHron 560 series 

SIGNAL GENERATORS 
FLUKE 6060A Syntheeized Signe! Gen., ........................................... $1 ,900.00 

0.1-1050 MHz, 10 Hz res., GPIB 
FLUKE 6060AIAN Synthesized Signal ................ ............................... $1 ,500.00 

Gen., 10 kHz-520 MHz, 10 Hz res.,GPIB 
FLUKE 60600/AK Synthesimd .......................................................... $1 ,900.00 

Signal Gen., 0.1-1050 MHz, 10 Hz res. 
GIGATRONICS 1018 Synthesized ..................................................... $4,500.00 

Signal Gen., 50 MHz-18 GHz, 1 MHz res. 
GIGATRONICS 600/6-12 Syntheslmd ............................................... $2,500.00 

Source, 6-12 GHz, 1 kHz res., GPIB 
GIGATRONICS 840-18 Freq. Multiplier, ........................ ..................... $2,750.00 

18-26 & 26-40 GHz outputs 0 dBm 
GIGATRONICS 875/50 l.svelled Multiplier, ........................................ $2,500.00 

x4, 50.0-75.0 GHz output, -3 dBm 
GIGATRONICS 875186 l.svelled Multiplier, ................................... ..... $3,750.00 

28.5-40.0 & 50.0-75.0 GHz outputs 
GIGATRONICS 900/2-8 Synthesized ................................................. $2,500.00 

SignaVSMep Gen., 2-8 GHz, 1 MHz res. ,GPIB 
HP 11720A Pulse Modulator, 2-18 GHz, 80 dB on/off ratio .................. $450.00 
HP 85100V Frequency Mull., ........ ..................................................... $3,750.00 

10-15 GHz In/ 50-75 GHz out >0 dBm 
HP 86408 Signe! Generator, .................................................................. $950.00 

o.~512 MHz, AM, FM, pulse modulation 
HP 86568-001 Synth. Signal Gen., .................................................... $2,500.00 

0.1-990 MHz, 10 Hz res., OCXO ref. 
HP 8657A-002 Signal Generator, ....................................................... $3,250.00 

0.1-1040 MHz, 10 Hz res., HPIB 
HP 8860Cl86602B-002 Synth. Sig. Gen., .......................................... $2,750.00 

1-1300 MHz, FM I Phase mod. w/86635A 
HP 8660C186603A Synthesizer, ......................................................... $3,250.00 

1-2800 MHz, AM I FM, w/86633B 
HP 8872A Synthesimd Signal Generator, ......................................... $8,000.00 

2-18 GHz, -+3 dBm output 
HP 8873D-H16 Synth.Signal ............................................................ $18,500.00 

Generator, 50 MHz-28 GHz, AM/FM 
HP 8873E Synthesized Signe! Generator, ......................................... $9,500.00 

2-18 GHz, +8 dBm output . 
HP 8873G·004,008 Synth. CW Signal ................................. ............ $12,500.00 

Generator, 2-26 GHz, >+8 dBm output 
HP 8884B Signal Generator, .............................................................. $3,500.00 

5.4-12.5 GHz, AMI WBFM/ Pulse 

SWEEP GENERATORS 
HP 8350A/83545A--002 Sweep ........................................... ............... $4,000.00 

Oscillator, 5.9-12.4 GHz, 70 dB step attenuator 
HP 8801 A Generator/Sweeper, ....................... ....................................... $400.00 

0.1-110 MHz, +20 dBm levelled 
HP 8820C Sweep Oscillator Frame ....................................................... $550.00 
HP 86222B-002 RF Plug-In, ............................................................... $1 ,250.00 

10-2400 MHz, +13 dBm levelled, 70 dB atten. 
HP 88230B RF Plug-in, 1.8-4.2 GHz, +10 dBm unlevelled ................... $375.00 
HP 86240C RF Plug-in, 3.6-8.6 GHz, + 16 dBm levelled ....................... $700.00 
HP 86241A-001 RF Plug-In, 3.2-6.5 GHz, +8 dBm levelled .................. $300.00 
HP 86242D-Q04,008 RF Plug-In, ....................................... .................... $300.00 

5.9-9.0 GHz, + 10 dBm levelled 
HP 86245A-001 RF Plug-in, ................................................................... $800.00 

ANRITSU MP-81BIML-83A Power Meter, ........... .... ......................... $2,500.00 
7~110 GHz (WR10), -20 to +20 dBm 

BOONTON 42B/41-4E Analog Power ......................... ........................ $450.00 
Meter, with 1 MHz· 18 GHz sensor 

HP 435B/8481A Power Meter, ............................................ ................ $900.00 
-30 to +20 dBm, 10 MHz-18 GHz 

HP 4358/8481 B Power Meter, ............................................. ............ $1,500.00 
0 to +43 dBm, 10 MHz-18 GHz 

HP 435818482H Power Meter, ................. .................... ......... .............. $900.00 
-10 to +34 dBm, 100 kHz-4.2 GHz 

HP 436A-022/8481A Power Meter, .... ........................... ................... $1,400.00 
-30 to +20 dBm, 10 MHz-18 GHz, HPIB 

HP 8477A Power Meter Calibrator, for HP 432 series .................... .... $500.00 
HP 8900D/84811A Digttal P8ak Power ............. .. ........................... $2,300.00 

Meter, 10 MHz-18 GHz, 0- +20 dBm 
HP K486A WR42 Thermistor ............................................................... $350.00 

Mount, 18.0-28.5 GHz, for 432 series 
HP Q8486A Power Sensor, ..................... .................... ..................... $1,500.00 

33.0-50.0 GHz, WR22, for 435161718 
HP R486A WR28 Thermistor ............................................... ........ ....... $350.00 

Mount, 26.5-40 GHz, for 432 series 
HP R8486A WR28 Power Sensor, ........ ............................... ............ $1,500.00 

26.5-40 GHz, for HP 435161718 

RF MILLIVOLTMETERS 
BOONTON 92B-opt.05 RF MlllM>Hmeter, ......... ................... ...... ......... $500.00 

1 O kHz-1 .2 GHz, 75 Ohms scale 
RACAL 9303 TAMS l.svel Meter, ......................................... .... ........... $875.00 

10 kHz-2 GHz, -77 to +23 dBm, GPIB 

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RES. 1W1000 Amplifier, .................... .............................. $500.00 

30 dB gain, 1-1000 MHz, 1 Watt output 
BOONTON 82AD-opt.01A Modulation ................................. ............... $750.00 

Meter, AM, FM, 10-1200 MHz, GPIB 
ENI 1040L Amplifier, 55 dB gain, 10-500 kHz, 400 Watts ............... $2, 750.00 
HP 11729C-130,140 Carrier Noise Test .................................... ....... $9,500.00 

Set, AM Noise & Rear Panel Inputs 
HP 415E SWR Meter ................................................................ .......... $200.00 
HP 465A Amplifier, 20/40 dB, .... ............ ............ .................................. $125.00 

5 Hz-1 MHz, 1/2 Watt/50 Ohms 
HP 8406A Comb Generator, .................... ........................................... $500.00 

111 Ol 100 MHz Increments, to 5 GHz 
HP 8447A Amplifier, 20 dB, ......... ................ ........................................ $375.00 

0.1-400 MHz, 5 dB NF, +8 dBm output 
HP 8447E Amplifier, 22 dB, .. ............................................................... $750.00 

0.1-1300 MHz, +13 dBm output 
HP 8447F-H64 Dual Amp., 25 dBG .................................................... $900.00 

0.1-1300 MHz &28 dBG 9 kHz-50 MHz 
HP 8901A Modulation Analyzer, 150 kHz-1300 MHz ................... ... $2,500.00 
HP 8901 B-1,2,3 Modulation An., ............ .... ...................................... $3,000.00 

0.1~1300 MHz, rear input, OCXO, ext.LO 
HP 8970A Noise Figure Meter .............. .................. .................. ....... $4,000.00 
ROHDE & SCHWARTZ ESH2 Test Receiver, 9 kHz-30 MHz .......... $5,000.00 

AMERICAN NUCLEONICS AM-432 Cavity ..... .. .................... .... .... .. .. .. .. $95.00 
Backed Spiral Antenna,LHC, 2-18 GHz,TNC(I) •NEW• 

AVANTEK AMT-400X2 WR28 Active ......... .......................................... $450.00 
Doubler, 13-20 GHz +10 dBm in, +10 dBm out 

BAYTRON 3-28-300/10 WR28 Directional .......................................... $300.00 
Coupler, 10 dB, 26.5-40 GHz 

BIRD 4410A/4410-3 Wattmeter, .............................. ............................ $400.00 
2-30 MHz, 10 W-1 kW f.s., N(f/I) 

BIRD 8~300 1 kW Load, 25-1000 MHz, LC(f), with wsttmeter ...... $650.00 
BIRD 8201 500 Watt Oil Cooled Load, DC-2.5 GHz, N(f) ............... .... $350.00 
CONTINENTAL MW. RAE28-K-M WR28 x K(m) Endflre Adapter ...... $225.00 
FXR/MICROLAB ~N Triple Stub ........ .......................................... $125.00 

Tuner, 20G-1000 MHz, 100 Watts max., N(mll) 
FXR/MICROLAB SL-03N Stub Tuner,) .................................................. $75.00 

0.3-6.0 GHz, 100 Watts max., N(mll 
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-W8'j Power Divider, DC-18 GHz, N(mM) ..................... $300.00 
HP 11692D Dual Dlractionel Coupler, 22 dB, 2-18 GHz ...... ............... $800.00 
HP 33321 K Programmable Step Allen., ........ ..................................... $475.00 

0-70 dB, DC-26.5 GHz, 3.5mm 
HP 33327L-006 Programmable Step ..... .......................... ................ $1,000.00 

Attenuator, 0-70 dB, DC-40 GHz, 2.9mm 
HP 774D Duel Directlonal Coupler, 20 dB, 215-450 MHz .................. $275.00 
HP 777D Dual Directlonal Coupler, 20 dB, 1.9-4.1 GHz ......... ............ $275.00 
HP 7780-011 Dual Dir. Coupler, .................................... .................. ... $450.00 

20 dB, 100-2000 MHz, APC7 test port 
HP 8431 A 2-4 GHz Band Pass Fitter, N(mll) ...................................... $150.00 
HP 8472A Crystal Detector, ............ .................................................... $175.00 

10 MHz-18 GHz, negative polarity, SMA 
HP 8494G-002 Programmable ........................ ................... ................ . $350.00 

Slep Attenuator, 0-11 dB, DC-4 GHz, SMA 
HP 8495H-002 Programmable Step ........ ... .. ....................... .......... .... . $400.00 

Attenuator, 0-70 dB, DC-18 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 K382A WR42 Direct Reading ............................ ......................... $2,900.00 

Attenuator, 0-50 dB, 18-28.5 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 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 ................. $850.00 
HP A382A WR28 Direct Reading ..................................................... $2,000.00 

Direct Reading Attenuator, 0-50 dB, 26.5-40 GHz 
HUGHES 45n4H-1000 WR15 Direct .......................................... .... $1,000.00 

Reading Attenuator, 0-50 dB, 50-75 GHz 
HUGHES 45732H-1200 WR22 ............ .... .................................. .. ...... . $250.00 

Level Set Attenuator, 0-25 dB, 33·50 GHz 
HUGHES 45772H-1100 WR22 ........................... .. .......... .... .......... ...... $400.00 

Thermistor Mount, -20 to + 1 O dBm, 33-50 GHz 
HUGHES 45773H-1100 WR19 Thermistor ...... ....... ................... .. ....... $650.00 

Mount, -20 to + 1 O dBm, 40-60 GHz 
HUGHES 45774H-1100 WR15 Thermistor ......................................... $750.00 

Mount, -20 to + 1 O dBm, 50-75 GHz 
HUGHES 45775H-1100 WR12 Thermistor ........ .............. .............. .. ... $800.00 

Mount, -20 to +10 dBm, 60·90 GHz 
HUGHES 45776H-1100 WR10 Thermistor .. .. ..................................... $650.00 

Mount, -20 to +10 dBm, 75·110 GHz 
HUGHES47316H-1111 WR10Tuneable ....................... .. ................... $600.00 

Detector, 75·110 GHz, posttive polarity 
HUGHES 47741H-2310 WR28 Phase ............................................. $2,000.00 

Locked Gunn Osc., 32.000 GHz, + 18 dBm 
HUGHES 47742H-1210 WR22 Phase ..................... ........................ $2,750.00 

Locked Gunn Osc., 42.000 GHz, + 18 dBm 
HUGHES 47974H-1000 WR15 SPST .......................... ....................... $375.00 

PIN Switch, 250 MHz speed, 60-62 GHz response 
KRYTAR 2816S Directional .................... ............ ................................. $200.00 

Detector, 1.7-26.5 GHz, K(f/ni)JSMC 
M/A-COM 3·19-300/10 WR19 ........ ......... ............................. .. ............. $450.00 

Directional Coupler, 10 dB, 40~ GHz 
MICA C-121 S06 Circulator, 17.5-24.5 GHz, SMA(f/m/m) .... .................. $75.00 
MIDWEST MICROWAVE 3537 ....................... ....................................... $40.00 

DC Block, 0.1-12.4 GHz, SMA(mll) ·New· 
MINI-CIRCUITS ZFDC-20-4 Directional .... ............ ................ ................ $25.00 

Coupler, 19.5 dB, 1-1000 MHz, SMA(I) 
NARDA 3000-SERIES Directional Couplers .......... ............................. $150.00 
NARDA 3024 Bi-Directional Coupler, 20 dB, 4-8 GHz ................... ..... $300.00 
NARDA 3090-SERIES Precision High Directivity Couplers .... ............ $225.00 
NARDA 368BNM Coaxial High ........................................ .................... $500.00 

Power Load, 500 Watts, 2.0-18 GHz, N(m) 
NARDA 3752 Coaxial Phase ............................................................ $1,000.00 

Shifter, 0-180 deg/GHz, 1-5 GHz 
NARDA 3753B Coaxial Phase .... .......... .......... .. ............................... $1,000.00 

Shifter, 0-55 degJGHz, 3.5-12.4 GHz 
NARDA 4000-SERIES SMA Miniature Directional Couplers .. ............ ... $75.00 
NARDA 4226-1 O Directional Coupler, ................................................ . $275.00 

10 dB, 0.5-18.0 GHz, SMA(f) 
NARDA 4227-16 Directional Coupler, ............. .................... ................ $325.00 

16 dB, 1.7-26.5 GHz, 3.5mm(f) 
NA RDA 4242-20 Directional Coupler, .. ...................... .......... ........ ....... $100.00 

20 dB, 0.5-2.0 GHz, SMA(I) 
NARDA 4247-20 Directlonal Coupler, ................................................. $200.00 

20 dB, 6.0-26.5 GHz, 3.5mm(I) 
NARDA 4247B-10 Directional ......... ................................ ........ ............ $200.00 

Coupler, 1 o 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(mll) 
NARDA 765-10 10 dB Attenuator, 50 Watts, DC-5 GHz, N(mll) ......... $165.00 
NARDA 768-10,-20 10 dB or 20 dB ............ ............ ................ ..... ....... $120.00 

Attenuator, 20 Watts, DC-11 GHz, N(mll) 
NARDA 792FF Variable Attenuator, 0·20 dB, 2.0-12.4 GHz .............. . $375.00 
NARDA 794FM Direct Reading Variable .... .................... .. ................... $375.00 

Attenuator, 0-40 dB, 4-8 GHz 
OMNI-SPECTRA 2085-6010-00 Crystal ................................................ $50.00 

Detactor, 1-18 GHz, negative polarity, SMA(m/I) 
PAMTECH KYG1014 WR42 Junction .. ...................... ......................... $250.00 

Circulator, 18.0-26.5 GHz 
SONOMA SCIENTIFIC 21A3 WR42 ...................................................... $75.00 

Circulator, 20 dB, 20.6-24.8 GHz . 
TAG B510 WR22 Direct Reading z ........................ .......................... $1,000.00 

Attenuator, 0-50 dB, 33-50 GH 
TAG B528 WR22 Direct Reading ..................................................... $1,250.00 

Phase Shifter, 0-360 deg.,33-50 GHz 
TAG V551 WR15 Frequency Meter, 50-75 GHz ........ .. ....................... $600.00 
TAG W551 WR10 Frequency Meter, 75-110 GHz .... .......................... $750.00 
WAVE LINE 100080 WR28 Terminated ............................................... $200.00 

Crossguide Coupler, 30 dB 
WEINSCHEL DS109 Double Stub ...................................................... $150.00 

Tuner, 1-13 GHz, N{m/f) 
WEINSCHEL DS109LL Double ........................................................ ... $150.00 

Stub Tuner, 0.2-2.0 GHz, N(mll) 
HP 3780A Pattem Generator I ......... ......................................... ....... $1,000.00 

Error Detactor, 1 kb.'s - 50 Mb/s 

HP 4935A-001 Transmission .... ................................................... ........ $700.00 
Test Set, 20 Hz-110 kHz, battery option 

HP 59401A HPIB Bus Analyzer ............ .... ........ .... .......................... .... $400.00 
TEK 1410R NTSC Gen., ........ ............................................................. $800.00 

w/SPG2 sync. generator, TSG7 color bars 
TEK 1411R PAL Gen.,w/SPG12 ......................................................... $750.00 

sync;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.04 PAL Test Gen., ...................................... ............. $1,400.00 

w/SPG12,TSG11,TSP11,TSG13,TSG15,TSG16 
TEK 147A NTSC Test Signal Generator, with noise test signal .......... $800.00 
TEK 148 PAL Insertion Test Signal Generator .................................... $700.00 
TEK 520A NTSC Vectorscope ........................ .. ................................... $750.00 
TEK 521A PAL Vectorscope ................................................................ $750.00 

5.9-12.4 GHz, +17 dBm 1811811ed 
HP 86250D RF Plug-in, 8.0-12.4 GHz, +10 dBm levelled ............. ........ $500.00 
HP 86260A RF Plug~n. 12.0-18.0 GHz, + 10 dBm unlevelled ............... $500.00 
HP 86260A·H04 RF Plug-In, .................................................................. $500.00 

10.0-15.0 GHz, +10 dBm unlevelled 
HP 86290A-004 RF Plug-In, ....................................... ........................ $1 ,750.00 

2.0-18.0 GHz, +7 dBm 1811811ed, rear output 
HP 862908-004 RF Plug-In, ................ ............................................... $1,850.00 

2.0-18.6 GHz, +10 dBm levelled, rear output 
WAVETEK 962 Sweep Generator, ............. ........................................ $1 ,250.00 

1.0-4.0 GHz, markers, + 12 dBm unMd. 
WILTRON 6647M Sweep Generator, ..................... ............................ $4,500.00 

Attenuator, 0-50 dB, 26.5-40 GHz 
HP R422A WR28 Crystal Detector, 26.5-40 GHz .............................. . $400.00 
HP R532A WR28 Frequency Meter, 26.5-40 GHz .............................. $500.00 
HP R752C WR28 Directional Coupler, 10 dB, 26.5-40 GHz .............. $450.00 
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 V385A WR15 Isolator, 25 dB, 50-75 GHz ............................. ........ $750.00 
HP V752D WR15 Directlonal Coupler, 20 dB, 50-75 GHz .................. $650.00 
HP X870A WR90 Slide Screw Tuner .................... ............................... $150.00 
HUGHES 45712H-1000 WR22 Frequency Meter, 33-50 GHz ........... $900.00 
HUGHES 45714H-1000 WR15 Frequency Meter, 50-75 GHz .... ....... $900.00 
HUGHES 45716H· 1000 WR1 O Frequency Meter, 75-110 GHz ......... $900.00 

FLUKE 2180A RTD Dig~al Thermometer ............ ......... ...................... $500.00 
HP 7090A Measurement Plotting System ................ .............. .......... $1,500.00 
KEITHLEY 705 / 2x7055 Scanner ....................................................... $400.00 
P.A.R. 5206-95,98 Two-Phase .......................................................... $1,500.00 

Lock-in Amp., 2 Hz-100 kHz, GPIB 
TEK TM5006 5000-series .... ........... .. .................................................. $600.00 

6-slot Programmable Power Module 
TEKTM504 500-series 4-slot Power Module ........ ........ .......... ............ $175.00 
TEK TM506 500-series 6-slot Power Module .................. .. ...... .. .......... $250.00 
TEK TM515 500-series 5-slo!Trawller Power Module ....................... $275.00 

10 MHz-20 GHz, + 10 dBm levened 
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QUESTIONS 
Where can I get HV supplies 0-

60KV, 0-1 OmA variable? I need a 
source for used induction heaters, 
water cooled. 
9991 Anonymous 

I need information on IBM OS/ 1 
server connections. What can be 
done with it? 
9992 S. Grimm 

New Bern, NC 

Any suggestions on how to build 
a reasonably priced speech synthe
sis board for our BASIC II based 
robot? [It seems that the SP0256 
chip is near extinct on the market 
right now.] 
9993 Jack Ivory 

New Hartford, NY 

I have a very large and "used to 
be" useful engineering calculations 
program "ECALC" written in IBM 
BASICA. It will not run in Windows or 
even in DOS on the new Pentium 
processor computers. 

The basic problem is that none 
of them will run IBM BASICA. 
Compiling isn't a good solution 
because the program chains to sev
eral sub programs to get around the 
64K program size limit of BASICA. It 
also uses the differences in BASIC 

I have a project which requires 
+12 voe. -12 voe, and +5 voe reg
ulat.ed from a car's cigarette light.er. t 
managed to find a schematic on the 
+12 voe and +5 voe [the 5 voe 
being in the June '99 issue of Nuts & 
Voles), but I am having problems find
ing how to convert the + 12 voe to 
-12 voe. The amperage require
ments for the -12 voe are low. I need 

Send all material to Nuts & Volts Magazine 430 Pr1nceland Court Corona 
CA 91719 OR fax to [909) 371-3052 OR E-Mail to forum @nutsvolts.com 

and BASICA so the BASICA is a must. 
How can I get IBM BASICA to 

run on a Windows machine? 
9994 Harvey Cappel 

Bayou Vista, TX 

Two years ago, I mounted an 
electrical window system to my car. 
The driver's window used to go auto
matically up or down - a complete 
course - at a single touch of the but
ton. When the motor was blocked, it 
was turning itself off automatically, 
because of the increased current 
passing through the alimentation sys
tem. 

Now, this system is broke. I have 
to keep pushing the button to com

. pletely open the window. 
Here is my question: I want to 

make a simple circuit that would 
keep the motor running until the win
dow opens completely, and then turn 
it off. Would it be a kind of short-cir
cuit protection? It must not burn the 
motor! 
9995 Gil Stoian 

via Internet 

I have a NEC model #DX-1 OOOU 
VCR that has encountered a micro
processor. failure. I have a complete 
service manual and have been able 
to determine some of the damage. 

500 mA. 

I am looking for a NEC part 
#PD7516HCW-2-82. The unit is 
well- built with features that are just 
not available today. 

Can you direct me to someone 
who can supply me with old NEC 
parts? 
9996 Anthony Hanudel 

Williston, VT 

Do you know of any services, 
accepted, hacker, or phreaker to 
remove the (Automatic Number 
Identification] ANI from calls to 800 
or 900 numbers for home-0riginated 
telephone calls, functioning similarly 
to E-Mail's Anonymzer? 

Probably the service would redial 
the calls and then patch them to the 
original caller. Consider both POTS 
and Internet phone calls. 

Can you supply contacts or 
addresses? 
9997 Dave English 

via Internet 

I am building a robotics platform 
using two stepper motors for loco
motion. 

Is there any formula for figuring 
how much weight a stepper motor 
can carry, and what about two 
together? 
9998 Tzvi Frankel 

via Internet 

I do have one schematic for the I always thought that the output 
• 12 voe, but I find it a little impracti- . impedance of an emitter follower 
cal. There has to be a much simpler was the resistance of the emitter 
way. 

I attached the schematic I am 
talking about. 

Vicken Mouradian 
via Internet 

resistor. 
I recently built a class A, two

stage single ended emitter follower 
transistor amplifier to provide a low Z 
output. Measurements reveal a lot 
lower impedance than the 1 DO-ohm 
load resistor would lead me to 
believe. Am I missing something? 
9999 John Nelson 

OUT V• via Internet 
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i Where can I get the plans to 
build a 6 voe to 12 voe converter? 

I want to install a new radio into 
an old [1951) six-volt car. 
99910 Douglas Faubion 

New Palestine, IN 

,.' 1ZO µf,20V • 
, I am a university student cur-
w rently doing a project involving the 
1 usage of MC68HC811 E2FN52PLCC. 

I failed to locate the microcontroller 

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. 
• fn 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. 
• Due to space limitations, we can 
not {'Sprint the original questions 
with:ithe answer. The question num
ber and the issue it appeared in are 
print.ed 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. 
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TO BE CONSIDERED FOR PUBLICATION 

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 wiH be accepted that 
offer equipment for sale or equipment 
want.ed t.o 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 lt.eitherj, ... 
•Write legibly [cir type]. If we can't read 
it, we'll throw it away. 
• Include your Name, Address and 
Phone Number. Only your name wiU be 
published with the question, but we may 
rn::ed to contact you. 

in my country (Malaysia). 
Can someone give me any guid

ance on how to get the MCU? 
99911 Jen Wen Chia 

via Internet 

I bought a Toshiba T 4600C note
book computer at a local hamfest. 
The power-on password has been 
set. I have tried disconnecting the 
CMOS battery [and the clock battery 
too, for good measure] and left them 
unhooked for days. The computer still 
wants a password when I power it up. 

Toshiba said to send it back and 



they'll delete the password for a 
small fee. 
99912 Sam Roberts 

Kannapolis, NC 

I am looking for a way to hook up 
my Apple Personal Laserwriter NT to 
my new IBM Clone PC running 
Windows 98. My Apple Laserwriter 
has a DIN connection on it. 
99913 Susan Mestres 

via Internet 

I am looking for a way to keep my 
car engine at about 1,000 RPMs 
while I have my A/C on. 

My car idles at about 1 K RPMs 
in neutral and goes down to about 
850 RPMs when in drive, at idle, and 
when I have the A/C on. Also, the 
RPMs drag even lower than I would 
like. 

With the RPM being this low, it's 
hard on the engine, and the charging 
of the alternator stops (drops out] 
until the RPMs come back up. 
Usually, I put the car in neutral and 
give it a little gas to get the RPMs up, 
until the light changes to green, then 
it's back to drive again. 

I need something like a governor 
to maintain the RPMs regardless of 
the load, until I press the gas myself, 
the governor should engage when 
my foot is off of the gas pedal, and 
disengage when I press the gas 
pedal. 

My car is a 1977 Plymouth Fury 
station wagon [land yacht] with A/C. 
The engine is a 360CC two-barrel 
carb., eight cylinder. 

Every year, I have to put up with 
a battery going dead because the 
alternator drops out at low RPMs 
and the car also overheats due to 
slow fan when the RPMs are low. 
99914 Ray Samples 

via lntemet 

I am looking to use a 556 timer 
IC and two or more bi-color LEDs in 
parallel (red, green, or yellow/ 
green]. 

I tried to do this myself, but it just 
doesn't work right. I connected the 
outputs pin 9 and 5 to the LEDs, so 
that when the timing is right, one out
put will be low and the other will be 
high, and flip-flop back and forth 
(polarity switching] causing the LEDs 
to blink red and green. 

I also want this circuit to start 
blinking red/ green slowly and then 
get faster and faster until its polarity 
goes null [both outputs go either+,+ 
or -.- causing the LEDs to go out] 
then the cycle starts all over again. I 
have tried this and sometimes it 
works and somtimes it doesn't. It is 
unstable. 

Can someone tell me how to do 
it correctly with a schematic? 
99915 Ray Samples 

via lntemet 

I need to locate a hard drive 
caddy [the frame/ casing which the 

hard drives mounts in, and which has 
the connector which mates with the 
body of the computer] for a Dell 
Latitude 433MC laptop. 

Dell no longer supports this 
model, and they were not able to sug
gest any third-party sources that sell 
this item. 

Any suggestions on vendors that 
I might be able to purchase this 
from? 
99916 Mike Kluger 

via Internet 

A friend of mine has a restored 
antique automobile with a six-volt 
electrical system. He would like a 
source of 12-volt power for a mod
em radio. 

I have been following your switch
ing power supply articles, but he 
needs a more robust current than 
your articles suggest. 

I believe he needs approximately 
5 amperes at 12 volts. Any supply 
will do, I just want to help him get 
some tunes. 
99917 Michael P. Koryciak 

Flint, Ml 

Where can I find a circuit layout 
to build my own garage door opener? 
99918 Dave Trefry 

via Internet 

Where can I find the color con
trols for the Zenith D & Z lines? The 
manufacturer does not make them 
anymore. 
99919 John Brown 

via Internet 

I am looking for a keyboard for 
an old EPSON ActionNote 500C. The 

plastic foil PCB has broken traces, so 
the enter key and couple of keys 
around it don't work. 

I need this dinosaurus for work 
[modem compatibility reason]. Epson 
doesn't carry old parts and autho
rized dealers can't get them either. I 
plugged in an external keyboard, but 
it's not portable PC anymore. 

If someone has this notebook 
with a broken screen and good key
board, I'm willing to buy it. 
99920 Dusen Benko 

Brooklyn, NY 

I am looking for a circuit design 
for a 180-9141-2 to R&232 convert
er. 

This converter will allow me to 
see the information coming out of 
the On Board Diagnostic II system 
found on all '96 and higher Chrysler 
and import vehicles. 

I believe I can handle the soft. 
ware. Does anyone know of such a 
circuit? 
99921 Joe 

via lntemet 

I need a thermo switch normally 
open at 90%. 
99922 Millard Middleton 

via lntemet 

ANSWERS 
ANSWER TO #89912 - AUG. 1999 

Recently, the 1.35-volt KX-625 
battery failed in my Olympus OM-1 
camera. 

Since mercury batteries are no 
longer commonly available, I am won
dering if anyone knows of an adaptive 

circuit I could use, perhaps with an 
extemally mounted six- or nine-volt 
battery? 

[I understand some commercial 
replacements use 1.5-volt silver 
oxide batteries which snap into some 
sort of voltage reducing circuit.) Any 
ideas? 

Lack of mercury batteries isn't 
the problem it used to be. There is 
actually a new replacement for the 
625 mercury cell. Same voltage as 
before. 

This is essential for some higher 
priced cameras, since using a higher 
voltage replacement has actually 
caused damage. 

One source for the ZA625PX 
[zinc air], which replaces the 
EPX625, V625PX, H-0, PX13, etc. 
for $1.95. Call Wholesale 
Advantage at 1-800-574-7253. 

The Wein Zinc Air Cell, which 
costs about $8.00 and is carried by 
many camera shops, delivers 1.35 
volts and is intended to replace the 
PX625/13 mercury cells. 

Another option is to buy a gen
uine mercury cell from a Canadian 
source. Canadian Quality Concepts, 
101 Fife Rd., Guelph, Ontario, 
Canada N 1 H 6X9; They offer the 
PX625 and PX675 priced at [1-3) 
$4.69 us. 

Rick 
via lntemet 

ANSWER TO #8995 -AUG. 1999 
I have the Lab Tee C& 150 stereo 

computer speakers. I need the head
phone plug for one wire to play the 
tape cassette or portable radio. 

I also need another small hea~ 
phone, this one connected to the 

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

analyzer AND multimeter. Display simultaneously Record for 365/24 without a PC even if power alone or plugs into your PC 

on large screen! 100MS/s 8-bit or 1.2MS/s 12-bit or fails. Monitor 30 sensors 400 yds away. With for display, store-to-disk, 

333kS/sversions. Greatforschools,testdepts, etc. cables and easy software. Remote audio printing in color. Inputs to 

Input to Excel! LabView/NT drivers included. 1 OOV , trigger , backlit LCD. 

Stocked in NY by Saelig Company: Virtual Instruments, 12C and embedded controllers, BIT/ink 2-wire 
networks, RS232/422/485, frame grabbers, etc. See www.saelig.com for Product of the Month! 
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right speaker from the left amp 
speaker. I need three in all. 

RadioShack has the plugs and 
cables you need to do this. Take your 
LabTec speakers down to the near
est dealer, look at the plugs and 
extension cords they have in stock, 

and be sure they fit your speakers. 
The plugs you need are fairly 

common items. You'll be better off 
buying an assembled shielded cable, 
with a plug on each end, as the plugs 
are rather small, and it's difficult t.o 
solder the wires ont.o them. 

RadioShack also stocks numer
ous adapter plugs, which you can use 
t.o connect to other standard audio 
sources. such as RCA type plugs. etc. 
I've been able t.o adapt several differ
ent audio sources to my computer 
using this method. 
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You might also want t.o hook 
up a small AM-FM radio, [such as a 
Sony Walkman] t.o your computer, 
using such an adapter cord. This will 
provide a fairly good sounding radio, 
using your computer sound system. 
Just remember, the headphone cord 
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Telulex Inc. model SG-100A 

New 
Features: 

t/ 21.5 MHz 
t/ .01 Hz steps 
t/ multi-unit 

phaselock 

Telulex Inc. 
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Any waveform you want! 
• Synthesized Signal Generator 

Clean sinewaves DC-21.5 MHz with .001 % accuracy! 
• 01 Hz steps. DC Offset. RS232 remote control. 

• Arbitrary Waveform Generator 
40 Megasamples/Second. 32,768 points. 12 bit DAC 

DC to 21.5 MHz linear 
and log sweeps 

Int/Ext AM, SSB, 
Oualtone Gen. 

• Function Generator 
Ramps, Triangles, Exponentials, Noise & more. 
0 to 2 MHz in 1 Hz steps. Continuous or Triggered . 

• Pulse Generator 
Digital waveforms with adjustable duty cycle 

·1nt/Ext FM, PM, 
BPSK, Burst 

Ramps, Triangles, 
Exponentials 

rn~~~ 
Pulse Generator Noise Arbitrary Waveforms Unlimited Possibilities! 

2455 Old Middlefield Way S Tel (650) 938-0240 http:/fwww.Telulex.com 
Mountain View, CA 94043 Fax (650) 938-0241 Email: sales@Telulex.com 

Write In 78 on Reader Service Cerd. 



of most of these portable devices 
also serves as the receiving antenna 
for the radio, so the orientation of 
this cord will affect radio reception. 
(Don't coil it up, or sit a steel cabinet 
on it, or you won't receive much!) 

I've used a RadioShack audio 
cable - about four-five feet long - to 
listen to radio, CDs, and cassette 
players at the office, using my com
puter speakers. This works really 
well, when my favorite team is playing 
on a day when I have to work. 

Dwight Johnson 
Booneville, MS 

ANSWER TO #7998 - JULY 1999 
I need to know if the HP Ergo 

ANSWERS TO #89911 ;AUG. 1999 

1024 {02805A) color monitors are 
standard SVGA monitors and, if so, 
the pinout data to make an adapter 
cable which will take the 08-9 socket 
to a standard Ha 15 male SVGA con
nector. 

Judging from the connector 
alone, it's either an EGA or CGA mon
itor. 

Although this is not a VGA dis
play, it may be possible to make a 
cable. (Although all digital signals 
could not be used by the display and 
the only resolution supported will 
probably only be 320x240 or 
480x640.) 

Continued on page 84 

#1 I have a two-axis accelerometer that has an olitput of 2.5 Voe in the 
level state. In the pft:ched up state, the output will go to 2.812 VOC. In the 
pitched down state, the output will go to 2. 1 BB VDC. 

What can I do to increase the voltage swing without changing the 2.5 
, Voe center? Example: P~/1 up 3.5 VDC, 

-t• pft:ch down 1.5 VDC? 
&t'=to ~ Here i~ a simple circu~,, FfiaJ: . ~!11 an;ipli-

fy the sensor's .iputput by 'about L1 o. The 
· gain is proportional to the 47DK resistor, 

"'"-'"" ....... -0 so you can adjust the gain up or down by 
changing that resistor. 

There may be some problems with 
what you want to do. Accelerometers do 
not measure pitch. so you may have the 

'\/ \N wrong sensor or the wrong terminology. 
An inclinometer measures pitch [or roll). . ... 

You may also have trouble closing the servo loop, Just matching the sen: 
sor signals to the servo moto~ input voltage does not guarantee a st.able loop 
or good periormance. ·.· ··t ,,, .:%=::.., /{ ·,::'=:. ·::i~tt~::~.: -.. ::,~ 

You may need a lot .. of gaig to minimize the servd'error. and then you may 
have stability problem$'because the loop is underd9mped and si,;insitive to 
noise and backlash. ·.· · .·. ·· 

You have a difficult task ahead. 

#2 Here is a simple 
circuit that should con- •:~Y 
vert the voltages for : Vin > , : 
Your two-axis l 1 2.5Vdc +1- o.a12 I a Lr:--~ ! 

Gerald Roylance 
Mountain View, CA 

., ' ' - ..... 1 
accelerometer. .~... u1 ·A : '/>'] ~ v out j 2 .5Vdc +/- Lo I 

The circuit is a norr @ 2 ~ --t,; ... ,.., 
inverting amplifier mod- ~ ~· 4 

· 

ified to operate off of a +~v R1 R3 - I j 
singl0 5-volt supply. The ~· - "-

2
' '!..'-: -v·''• 6 --1~ 1 

~~~~r}"1ifi ~i:) ~ "'f,. "' ~'1_
6

.· .. {:! .. ,::: I 
+ 1 [or 3.2 for the indi-

cated resistor values). ~~~~~-~=~~-----------------
Note: The symbol "/ /" 01 0ua1 op-Amp LM3ss 

means "in parallel with» Rl. R2 Resistor 20k 

where R1 I I R2 = [R1 : RJ Resistor 22k ; 

* A2] / [A1 + R2]. ..... • : y n ···"'"'!'':" · ··• "'" <' 
For your application; a cliange of ±0.312 volts atthe input sl)ould cause; 

a change ot ±1.0 volts at the ·output. The DC offset,of 2.5 volts 'is achieved 
with R1 and R2. 

Stephen J. Bitar 
Sutton, MA 

#3 Your application is well-suited to what is known as a "low-cost, single
supply differential instrumentation operational amplifier." 

Analog Devices A0626 is very compact and easy to use. It works off of 
a single +5V supply, it has a built-in gain of 1 OX , 

To obtain such parts and simple application notes [included in 
Designer's Reference Manual). contact: Analog Devices, 1 Technology Way, 
P.O. Box 9106, Norwood, MA 02062-9106. Vqice: 617-329-4700, Fax: 
617-326-8703. ... .······ .. 

. Thomas Ng 
San Jose, CA 

Go Wireless With Our Modules 
SILRX/TXM TX2/RX2 

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

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

The TXM and SILRX modules are a trans
mitter and re<:eiver 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 tnmsmission/re<:eption. 

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

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 llH>ullding 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 wm suit on .. U>-One and multlnode wireless links In 
applications including car and building security. EPOS and 
inventory tracking, remote industrial process monitoring. and 

RPC 
RPC - $99.00 ea. 

computer networ1dng. 
Because of their small size 
and low power requirements, 
both modules are Ideal for 
use In portable. battery
powered applications such as 

900 MMz 
AVAILABLE NOW 

hand-held 
termi
nals. 

BiM 
BIM - $69.00 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

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-

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

Write In 80 on Reader Service Card. 

www. CoMPUTERCHOPPER. CoM 

•

. SCSI 

CD ROM 
Matsushita I Apple OEM 

PC or Mac SCSI 

4x $19 24x $79 

• 
lO"Open 

FnureSVGA 
Metal Encla;ed- Displays Up 

1o 1024 x 7li8 • nov AC 
Also Available in a $1l9 stardard ca5e. $129 

•
j 

..,_.;y,; 
lO"SVGA 

The same 1024x7(,8 .26clp 
monitor but with a slight bum in 

spotinthecenter. $5 
Our Pain is Yoor Gain! 9 

.. := 
486SX25 • Great for Linux 
DX266 Upgradable • 2 ISA 
Slots • VGA, LPT, $'°'9 2COMs •FD ""' 

6SCSICD's 
inaTower 

6CR-504-L 
Drives in a SCSI 
Tower $149 

Cellular Data 
Adapter 

For Motorola Flip Phone 
and compatable. Use ANY 

landline device, $39 modem, fax, etc. 

9.75" Mono, 8.6" and 10.4" Color LCDs 

$89 & up. 

Great for Servers: 
ISA Controller Included!! 

All screen; are 640x4BO. The 
controller supports 256 Colors. 

9.75" Mono Passive ..... . $89.00 
9.5" Color Passive ....... $199.00 
10.4" Color Active ....... $319.00 

Touch Screen Option 
Available. 

See our web site 
for more details. 

Isolation 
Transformer 

nsv Pri- nsv 250VA Sec 
Ma"'1PIPlc 'Iliad 

6'iT;_-~~5" $39 

:1'·L:·:·:·::.r.·:.·.-.-.J.·:.·r.·:·.·:·: .r.·.·'.:::Ji: 
Ball Bearing Slide 

Drawer Sliders • Extends 2' 
Three piece telescopic exten

sicn see the web frir $ 
more detail 6 Pair for 29 

9''Mono 
VGA 

Small footprint monitcr 
Great for servers, rest benches, 

etc.~y. $49 
Cheaper Ethernet Stuff 

Industrial Surplus 
PC Parts • Mac Parts 
For more information 
on these products and 

hundreds of other 
products check out: 

WWW. 
ComputerChopper 

.Com 

76on24-2404 
Fax 760n24-ssos 

Mon-Fri 9AM-5:30PM - Or see us on the internet. 

Coapiter Ciradation Celt.el; Inc. 
2618 Temple Heights

0
Drive 

VISA • Mastercard • Discover • Amerkan Express 

Prices & Availability subject to change without notice • Government 

& Educational PO"sAcrepted. • Not Respoosible for 1}'pographical Errors 
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Quality Used Test Equipment 
90 DAY WARRANTY Parts & Labor - 10 DAY INSPECTION 

HEWLETT PACKARD 
I 1975A, 2-8GHzAmplifer(usew/ I 1970series mixers) Sl750 
2 I 4B, I 0 MHz Pulse Generator, 200W Pulse/50 ohms .... $975 
3325A-2, 21MHz Synth Fune Gen, 40Vp-p, HPIB ....... ... SIOOO 
33322H, Prog Attn, DC- 18GHz, 11 OdB range, I OdB steps $250 
3403C, Digital RMS Voltmeter, 2 Hz-I 00 MHz ................. $200 
3421 A-20 l/44462A, Data Aquisition Control Unit, HPIB $325 
3455A, 6.5 digit Multimeter, HPIB ................................. ... $300 
3456A, 6.5 digit Multimeter, HPIB, calibrated w/cert ....... $450 
3465A, 4.5 digit Multimeter .................... .. ............................ S75 
3478A, 5.5 digit Multimeter ........................... .. ................... $400 
3488A, Switch/Control Unit ............................................... $400 
3852A, Data Acq/Control Unit ................ ..... .. .................... $800 
435A, Power Meter w/sensor cable .............. ... ................... $200 
436A-02-022, Power Meter w/ sensor cable, HPIB ... ........ $675 
4437A, Step Attenuator, 600ohm, DC-I MHz, O-l 19.9dB . $75 
44462N63A, 8 Chan MUX/2 Chan Actuator (3421 A) ..... SI 35 
44702A, 13-Bit High-Speed Voltmeter(use w/3852A) ..... $375 
4471IA, 24ChanFETMultiplexer(usew/3852A) ........... $175 
44723A, 16-Chan Hi-Speed Sense/Control (use w/3852A) $200 
44725A, 16-Chan General Purpose Switch (use w/3852A) $200 
44728A, 8-Chan Relay Actuator ........................... ...... ....... $200 
491 C, Amplifier, 2 GHz-4GHz, I Watt, 30dB Gain ...... ..... $375 
53 16B, IOOMHzCounter, HPIB ... ... .. ..................... .. ... .. ..... $275 
5300N 5302A,50MHzCounter ...................... .. .................... $50 
5300N5303A, 500MHzCounter ........................... .. ............. $80 
5314A, IOOMHzCounter ............. .. ....... ... ........................... Sl50 
5328A-011 -020-030, 512 MHz Counter w/DVM, HPIB .. $225 

8620C/86290A, Sweep Generator, 2-l 8GHz ................... $1250 
8660C/86633B/86603A, 2.6GHz Synth Sig Gen ........ .. ... $2000 
8761B-555, SPDT RF Switch, DC-18GHz (SMA) .... ......... $75 
8770A-KO I, Sync Sys Interface (use w/8770A Arb Gen) . $300 
8903B-OOI , Audio Analyzer, 20 Hz-100 KHz, rear input $1500 
94 11 B, Switch Controller, HPIB ........................................ $575 
El407A, VX I A/B-C-SizeActiveAdapter ......................... $200 

TEKTRONIX 
013-series, 576/577 Curve Tracer Adaptor Set .................. S300 
1240-05/(4)Dl 's, Logic Analyzerw/ (4) P6460 probes ..... S750 
2465B, 400MHz O'Scope, 4-channel ........ .. .. .................... $3800 
7854, Keyboard Only ........................ .................................. $125 
7A24,400MHzDua!TraceAmplifier ................................ $225 
7A26,200MHzDualTraceAmplifier ... .. ............................. $70 
7B53A, I OOMHz Dual Time Base ... .......................... ... ........ S70 
7B92A, 500MHz Dual Time Base .. .. .. ...... ... ....................... $150 
AM503, Current Probe Amplifier ............. .. .. .. .. ..... ............. S300 
P6133, I OX Probe, 150 MHz, usew/2400 series o'scopes ... $70 
P6 I 36, I OX Probe, 350 MHz, use w/2400 series o'scopes .. $90 
P6452, Data Aquision Probe (use w/ DAS9100) ............... Sl50 
P6460, Data Aquisition Probe (for 1240/1241 Analyzer) .. $150 
PG502, 250 MHz Pulse Generator, use w!fM500 series ... $300 
TDS460-IM, 350 MHz Digital O'Scope, 4-Channel, extra 

memory, includes 2 new P6 I 38A probes & manuals ... $4800 
TDS540A-I F-1M,500 MHz Digital O'Scope, 4-Channel, extra 

memory, 1.44 floppy, 4 new P6 I 39A probes, manuals S8500 

MISCELLANEOUS 
5334A-060, I 00 MHz Counter, front & rear input, HPIB . $400 AstroMedASC902, Medium Gain Amplifier Plug-in .. ... .. .. $100 
5334B, I 00 MHz Counter, HPIB ... .. ... .. ............................ .. $500 Bird IOA, Wattmeter Element, I OW, 25-60MHz .......... .. ..... $35 
5335A, 200 MHz Counter, HPIB ....................................... $625 Bird I OOA, Wattmeter Element, I OOW, 25-60MHz ............. $35 
5342A, Microwave Counter, I 8GHz ......................... .. .. .. ... $700 Boonton 92BD, RF Milivoltmeter, I OKHz- l .2GHz ..... ...... $250 
5342A, Microwave Counter, I 8GHz, Oven Osc, HPIB ... S IOOO Cal Inst 850T-I , Oscillator Plug-in, 45Hz-IOKHz ............ $375 
6034A, Dig Autoranging Pwr Sup, 60V/ I OA/200W, HPIB $700 EIP 545A-05-08, Microwave Counter, I 0 Hz-18 GHz ... ... $600 
6034L, Dig Autoranging Pwr Sup, 60V /ION200W, HPIB $600 EM! SCR 150-5-0V, Pwr Sup, O-l 50V@5A ... ... .. .............. $350 
61 IOA(Harrison), PwrSup, 3KV @6mA .................... .. ... $200 Fluke6010A,SynthesizedFuncGen, IOHz- l IMHz,GPIB$375 
6253A, Dual Pwr. Sup., 0-20V@3A ................. ... ............... $275 Fluke 8922A, Digital RMS Voltmeter, 2Hz-l I MHz ........ $400 
6255A, Dual PwrSup, 0-40V@l.5A .. ............................ .. .. $350 GenRad 1454AH,4-Decade Voltage Divider ...................... $50 
6267B, PwrSup, 0-40V @IOA ....... ... .......................... ....... $450 Heise 7118, Digital Pressure Gauge, 0 to 30 PSI, .05% .... $350 
6268B, Pwr Sup, 0-40V@30A ................. .. ... ...................... $600 Interface 553, Mil-Std-1553 Anaylzer ... ....... ................. ... $1 200 
6284A, PwrSup,0-20V@3A .. ....... .......................... .. .. ....... $100 Keithley 614, Electrometer(add SI 30 for new 6011 probe)S600 
6289A, PwrSup,0-40V@l.5A ...................... .. ................... SIOO KepcoABCIOOOM,PwrSup,0-IOOOV@20mA ................ $100 
6294A, PwrSup,0-60V@IA ....... ... .. .. ....................... ......... $100 Kepco BOP20- IOM, OpAmp/PwrSup, +/-20V, +/-IOA .. S300 
65 I 5A, Pwr Sup, O-l.6KV@5mA (cable kit incl) ............ .. $200 Microdyne 1400-MR Telemetry Receiverw/Plug-ins ... .. $1200 
69422A, Hi-Speed AID Card (use w/6940B) ..................... $200 Narda 79 1 FM, Variable Attenuator, 0-35dB, 2-l 2.4GHz .. SI 50 
69501 A, Resistance Programming Card (use w/6940B) .... $125 Oram Power Supply, 0-270V @ IOA .................................. $475 
69602A, Timing/Pacer Card (use w/6940B) .................. .... $150 PAR 128, Lock-in Amplifier, 0.5Hz-I OOKHz .......... .......... $675 
7090A, Measurement Plotting System, HPIB .................... $900 RF Power Labs M 102L, RF Amp, 30Hz-1OOMHz,2W ... .. $450 
8 I 60A, 50MHz Programmable Pulse Generator, HPIB ... S 1800 Simco SS-2X, Electrostatic Locator Meter w/case & probe $90 
8444A, TrackingGenerator,0.5-1300MHz ........ .. ............. $350 SorensenDCR20-115B,PwrSup,0-20V@l 15A .... ...... ..... $600 
8447 A, RF Amp, O. l-400MHz, 20dB gain, +6dBm out ..... $325 Sorensen DCR60-45B, Pwr Sup, 0-60V@45A ................... $650 
8492A, Attenuator, I OdB or 20dB, APC-7 ........................ $I 00 Sorensen SRL40-25, Pwr Sup, 0-40V@25A ...................... $475 
8504 IA, Transistor Test Fixture Kit ........ ........................... $700 Valhalla 4440, 3.5 digit DMM / 20 MHz Counter Combo ... $50 
85131 D, 3.5MM Test Port Cable Set (new) use on 85 I 5A $700 Wavetek 178, 50MHz Programmable Waveform Synth .... $900 
8569B, Spectrun Analyzer, O.Ol -22GHz .......................... $6500 Wavetek 271-02, I 2MHz Pulse/Fune Gen, GPIB ......... ..... $400 

TEST EQUIPMENT PLUS~ E 
(520) 575-6967, FAX (520) 575-6936 . - VISA 
3331 W. Bright Terrace, Tucson, AZ 85741 

Write In 55 on Reader Service Card. 

PER 8' TABLE 

•TREMENDOUS 
ADVERTISING SUPPORT 

• IMPRESSIVE CROWDS 
• EASY SET UP & TEAR DOWN 
• CONVENIENT NEARBY HOTELS 

TAKE A LOOK www.gibraltartrade.com 

HAM GEAR 
FOR SALE 

WANTED: ROCKWELL-Collins HF-80 
equipment, 851 S-1 , 237B-3 log periodic, 
Collins literature. Jim Stitzinger 805-259-
2011 , 805-259-3830 (fax), bfl-jfs@smart 
link.net 

FOR SALE: ORBIT 360 antenna rotator. 
Full instructions. Never used, $40 obo. 
949-494-0072. 

LML RADIO & electronics. Let us be 
your one stop shop for all your radio 
equipment, test equipment & other sur
plus needs. Free catalog 909-873-1319 
or fax on demand 24 hr. 909-820-1885 & 
our new web catalog: 
Http://members.aol.com/hrh6 LML, 424 
E. Shamrock, Rialto, CA 92376. 

GET FULL control of frequencies from 
2.2GHz to 2.7GHz on your existing RF 
link or Mateo transmitters and receivers. 
These easy-to-assemble kits are fully 
PIC controlled, have an easy-to-read 
LCD and store set frequencies in memo
ry. Kits are $59.95 ea. or $99.95 ea. pre
assembled. Additional price breaks are 
available when sold with transmitter and 
receiver combination. Inquire at: 
atvcam@excite.com 

ATV-2400, 2.4GHz 8 channel designed 
for legal use in ham bands. EZATV, 
www.4atv.com 

MT. CLEMENS, Ml 
SEPTEMBER 
OCJOBER 
NOVEMBER 

24·26, 1999 
15 ·17, 1999 
19. 21, 1999 

TAYLOR, Ml 
1 • 3, 1999 

29·31, 1999 
26· 28, 1999 
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50KW RF generators. made by 
Westenhouse. Call Mike, phone/fax: 828-
684-7672. HTTP://WWW.CHIGE 
OR.COM 

HAM GEAR 
WANTED 

CB - SCANNERS 

SALES & SERVICE: CB equipment, 
modification kits, meters, antennas, 
mies, radios, transistors, repairs & hard
to-find items. Complete list $4. D&R 
Electronics, 10 Park St., Thomaston, CT 
06787. 860-283-9492 or 
RTed821836@aol.com 

CB MODIFICATIONS! Frequencies, 
books, kits, high-performance acces
sories, plans, repairs, amplHiers, 10-
meter conversions. The best since 
19761 Catalog $3. CBC!, Box 1898NV, 
Monterey, CA 93942. www.cbclntl.com 

240+ CHANNEL CB/HAM/COMMER
CIAL radios: AM/FM/SSB/CW 
export/domestic: RCI , Motorola, Uniden, 
Cobra, Alinco, Kenwood. Mies, antennas, 
linears, meters, books, night scopes, and 
tons more stuff! Catalog $3. MAXTECH, 
Box 8086, New York, NY 10150. 718-
547-8244. 

SHOOTING STAR, Palomar, Superstar, 
Galaxy, Uniden, Cobra, exports, police & 
fire & military scanners, microphones, 
power supplies, antennas, modifications, 
repairs, morel! 15 yrs. in same location, 5 
page picture price sheets $1 (refund
able). Galaxy, Box 1202, Akron, OH 
44309. (Also, Red Devil & Messinger 
Products.) 

HALCON COMMUNICATIONS 
Wholesale only: Cobra, Uniden, Midland, 
Galaxy, CTE, Super Star, Kenwood, 
Yaesu, lcom. Free catalog, Free call 1-
800-683-6999. 

MUSIC & 
ACCESSORIES 

COMPUTER 
HARDWARE 

WE CARRY a variety of cables, switch 
boxes, accessories, and adapters to con
nect PCs, printers, Mac's, networks, 
telecommunications, and audio/video 
equipment. We offer: custom cables, free 
catalogs, and same day shipping on 
most orders. Visit our website at www. 
rogerssystems.com or call 1-800-366-
0579. 

19" RACKMOUNT ATX PC chassis, 
$169 (with ad). 972-242-8087, www.cti 
-be.com 

PC CABLES: http://www.cablesusa.com 
1 OOs of hard-to-find new cables and 
parts, pictures, free technical informa
tion. Low prices, RS232, SCSI, key
board, network, VGA, Cat-5, USB, 
Firewire, fast secure online ordering & 
browsing. 954-418-0817. 



DEC EQUIPMENT WANTEDlll 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. 

366MHz Pll system with Intel 
CELERON/A 128K cache MMX CPU, 
4.3 gigabyte hard drive, 44X CD-ROM, 
1.44 floppy, 32 megabytes SDIMM mem
ory, 8MB AGP 3D video, 56K 
modem/voice/fax, 32 voice 3D sound, 
360 watt speakers, multimedia keyboard, 
Internet mouse, ATX case, 2 year parts 
and labor warranty. Only $499! Installed 
FULL versions WIN95B $49, WIN98 $99, 
order and find latest prices at 847-657-
1160 or www.sav eware.com 

NewComputer.coml OVER 50,000 
hardware and software products. Orders 
over $500 shipped free. Our unique prod
uct categories and search features let 
you quickly locate the item you're looking 
for. The next time you need computer 
equipment, try NewComputer.com 

366MHz INTEL CELERON/A 128K 
cache CPU and Pentium II mother
board combo deal, AGP 3D 8MB video, 
3D 32 voice digital sound, 1 floppy port, 
2 UDMA 66 IDE ports, 56K 
modem/FAX/voicemail, 3 168 pin 
DIMM/SDIMM sockets, 2 serial, 1 paral
lel, 2 USB, PS/2, infrared ports, ATX or 
normal power, 2 year warranty, only 
$179. Order and find latest prices at 847-
657-1160 or www.saveware.com 

. EVERYTHING NEW w/warrantyl 
Motherboards 400MHz $165, CPUs $5, 
monitors 15• $125. Pentium systems 
from $195. Modems, multimedia kits, 
scanners, 2.5 gigabytes hard drive $65. 
Call 714-778-0450. E-Mail: cci@surt 
side.net 

486 COMPUTERS $99. Motherboards 
$20, 1.44/1.2 floppies, speakers $10. 
Call 714-nS-0450. 

CRTs CHEAP. Buy direct from the 
manufacturer. Save money. Mfg. all CRT 
types since 1950. 3 year warranty. Reg
Res 1 S- tubes $75; 25" $100; hi-res 13" 
tubes from $80. We specialize in hi-res
olution video/computer CRTs. T.M.C. 
215-226-07 49/215-223-0388. 

COLORADO BACKUP tape drives, $35; 
notebook floppies, $45; bar code scan
ners, $45; thermal wire strippers, $25; 
microscopes, $135. http://downtown. 
ala.neV-myoung/flyer.htm 334-889-
4637. 

NEW HARDWARE & software, RETAIL: 
$1,295, purchase at HALF-PRICE. 
Contact: kenweger@jps.net The com
plete Internet solution for small business. 
Web server for web hosting and Internet 
access. Easy-to-use software to build a 
web site. Internet access and E-Mail for a 
small office. Complete e-commerce solu
tion tor selling products over the Internet. 
For more information: 
www.encanto.com 

Qulltlwltoh ,. 
181 CHANNEL cable ready computer 
TV card with capture and remote con
trol $69. use port 644x484 pixels 
color camera $69. 847-657-1160 or 
www.saveware.com 

REMOTE CONTROL TV A/B SWITCH 

SONY PLAY STATION GAME 
ENHANCER, mod-chip function plays 
backup COPY of CD. Simply plug the 
enhancer in back of playstation! Skips 
both Sony Logos and uses many cheat 
codes on bootup! Memory management 
function, view video/movie files from CD, 
$29. Quantity prices available. 480 block 
memory card $39. 847-657-1160 or 
www.saveware.com 

CONTROLLED BY ANY TV REMOTE! 

LOW-COST 12-BIT AID KITS. $59 LPT: 

QuikSwitch solves the big problem with remote A /B switches - the need for a separate A /B 
remote. Thanks to its patented infrared receiver, QuikSwitch gives virtually any TV NCR/CABLE/ 
SAT remote the power to switch between A & B video sources! Switching is accomplished simply 
by holding down any button on any infrared remote for 2 seconds. A button such as "O" or 
"STOP" is used, one that won't cause unwanted operation of the TV NCR/etc. Volume control 
adjustments of over 2 seconds may be " pulsed" to avoid accidental A /B switching. QuikSwitch 
has color coded A/B indicators, and runs for a full year on 2 "AA" alkaline batteries (not included). 
No AC outlet required! What's more, OuikSwitch is a top quality RF device, highly immune to 
crosstalk and signal leakage for the best possible TV picture. Time to upgrade that old A /B switch! 

BANDPASS: 
INSERTION LOSS: 
VSWR: 
INGRESS SHIELDING: 
A TO B ISOLATION : 

SPECIFICATIONS: 
50 to 1000 Mhz 
1 dB typical 
1.5 typical 
> 90 dB typical 
>90 dB to 300 Mhz 
> 75 dB to 550 Mhz 
> 60 dB to BOO Mhz 

CONNECTORS: 
CIRCUITRY: 
AC/DC PASSIVE: 
POWER SUPPLY: 
BATTERY LIFE: 
SIZE: 
WEIGHT: 

3 " F" type (R.F.) 
All solid state lno relay) 
No 
3 voe ("AA" x 2) 
Alkaline 1 yr, Lith 3 yrs 
5 1/2" x 2 1/2" x 7/B" 
1/2 pound 

Analog! PC printer-port interface 
acquires 8 analog signals. Also features 
two 12-bit D/As, current sources for sen
sor excitation and digital 1/0 lines. 
QuickBasic and VB software included. 1-
channel AID only $39. 
http://www.tgn.neV-adnav/ or E-Mail: 
adnav@tgn.net Verified to comply with Part 1 5 of the FCC Rules for use with cable television service. 

COMPUTER 
SOFTWARE 

Autumn 
Speolal I 

11$SO 
101$140 

MICROSOFT OFFICE97 Professional 
Edition. New factory sealed, unopened. 
CD only. WORD, EXCEL, POWER
POINT, OUTLOOK, and ACCESS 
included. CD only. ONLY $49.95! FREE 
SHIPPING! Quantity discounts available. 
brucesullivan@msn.com 

Shipping Charges Additional - 30 Day Money Back Guarantee - One Year Warranty 

DMM~ ($179.00): true D11S, AC/DC (V .A). 0. 
bar graph, lieq, capac., dBm, logic, diode 

DMM-2JT (S99.9S): 4~ digit, true D1JS, hijill iesol 
(llljlV, IOnA, IOmO), hFE, diode. conlin. 

MM-21 ($74.9S): AC/DC (V, A), Freq, conl, 
Clpec, Induct., 0. hFE, diode. duty cycle 

DMM-122 ($59.95): OC/AC(V .A). 0. hFE. . 
cop9Citance, lieq, lot!ic. continuity 

DMM-123 (S44.9S): DMM + copacitBnce. 
OC/AC(V .A). 0. bFE, diode. continuity 

DMM-1' ($19.9S): 3~ digit, DC/AC V, 0. hFE, 
.__.........::=..;;;:::;;;;;;:;;;........1i..--diode,-· ....;....signal.;;..' output(+3V,-0.5Vsq.,SO%duty) 

~.<I ••• 

, . " ... "' 

.) --... ••ot •• --• 0~103 $1199.95 • 2 variable out 0-30V,0-3A 
•CV-Readout•meu •One fixed SV 3A output 
• Dual CH I Delay sweep • Auto tract, serial, parallel 
• Io panel setting memoty • Consl volt, c:ummt mode 
• Time base auto-range • 4 analog or 2 dijPtal display 
• Z-axis modulation input PC-3030 ($499.95) 

liilll~~,.~~~~W!~ JO 
9

· 

Write In 57 on Reader Service Card. 

MILESTONE PRODUCTS 
P.O. Box 30789 - Columbus, OH 43230 

1-800-831-0184 -
•ACCumnt .9 
•DC/AC Current Probe $79.9S 
•Mini AC Clamp $S9.9S 
•AC Clamp wlt.cmp $89.9S 
• OC/AC Clamp Sl09.9S 
• Thennometer $69.9s.$89.9S 
• IR Thermometer SI 89.9.S 
• Sound LeYd Meter Sl69.9S 
•Tachometer Sl69.9S-$219.9S 
•EMF Testa $69.9S 
•Pressure Meter $299.9S 
•Watt Meter Sl29.9S 
•High Voltage Probe $S9.9S 
•pH Meter $79.9S 
• . t Meter $79.9S-$89.9S 
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CAM & MOTION SW/HW: Z-trace, PCB 
toolpath. Plotcam motion control, step 
drivers. www.megablts.net/ddt MSG/ 
FAX 407-452-7197, 407-459-2729. 
Heater@megabits.net 

LIQUIDATION WIN 95/98, Office suites 
$10-69. Windows tutorials $5, grabbag 
10 compact disks $10. Computer books 
60% off list. 714-778-0450. 

GCODE95 FOR Windows 95/98/NT. 
Reads AutoCad DXF files and converts 
data to GcodeMcode RS274. Writes DXF 
files or ASCII. RS 232 serial connection 
to machine tool. Full function editor and 
3D graphing. For milling, turning, flame
cutting, etc., easy to customize for 
almost any machine. Download a free 
trial copy. http://members.aol.com/and 
rewc119/lndex.htm E-Mail: 
andrewc119@aol.com 

FORBIDDEN SUBJECTs3 hacking CD
ROM $12 postpaid. Free trubbleware 
diskette catalog. Amazing subject matter. 
No commercial or shareware here, just 
lots of technical fun! Peregrine 
Dynamics, 720 Portage Tri., Cuyahoga 
Falls, OH 44221-3035. 

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 

COMPUTER EQUIPMENT 
WANTED 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and 
sales literature. Floyd, VA 24091-0341 
(540-763-3311/540-382-2935). 

WANTED: HPISC calculators. Will pay. 
Call Hugh Adams 850-864-2414. 

WANTED: TERMINALS + PRINTERS: 
DEC, Wyse, IBM, ADDS, Okidata, Data 
South, Epson, C.ITOH, etc. Call for quote 
on any surplus computer equipment. Call 
Jeremy, 603-673-8077. 

HP CALCULATORS wanted: models 10, 
70, calculator watch, others for private 
collection. Cash paid. Bob Morrow, 765-
855-2348, rkmorrow@aol.com 

DEC EQUIPMENT WANTEDlll 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. 

TEST EQUIPMENT 

POWER SUPPLIES: EMI TCR 1 OS90, 
$200; EMI TCR 150S7, $250; EMI TCR 
40S25, $250; Fluke 4216A, $150; Fluke 
4265A, $200; Fluke 4265A/GPIB, $250; 
HP 6186C, $300; HP 6265B, $150; HP 
6267A, $250; HP 6268B $450; HP 
6274B, $550; HP 6299A, $100; HP 
651B, $85; HP 6521A, $500; Lambda 
LK351 FM, $250; Lambda LK362, $350; 
Sorenson SRL60-35, $400. All with 30-
day warranty, 10-day insp. Coppes 
Enterprises, 520-749-8471, FAX 520-
760-7780. 

MORE INEXPENSIVE NEW 
ARRIVALS. HP 8656A, $500; HP 
8447D/010, $550; TEK PS2520G, $500; 
HP 8447 A, $250; HP 436A, $500; HP 
85046A, $2,250; HP 546008, $1,800; HP 
853A/8558B, $2,000; HP 
141 T/8552B/8553B, $1,000; HP 8444A, 
$250; CAL INSTR 501TC W/849 OSC, 
$1,500; BOONTON 92B; $350; HP 
86603A, $875; HP 54201A, $900; HP 
5370A, $350; HP 5345A, $200; FLU 
2175A, $100; FLU 1953A, $100; WAV 
1038, $500; HP 3400A, $100; HP 5340A, 
$500; HP 3580A, $500; HP 165108, 
$100; EFRATOM BALL M-100 (NEW), 
$1,500; EIP 351 D, $500; ETC., ETC., 
ETC. TRU CAL INTL, ISO 9002 & A2LA 
ACCREDITED CALIBRATION LABORA
TORY. CALL 1-800-681-5540 OR 630-
238-8100 FAX: 630-238-8101. E-MAIL: 
trucal@aol.com 

TEK TMSOO: AM502, $100; 
AM502/A6302, $650; DC503A, $100; 
DC504, $75; DC509, $100; FG5010, 
$500; PG501, $50; SC502, $200; 
TM5006, $300; TM501, $50; TM503, 
$65; TM504, $75; TM506, $85; TM515, 
$85. All with 30-day warranty, 10-day 
insp. Coppes Enterprises, 520-7 49-
8471, FAX 520-760-7780. 

Converters * Remotes * Converters * Remotes * Converters * Remotes 

Modern Comniunications • (405) 691-0594 TELa:FAX 
Converters: 10 

~....;...;;'--~~..-.....~~--~-
50 100 

Pan as on i c: TZPC-175 ....... $49.00 
Panasonic: TZPC-145 ...•... $45.00 
Centurion CF-3000 (NEW) 

True 99 Channel ......... $65.00 
Regal: CR-83 ............. $39.00 

Remotes: 
Jerrold: 400, 450, 550 ........ $4.50 
CFT: 2XXX ••.•••••••.•..••• $4.95 
SIA: 175, 475 ............... $4.95 
SIA: 8600 Display ........... $4.95 
Panasonic: 170, 175 ......... $4.95 
Zenith (ALL) ..••..••.•••••• $4.95 
Pioneer (ALL) .•••••••••.••• $4.95 
Tocom 5503-VIP ............ $4.95 
4-ln-1 Universal .......•...•. $5.95 

$45.00 
$39.00 

$60.00 
$35.00 

$4.00 
$4.50 
$4.50 
$4.50 
$4.50 
$4.50 
$4.50 
$4.50 

$39.00 
$35.00 

$55.00 
$32.00 

$3.75 
$4.25 
$4.25 
$4.25 
$4.25 
$4.25 
$4.25 
$4.25 

$5.50 $5.25 

Converters *Remotes * Converters *Remotes 
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Parts, Parts, Parts 

PIC16C622 
PIC16C54RC/P 
PIC16C56RC/P 
Micro 68H705C8P 
4 MHz (Resonator 2 pins) 

4 MHz (3 pins) 

Crystal: 117, 119 
18 pin IC Socket 

10+ 50+ 100+ 
$3.15 $2.95 $2.75 
$2.15 $1.95 $1.75 
$2.15 $1.95 $1.75 
$6.50 $6.15 $5.95 
$0.45 $0.40 $0.35 
$0.45 $0.40 $0.35 
$3. 75 $3.50 $3.25 
$0.15 $0.12 $0.10 

Toggle Switch on/on $0.95 $0.85 $0.75 
Call for Larger Quantity Quotes 

* Converters * Remotes 



INEXPENSIVE NEW ARRIVALS (MOST 
UNITS LOOK NEW AND WERE 
RECENTLY CALIBRATED). HP 8901 B, 
$1,000; HP 8903B, $1,500; HP 8901A, 
$750; HP 8903A $750; HP 8590D, 
$4,500; HP 8657A, $2,000; HP 8657D 
WITH HI STAB & DQPSK IQ MODULA
TOR, $3,000; HP 3852A, $750; HP 
44705A, $300; HP 44725A, $300; 
FLUKE 6071A, $1,250; HP 6034L, $500; 
HP 6002A, $500; HP 4191A, $9,000; ENI 
603L, $1,200; MARCONI 2955A, $2,500; 
MARCONI 2955, $1,500; HP 8175A, 
$2,500; HP 3562A, $4,900; HP 8496H, 
$350; HP 8590B, $3,900, ETC., ETC., 
ETC. SHOP AND COMPARE! MANY 
MODELS PRICED MORE THAN 50% 
OFF COMPETITOR'S PRICES. TAU 
CAL INTL, ISO 9002 & A2LA ACCRED
ITED CALIBRATION LABORATORY. tru
cal@aol.com Toll free# 1-800-681-5540, 
phone# 630-238-8100, fax# 630-238-
8101. ASK ABOUT OUR BRAND NEW 
HANDHELD 3-1/2 DIGIT KEITHLEY 
DMMs FOR $50. 

INSTRUMENT REPAIR Labs. Excess 
equipment for sale. Tektronix 7834 ana
log scope mainframe, $600; Tektronix 
7904 analog scope mainframe scrap 
parts, $200;Tektronix 7A15A 1 ch. ampli
fier, $100; Tektronix 7A18 dual trace 
amplifier, $100; Tektronix 7A18N dual 
trace amplifier, $75; Tektronix 7A19 
amplifier plug-in, $250; Tektronix 7 A24 
dual trace amplifier, $100; Tektronix 
7A26 dual trace amplifier, $150; 
Tektronix 7B53A dual time base, $150; 
Tektronix 7B85 delayed time base, $75; 
Tektronix 7B92A dual time base, $200; 
Tektronix 7D11 digital delay, $50; 
Tektronix C4 scope camera, $250; 
Tektronix C28 scope camera, $150; 
Tektronix C53 scope camera, $150; 
Tektronix C59 scope camera, $150; 
Tektronix C5C scope camera, $350; 
Tektronix wavewriter analog waveform 
editor, $100. sales@calibration.com 
http://www.calibration.com phone: 303-
469-5335 fax: 303-469-5336. Used list
ings web page: http://www.calibration. 
com/sale/index. html 

HEWLETT PACKARD 141T, $300; 141T 
w/8552B, 8553B, $850; 141T w/8552B, 
8555A, $1, 100; 1630A w/pods, $300; 
1741A, $200; 1980B, $300; 331A, $75; 
3325A, $600; 3325A/1/2, $850; 333A, 
$175; 3330B/3571A, $650; 33320H, 
$200;33322H,$200;3400A,$85;350D, 
$35; 350D, $35; 355E, $50; 355F, $50; 
3575A, $300; 423A, $75; 4260A, $200; 
435B/scales, $250; 436A, $500; 436A 
w/cable & 8484A, $750; 436A/022, $550; 
456A, $100; 5006A, $200; 5257 A, $75; 
5300A/5302A, $100; 5314A, $150; 
5315B, $300; 5326A, $50; 5328A/11 /96, 
$150; 5335A, $350; 5335A/10/20, $500; 
5342A/1 /3/11, $900; 5345A/011 /5354A, 
$300; 5370A opt 1, $500; 5383A, $200; 
541 OOA w/pods, $1,250; 542010, $650; 
59401 A, $75; 8660C with opts 1, 5, 100, 
86603A, 86633B, $1,750; 911A, $50. All 
with 30-day warranty, 10-day inspection. 
Coppes Enterprises, 520-749-8471, 
FAX 520-760-7780. 

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 
inventory and specials at WWW.FEIT
EK.COM 2752 Walton Road, St. Louis, 
MO 63114, 314-423-1770. 

TEKTRONIX OSCILLOSCOPES: 2235, 
$400; 2246A, $600; 434, $125; 454, 
$125; 454 w/cover, $175; 465M, $250; 
466/DM44, $300; 7603/2-7A18nB53A, 
$200; 7603/2-7 A26nB53A, $225; 
7633R/2-7 A26/7B53A, $250; 
7834n A 19n A26/7B85/7B80, $450; 
7934, $400; 7904A, $300; 
7904n A 19n A26nB53A/7B92A, $500; 
7A18A, $40; 7A18, $35; 7A29, $150; 
7B10, $125; 7B15, $125; 7B53A new-in
box w/manual, $75; P6019 probe kit 
w/134 amp & pwr supply, $150; P6021 
probe kit w/134 amp & pwr supply, $150; 
P6021 probe $75; P6201 kit, $250; 
P6202A kit, $175. All with 30-day war
ranty, 10-day insp. Coppes Enterprises, 
520-749-8471. FAX 520-760-7780. 

PIC'n Books 
LEARN ABOUT PIC MICROCONTROLLERS 

EAfN PIC'n - Beginner $29.95 

PIC'n Up The Pace- Intermediate $34.95 

NEW! 
PIC'n Techniques - Intermediate $34.95 

• 8-pin PICa 
• Timer 1, timer 2 and the capturelcon..,are/PWM (CCP) module 
• Talking to a PIC with a PC using a terminal program 
• Teat equipment and data logger experiments 

See Table Of Contenta: http://WwW.sq-1 .com 
Secure Online Ordering I• Available 

+ $4 &lh In US for 1 book. $5 for 2 books, $6 for 3 books 
VISA. MC, AMEX. MO, Check 

CA residents please add 7.25% CA sales tax 
PIC and MPLAB are trademarks of Microchip Technology Inc. 

P.O. Box 501, KelseyviHe, CA 95451 
Voice (707) 279-8881 FAX (707) 279-8883 

httpt.-.sq-1.com 
E-Mail sqone@pacKlc.net 

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 407-725-1000 

USICORP 
P.O. Box N2052 Melbourne.FL 32902 

COD'S OK 

Write In 60 on Reader Service Card. 

FOR THE BEST 
PRICES ON PROFESSIONAL TOOLS, 

CALL ELECTRO-TOOL 

DI Ott - Case - Deluxe Polypropylene. Chemical 
Resistant. Tools by CooperTools and others. BOOT Case, 
complete with tools .•• $419.95 
BOOT Case Only ••. $121.80 

platt - Case - Cordura Exterior. Two. exterior pockets 
& one literature pocket. 660ZT Case, complete with 
tools ••. $223.00 
660ZT Case Only ... $59.45 
Optional Sperry meter #DM6510 as shown ••• $65.00 .,, , 
,,, ~ 

,,~ 

'_/ -WellerWCCIOO. Electronically 01Jti\"ISOR - Superior 
controlled station, temperature magnification, Optical Glass 
adjustable from 350°F-850°F, Prismatic lenses (not plastic). 
Zero voltage circuit-safe for Select any one of (6) magnifica
sensitive components, 40 Watt tions .•. $24.00 
pencil •.• $97 .90 

GoklStar - 20 MHz Dual Trace Oscilloscope OS-
9020A-Large 6" rectangular, high sensitivity: 1mV/div,.high 
accuracy: ::t:3%, stable, low-drift design, B divisions of dis
played dynamic range and accurate, distortion-free wave
form measurements •.• $372.00 

Electra Taal, Inc. 
9103 Gillman, Livonia, Ml 4B150 l•••l Customer Service: (734) 422-1221 . . . 

ORDERS ONLY: 1 (BOO) 772-3455 
FAX: (734) 422-3432 

"Tools American Made." 

ENGINEER TESTED: Spectrum analyz
ers, frequency counters, frequency stan
dards, meters, scopes, generators, curve 
tracers, and more. VISA, MASTER
CARD, AMEX. "Performance tested." 
NIST calibrated. Warranteed. New & 
used. Gary N6ZD. HTTP://TECH-SER 
VICES.COM 831-385-7519. 

DESOLDERING EQUIPMENT: Pace 
MBT250 PPS85 base, $350, MBT220, 
$700; hot air reflow, $600; hot tweezer, 
$50; ultrasonic cleaner $100; hot plate, 
$100; heat gun, $40; solder pot w/read
out, $175; hot air pencil, $200. Solder 
stations: Weller EC2000, $100, 
EC2000, $100, EC2002M2 new, $225; 
WTCP w/nu modified Ungar trouble free 
heater, $50. Trade, repair, buy, 310-515-
2058. 

AFFORDABLE HP power sensor repair! 
Most 8481 As repaired for $255 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. 

EMI EQUIPMENT: Tektronix spectrum 
analyzer 2755P programmable, GPIB 
1 OKHz to 22GHz. HP 8447D amplifier .1 
to 1300MHz, HP plotter 7479A GPIB, HP 
printer GPIB, Biconnical antenna, log 

HP 4815A Z-meter: Expert restoration or periodic antenna, Robert's antenna set, 
verification to HP/QA factory specs. LISNs, ESD simulator, surveillance 
Former HP tech/supv, tel 908-852-7989 receiver 1.6GHz to 10GHz with anten-
or E-Mail: GeoSA4815@compuser nas. Much more including RF cables, 
ve.com Webpage: http://ourworld.com adapters, and etc. Please call and ask for 
puserve.com/homepages/GeoSA4815 Bob at 925-449-3961 . 
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TEST EQUIPMENT: Tektronix: scopes 
7904 500MHz, 7912AD 500MHz, plug-in 
7A16, 7B90, 7B80, 7B85, 7A24. 
Spectrum analyzer 2755P programm
able, GPIB 1 OKHz to 22GHz tracking 
generator TR501. Hewlett Packard: spec
trum analyzer 3582A, swept amplitude 
analyzer 8755, 8750 storage normalizer, 
(3) 11664A detectors, 182T mainframe, 
1007 A cart. amplifiers, 84470 1-1.3GHz · 
+26dBm 8447A .1-400MHz +20dB 465A 
20/40dB, 467 A power amp, 493A 4-
8GHz, 489A 1-2GHz, 8616A 1.8-4.5GHz 
230B 1 0-500MHz sweep oscillator 
8620B, 86220A 10-1300MHz, 86250A 8-
12.4GHz. Much more including power 
supplies, electronic loads, and etc. 
Please call and ask for Bob at 925-449-
3961 . 

Mire MlriDY-Senice c.eda- -VanNuys CA 
SlS-7115-'llllS" 

KENTRONIX TEST EQUIPMENT SPE
CIALS. Check our WEB site at 
http://www.kentronix.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 

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 310B, Bethpage, NY 11714. 
http://www.science-workshop.com 

The sinlde best investment of repair equipment we' ve 
made. ft outperforms all other desoldering tools we've used. 
Easier to use and least expensive. 

DidddlD~ig - DicksEectnDcs - Hal1land WI 414-367-8331) 
The ease & speed of component removal greatly increases productive time. 
The SMD kit makes SMD removal a breeze, even for inexperienced Techs. 
Don Scott - LAV Electronics - Healeah-Miami Lakes FL 
I am a constant user of the SC7000 Desoldering Tool and for quick 
component removal, this unit has no equal. It 3lso comes with excellent 
company supJJOrt. I am very satisfied and highly recommend it to anyone in 
the sefVlcing field . 
~l:l!fner- l:l!fner EectnDcs- Cdfrillgl! NE 402..28.>4333 
Being a one-men service center, I hesitated to spend the money on a desoldering 
tool , however all that changed when I nearly ruined a $400 computer logic 
board. It has cut my desoldering time by 50%. · 

DmCres!iin - CEl1illedEectnDcsSenice -omt<:b MD301-461-IDWJ 
We have obtained excellent results with the SC7000 including repairing high 
density UN tuners. It is one of the best purchases we have made. 

Dou2Peait - LuRayEectnDcs - LuRay VA 703-743-5400 
We Tound that the SC7000 not only saves money vs . wick , but saves valuable 
time in troubleshooting . It allows you to be more accurate in removing 
SM D's. 

I DEN-ON SC7000Z I 

DIGITAL VOLTMETERS: Fluke 8050A/ 
hard case/probes, $100; Fluke 
8050A/soft case/probes, $100; Fluke 
8600A/probes, $55; HP 3437 A, $75; HP 
3455A, $200; HP 3456A, $300; HP 
3466A, $100; Keithley 616, $500. All with 
30-day warranty, 10-day insp. Coppes 
Enterprises, 520-7 49-8471, FAX 520-
760-7780. 

BRUEL & KJAER BUY, SELL, BEST 
PRICES. EXCALIBUR ENGINEERING, 
3198-C AIRPORT LOOP DRIVE, 
COSTA MESA, CA 92626. 714-540-
0169, FAX 714-540-5417. 

Subscribe 'to ~ & VOits today! 
can 1-800-783-4624 

and Use Your Visa or .tttaster<:ard. 

1lmodJ.y Knift -Mdaaft. Inc. 
CJitny Bil NJ 609-751-325'2 
We replaced all our existing 
desoldering stations with the SC7000. 
Our technicians are very pleased with 
the iiprnoved perlormance, 
portability, and reliability over our 
previous higher priced equipment 

BilWamn CETICSM -
WammAudio& Video -
Knlmlle 1N -2J4.646.1128 
We have been extremely satisfied 
with the quality and duiability of 
the DEN-ON SC7000 as well as 
with after the sale support. 

Keith Sabs - J & M Electronics 
Omaha NE 402-291-7100 
It's a must tool for my bench. I can 
desolder multiple pin IC's quickly 
and clean. It Will even take up 
large solder amounts on tuner and 
case grounds. 

For More Info 
and 5% Savings Go To 

www.howardelectronics.com/den-on/sc7000zb.html 

New Features New Specifications 
+ Totally Self Contained diaphragm vacuum pump and AC motor for + Voltage-------AC lOOv, 120V, 230V, 50/60 HZ 

high vacuum suction or reversible hot air blow for SMD removal. 

+ 100 Watt Ceramic heater with zero-crossover switching heater 
control circuit which prevents spikes and leakage currents. 

+ Unique patented long lasting filter cartridge design. Solder 
builds up on easily cleaned baffle, while air flows around the 
outside of baffle. 

+ Totally ESD Safe. The housing contains carbon and the tip is at 
ground potential for complete ESD Protection. 

Howard Electronic Instruments, Inc. 
6222 N. Oliver Kechi, KS 67067 

+Power Consumption-120W 

+ Pum Diaphragm Type 

+Motor Output 12W 

+Vacuum Attained-650mm Hg 

+Temperature Range---300" C-500° C (57'2° F-932° F) 

+Air Flow Rate----15 Liter/Minute (Open) 

+Heater IOOW (Ceramic) 

+Control System Feed Back z.ero Cross-over Type 

+Net Weight 20 Grams 

\'isa - " ·c -Disco\ l' r - .\mrrican Exprrss - Trrms to Qualif~ in~ Com pan~ s 
JO Da~ \lonr~ Back Total Satisfaction Guarantrr - Onr \'rar Parts and Lahor \\arrant~ 

Toll Free U.S. and Canada 

1-800-3 94-1984 
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www.howardelectronics.com 
sales@howardelectronics.com 
lntemational(316) 744-1993 

•Fu (316) 744-1994 

TEST EQUIPMENT for sale/wanted 
(NEW/USED): RF, Microwave, video and 
fiber optic. Cable TV, Broadcast TV, satel
lite and related industries. Wavetek, 
Tektronix, Hewlett Packard and other 
manufacturers. Spectrum analyzers, sig
nal level meters, sweep systems, TDRs, 
OTDRs, and much more. PTL Test 
Equipment, Inc. Phone 561-747-3647 
FAX 561-575-4635. E-Mail: PTLTE@aol 
.com http://www.PTLTEST.com 

DEC EQUIPMENT WANTEDlll 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. 

QUALITY EQUIPMENT SALE: HP 
3488A switch control unit $500 (cards 
available); HP 41408 pA meter, DC volt
age source with HP 16055A $2,000; HP 
436A/022 RF power meter with cable 
$925; HP 5343A/1,6,11 26.5GHz 
microwave frequency counter $2,995; 
HP 6033A autoranging power supply 
(20V, 30A) $900; HP 8112A 50MHz 
pulse generator $3,600; HP 8161A/020 
1 OOMHz dual channel pulse generator 
$2,300; HP 83522A .01-2.4GHz 8350B 
plug-in $2,500; HP 83570A 18-26.5GHz 
8350B plug-in $3,400; HP 8410C, 8410B 
network analyzer mainframes $575, 400; 
HP 8411A/018, 8411A harmonic fre
quency converters $350, 175; HP 
87438/018, test set $425; Audio 
Precision SWR-122F switcher $600. All 
with warranty, excellent condition. 
Pepper Systems (http://home.earthli 
nknet/-peppersys) 214-353-0257 
(Fax 214-902-9511 ). E-Mail: pepper 
sys@earthlink.net 

PICMASTER EMULATOR system, new, 
complete, all parts, documentation, 
boxes, w/16C63 probe, MPLAB software, 
registered w/Microchip, $900 obo. 818-
349-7920. 

EQUIPMENT CLEARANCE. Electronic 
test, avionics test, NOT. Most 8 yrs old+. 
For list, E-Mail: amslsovt@sover.net 
Andrew Smith, AMSL, Vermont, USA 
802-254-9459. 

NEW, FASTER POCKET TESTBENCH, 
tiny, inexpensive, portable RS-232 instru
ment. Scope, logic, counter, generator 
modes. Oricom Technologies, 303-449-
6428. www.sni.net/-oricom 

SCIENTIFIC EQUIPMENT: Varian 3700 
gas chromatograph PIO, FID detectors, 
gas regulators, strip chart recorder and 
etc. Complete set of manuals. Perken 
Elmer 139 UV-visible spectrophotometer. 
Labco glove box, B&L zoom microscope 
with stand and light. B&L quad micro
scope. Binocular viewing, video camera 
port and Polaroid camera port. 10X, 40X, 
and 1 OOX objectives. Research illumina
tor, Polaroid camera, video camera, 
video monitor and video printer. Much 
more including electrophoresis appara
tus, and etc. Please call and ask for Bob 
at 925-449-3961. 

TEST EQUIPMENT: Bird Termaline 8833 
1 KW load, $225; Boonton 4200 w/5E 
sensor, $450; CAL INST. 1503T, $850; 
EIP 371, $650; GenRad 1863, $350; 
Interstate Elect. 860, $400; RFL 5950 
XTAL tester/254/460, $250; TEK 
DA4084, $400; Wavetek 157, $400; 
Wavetek 271, $300; Wavetek 3000, 
$300. All with 30-day warranty, 10-day 
insp. Coppes Enterprises, 520-749-
8471, FAX 520-760-7780. 

CALIBRATION EQUIPMENT: Boonton 
25A, $200; Boonton 8200 opt S-10, 
$650; Fluke 8840AF, has AC, DC, ohms 
& amps opts, $300; Guildline 9577 7.5 
digit DMM w/leads, $550; Valhalla 
2720GS opt HSR, $2,000; Eaton 
380K11, 1 MHz-4GHz, $2,000; ESI 
1045AS1, $500; 435-K05, $100. All with 
30-day warranty, 10-day insp. Coppes 
Enterprises, 520-749-8471, FAX 520-
760-7780. 



2539 W. 237th StrMt, Bldg. F, Tonance, CA 90505 
Order deslc only: USA: (800) 872-8878 CA: (800) 223-9977 · 
LA & Technical Info: (310) 784-5418 Fax: (310) 784-7590 

O£M INQUIRIES WELCOMI 

TIME.LINE INC~ 
Ower 14 ••• 31,000 c•it•••n and still rowl• 

Lau10 CllnSTflL DISPl.flYS I 
240x64 dot LCD with built-in controller. 
AND 4021 ST·EO. Unit is EL back-lit. $59.•or 2 Cor$109.• or 
OPTREX. DMF5005 (non back-lit) $49.• or 2 ror $89.• 

20 ~c~~ line The built-in controlkr allows _rou to do tt:rt and graphics. 

Alphanumeric-parallel interface 
16x1 ..•••.••.•.•••••••.. $7.00 20x2 •....•...•......... $10.00 32x2 ...•................ $8.00 
16x1 (lg. ctlar.) .••. $10.00 20x4 •••.•..•••..•••...• $15.00 40x1 .................... $8.00 
16x2 .................... $7.00 20x4 (lg. char.) •••• $10.00 40x2 ........ .2 for $20.00 
16x2 (lg. c:har.) .••. $10.00 24x2 ..... - ...........• $10.00 40x4 .......•.......... $20.00 
16x4 ..... - ..........• $15.00 32x4 .••••• _ •.•........ $10.00 4x2 ...........••......•.. $5.00 
5V power required• Built-in C-MOS LCD dri- & oonlrcller • Easy 'nOcroprocessol'" 
intelfacl • 98 ASCII cl1arader gerwalor • Clrfllrl mod* lfl NcHl, ull lor lllOIW Info. 

Graphics and alphanumeric-serial interface 
w Mfr.. ~ w Mfr.. ~ 
640x480 (backlit) Epson $25.00 480x128 Hitachi $10.00 
640x400 (backit) Panasonic $20.00 256x128 Epson $20.00 
640x200 Toshiba $15.00 240x128 (bacldk) Optrex $20.00 
480x128 (bacldit) ALPS $10.00 240x64 Epson $15.00 

160x128 Optrex $15.00 

6" VGA LCD 640X480, Sanyo LMDK55-22 $25lll 
I Monrro~ I 
9'' COLOR SVGA MONITOR $179.00 

Fully Enclosed - Tilt and swivel type. 

MoHrro~ 

Nc:.n-Encle>s-cl TTL 
C-~ piocM. 12V of U Aqi input• tiormriol ~ ISIOiz. • Ablty lo do .40 one! SO ccl..nn. 

5 inch Amber $25.00 • 7 inch Amber $25.00 
9 inch Amber or Green $25.00 

S" COLOR MONITOR $39.00 ~ 
• llii ~ • 320 x 200 Dell ResoUian • CGA & Hortules Ccmpmt,le 2 for $6!1" 
• 12 WC:Operalion • 1515 KHz Horiz. Fi.q. • 60 Hz Vert~ Freq. . °""' liane CcnsWdion • ~ kllerlci:e Conneclor • Oogcwilg eo.1 incLded • Santcn 

I HACKER CORNER I 
Encased Spread Spectrum RF Modem $99°0 

The Proilink Radio Module is a small commllllic&lioo dcvjc:c which rq>laccs ables between RS· 
232 devices with wittlcss RF (Radio fmpicncy) ta:lmology. Allaching a poir or Proilinb io any 
two devices wilh ttv.e wire asynchro-s RS-232 pons allows wittlcss cbaa tnnsmitw 11 nus up 
to 19.2 Khlud (f1111 ~plex) over a r>DI< of SOO - 800 feel Modules use 900 MZ spread spcctNm 
radio for aimmunica1ioo which docs ,.. ~ an R:C silo license. A vari«y or roafiguntion 
infonnalion (radio dwUlel, bat r11e. serial port configuratioo. <IC.) can be programmed inlO 
mrouk's D<ll·volllik ~ by host PC 10 provide compaubilily and avoid ovcrlappini SYJIC!IU. 
Conligun0codwig<1 arc SURJOllCd by mcau driven. on-board software. Commonly used Tcnninal 
Emulation JOftwan: ud lrallSftt prolOCOls can be used for configurini modules ud uansfcrrinr 
dau belwec• cOGlplll<n. Proilinb requite only 6-9 voe (350 mA). RS-232 (9 pin sub - D) 
illlerface, ud small (- 4") whip lll1ICnna for opcntion. Unit siu: is 4.0" x 6S" x 0.7S". lnsuUllion 
sdl<lliatia and oppli<llion ddails available. These an: 100 Mw powc:r. 

4 INCH LCD MONITOR $49-00 

Compact (4.4" • 3.1" 1 1.4") TFT active mmil I.CD color monitor including fluorescenl 
badlig!L Allalog RGB llld composite sync inl'JI with switchable horizontal I vertical 
viewing. Low power consumption and long life backligbt nm it ideal for security and door 
phone use. Single I VDC supply and good n:solution allow mobile opmitions or use with 
laptops. Standard ribbon cable - Molex connector inrafac:e. Complele specifications included. 
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SECURITY 

CONSUMERTRONICS 120+ exciting 
manuals: Electronics, computers, 
Internet, phones, energy, radionics, 
financial (including stocks), crime-fight
ing, security, survival, phenomena, SPE
CIAL PROJECTS. Catalog $3. PO Box 
23097, Albuquerque, NM 87192. 
www.tsc-global.com 

EMa•DD•D 486 COMPUTl!R $99.00 

COlll!Jldt """-1111 lald •X-33 baM compulilr ia llltro mall (,.7AIL1'-5/IW1 ~llSIJ) 
ca. ldtll for embedded opmtions or m uecOlld alllptlltt. Fiatunsindllk: •Ont I' lit ISA 
slot • 3 strill porU pills dedicalld prialcr port • l"lnlld op!D-i*d ildapler port • lllilt 
ia IBM PC'JAT bJl>oerd port •-Oil board VGA Ykko and port • Uses1*andardSIMM.11p lo 31 
MB • llOS is PC/Ata.polihlr 
Unit Im a blCkup Ni-Of ballay system in case of P9'W<I' failure (5 mio. bicl<!ip time) Ind 
loc:Uble fioa1 cover io prt>C111. floppy drive access. Mounting I intetfaa: provisioas for 
s!andanl3.S" lll*Jp floppy llDd 2.5 inch bud drim. Comes wilh very coroprdicuM: rnuml. 

SONY Miniature Color LCD Display (LCX005BKll) $29.H 
• 1.4 CM (055 inch) Diagonal Full Cola Display• Built In Horizontal and Venial DriYCIS •Ocha 
Dot Panem fcl- High Picture ~ality -537 mu (H) x 222 dou (V) • Compatible with NTSC .t PAL 
Foona1 and Sync lnpulS • 12 VDC Opetalioa with-I to +17 V RGB Signal and Driver lopul \l:iltage 
• Eicell<st Display for Virtual Reality Projects. Viewfinders, and Miuiacure Test E<piipment 
Displays • Pin Outs and Spocificalion Included • Unit Requires Clock, Sync!ronizatioo and Video 

CELL SITE Tl~ \NSCEIYER $49"" ! fur"')') ' 

n...--•da9iodlor_.lionlnonAMPS1Advonced-Pt.....Sorvico)coloito. Tho 
20 MHz - of lho ..,..,._ a1owo l IO _...on el 66e <homolo olocatocl Tho wonomil 
chomolo "' B7D.030-M0.NO MHz .... h rec:oivo chonnob 45 HMz below,_ lrequonc:ioo. A cigilol 
synthuizet ii ~.ct to genera tie Miect9d frlqu90CY. EllCh ooit cont.in1 two indlpendent rec:et....rs to 
domodlAto voice end dlla wilh • - Signal Sllwlgth lndalO< (RSSq cUcuil IO ........ one with the 
bell 1ignll atrength. The tr&nlmitter p«Mdt1 a 1.5 Witt rnodutated afgnal to drive an utlmal power 
~- chonnel Mloction is _,.,r- wi1h a 10 bit binary..,... via • COMICIOr on lhe bock pone!. 
Of'ler i"lt.tac:. requirenwa tor operadon .,. 28 VOC (W\f'9gUlated) and an 18.990 MHz rer.tnce 
h""°noy tor 1he digilll ~"-Tho ""'contain indoporder< booldt lot receivers. oxcior. oynthuizo<. 
lunablo wont end, end lnlorioc:o auombly (whi<h lncludol pow suppiol and volla-trollod _.. .. i 
SeMce manual. sctwm.lica and circuit~ ndudtd. 

NTSC COMPOSITE 
4" LCD MONITOR $69ml 

COUNTER-SURVEILLANCE=$250 HRI 
Electronic eavesdropping is unbelievably 
widespread! Are you sure you're safe? 
Learn how others (without prior experi
ence) earn $250 HR in the fascinating 
field of COUNTER-SURVEILLANCE! For 
FREE catalog call: 1-800-732-5000. 

WEATHERPROOF ENCLOSURE for 
board cameras, fits all 30-42mm 
color/back & white cameras, $59. Mateo, 
Inc., Schaumburg, IL 1-800-719-9605 
Fax: 630-350-9546. E-Mail: nsales@mat
co.com Web site www.mat-co.com 

B/W 430 LINE CCD CAMERA with 
optional black low-profile swivel 
adjustable enclosure. Pin hole or Std. 
lens type. 6, 8, and 12mm lens are avail
able. 1/3" CCD, 3.6mm/F2.0 lens includ
ed; 9-14 VDC, 0.08 lux, IA sensitive; 
1.27" x 1.27" x 0.5"0 pinhole or 1" deep 
standard. Price @ 1 O pcs., $44 each. 
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 SURVEILLANCE-COUNTERSURVEIL· 

LANCE: I buy and sell used equipment. 
Steve 410-879-4035. 

CONVERTS PC MONITOR to SECURI
TY MONITOR. The VGA-801 accepts 
standard NTSC or PAL inputs for display 
on any existing VGA/SVGA computer 
monitor. Small compact size, 4-1/2" x 2-
1/'Z' x 3/4". Over 600 lines of resolution, 
twice that of standard TV monitor! High 
quality audio output feeds speakers 
directly. Excellent grey-scale conversion; 
works well with BNI inputs. Power supply 
included; $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 

SALE! PS 102: Built-in pin hole CCD, 
lens size: 3.6mm. 5-1 /'Z' (D) x 1. 7" (H). 
$79 @ 5 pcs., $72 @ 10 pcs. Distributors 
welcome. Mateo, Inc., 1-800-719-9605 
Fax: 630-350-9546. E-Mail: nsales@mat
co.com Web site www.mat-co.com 

SPECIAL! IC 113: PIA motion detector 
with audio! W/ NO/NC alarm output. 
CCD camera with audio can be turned 
on by detector. 5-1/4" (L) x 2-3/4" (W) x 'Z' 
(D). $89@ 5 pcs., $82@ 10 pcs. Mateo, 
Inc. 1-800-719-9605 Fax: 630-350-9546. 
E-Mail: nsales@mat-co.com Web site 
www.mat-co.com 

Aircraft or marine navigation. No 
case. AS-IS $50 

SINGER CSM-1 
COMMUNICATIONS 
SERVICE MONITOR 
~---- c 

t .. ~ 
t.1 .. ~ 

TELEGRAPH 
KEVER 
Unique item for 
military collectors. 
J37 telegraph key, 
new in original """"~""'""...._ ____ _.... 
government package. $49.95 

B/W BOARD camera w/audio, $49 @ 
qty 1 O, 1.27" x 1.27". Enclosure available 
for $1 O. Mateo, Inc., 1-800-719-9605 
Fax: 630-350-9546. E-Mail: nsales@ 
mat-co.com Web site www.mat-co.com 

STOP THEM from listening in or record
ing your telephone conversations with 
the TELEPRIVACY-PLUS. Send $49 to 
Vakis, 1402 Pine Ave., Niagara Falls, NY 
14301. 

JONES MODEL 1600-1 
TACHOMETER 

Instrument tachometer cen
trifugal mechanical tach mea
sures RPM scale 0-500 RPM, 
coupling shaft 118" acces
sories, various size rubber 

tipped drive couplings, case MW. Also Jones 
Model 1600-7 RPM scale 0-11,000 RPM w/acces
sories. 

New $35/ea. or 2 for $50 

HP 86408 SIGNAL 
GENERATOR OPT 003 

Frequency: SODKHz to 512MHz. 
Indicates lo 1024MHz. Requires 
external frequency doubler for 
1024MHz (supplied with untt). 
Readout can be used as a frequency 
counter. Accuracy: 6.5 digits expana
able to X1D and X100. Output:· 
145dBm to +19dBm (0.5 to 512MHzl. 
Modulation: AM, FM, pulse 400 and" 
1 KHz, 1 mV to 1 V internal. Has input 
and output of modulation sources. 

mm 111·-,, l:wm ~- ~-= .. 
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AS-1004, FCC approved. 2.4GHz trans
mitter & receiver with audio! Capable 
handling total of 4 wireless cameras, 
range: >300'. Built-in camera, 400 TV 
line. $189 a pair @ 5 pcs., $179 @ 10 
pcs. Additional camera $119 @ 1 O pcs. 
Mateo, Inc. 1-800-719-9605 Fax: 630-
350-9546. E-Mail: nsales@mat-co.com 
Web site www.mat-co.com 

ALL NEW: THE COVERT CATALOG 
2000. The MASTER LIST of information 
suppliers, specialized newsletters, OEM 
lock picks, reverse engineers, spy shops, 
alternate IDs, program crackers, and 
more. Locate impossible equipment, 
shop where the smart guys shop. 
Provides hundreds of addresses, sample 
pages, catalog prices and recommenda
tions that will save you money on every
thing from break-in books to unde
tectable bugs. Catalog #COVCAT-2, price 
$34.95 + S&H $6 US, $7 CAN. NY state 
add $3.38 tax. Visa, MC, Discover, 
money orders. Mail: CAB, PO Box 56-
NV, Commack, NY 11725. Phone: 516-
543-9169. 

We call them the Professional synthesized FM 
'Cubes' .... Perteet Stereo stalion in easy to use, 
video transmission handsome cabinet. Most radio 
from a transmitter stalions require a whole equip-
you can hide under """""....._~-~------'""-'--..1 ment rack to hold all the lea· 
a quarter and only as thick as a stack of four pennies- thars a tures we've packed into the 
nickel in the picture! Transmits color or B&W with fantaslic quality FM-100. Set freq with Up/Down buttons, big LED display. 
- almost like a direct wired connection to any TV tuned to cable Input low pass filter gives great sound (no more squeals or 
channel 59. Ciystal controlled for no frequency drift with pertor- swishing from cheap CD inputs!) Limtters for max 'punch' in 
mance that equals law enforcement models that cost hundreds audio · without over mod, LED meters to easily set audio 
more! Basic 20 mW model transmtts up to 300' while the high levels, built-in mixer with mike, line level inputs. Churches, 
power 100 mW untt goes up to 1 /4 mile. Audio untts include sound drive-ins, schools, colleges find the FM-100 the answer to 
using a sensitive built-in mike that will hear a whisper 15 feet their transmitting needs, you will too. Great features, great 
away! Untts run on 9 volts and hook-up to most any CCD camera. price! Kit includes cabinet, whip antenna, 120 VAC supply. 
Any of our cameras have been tested to mate pertectly with our We also offer a high power export version of the FM-100 
Cubes and wor1< great. Fully assembled - just hook-up power and thars fully assembled with one watt of RF power. for miles 
you're on the airt of program coverage. The export version can only be 
C·2000, Basic Video Transmitter Cube .. . ... , .... ... . . $89.95 shipped outside the USA, or within the US if accompanied 
C-3000, Basic Video & Audio Transmitter Cube. , , . , , , , $149.95 by a signed statement that the unit will be exported. 
C-2001, High Power Video Transmitter Cube .. ........ $179.95 FM· 100, Pro FM Stereo Transmitter Kit . ..•.... . $249.95 
C-3001, High Power Video & Audio Transmitter Cube .. . $229.95 FM·100WT, Fully Wired High Power FM·100 ..... $399.95 

I I • I , • , 

Top quality Japanese Class '!>: 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, 1/4 the light sensitivity and draw over twice the 
current! The black & whtte models are also super IR (Infra-Red) 
sensitive. Add our invisible to the eye, IR-1 illuminator ktt to see 
in the dar1<! Color camera has Auto gain, whtte balance, Back 
Light Compensation and DSP! Available with Wide-angle (80') or 
super slim Pin-hole style lens. Run on 9 voe, standard 1 volt p-p 
video. Use our transmitters for wireless transmission to TV set, or 
add our IB-1 lntertace board ktt for audio sound pick-up and super 
easy direct wire hook-up to any Video monttor, VCR or TV with 
AN input. Fully assembled, with pre-wired connector. 
CCDWA·2, B&W CCD camera, wide-angle lens .... ...... $69.95 
CCDPH·2, B&W CCD camera, slim fit pin-hole lens ...... $69.95 
CCOCC·1, Color CCD Camera, wide-angle lens ........ $129.95 
IR·1, IR llluminator Kit for B&W cameras ... .. ....... •.. $24.95 
IB· 1, Interface Board Kit .......................... . . $14.95 

Mini Radio Receivers 
Imagine the fun of tuning into aircraft a hun· 
dred miles away, the local police/fire depart· 
ment, 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 Nation· 
al nme Standard radio bands. Pick the receiver of your choice, 
each easy to build, sensitive receiver has plenty of ciystal clear 
audio to drive any speaker or earphone. Easy one evening 
assembly, run on 9 volt batteiy, all have squelch except for short· 
wave and FM broadcast which has handy SCA output. Add our 
snazzy matching case and knob set for that smart finished look. 

No drift, microprocessor synthesized! 
Excellent 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 VDC or 120 
VAC. Kit includes case, whip anten
na, 120 VAC power adapter - easy one evening assembly. 
FM-25, Synthesized FM Stereo Transmitter Kit .... $129.95 

II 
Lower cost altemalive to our high pertor
mance transmitters. Great value, tunable 
over FM band, plenty of power and manual 
goes into great detail about antennas, ran119 
and FCC rules. Handy ktt for sending music 

thru house and yard, ideal for school projects too - you'll be 
amazed at the exceptional audio quality! Runs on 9V bat
teiy or power from 5 to 15 VDC. Add our matching case 
and whip antenna set for a nice 'pro' look. 

FM·10A, Tunable FM Stereo Transmitter Kit . .. ... . $34.95 
CFM, Matching Case and Antenna Set . ... . ...... $14.95 
FMAC, 12 Volt DC Wall Plug Adapter .............. $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 service through an entire town. Runs on 12 voe. For 
a neat finished look; add the nice matching case set. 
LPA· 1, Power Booster Amplifier Kit •..•..•....... $39.95 
CLPA, Matching case Set for LPA· 1 Kit •. ..•..... $14.95 
LPA· 1 WT, Fully Wired LPA· 1 with Case .......... . $99.95 

COLOR - LOW light CCD pin hole and 
standard lens available, only 1.27" x 
1.27", $109. Sony sensor with audio. 
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 SECU-
RITY PRODUCTS. Mateo, Inc., 
Schaumburg, IL 630-350-0299. 
www.mat-co.com 

Binocular Special 
Wow, did we nab a deal on 
these first rate binoculars! 
Absolutely identical to a 
famous big name brand here 
in Rochester, NY • but wtthout 
'their name. Well made with 
fully coated optics, super nice 
rubber armored housing over 
hi-alloy aluminum, includes 
lens cleaner cloth, neck lan
yard and cariy case. 4 styles: roof prism 10x25 (10 power, 
25 mm), 1 Ox25 high pertormance roof prism ruby coated 
objeclive lens model for demanding use in bright sun, 
1 Ox25 high-end BAK-4 lens porro prism ruby coat with Tac
Grip housing, and Ultra-View 10x50 porro prism ruby coats. 
First qualtty, yet at a ciose-<>ut price on the exact same 

· untts as the 'T rademarl<ed' untts - but at hatt price! 
BNO·M, Bx21 Mini Monocular ...... .. .... . .. ... $14.95 
BN0-1, 10x25 Roof Prism Binoculars ......... .. . $24.95 
BN0·1EX, 10x25 Ruby Coated Porro Prism ....... $29.95 
BN0·2, 10x25 TacGrip Ruby Coat Porro Prism ..... $59.95 
BN~, 10x50 Ultra·View Ruby Coat Porro Prism .. . $69.95 

Eveiyone who sees one of these babies 
says they just gotta have one! Super 
cute tiny FM radios have automatic 
scan/search tuning, comfortable ear bud 
earphones and we even include the bat-
tery. The pager style untt looks like a '-----~ • 
shrunken pager and even has an LCD clock built-in. You 
will be amazed at the ciystal clear amazing sound! Thars a 
quarter in the picture for size comparison - pretty tiny, huh? 
MFMT· 1, World's Smallest FM Radio ............. $11.95 
PFMR· 1, Pager Style LCD Clock & FM Radio ...... $12.95 

Speech Descrambler . 
Decode all that gibberish! This is the 
popular descrambler I scrambler that 
you've read about in all the Scanner 
and Electronic magazines. Speech 
inversion technology is used, which is 
compatible with most cordless phones 
and many police department systems, 

AR·1, Airband 108-136 MHz Kit ............ .......... $29.95 
HFRC·1, WWV 10 MHz (crystal controlled) Kit .... .• •.. . $34.95 

hook it up to your scanner speaker terminals and you're in 
business. Easily configured for any use: mike, line level 
and speaker outpuVinputs are provided. Also communicate 
in total privacy over telephone or radio, full duplex opera
tion - scramble and unscramble at the same time. Easy to 
build, all complex circuitry contained in new custom ASIC 
chip for clear, clean audio. Runs on 9 to 15Voe. Our 
matching case set adds a professional look to your ktt. 
SS.70A, Speech Descrambler/Scrambler Kit ....•. $39.95 

'=========,.......=====~ CSS, Custom Matching case and Knob Set ...••• $14.95 
FM Station 
Broadcast 
Antenna 

FR· 1, FM Broadcast Band 88-108 MHz Kit .......... . . .. $24.95 
FR~. 6 Meter FM Ham Band Kit ....•.... . . ••.•.. ..... $34.95 
FR-10, 10 Meter FM Ham Band Kit .••..••. .. •••....... $34.95 
FR-146, 2 Meter FM Ham Band Kit . .. ..•• ...• ••.....•. $34.95 
FR·220, 220 MHz FM Ham Band Kit .........• •••.... •• $34.95 
SR· 1, Shortwave 4-11 MHz Band Kit .......... .. ...... $29.95 
Matching case Set (specify for which kit) •••..... . ...•• $14.95 

Tiny FM Transmitters 
Gosh, these babies are tiny - thars a 
quarter in the picture! Choose the untt 
thars best for you. FM-5 is the smallest 
tunable FM transmitter in the wortd, picks 
up a whisper 1 O' away and transmtts up 
to 300'. Runs on tiny included watch bat-

...._ ____ __, teiy, uses SMT parts. FM-4 is larger, 
more powerful, runs on 5-12 volts, goes up to a mile. FM4,5 oper
ate in standard FM band 88-108 MHz. FM-6 is ciystal controlled in 
2 meter ham band, 146.535 MHz, easily picked up on scanner or 
2 meter rig, runs on 2 included watch batteries. SMT (surtace 
mount) ktts include extra parts in case you sneeze & loose a part! 
FM-4MC, High Power FM Transmitter Kit ••..........••• $17.95 
FM-5, World's Smallest FM Transmitter Kit ••. •.• •. .. ••• $19.95 
FIH, Crystal Controlled 2M FM Transmitter Kit .•••..••• $39.95 
FIH, Fully WireO Tested 2M FM Transmitter .......... $69.95 

AM Radio 
Transmitter 
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SS.70AWT, Fully Wired SS.70A with case . . . '.' .. $79.95 
AC12-5, 12 Volt DC Wall Plug Adapter ...... . ..... $9.95 

ORDERING INFO: Satisfaction Guaranteed. Examine Inf 10 days, tt 
oot pleased, retum in original loon for refund. Add $6.95 for ship
ping, handling and insurance. OrdefS under $20, add $3.00. NY resi
dents add 7% sales tax. Sooy, no CODs. Foreigl orders, add 20% 
for surface mail or use credit card and specify shipping method. 

Wrfte In 63 on Reader Service Card. 
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SATELLITE 
EQUIPMENT 

FREE BIG dish catalog. Low prices! 
Systems, upgrades, parts, and "4DTV." 
Skyvision, 101 O Frontier Dr., Fergus 
Falls, MN 56537. www.skyvision.com 
Call 1-800-543-3025. 

BEST PRICING on 18" satellite TV sys
tems for home and. RV. DSS, DISH 
Network programming, multi-room view
ing options, accessories. www.sky 
vision.com Call 1-800-543-3025. 

1999 DSS SOFTWARE COOKBOOK 
700+ CD-ROM COLLECTION: 
CLONING, REVERSE-ENGINEERING, 
PPV, ADULT, EMULATORS, DIA
GRAMS, SCHEMATICS, PATCHES, 
PLANS, MUCH MORE. (SPECIAL: 1ST 
700 ORDERS GET 700+ ADDmONAL 
PROGRAMS!) WHOLESALE ONLY $22 
(BUY 2, GET 1 FREEi!!). DSS TEST
CARD INFO SOURCE MANUAL $10. 
VISA/MC/AMEX/COD/CHECKS/MO. 
BRINKER ENGINEERING LABS, USA. 
CALL NOW 407-654-96n. 

THE BEST is back to stay. Master code 
recovery. 16c5x, 16c62x, PALS, GALS, 
other microcontrollers, etc. 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, Suite 317, Burke, VA 
22015. 

FREE FLYER on DBS files, hacking, 
hardware info. Smart card socket $5 ea. 
New Atmel 89C52 $10 ea. Bill 1-800-
879-9657. 

SATELLITE RADIO BOOK AND 
GUIDE. New book covers all Audio 
Services, SCPC, Subcarriers, FM 
Squared, Facsimile, Press Services, 
Weather Services. Simple how-to
receive instructions. $16.95 plus $3 
Priority Mail. UNIVERSAL ELECTRON
ICS, 4555 GROVES ROAD, #12, 
COLUMBUS, OH 43232. 614-866-4605. 

MILITARY SURPLUS 
ELECTRONICS 

WANTED: ARC-5 & SCR-274N 
receivers and manuals. John Broussard, 
312 Guilbeau, Breaux Bridge, LA 70517. 

AUDIO - VIDEO 
- LASERS 

FREE LASER CATALOG. Helium-Neon, 
Argon, ruby, visible laser diode modules, 
lightshows, holography, laser pointers. 
Lowest prices. Midwest Laser Products, 
PO Box 262, Frankfort, IL 60423. 815-
464-0085 www.midwest-laser.com 

ATV 2.2GHz to 2.7GHz wireless video 
data link module tuner & transmitter 
1 OOmW. Picotronic, web: http://mem 
bers.aol.com/picotronic/atv.htm 



4 Inch Video NTSC $150 
Sharp P/N 4LU4E 
Composite NTSC & RGB Input 
12:00 OR 6:00 Viewing Angle 
Integrated Backlight & Inverter 
Extended Temp: ·10 to+ 60 C 
Brightness: 260 nits 
Power Consumption: 4.3 Watts 
Contrast 50 to 1 

TOUCH MONITOR 
EarthVue 10.4 

10.4" VGA TFT 
Analog VGA Input 
105 Nit Brightness 
RS-232 Touch Screen Option 
Only 9.9"'N x 7.7"H x 1.5"0 
Ideal For Factory Automation 
Fully Articulating Ball Mount 
Only $1095 With Touch 

--~-0................ ? 

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 NOlW-0 
2 X 16 Character LED Bacldtt STN $8 

LCD DISPLAYS 

6.3" Mono STN $60 
9.4" Mono Reflective $60 
8.4" TFT $250 
9.4" DSTN $150 
10.4" TFT $350 
10.4" DSTN $240 

NoteBook Screens 
340 Models In Stock 

Obsolete Screens Stocked 
Hard To And LCD? Call! 

10.4" DSTN or 12.1"TFT 
Analog SVGA Input 
Autosync 
Auto Sizeing 
Automatic Expansion of VGA 

images to SVGA (On 12.1") 
Very Aggressive Pricing 

Starting under $500! 

. . 
•• r 

CONTROLLERS 

ISA 
PCI 
PC/104 
NTSC 
Analog VGA 
Complete LCD Kits with LCD, 
Controller & Cable Starting 
under $200 

~ E~f!!!!echnologies 
'7he World Leader In LCD Recycling" 

Ph: (949) 361-2333 Fax: (949) 361-2121 
http://www.flat-panel.com 

Write In 63 on Reader Service Card. 

SYNC-A-LINK UNIVERSAL video sync 
generators. For more details phone or 
fax 918-479-6451 or write to Sync-A
Link, PO Box 4, Locust Grove, OK 
74352. 

ANTIQUE VIDEO TRANSFER SER
VICE: transfer any 2" QUADRUPLE>< 
tape. Affordable fast! Phone/fax 415-821-
7500 or 415-821-3359. 5001 Diamond 
Heights Blvd., San Francisco, CA 94131-
1621. 

SYNC-A-LINKS's 3-D Scopers™ digi
tal color CCD cameras for stereoscopic 
imagery. At a reasonable cost. Phone or 
Fax 918-479-6451 or write to Sync-A
Link, PO Box 4, Locust Grove, OK 
74352. 

SONY PLAYSTATION MODCHIPS. 
Allows playing of CDR backups & 
imports. $10 + $3 shipping. 619-590-
9320. 

BROADCAST VIDEO equipment want
ed: all types, new or old. Please call, Jon 
with info. 1-800-539-2859. 

LASER SHOW SYSTEMS AND COM
PONENTS. Hobby and professional pro
jectors. www.redllne-lasers.com 

STEREOSCOPER VR is a stereo multi
plexer that creates 3D stereoscopic 
video from two genlock cameras. 
Stereoscoper VA comes with LCS glass
es and driver. 90 day warranty $247 or 
write to Sync-A-Link, PO Box 4, Locust 
Grove, OK 74352. Phone or fax 918-479-
6451. 

FACTORY VIDEOS: $5-$10. Sony cam
corder videos hi Bmm, $2.50; reg Bmm 
need fix, 75¢, VHS factory videos need 
fix, 75¢. 310-515-2058. 

WANTED: PRO video equipment, VCRs, 
switchers, cameras, etc. Advanced 
Media 702-874-1911 . 

CONVERTS PC MONITOR to SECURI
TY MONITOR. The VGA-801 accepts 
standard NTSC or PAL inputs for display 
on any existing VGA/SVGA computer 
monitor. Small compact size, 4-1 /2" x 2-
1 /2" x 3/4". Over 600 lines of resolution, 
twice that of standard TV monitor! High 
quality audio output feeds speakers 
directly. Excellent grey-scale conversion; 
works well with B/11'1 inputs. Power supply 
included; $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 

M3 GALVOS by General Scanning. New! 
6 available @ $400 ea. Call Roger @ 
GS&E, 716-338-7001. Visa-MC. 

CABLE TV 

CABLE PARTS & EVERYTHING. Best 
prices & quantity discounts. WE DON'T 
SELL BOXES. 1-800-MODULE-O. 

SONY PLAVSTATION MODCHIPS. 
Allows playing of CDR backups & 
imports. $1 O + $3 shipping. 619-590-
9320. 

GENUINE UNMODIFIED JERROLD 
DPBB 7312. 410-485-7n2. E-MAIL: 
CLEWIS7298@AOL.COM 

CABLE BOX repairs and upgrade. Most 
models, warranty lowest prices. Call 214-
695-5982. 

DTV & DISH NETWORK INFORMA
TION (36 pages) only $15. Mainline 
Electronics, Inc. Call toll-free 1-Sn-856-
0923. Cable television supplies DIRT 
CHEAP! Plus descrambling plans for all 
systems, call 1-877-880-0197. 
WWW.MELECTRONICS.COM 

CABLE CONVERTERS. Original equip
ment with remote. Like new, ready to go. 
Lowest prices guaranteed. Limited mod
els. Novicor Electronics, 412-833-0773. 

NEW! 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 516-
389-3536. 

PICS, GALS READ if you've lost your 
masters. Programming service available. 
Call for info. Network Sales, 616-683-
0500. 
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HEWLETT PACKARD 
11666A, Reference Bridge, 0.4-18GHz •.•... . .... $800 
11667 A, Power Splitter, DC-1 BGHz ..... .. .••.... $600 
11975A, Amplifier, 2-aGHz •.•..• .... • . . , ••... $2000 
16500A, logic Analyzer Mainframe •. . .. . . . • .. .• . $750 
3312A, Function Generator, .1Hz·13MHz .. . • . ••• . $700 
3325A, Synthesizer/Function Generator .. ..... .• $1000 
3325A/01/02, Synttiesizer/Function Generator . • . . $1500 
3335A, Frequency Synthesizer, 200Hz-81MHz 

w/Opl. 01 ......•.. .. ..••....•••••••..... $4500 
339A, Distortion Analyzer .... . . . ..... . ....... $1000 
3456A, Digital Muttimeter, 6.5 Digits ... . ...... . •. $800 
3478A, Digital Muttimeter •..• . ... . ••• • •••.... . $700 
3488A, Swik:h Control .. . . ......... . ....... .. $800 
3551A, Transmissioil Test Set ...... . . . .. .. ..... $600 
3575A, Phase Gain Meter 1Hz·13MHz ....... . .. $1000 
3581C, Selective Voltmeter .•. . ... . ' .... . ... . .•. $800 
3582A, Spectrum Analyzer, 0.02Hz·25.5KHz .. . .• $1600 
3585A, Spectrum Analyzer, 20Hz-40.1MHz .....•. $4750 
4192A, LF Impedance Analyzer w/16007 A J>a;y. Kit $8000 
4342A, Q.Meter ..•...... . ........•....•... $1800 
4358, Power Meter . • . ... . .. . ... . . .. ...... . .• $500 
436A, Power Meter w/Opt. 022 . .... .. . ..... . .. $1000 
438A, Power Meter .. .......... . ..• . • . ..•.• . $2750 
4935A, Transmission Impairment Test Set 

w/Opt. 003 . . . . ................. . ........ $1100 
5087 A. Distribution Amplifier .....•. . • . ..•••..• $1000 
53168, Uri11ersal Counter ...•.... . ••. . ....... $1000 
53288, Uri11ersal Counter ...•...... . •.. . ....• $1000 
5340A, Frequency Counter w/Opl. 01/021011. .•. . . $1000 
5342A, Microwave Frequency Counter, 

10Hz·18GHz . .... ..•..•..............• . •. $900 
5355A, Frequency Converter ......... . •...•.. $1000 
5364A, Microwave Mixer Detector .... . .. • ...•. . $4500 
541 OOA, Digitizing Oscilloscope .. . ..• . .•....... $1700 
541000, 1GHz Digital Oscilloscope . .. .. .•.•.••. $2700 
541100, 1GHz Color Digitizing Oscilloscope .. . . •. $2500 
54120A, Digitizing Oscilloscope Mainframe .... . . . $5750 
542010, Digitizing Oscilloscope ..... . .. . ... . .. $2650 
6011A, Autoranging Power Supply, 20V/120A, 

1000 Watt ....•..•• . . . .. . ....... . ••..... $1200 
6012A, DC Power Supply, CH>OV/G-SOA, 1000 Watt . ... $1200 
6034A, DC Power Supply, CH>OV/G-10A, 200 Watt . .. . . $1000 
62748, DC Power Supply, 0-60V, 0-15A ... . . . .•. $1250 
6475C, DC Power Supply, 0-110V, 0-100A • . ...... $3500 
6632A, DC Power Supply, 0-20V, 0-5A, 100 Watt .... . $1000 
7780, Dual Directional Coupler . .. ......... . .... $400 
80138, Pulse Generator ....... . ....• . .••.• . •. $750 
8082A, Dual Pulse Generator, 250MHz .......... $1200 
8112A, SOMHz Pulse Geroerator .. ... . . . .. .. .. . $4000 
8116A. SOMHz Programmable Pulse/Function 

Geroerator ... . .... . ............ . ........ $3350 
8116A, SOMHz Pulse/Function Generator, Opt. 001 . $4000 
8165A/002, Programmable Signal Source w/AM .. . $2200 
8347A, AF Amplifier, 100KHz·3GHz ......•....• $2500 
83498, Microwave Amplifier, 2·20GHz ..••.• . ..• . $4000 
8350A, Sweep Oscillator Mainframe ........•... $1000 
83508, Sweep Oscillator Mainframe .•.•. . ...•.• $1500 
83522A, Sweeper P1ug~n •. 01·2.4GHz, w/Opl 02 . . $4000 
83545A, Oscillator Plug-in, 5.9-12.4GHz ......... $1750 
83590A, Sweep Oscillator P1ug·in, 2·20GHz, 

Rear Output. .......•........•..... .. .... $5500 
8411A/018, Frequency CoOYerter .11to18GHz . . ... $500 
8449A, Pre-amplifier, 2·22GHz ••••..•.....•. • • $3000 
8495H, Programmable Attenuator (unused) . . ..•.. $600 
8501A, Storage Normalizer ..•..... . . .. . . ....• $1000 
85021 B, Directional Bridge ..... · .... .. . . .. . .. . $1200 
8505A, Networ1< Analyzer w/8501A & 8503A . .. . .. $4000 
85100, Netwoil< Analyzer w/Opt. 010 ... . ..•. . . $13,000 
851 lA, Harmonic Frequency COOYerter, 

45MHz·26.5GHz . . . . .. . . . ................ $5500 
85548, RF Spectrum Analyzer Plug-in, 

500KHz· 1250MHz ..•.....•••... . ...•.•.... $800 
8562A, Spectrum Analyzer, 1 KHz·22GHz •.• . ...• . • $15,000 
8566A/B, Spectrum Analyzer, 100Hz·22GHz .... $16,000 
86222B, Sweep Oscillator P1ug·in, .01 ·2.4GHz 

w/Opt. 04, Rear Output and 8620C Mainframe ... $1250 
8640A, Signal Generator, 0.5-512MHz .. . ........ $700 
86400, Signal Generator, Opt 002, .5-1024MHz .. . $2100 
86400, Signal Geroerator, Opt. 1, 2 ....•........ $2200 
8654A, Signal Generator, 10-520MHz .. . ... . .••. $450 
8656A, Signal Generator, 1 OOKHz·990MHz ...••• $1700 
86568, Signal Source, .01 ·2500MHz . .. . ..•... .. $2500 
8660C, Synth. Signal Geroerator w/Opl 1 & 100 ... $1000 
86600, Synthesized Signal Geroerator . . . . . •..••. $4000 
86603A, AF Plug-In, 1-2600MHz . ....... .... . . .. $800 
86603A, RF Plug-In, 1·2600MHz w/Opt. 02 ........ $950 
8662A, Signal Generator, 1OKHz·1280MHz 

w/Opt. 001 ...........•....• . . . ........ $17,500 
8663A, Synthesized Signal Gen., 100KHz·2560MHz 

w/Opt. 001 & 002 ....•.........•..... . .. $30,000 
8672A, Synth. Signal Gen., 2.0-18.0GHz ........ . $4000 
8672A, Synth. Signal Gen., 2GHz·18GHz, w/Opt. 08 $5000 
8748A, $-Parameter Test Set w/Opl 026 ......... $1350 
8756A, Scalar Netwoil< Analyzer .•...•.......•. $1500 
8757 A, Scalar Netwoil< Analyzer, 

1 OMHz.6QGHz ............... . . , •• • •.... $4000 

8970A, Noise Figure Meter • .••.....•. .. . . • . •• $4500 

TEKTRONIX 
1503, TOR Cable Tester w/Opt. 04 Recorder . .. .. $1550 
2215, 60MHz Osc"loscope •.•••.. . . . ..• . .•. .• . $500 
2236, 1 OOMHz OscHloscope 

w/Countermmer/DMM . . •...•.••••••..• . • • $1000 
2246, lOOMHz Oscilloscope . . ....... .. ..... . . $1600 
2247A, 100MHz Oscilloscope w/Countermmer/ 

Voltmeter ••... . . . .....• . ..•. .. • . ....•.•• $2500 
2337. 1 OOMHz Oscilloscope w/OMM .••....•. . . $1650 
2430A, 150MHz Digital Oscilloscope ••••• . .•• . .. $2850 
2432A, 300MHz Digital Storage Oscilloscope .••.. $3000 
2445, Four Channel 1 SOMHz Oscilloscope . .. .. •• $1500 
2465, Four Channel 300MHz Oscilloscope . ••. • •. $2500 
2465A OV, Four Channel 350MHz Oscilloscope . . .. $3850 
2467, Four Channel 350MHz Oscilloscope • ... ... $3000 
24678, Four Channel 400MHz Oscilloscope .•.•.. $6000 
2630, Fourier Analyzer ....... . .. .. .......... $2500 
466, 100MHz Storage Oscilloscope w/OM44 • • •... $800 
475, 200MHz Oscilloscope . ..... . ...... .. ..... $650 
475A, 250MHz Oscilloscope ....•...•....•...• $800 
492P. Programmable Spectrum Analyzer, 

50KHz·21GHz w/Opl 11213 ••.••••.•... . .•.. $8000 
576, Curve Tracer .... . • . ...•••• . .••..• . .. . . $2750 
577/02, Curve Tracer, Non·storage w/177 Fixture . . $1750 
7020, Programmable Digitizer ... . ..... . . .. .... $400 
7l.5/l..3, Spectrum Analyzer, 20Hz·SMHz, 

w/Opt. 025 Tracking Geroerator ••••... . .... . .• $1850 

VISIT OUR WEBPAGE AT 
WWW.RSSURPLUS.COM 

7L 12, Spectrum Analyzer, 100KHz·1.8GHz ... . .• $1500 
7l 18, Spectrum Analyzer Plug-in, 1.5-1 SGHz 

Capable of 60GHz with Mixers ..••.••••.... . $2500 
7S12, TOR/Sampler ......................... $450 
AFG5101, Arbitrary Function Geroerator ..•.. . ••. $1500 
CG5001 , Programmable Calibration Generator .... $4000 
RT0710A, Oigitizerw/Opl 1R (Rackmount) .•... . . $3750 
TM5003, Three Slot Power Mainframe . •• .. ... . .. $450 
TM5006, Six Slot Power Mainframe ......... . ... $550 

MISCELLANEOUS 
Acme Elect. PS2l1000, Electronic Load .. . .. .. . . . $850 
Datron 1061A, 6.5 Digit Autocal Multimeter, DC Only ... $700 
Datron 1062, 6.5 Digij Auix:al Multimeter, DC/AC/Ohms ... $900 
EIP 545A, Microwaw Frequency Counter .... . ...• $800 
EIP 548A, Flequency Counter, 10Hz·26.5GHz .. . . $2000 
EIP 5488, Frequency Counter, 10Hz·26.5GHz .•... $3250 
EIP 578, Source Locking Frequency Counter ...... $2500 
Electro-Metric EMC 11 MK IV, Interface Analyzer, 

16Hz·50KHz . . . . ....... . .•. . •.....•.•... $2000 
Electro-Metric NTA·51C, Receiver .. . . ... ......• $1250 
Fluke 51018/03, Calibrator ...... .. . . •.• . .•••• $3000 
Fluke 5200A, /IC Voltage Calibrator w/5205A Amp ••.. $1850 
Fluke 7261A, Universal Countermmer, 

OHz·125MHz . .. •.. . ... . .. .. . . ... . .. .. . . .. $350 
Fluke 8010A. Digital Multimeter .. . ........•... . ... $175 
Fluke 8012A, Digital Multimeter ....••.•.. . ...... . . $175 
Fluke 8050A, Digital Multimeter ..... . .•..•.. . .. .. . $250 
Fluke 8602A, Digital Multimeter, DC Only .••••.•• . ... $225 
Fluke 8520A. Digital Multimeter .... . ...•..•.•. . ... $350 
Fluke 8600A, Digital Multimeter .......... . ......... $65 
Fluke 8810A, Digital Multimeter .... . ...••...•.•••• $250 
Fluke 8840A, Digi1al Voltmeter w/Opl 059 •....•• . • $600 
Keithley 195A, Digital Multimeter .. . .....•....... $700 
LeCr<Jll 9424, 350MHz Oscilloscope ..... . .. . ... $3500 
Mart:ori 2019A, Signal Gen., 80KHz·1040MHz . . . . $2200 
Pola rad 1105E·FT, Signal Generator, 0.8·2.4GHz . .. $400 
Systron Domer 17308, Frequency Synthesizer, 

.01·26.SGHz ............................ $6000 
Trans. Devices DLR400 15 3500A, Dynamic load .. $1500 
Trans. Devices OLP 50-60-1 OOOA, Electronic load .. $800 
Trans. Devices OLVP 130-110-1000 

Electronic Load .. . ... . . .. .............. . .. $950 
Valhalla 2703, AC Voltage Standard .. . .. . . . .. . . $2350 
Valhalla 4150ATC, Digital Ohmmeter. ....•. . . . . .. $750 
Wavetek 22, 11 MHz Sweep Generator .......•... $500 
Wavetek 171 , 2MHz Synth. Furction Geroerator .... $450 
Wavetek 172, Programmable Signal Source 

w/Opt. 01/02 ...•. . .. . .. . .. . .•. .. .. : . . .. . $1500 
Wavetek 178, Automatic Synthesizer . . .. .... . ... $1700 
Wavetek 650, Precision 2MHz Variable 

Phase Synthesizer ............•.. . ........ $1550 
Wavetek 852, Dual Hi/Lo Filter . .. . .. .. •.. . .... $1000 
Wavetek 2001A, Sweep Generator, H400MHz .... . .. $450 
Wavetek 2500A, Signal Geroerator, .2· 11 MHz ..... $2250 
Wavetek 300().200, Signal Geroerator ....... .... . $900 
Wavetek 8003, Precision Scalar Analyzer, 

10MHz-40GHz . .. . . .. ..... ... .... . .••. .. . $2000 
Wavetek 8501 , Pealt Power Meter .••..•••.••.•. $2000 
Wavetek 8502, Power Meter, 30MHz-40GHz •.... . $3500 
Wiltron 56G-7$50, RF Detector, 10MHz·18.5GHz ... . .. $300 
Wiltron 67478-20, Frequency Synthesizer, 

10MHz·20GHz, w/Opt. 01 & 02 . ....... . .. . . $13,500 

R & S Surplus 
1050 E. CYPRESS STREET, COVINA, CA 91724 

(626) 967-0846 · FAX (626) 967-1999 
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NOTCH FILTERS 110, 108.5, 106.5, 
97.5 75dB deep notch. $19.95 ea., 1-5 
qty. $15.95 ea., 6-1 O qty. $11 .95 ea., 11-
20 qty. $9.95 ea., 21 or more qty. Call 24 
hr. order and information hot line 516-
389-3536. 

UNMODIFIED CABLE CONVERTERS. 
Zenith ST1600, ST10~6. ST300, 
Panasonic 175, 145 vol. & non-vol. Regal 
RR-92 & RC 83, DP5, DP7, DRZ, 5503 
VIP, SA 8580. Guaranteed low prices. 
Please call for more converters 405-631-
1856. 

THE BEST is back to stay. Master code 
recovery. 16c5x, 16c62x, PALS, GALS, 
other microcontrollers, etc. 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, Suite 317, Burke, VA 
22015. 

PLAYSTATION MOD chips. Works with 
all models up to 750x. Color instructions. 
Seven wire hook up, does not come with 
wires. $5 each, plus shipping charges. 
10% discount for 10 or more. Call 703-
764-5118 to place an order. 

CABLE TV. Unmodified converters 
DPS $35; DPBB7 $80; 8500 series $15, 
etc., good prices over 100 pcs. 
Minimum 10 pcs. any qty., plus all 
major brands available. Lowest price 
new/refurbished/field pulls. Phone: 1-
800-929-1549. 

CABLE CONVERTERS, DBS, remotes, 
schematics, etc., free flyer. Smart card 
socket $5 ea. New Atmel 89C52 $10 ea. 
Jake 419-385-3100. 

~
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EXPLOSIVE CABLE TV GRAB! 
BRINKER ZAPPER/SNOOPER STOP
PER combo module all in one! Buy 
wholesale factory-direct, no middle
man. Let others get fined + zapped 
instead. 100% COMPATIBLE. Your 
order shipped NATIONWIDE immedi
ately! LIFETIME GUARANTEE! 
VI SA/MC/AM EX/COD/MO/ 
CHECKS. ONLY $10 (SPECIAL: 3/$20 
plus FREE DESCRAMBLER PLANS!). 
SUPER ZAPPER MODULES ONLY 
$161 (3/$33)1 Use SUPER ZAPPERS if 
you have COX, TCI, WARNER In: CA, 
TX, FL, NY, PA, Ml. DESCRAMBLER 
PLANS (4=$5, 20=$15) 130+ 
DESCRAMBLER SOURCES ($5). 
FREE SHIPPING. OPEN 24 HOURS! 
407-654-9677. BRINKER ENGINEER
ING LABS, USA. 

CABLE STOP, one stop for all your cable 
needs, a wide varity of electronic parts & 
accessories, tools, diagrams, converters, 
step-by-step instructions, 1-800-280-
7830 12pm-7:30pm EST. 

PLAIN CONVERTERS: Brand-new, the 
most reliable in the market today. Philips 
ECG-TV-3000, 181-channel only $75 
ea.; Refurbish Panasonic TZPC-145, 
$35; Panasonic-TZPC-175, $39 mini
mum 10-lot, 1 full year warranty, same 
day shipping. 405-634-1535. 

RAW CONVERTERS: We have the best 
quality to your cable needs. Pl-5135 $45 
ea.; Zenith ST-1600 $75; SIA 8590 (11-
B) $85 ea.; SIA 8590 (10-B) $75 ea. 
Please call for others not listed. 405-634-
1535. 

CABLE DESCRAMBLER plans!!! Plus 
two free bonuses: radar jammer plans & 
cable manual, $14. 1-888-367-9972. 

POSITIVE NOTCH filters. Channels 
available: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19,20,21,22,23, 
24, and 25, $16 each. Channels 26, 27, 
28, 29, 30, and 31, $19 each. Channel 
39 $25 each. Order by single channel. 
Top quality non-tunable metal cylinder 
types. 75dB deep on notch. Need to 
block the video on a cable channel til the 
kids do their homework, order a negative 
notch filter from our company. We carry 
large stock on all channels. Visa, 
MasterCard, Discover and UPS COD. 
"The Filter Company" Quantity pricing on 
5 or more. 100 pcs. $7 each. Call 1-800-
235-8080. On the web go to www.gofl 
lters.com lots to see. Open Sam to 5pm 
Central Standard Time, Monday-Friday. 
All sales must comply with FCC 1996 
cable act. 

AUCTION AUCTION Auction. Join us 
online to buy and sell. www.cabletv
auctlons.com We have a lot to see. 
Companies and individuals can put 
equipment up on the Internet. Cable TV 
equipment, computers, electronics, tele
phony, and anything else related. Sell 
surplus electronic equipment. Phones, 
faxes. Join us online or call for details. 1-
888-451-0083. We advertise in the fol
lowing publications: USA Today, Nuts & 
Volts, Popular Electronics, Electronics 
Now, Popular Science, and Popular 
Mechanics. Our website is taking 10,000 
hits per month. Call to advertise your 
company. We also advertise in small 
newspapers in the USA and Canada. You 
now have pure exposure to the world. Let 
us help you sell your equipment. 

ATTN. DEALERS: Are you a current 
dealer or just getting started? Buy facto
ry direct & save. New 125 channel vol
ume control converter, 800MHz tuner. 
Also available non-volume converters. 
Call for lot pricing. A & S Wholesale, 1-
800-370-0801 ' 

TOCOM UNMODIFIED 5503 cable con
verters, untouched, $6 ea. 1 O lot min. 
Call 706-657-4445. 

BRAND NEW basic converters, 550MHz 
wlremote, $19.95 ea. 10 lot min. Call 
706-657-4445. 

UNMODIFIED CABLE converters. SA 
8590, $39.95 ea. 10 lot min. Call 706-
657-4445. 

ZENITH UNMODIFIED converters. ST 
1000-288, $16 ea. 10 lot min., ST 1086, 
$25 ea. 10 lot min., ST 1600, $59.95 ea. 
10 lot min. Call 706-657-4445. 

BOARD R US, for all your cable needs or 
computer software, programming service 
available. 4 MHz resonators 3 pins as 
low as 34¢. For info call 909-948-3736 or 
visit us at our web site 
http://members.aol.com/BoardRUs 

DISCOUNT CABLE converters, bullet 
snoopers, all makes and models: 
Genuine unmodified General 
Instrument, Jerrold, Tocom, Scientific 
Atlanta, Zenith, Pioneer, Panasonic 
and more. Best warranty. Free catalog 
1-800-243-0962. 

CALL US TOLL FREE FOR ALL YOUR 
CABLE NEEDS. OFFICE HOURS: M-F 
9AM-5PM EST. COD ONLY, FREE 
SHIPPING ON FIRST ORDER. TOLL 
FREE 1-877-282-7641. 

CABLE BROKERS has bought out sev
eral cable companies and would like to 
wholesale the following equipment to 
other cable companies. The following are 
field pulls and in 100 lot: Zenith ST1000, 
$12; Tocom 5503A, $3; Tocom VIP, $14; 
BBV5S8, $65; 5135, $40; 5507 $25. 
Sample lots are available with prepay 
only. Call Jesse 1-888-757-1757. 



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. 

ZENITH ST1086 ST1600, $5 ea., SA 
8510, $2 ea., plus postage. Bob
Frie<;iers@hp.com or 630-585-2933. 

TELEPHONE/FAX 

PHONE SYSTEMS WANTEDlll We buy 
AT&T MERLIN, SYSTEM 25fl5/85 and 
other AT&T phone systems. Please call 
for a quote or fax us your equipment list. 
KEYWAYS, INC., 937-847-2300 or FAX 
937-847-2350. 

CELLULAR CLONING COLLECTION. 
1999 CELLULAR CLONING INFO 
BIBLE $22, 1999 CELLULAR 
CLONING SOFTWARE COLLECTION 
$33, 1999 CELLULAR SECRETS & 
PROGRAMMING MANUAL $11. ALL 3 
FOR $44, WOWll (SAVE $22). FOR 
EDUCATIONALJTECHNICIAN TEST
ING USE ONLY. 
{VISA/MC/AMEX/COD). OPEN 24 
HOURS! 407-654-9677. BRINKER 
ENGINEERING LABS, USA. 

12 HOUR fully automatic heavy duty pro
fessional TELEPHONE RECORDER, 
$79 including shipping. Send check or 
money order to: VAKIS, 1402 Pine Ave., 
Niagara Falls, NY 14301. 

CELLULAR PHONES & equipment. 1-
800-735-6944, 24 hrs., include area 
code. 

FOR SALE: All items new in MFG box. 
Toshiba, computer, telephony-system, 
PC Strata, DK 424, lwatsu-build Adix, vs 
to suit your needs. Cortel Co., Aries, dig
ital, key-system, ADKS 144, ACB cards 
for many applications. Send for mfg. 
items list. Ohio Service Supply Co., PO 
Box 8802, Canton, OH 44711. 

FOR SALE: GTI phones, send for speci
fications. Toshiba, Strata DK 424 and 
Z80 DK 14 and 40, computer telephony 
integration, wireless telephone system, 
Aries digital GTI key system, ADKS 144, 
send for specifications. Applications 
made to order, desktop #2500 $3,600 
ea. prepaid. Small business guestrooms. 
Ohio Service Supply Co., PO Box 8802, 
Canton, OH 44711. 

COMPONENTS 

WIRE & CABLE: Stranded teflon wire in 
many colors and gauges. Multi conductor 
stranded cable on large rolls. Crimp pins 
for many manufactures connectors, all 
gold plated, Burndy, AMP. etc. Please 
call and ask for Bob at 925-449-3961 . 

POCKET MINI-BOXES: Small plastic 
boxes. High quality, LOW COSTI Low as 
$0.49. Attention manufacturers! Great for 
products I 805-339-0702. 
www.ElectronicsUSA.com 

SEE OUR ad on 4-channel 2.4GHz wire
less system in the AdMatt section on 
page 66. Mateo, Inc. 

B/W 430 LINE CCD CAMERA with 
optional black low-profile swivel 
adjustable enclosure. Pin hole or Std. 
lens type. 6, 8, and 12mm lens are avail-

c 

I 
0 R 

PM89SERIES 
PANEL METERS 

3.15" x 2.5" x 2" depth. 
2.5% accuracy. 
Large clear scale, black 
lettering on white back
ground. Available in 
a variety of ranges. 

I 

DC AMMETERS CAT# 
0-100 mA DC PMD-100MA 
0-1A DC PMD-1A 
0-5A DC PMD-5A 
0-15A DC PMD-15A 

EACH 
$12.00 
$12.00 
$12.00 
$12.00 

10+ 
$10.00 
$10.00 
$10.00 
$10.00 

DC VOLTS CAT# EACH 10+ 
0-15V DC PMD-15V $12.00 $10.00 
0-30V DC PMD-30V $12.00 $10.00 

AC AMMETERS CAT# EACH 10+ 
0-5AAC PMA-5A $12.00 $10.00 
0-15AAC PMA-15A $12.00 $10.00 

AC VOLTMETERS CAT# EACH 10+ 
0-150VAC PMA·150V $12.00 $10.00 
0-300VAC PMA-300V $12.00 $10.00 

I 1.s Volt Mini-Vibrating Motorl 

Tiny 1.5 Volt motor with offset-weighted 
shaft. Typically found in pocket pagers 
and cell phones for vibrating alert signal. 
Operates on 1 .5 Volts, 80 mA. Motor 
body is 0.28" dia. x 0.67" long. Shaft is 
0.03" (1mm) dia. x 0.16" long. 

CAT# DCM-131 $250 
each 

1 O for $22.50 • 100 for $200.00 
500 for $875.00 ($1.75 each) 

3000 MCD ULTRA-BRIGHT 
RED LED 

Everlight # 383URC-2/TR1-C(R) ill 
Red, "Ultra-bright" T 1 3/4 LEDs 
"Tape-and-reel" parts. These are 
5 mm diameter water-clear LEDs I c 
that light bright red at 20 ma. \ o 
CAT# LED-50 • I 0 

2 f $1 00 100 for $35.00 
or - 1000 for $250.00 

able. 1/3" CCD, 3.6mm/F2.0 lens includ
ed; 9-14 VDC, 0.08 lux, IA sensitive; 
1.27" x 1.27" x 0.5"0 pinhole or 1" deep 
standard. Price @ 1 O pcs., $44 each. 
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 

CASH PAID FOR ICs. Military or com
mercial integrated circuits, transistors, 
diodes, any semiconductors. ELEC
TRONIC SURPLUS, INC., 5363 
Broadway, Cleveland, OH 44127. 216-
441-8500 or fax 216-441-8503, since 
1946. www.electronicsurplus.com 

WANT TO Buy: ICs, military & aircraft 
relays, diodes, transistors, Cannon, 
TRW, Amp, Burndy, Deutsch, Bendix 
connectors, electronic test equipment & 
most components. Hoffy Electronic Ent., 
818-718-1165, FAX 818-341-5506. E
Mail: Hoffie1165@aol.com 

RF TRANSISTORS, TUBES, SD1446, 
MRF455, MRF454, 2SC2290, 2SC1969, 
2SC2166, 2SB754, TA7222AP, 
2SC1947, TIP42C, KIA7217, MRF422, 
MRF448, MRF247, MRF317, SAV7, 
SAV17, 3-500ZG, 4CX250B, 5728, 
3CX400A7/8874, 3CX3000A7, 
4CX400A, silver mica caps, resistors, 
electrolytics, etc. Westgate 1-800-213-
4563. 

QUALITY 
PARTS 

CALL, WRITE, FAX 
or E-MAIL For A 

FAST 
SHIPPING 

Free 96 Page 
CATALOG. 

0 N ' 
INCREDIBLY LOW PRICE! 
Sony Color Video Camera 

with Audio .. + 

Sony# CCX-Z11/S1 . 
Brand new color video 

• 

camera with audio. ~ 
Ideal for surveillance ~ 

r:r;~~~g~on- ~~-~ 
Good-looking, - / h-
compact design, 
only 3.5" X 2.33" X 1.05". ~ 
Adjustable lens. On-off < ~ 
power switch. RCA jacks for 
video and audio outputs. Includes 
4.5 Vdc power supply, output cables and 
adjustable desktop camera stand which can 
easily be used as a wall or ceiling mount 
bracket. Get one now ... at this price they won't 

last. CAT# VC-1100 00 
I a or more $85.oo each I s9~h 
I 40 RPM Gearhead Motor J 

Pittman# GM8212C127-R2. 
Small, powerful gearhead motor. 187:1 ratio. 
No load specs: 40 RPM @ 19.1 Vdc, 130 mA. 
24 RPM@ 12 Vdc, 160 mA. Overall dimen
sions 3" long X 1.37" diameter. 0.185" (3/16") 
diameter X 0.75" long shaft. A brass 0.56" 
diameter gear with 16 cogs is fastened to the 
shaft. 17" leads. 

1500 CAT# DCM-135 $ each 
I 10 for $125.00 I 

I "Hl-8" Video Cassette 
SONY Hi-8 Top quality, 
metal particle 120 minute 
video cassettes. Used 
for a short time, then 
bulk-erased. Each 
cassette has its own 
plastic storage box. 

CAT #VCU-8 

I 1 O for $28.00 • 100 for $250.00 

Outside the U.S.A. 
send SJ.oo Postage_ 

terX4 
Optrex # DMC 20434-CEM 

(PWB 20434-CEM) ~······ · ······ 
5 x 8 dot format. J 
3" x 1" viewing area. r 
3.88" x 2.38" module. ~ 
Removed from new • 
equipment. May have felt padding on metal 
bezel. 14 pin single row header is pre-attached. 
Spec/hook-up sheet included. 

700 CAT# LCD-46 $ -
I 10 for $60.00 I each 

AIWA "Surround., 
Bookshelf SPIJIJkers 

AIWA# SX-ANA72. 
Great sounding, great-looking set of AIWA 
"Front 180" bookshelf speakers with a unique 
'expanded imaging' feature. Uses an array of 
speakers and ports to project the sound for
ward and toward the center at a 45 degree 
angle to create an expanded stereo listening 
area and the impression of a 'center-channel." 
Each speaker has two channels with two sepa
rate input cables. The AIWA stereo system for 
which they were designed had separate outputs 
for the center-projecting part of each speaker, 
but the center-angled speakers sound good 
when connected in parallel with the front-facing 
channel. Titan silver and charcoal. Removable 
front grills. 9.75" wide X 11" deep X 12.25" 

high. s499s 
CAT # SK-72 per pair 

I Small Irregular Neodymium I 
Small arc shaped neodymium magnets ~ 
with a shiny finish. Sizes vary. The ~ 
smallest are 0.39" long x 0.15" x 0.085' thick. 
Some are slightly larger. · 

CAT# MAG-49 4 for $1 00 
I 100 for $11.00 I 

ORDER TOLL FREE 1-800-826-5432 
MAIL ORDERS TO: 

ALL ELECTRONICS CORP. 
P.O. BOX 567 

VAN NUYS, CA 91408-0567 

FAX (818) 781-2653 •INFO (818) 904-0524 
www.allelectronics.com 

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 indude California State Sales Tax • NO C.O.D • Shipping and Handling $5.00 for the 48 Continental United 
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping • Quantities Limited • Prices Subject to change without notice. 

MANUFACTURERS • We Purchase EXCESS INVENTORIES.- Call, Wrlfe E-MAIL or Fax YOUR LIST. 
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• • • • • ~andU V n SALES COMPANY FREE 
148 PAGE 
CATALOG! 

2176 E. Colorado Blvd. • Pasadena, CA 91107 

TOLL FREE: 
1 -800-325-9465 • • • • • 

C & H SALES COMPANY HAS BEEN IN BUSINESS FOR OVER FIFTY YEARS. 
WE'RE THE BEST SOURCE FOR GREAT BUYS ON ITEMS LIKE THESE - AND MOREi 

ELECTRONIC COUNTER 
HEWLETT PACKARD, 
Model 5328A. Universal 
counter. Usable to 100 
MHz, 100 ns single shot resolu
tion. Has frequency, pertod, pertod average, ratio, total
ize, scale functions. A built-in digital voltmeter allows 
measurements of input voltages. Two input channels 
provide individual slope, polartty 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 

MILLIOHMETER 
HEWLITT PACKARD, 
Model 4328A. 
Designed to measure 
very low resistances. 
Measurement range 
1m ohm to 100 ohms. 
Resolution 20 u ohms. 
Analog meter readout. Ideal for 
measurtng contact resistance of switches or relays. This 
unit is also useful for measurtng 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 

ALTIMETER/BAROMETER 
KOLLSMAN, #MC-2 
MS28074-2. 
Scale type altime
ter with baromet
rtc setting scale 

SOLA CONSTANT VOLTAGE TRANSFORMER window. Altimeter 
SOLA ELECTRIC, #93-13-150. Harmonically neutralized scale range 
constant voltage transformer. Rated at 500 watts. Input -1000 to 80,000 
voltage 95 to 130 VAC 60 Hz. Output voltage 120 VAC. feet. Barometrtc 
This unit is designed for rack or bench mounting. The range 28.1 to 
meters on the front panel indicate output current and 31 .0 inch of mercury. An adjustment knob Is provided for 
input/output voltage. A toggle switch is provided for scale setting to local altitude or barometrtc pressure. Has 
selection of input or output voltage. The input voltage is white numerals on a black background. Illumination is 
connected at the rear of the unit via a covered electrtcal provided. Electrtcal input is rated 115 VAC 400 cycles. 
panel. Two standard 3-wire grounded electrtcal outputs Pressure input port is female 7 /16"X20 thread. Standard 
are supplied on the front and rear panels. Dimensions: aircraft panel 3-1/8" mount. Dimensions: 2-17/64" sq. x 
19" wide x 14-1/4" high x 10-1/4" deep. Weight 59 lbs. 7-1/2" deep. 
Stock #STR9900 $225.00 Stock #STOCK #IN9900 $79.50 

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 

WE BUY & SELi.i 
Write In 65 on Reader Service Card. 

MICROCONTROLLERS 

PIC MICROCONTROLLER PROGRAM· 
MER KIT. Super value at $19.95 + $4.95 
shipping. See our web site for the com
plete range of PICs that can be pro
grammed. Includes PCB, parts and 
instructions. P16PAO shareware must 
be downloaded from the web. Amazon 
Electronics, tel 1-888-549-3749. Lots 
of other products. www.electro 
nlcs123.com 

Programming and Customizing BASIC 
Stamp Computers. By well known author 
Scott Edwards, originator of the Nuts & 
Volts Stamp Applications column. Only 
$34.95. 10% discount to Nuts & Volts 
subscribers. Call 1-800-783-4624 to 
order using Visa or MasterCard. 

WIN $500 USO cash dontronics.com 

ANTIQUE 
ELECTRONICS 

WESTERN ELECTRIC wanted: 1920s-
1960s. Amplifiers, mixers, pre-amps, 
speakers, tubes, etc. FREE OFFER 1-
800-251-5454. 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and 
sales literature. Floyd, VA 24091-0341 
(540-763-3311/540-382-2935). 

Sell Nuts & Volts .· · 
in your store and earn $$$! 

Contact us for details. 
909·371-8497 .... .. ' 

E-Mail distributors@nutsvolts.com 
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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: avio 
nics@afcon.nets 

! 

PUBLICATIONS 

Discount electronics books. See the 
NV Bookstore ad on page 91. 

WEBBOOKS OFFERS discount prices 
on technical/engineering books plus free 
assistance to authors. Please visit us at 
http://webbooks.net 

Handbook of Radio and Wireless 
Technology, by Stan Gibilisco $44.95 
10% discount to Nuts & Volts sub
scribers. Call 1-800-783-4624 to order 
using Visa or MasterCard. 

Programming and Customizing BASIC 
Stamp Computers. By well known author 
Scott Edwards, originator of the Nuts & 
Volts Stamp Applications column. Only 
$34.95. 10% discount to Nuts & Volts 
subscribers. Call 1-800-783-4624 to 
order using Visa or MasterCard. 

NEW SURVIVAL COMMUNICATIONS 
BOOK. How to build complete home 
communications systems. Covers all 
needs: shortwave radio, amateur radio, 
citizens band, scanners, federal, weath
er, alternate news, satellite radio, equip
ment sources. How to build and use 
alternate emergency power sources, 
solar, generators, backup batteries. 200 
pages. $24 Fast delivery Priority Mail. 
MC or Visa. Call Universal Electronics 1-
800-241-8171. 

TORMET'S ELECTRONICS BENCH 
REFERENCE is now at REV03. More 
laser, op-amp and Tesla coil circuits. New 
optics and statistics pages. Check the 
web site at 
www.ohio.net/-rtormet/index.htm or 
send $19.95 + $2.50 postage to AMT 
Engineering, 6863 Buflham, Seville, OH 
44273. 

ROBOTICS 

ROBOT BOOKS.COM visit our web site 
for reviews of robotics books, plus robot 
kits, toys, movies, and magazines! 
www.robotbooks.com 

ARobot KIT from Arrick Robotics uses 
the BASIC Stamp II. Quality metal con
struction. Easy to assemble and very 
expandable. $235. http://www.robot 
ics.com/arobot 

H-BRIDGE MOTOR controllers, 12VDC, 
35A average, 50A peak PWM out. 
Forward, reverse, ramp-up and ramp
down on accelleration/decelleration. 
Current foldback when hot, reverse 
polarity protected, conformal coated, 
regenerative braking, compact, approx. 
3.75"x5.5". $25 & S&H. 570-735-5053. 
http://members.tripod.com/-divelec 

S.A.M. ROBOT kit. Build this great look
ing small robot with your servos, micro
controller, and sensors. Or buy servos, 
wheels, controllers, and sensors from us 
for a complete project. Visit 
http://www.smallrobot.com for details. 

3 AXIS stepper motor driver $85, 2 amp, 
controlled through parallel port, 5 inputs, 
4 outputs. 110 oz/in stepper motors, $15 
each. www.brewingtons.com 



Rich N6UZS shows the 
Gordon West ham class 
his homebrew quad for 

two meters. 

lthough the Federal Communica
tions Commission (FCC) continues 
to DELAY their announcement of 
ham restructuring Docket 98-143, 
ham equipment manufacturers and 

ham dealers GO FORWARD with new product tech
nology announcements, some lower prices on exist
ing products to clear the pipeline before the new 
rules, and plenty of hamfests to keep the excitement 
UP about all of the NEW PRIVILEGES FOR 
WORLDWIDE OPERATION to the Technician-Plus 
operator when the restructuring rules kick in some
time soon. 

AT THE FCC 
The FCC is behind schedule on several items 

originally intended for the "fast track" Rulemaking. 
More important business comes first before the ama
teur radio hobby service. The FCC is undergoing 
moving pains - leaving their long-time M Street 
location to less-expensive digs. The FCC is also 
focused on the start-up of the Universal Licensing 
System (ULS) which will shortly eliminate the need 
for filing complicated forms by snail mail. 

The ULS has been a long time coming, and 
thanks to the amateur radio service, our Volunteer 
Examiner Coordinators have proved that the system 
indeed works because ham test bosses have been fil
ing applications electronically (before any other ser
vice!) for the last several years with superb results. 

But under the new ULS where YOU may get to 
do your own electronic filing, you're going to need to 
divulge something that you may have kept secret for 
some time -your Social Security Number. No one 
will see it but the FCC, who may share it with gov
ernment tax collectors, so don't worry about other 
hams knowing your secret SSN. But if you have been 
dodging some back taxes, the feds are now compar
ing electronic applications, and your "number" might 

be up! Look for ULS going "on 
line" this month as you read this 
article. 

The amateur radio rules 
restructuring continues in a holding pattern with the 
majority of hams hoping it will become law, soon. 
There is GOOD NEWS for ALL hams when restruc
turing goes through at the beginning of next year: 

I. Technician-Plus operators will gain worldwide 
radio-band privileges. 

2. Proponents of Morse Code will see more No
Code Technician class hams actively learning the code 
at the required 5 wpm than we have ever seen 
before. 

3. Present General class hams could be grandfa
thered to the next license class higher with no addi
tional code test. 

The teaching of ham operators from start to 
Technician-Plus (plus the code at 5 wpm) will 
be a lot easier after the ham rules restructur-
ing. The Novice written examination will prob-
ably be eliminated, cutting out 483 questions 
that need to be memorized. This would leave 
just Technician class written questions - now 
441 with 35 multiple-choice Q & A's on the test 
- plus the Morse Code.This will allow instruc
tors more time to teach the real world of ham 
radio operating, rather than the simple memo
rization of test question answers. And for pro
ponents of all hams knowing the code, General 
worldwide privileges will certainly cause the 
new ham to want to learn the code at a basic 5 
wpm. And for Technician operators who just 
want VHF and UHF privileges only, no code is 
required! 

For the present General class operators, 
chances are they will be grandfathered to the 
next license class up. And we still don't know 
whether or not they are going to combine the 
Advanced class and Extra class into one single 
license class, nor do we know whether the top 
class code test will stay at 20 wpm, or drop to 

13 wpm. 
Right now no-code ham operators are learning 

the code at 5 wpm, and passing the code test to 
become Technician-Plus operators. When the new 
restructuring rules go into effect next year, they MAY 
be grandfathered to the 5 wpm new General class 
license, and may or may not need to take one addi
tional relatively simple General theory test. We must 
wait until the rules are finally announced before we 
see the precise details. But if you are a No-Code 
Technician class operator now, or are thinking of get
ting your ham license soon, get the 5 wpm code test 
out of the way and then let the rules catch up to you. 

JUST ANNOUNCED -
S WPM FOREIGN 

WORLDWIDE APPROVAL 

Late-breaking news here! On June 7th, 1999, our 

High-frequency 
privileges to 
the TechPlus 
ham means 

more antennas 
on the vehicle! 
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FCC announced an agreement with European coun
tries to allow USA Technician-Plus hams full world
wide operating privileges when vacationing or visiting 
the following participating CEPT countries: 

Austria 
Bosnia 
Bulgaria 
Cyprus 
Denmark 
Finland 

Belgium 
Herzegovina 
Croatia 
Czech Republic 
Estonia 
France (including all 
possessions!) 

Germany Hungary 
Iceland Ireland 
Italy Latvia 
Liechtenstein Lithuania 
Luxembourg Monaco 
Netherlands Norway 
Portugal Romania 
Slovak Republic Slovenia 
Spain Sweden 
Switzerland Turkey 

Kid's Day on ham radio, with author West teaching 
80 kids ham radio basics. 

United Kingdom (including Great Britain, Northern 
Ireland, Channel Islands, and Isle of Man, plus UK pos
sessions) 

Equipment Management Technology 

SELECTED SPECIALS! 
HP 16505A $250 HP E1345A 
HP 16510A $100 HP E1347A 
HP 16515A $100 HP E1364A 
HP 16516A $400 HP E1400B 
HP 3314A $1400 HP E1401A 
HP 5335A $500 HP E1662A 
HP 595018 $250 HP E1671A 
HP 6266A $250 HP E1672A 
HP 8016A $500 HP E1681A 
HP 83545A $3850 HP E1682A 
HP 84938 $100 HP E1693A 
HP 8958A $5000 HP E1725A 

956 Bransten Road ~ 
San Carlos, CA 94070 ~ 

Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
Make Offer! 
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We buy, rent, and sell high 
quality test and measurement 
products. We occasionaly 
offer great deals on computers 
as well. 

HP OmniBook 600C color 
subnotebook weighs a mere 3.71bs 

for ultimate portability. Special Nuts 
& Volts price is only $2501 

Dave is test equipment! 
Bigdave@emt1.com 

Kerry is computers! 
kwhite@emt1.com 

Write In 185 on Reader Service Card. 

At present, your amateur radio Tech-Plus license 
doesn't afford you all worldwide bands of voice oper
ation in our country - not until the rules change 
over here sometime this winter. But right now in 
Europe, you can go over there with your ham Tech
Plus ticket and instantly operate on all worldwide 
ham bands using voice or any other type of approved 
emission.And for boaters, this gives you instant oper
ating privileges when cruising some of the French 
possessions in the South Seas. 

And more good news - some Latin American 
countries are coming onboard with this same type of 
agreement, too. And for operation in Mexico, a little 
paperwork and paid pesos down there can also give 
you instant worldwide privileges with the Technician
class license. 

So, it looks like the entire world will soon allow 
worldwide operating privileges for voice with a max
imum required code speed of only the simple 5 wpm 
level. 

INDUSTRY REACTION 
Ham radio equipment manufacturers, ham 

accessory makers, and ham dealers are just as happy 
as the hams are over the proposed rule restructur
ing. Even those hams who hold learning Morse Code 
as a sacred initiation to the hobby concede that they 
are now seeing their Morse Code learning classes 

WHOLESALE CABLE 
COMPLETE LINE OF CABLE PRODUCTS 

li'.I Quality merchandise by brand name manufacturers 
lfJ Satisfaction guaranteed 0 Free gift on first order 
li'.'.J Technical support 
0 2 year warranty on new converters 
li'.'.J COD shipping & overnight shipping by request 
0 Experience where it counts Ii'.[ Volume pricing 

PLAIN CONVERTERS: ZENITH. OAK. PANASONIC, 
PIONEER, EAGLE, HAMLIN, STARGATE, PLUS MORE. 

REMOTE CONTROLS: ALL MAJOR BRANDS, 
INCLUDING 2-4 FUNCTION UNIVERSAL REMOTES 

WHOLf.SAl.E c:ABlE M-F 11am·6pm EST (718) 206-8879 
(718) 262-8980 • FAX (718) 657-4015 • (718) 297-9221 

No NY sales. Federal and local laws provide criminal and civil penalties for unautho- ~~~'?' 
Ozed use. Oteek: wilh your cable providers for permission 10 use equipment. Must be 
paying for all 8'%Vices you receive. Ordec by model numtx,'T only. Some equipment 
refurbished as new. 



brim full with everyone looking to pass the ultra-easy 
5 wpm FCC code test. "At first I was against a slow
er code test, but now that I see the popularity of 
learning the Morse Code coming back, I am beginning 
to think that 5 wpm is an easy way to pack our class
rooms with students who want to learn the code, 
and many who will continue to go beyond 5 wpm for 
the higher grade tickets;' comments William Alber 
WA6CAX., an amateur radio code instructor in the 
San Francisco Bay area. 

I panel from ICOM's IC-2800 is making quite a hit. This I 
transceiver covers the two-meter band and the 440 

MHz band, and the remote head three-inch TFT 
color LCD works great under the dash, and can even 

A pro-code group called FISTS indicated their 
displeasure with the proposed rules and felt that 
equipment manufacturers were behind the rules to 
simply sell more high-frequency gear. I can tell you 
first-hand that equipment manufacturers had NOTH
ING to do with the proposed Rulemaking. All of the 
initial proposed Rulemaking and comments to the 
Rulemaking are in the public domain, and you won't 
see any of the manufacturers who made any petition 
to the FCC for changing the ham rules for increased 
worldwide radio business. 

But I can also tell you that they are gearing up 
for some exciting high-frequency and VHF/UHF 
equipment sales! ICOM America and Yaesu are bat
tling it out with a $1,349 .00 transceiver that goes 
from 500 kHz all the way up to the 440 ham radio 
band, multi-mode, full transmit and receive operation, 
with power outputs to rival separate home-station 
equipment. For ICOM, it is their new IC-706 MKll-G, 
and for Yaesu it is their new FT- I 00. The only ham 
band they don't include is 222 MHz, and this being 
only a USA band from an international style radio, we 
can see why maybe it was left out. But no problem -
you get all of the ham 440 MHz for transmit and 
receive, all of two meters multi-mode transmit and 
receive, six meters, and all of the HF worldwide ham 
bands lower in frequency.The equipment is not much 
larger than a SO-watt mobile single-band ham set, and 
the equipment can also separate the head from the 
body allowing for remote installations. 

The most often asked question, lately, is which 
set is better - I am continuously testing both units, 
and they both are PHENOMENAL! 

Kenwood continues with their popular TS-50 
high-frequency transceiver, and this set has been such 
an incredible performer for so many years that they 
will probably keep it in line when the new rules 
change. And same thing for Alinco - their DX-70 
and DX-77 have been around for several years, and 
continue to be price-busters like the Kenwood 
equipment seen selling for under $799.00. In fact, at 
a recent hamfest, I found the Alinco DX-70 selling for 
an incredible $579.00 brand new, including 10 watts 
on six meters, too! 

And the color LCD thin-film transistor (TFT) 

You ca1 build tills RoboUc Arm! 
Impressive, fast, accurate 
and repeatable motion. Any 
computer capable of sending 
2400 or 9600 baud serial data can control the arm, 
even a Basic Stamp! This arm makes a great 
foundation for Al and motion control experiments. 
Position the arm in an X, Y, Z, grid with a joystick or 
keyboard using the new RoboMotion for Windows. 
The kit includes all of the hardware and structural 
components, six quality Hitec HS-300 servos, pre
assembled SSC servo controller, DOS and Windows 
software, and an illustrated assembly manual. 
We have many more cool robots, check out our web page or ask for our free catalog! 
3 Alls Venlon $155.00 • Mobile Version $250.00 • Mobile Robots Book $32.00 
Lynxmotlon, Inc. 
104 Partridge Road 
Pekin, IL 61554-1403 USA 
http://www.lynxmotlon.com == f6 

Write in 186 on Reader Service Card. 

Tel: 309-382-1816 
Fax: 309-382-1254 

sales@lynxmotlon.com 
tech@lynxmotlon.com 

EPROM+ 
A device programming system 
for design, repair and field service 
+ EXCEPTIONAL POWER FOR THE PRO 
+ EASY-TO-USE FOR THE NOVICE 

• Here's what you get: A rugged, portable programming unit including the power pack and printer port 
cable both of which s1orc msidc the case A real printed user and technical manual which mcludes schematic diagrams 
for the programming unit plus diagrams for all technolo!,ry family adapters• . Comprehensive. easy-to-use software 
which is specifically designed to run under DOS, Windows 3. I. 95 and 98 on any speed machine The software has 
fearurcs which let you READ. PROGRAM. COPY and COMPARE plus much more You have full access to your 
system 's disk including LOA DING and SAVING chip data plus automatic processing of INTEL HEX, MOTOROLA 
S.RECORD and BINARY fi les. For detai led work the system software provides a full screen buffer editor including a 
comprehensive bit and byte tool kit with more than 20 functions 

Broad device Support: Including FIRST GENERATION EPROMS (2708. TMS2716' . 25XX etc) 
SECOND GENERATION EPROMS (2716-27C080X8 MEG). 40 and 42 PIN EPROMS' (27CI024-27C160X16 MEG) 
EEPROMS (28 16-28(010) PLUS ERS901 . FLASH EPROMS (28F.29C,29EE.29FX32 MEG). NVRAMS (12.20.X2210/!2) 
8 PIN SERIAL EEPROMS" (24 .25 .85. 93 . 95. 8001 IA) PLUS ERl400/MS8657' 
BIPOLAR PROMS" (74S/82S), SERIAL FPGA CONFIGURATORS (17CXXX) $ 2 8 9 
MICROS" (874X.875X,87C5X.87C75X,89C) ATMEL MICROS 0 (89S.90SXA VR) 
PIC MICROS' 8. 18. 28, 40 PIN (12CXXX,16C5X,6X,7X,8X PLUS FLASH & 17C) 
MOTOROLA MICROS' (68705P3/U3/R3. 68HC705C8/C9/J2/P9. 68HC71 !E9/D3) 
0 lnclud .. step-by-step tutorial pl us explanation of EPROM funda mentals SS()() SHIPPING c SS ()() C 0 D 
0 I YEAR WARRANTY -30 DAY MONEY BACK GUARANTEE . . •.. 
•R£QUIR£S SNAP-IN ADAPTER (ORDER FACTORY DIRECT OR BUILD YOURSELF) VISA • MASTERCARD • AMEX 

ANDROMEDA RESEARCH, P. O. BOX 222, MIL FORD, OHIO 45150 
(513) 831-9708 FAX (513) SJ I-7562 

website - www.arlabs.com email - a rlabs@worldnet.att.net MADE IN THE U.S.A. 
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Hams can transmit GPS 
positions from the Kenwood 
handheld to other ham sets. 

take an external video from a VCR or back-up cam
era and show it on the screen, too. The display could 
also show a GPS map in conjunction with car naviga
tion equipment, as well! 

Premier Communications ADI Company is also 
poised and positioned to satisfy the anticipated influx 
of new hams with a new two-meter mobile - the 
ADI AR-147 - along with ADI Premier handheld 
accessories including one of the neatest earphone/ 
concealed hand mic systems for any type of HT. The 
FBI and CIA would be envious where they could see 
the almost invisible earphone and the concealed 
hand mic for clandestine HT operation. 

Call Ken and Heather at ADI for their fact sheets 
at 714-257-0300. Also ask to see their catalog on 
their ultra-small, camouflaged FRS, 14-channel, UHF 
handie-talkie. By the way, when I get calls from par
ents who question whether or not their kids might 

make good ham operators, I tell the parents to get a 
pair of Family Radio Service handhelds and see how 
the kids take to operating them. If they try to figure 
out ways to get further range than the advertised 
one or two miles from the 1/2-watt UHF output, 
chances are this tinkering with radio electronics is a 
good sign that the kids will probably make terrific 
ham radio operators. Try that trick; it works! 

Ham radio accessories giant MFJ Enterprises 
( 601-323-5869) is also gearing up for the influx of 
new hams entering the hobby, as well as existing 
hams wanting to upgrade their equipment for high
frequency worldwide capabilities. MFJ has announced 
some lightweight switching power supplies that can 
handle up to 45 amps and only weigh in at five 
pounds! They are low-noise, and work great. I also 
like the MFJ-259B SWR analyzer that will check out 
any HF and VHF antenna system from 1.8 MHz to 

E-A1atll Pro Windows 1•er.'iio11! 

170 MHz. Just hook up the coax, tum the meter on, 
and swing it through the bands, and see where you 
need to do some pruning or lengthening of the 
antenna elements to bring it into a perfect match. 

And speaking of worldwide antennas, there's a 
great book out there on Frequently Asked Questions 
About Wire Antenna Systems by well-respected ham 
Jim Thompson W4THU. Jim and his wife run (and 
own) Radio Works (Portsmouth, VA:, 757-484-0140) 
which specializes in wire antennas and baluns. We 
recently tried out his CAROLINA WINDOM on high 
frequency, and Mike and Sally Davis (K7 ACM and 
KK710) swear by its operation over a traditional 
five-band trap vertical. 

"When I switched from the vertical over to the 
Carolina Windom from Radio Works, I can now stay 
in touch with both long-range DX, as well as locally 
to my SkyWARN buddies," comments Sally Davis, an 
avid Sky WARN weather-watcher. 

The expected explosion of ham radio recruit
ment has lead to large telecommunication accessory 
companies coming up with products specifically for 
the amateur radio service. Well-known six-meter 
DXer Tom Glaze K4SUS, has an inexpensive (under 
$20.00) VHF/UHF compact dipole with a small cable 
attachment to interchangeable connectors that 
works great for both classroom demonstrations, as 
well as in-the-field work. Screw on the specific con
nector type for your particular handheld, and you are 
on the air. It also works on land mobile, marine, and 
aircraft frequencies, too (Antenna World, Miami, FL; 
305-471-9507). 

OOPS - Here's something that's maybe NOT 
so great for the ham UHF operator, and that is those 
wireless weather stations that may be fun to look at, 
but noisy for the 70 cm band. The problem is where 
the weather stations transmit their wireless informa
tion back to the fancy LCD displays ... around 433 
MHz. I recently discovered an irritating once-a-
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Features Metric 800-432-3424 
• Over 300 formulas 
• Ability to rotate equations. 
• Solve for any variable. 
• Help for each equation. 
• Win95, Win98, NT compatible 

Equipment Sales, Inc. Fax: 510-264-0886 
www.metricsales.com 

Formula Categories: 
(A) Fundamental DC Formulas 

(B) Fundamental AC Formulas 

(C) RL and RC Circuits 

~C~T • BUY • S]ll 
(D) RLC Impedance Magnitude and Phase 

(E) L's, C'c, R's and Conductors 

(F) Magnetics #1, Basic Equations 

(G) Magnetics #2, Losses 

(H) Magnetics #3, Design Equations 

(I) Waveshapes and Miscellaneous Power 

(J) Transmission Lines 

(K) Pulse Forming Networks 

(L) Buck and Boost Topologies 

(M) Flyback and Forward Converters 

(N) Half/Full Bridge and Push-Pull Topologies 

(0) Passive Filters 

(P) Active Filters 

(Q) Thermal Calculations 

(R) Semiconductors and Integrated Circuits 

(S) Radar, Antennas and Noise 

E-Math Pro Windows vl.O 
$49.95 

Bytech Services 
www .bytechservices.com 
US Toll-free: 1-888-422-7521 
Voice/FAX (360) 422-7520 

Dealer and Distributor 
inquiries - YES 

Bytech Services 
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minute data burst square on the weak signal 432. I 00 
MHz frequency that would just about knock my ear
phones off when straining to listen to the distant 
Hawaiian radio beacon. I tracked it down to a water 
temperature floating sensor on a pool five houses 
down the street. This is about the extreme range of 
a Part IS transmitter, but nonetheless, I had to con
vince my water-loving neighbor that they really want
ed to send it back to the manufacturer for a different 
frequency because the frequency they were on 
would probably cause irreparable damage to their 
VCR library just a few feet away. They bought the 
warning, and a few weeks later the signal was 
nowhere to be found on UHE I 
suppose those VCR tapes are now 
"interference free ." 

We know that the present 
ham operators with almost any 
class of license are still hot with 
their hobby - many going into 
the all-receive mode when going 
to ballgames, car races, airshows, 
or marine stadium events. The 
Optoelectronics RI I near-field 
receiver is one of MY favorites 
because it tunes from 30 MHz to 
2,000 MHz and can lock onto a S
watt 460 MHz frequency as far as 
SOO feet away in less than a sec
ond. Down on I SO MHz, it listens 
even further! Great stuff from the 
Opto gals and guys. Look at their 
web site (Optoelectronics web 
site www.optoelectronics.com). 

I also tried out some of the 
scanners from AOR USA 
(Torrance, CA; 310-787-8615), 
and recently enjoyed scanning in 
England with the AR-8200 
described last month, and now I'm 
working with their little tiny AR-
16; and although it doesn't give 
me high-frequency scanning, it 
does a terrific job on the VHF and 
UHF bands. All the gang at AOR 
are active hams; and when the 
new rules hit, they promise me 
some new and exciting products 
that will really add to our popular 
amateur service. 

FROZEN POOLS 
AND HOT 

OPPORTUNITIES 
The pending Rulemaking has 

caused all of the ham radio writ
ten question pools to be frozen. 
This is good news for those of 
you preparing for Advanced class 
- the July 3 I st, 1999 cut-off date 
has been thrown out, so your 
present manual for Advanced and 
all of the other question pools 
from beginning to top remain 

GORDON WEST HAS JUST 
ANNOUNCED A SIX 
CASSETTE MORSE CODE 
HOME-STUDY COURSE 
SPECIFICALLY FOR PASSING 
S WPM AT ANY EXAMINA
TION SITE IN AND OUT OF 
THE COUNTRY. THE COST 
FOR SIX LONG-PLAY AUDIO 
CODE-LEARNING CAS
SETTES IS $35.00 (INCLUDES 
POSTAGE) FROM GORDON 
WEST RADIO SCHOOL, 2414 
COLLEGE DRIVE , COSTA 
MESA, CA 92626 . CHECKS, 
CASH, OR MO, PLEASE. 

unchanged. 
Same thing for the 5 wpm code test - examin

ers are not permitted to make it any harder even 
though the applicant will gain additional worldwide 
privileges after the rules change sometime this win
ter. This is why I recommend hams with a Technician 
No-Code license bring in the six-tape code-learning 
course for anyone tone deaf to dits and dahs. I was in 
a good mood when I put this one together and, so 
far, everybody that gets through all six tapes has been 
I 00 percent successful when they sit for the 5 wpm 
code test that will add to their Tech-license world
wide privileges in Europe right this minute, as well as 

Write in 189 on Reader Service Card. 

add to worldwide privileges here in the USA within 
the next six months. Do it now before the code test 
gets more complex! 

It's going to be a great year for ham radio -
everyone is positive with the restructuring rules, the 
equipment is continuing to stay priced within reach, 
features are up at steady prices, and the disappoint
ment of bombing an exam at the test center will be 
way down when new hams will only need to learn 
half the questions to be able to get the Technician
class privileges. If you are a ham, stay tuned into the 
ham scene because plenty will be changing within 
days or weeks, or certainly months. NV 
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"Programming 
1u..t.11:~.....,...,.... 1 and Customizing 

= .__ .... 

the BASIC Stamp 
Computer" 
by S. Edwards 

"The Illustrated Dictionary of Electronics" 
by S. Glbllisco $39.95 

"The Robot Builder's Bonanza" 
by G. McComb $18.95 

"Programming and Customizing the PIC 
Microcontroller" 
by M. Predko $34.95 

"How Radio Signals Work" 
by J. Sinclair $24.95 

"Making Printed Circuit Boards" 
by J.L. Axelson $22.95 
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"How Electronic 
Things Work ... and 
What to Do When 
They Don't" 
by R. Goodman 

"TAB Encyclopedia of Electronics 
for Technicians and Hobbyists" 
by S. Gibllisco $69.50 (Hard Cover) 

September's Featured Trtles 
by Joseph). Can-
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The l'l108l pop
Qlar bOok on 
an-tennu ever 

written. widely known u 
"the antenna builder's bible.• 
This Third Edition Is a work 
for 8l'¥>M with an Jnterest 
In ......... &om the neweat 
of novices to the most expe
rienced engineer. This 
empowerfng book gives you 
aB kinds of proJecta and 
matiedal that-explU• why 
what you did 'Miiks. 

"Troubleshooting and Repairing Consumer 
Electronics Without a Schematic" 
by H.L. Davidson $24.95 

~ 
"How to Read Electronic Circuit Diagrams" -... "Amateur Radio Encyclopedia" by R.M. & Lawrence Brown $19.95 

~ by S. Gibillsco $50.00 (Hardcover Only) 
"Build Your Own Test Equipment" = by H.L. Davidson $22.95 ... "Ready-to-Build Telephone Enhancements" -
"Radio Receiver Pro~ects You Can Build" II by D. T. Horn $17.95 

iC 
by H.L. Davidson 21.95 a: "The Benchtop Electronics Handbook: &II 

"Basic Electronics Theory" s 260 Most Common Popular Electronics" 
by D. T. Horn $26.95 by V. Veley $65.00 (Cloth Cover) 
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s an author 
and hobbyist, I 
need to create 
several draw
ings for every 
construction 
project, both 
for my own ref
erence and to 

be able to share my ideas with 
others. For a typical project, I 

• 

• 
• • 

• • 

need four drawings: a schematic; 
a component layout drawing; an 
etch pattern for making a PC 
board; and an "x-ray" drawing that 
shows both the component layout 
and the PC board traces. 

While there are a number of 
specialized (and often expensive!) 
software packages available for 
doing technical drawing, I have 
long used Microsoft's PowerPoint. 

·~ 1--tE-

: ; 1E=-
I .;e 

This mem er of 
Micro so 's 0 ice suite 
is most omm nly used 

for do ng sl des for 
busines pre ntations, 
but I f o d th t I could 
adapt i for e ectronic 
hobby appli ations. 

• 

RPOI TING 
PROJICU 

Part I 

This article describes the use of 
Microsoft's PowerPoint for creat
ing a personalized "palette" of 
schematic symbols and a "toolkit" 
for creating PC board drawings . 

This member of Microsoft's 
Office suite is most commonly 
used for doing slides for busi
ness presentations, but I found 
that I could adapt it for electron
ic hobby applications; it offers a 
large repertoire of standard 
lines and shapes that can be 
combined to create schematic 
symbols, and its precise draw
ing features make it easy to cre-

ate accurate, actual-size artwork 
for transfer to a PC board. 

An added bonus is that, as a 
component of MS Office, it is 
already paid for. Also, it integrates 
perfectly with the other members 
of the suite - Word in particular -
for situations in which I want to 
marry text and graphics. 

This article describes the use 
of PowerPoint for creating a per-

sonalized "palette" of schematic 
symbols and a "toolkit" for creat
ing PC board drawings. We will 
then go through the complete 
process of drawing a simple 
schematic for a two-chip oscillator 
circuit (suitable for use as a warn
ing or alarm signal). Part II will 
describe the construction of a sec
ond palette and toolkit for creat
ing component layouts and the 
artwork for a PC board. 

A few cautions: First, I am 
presuming that you are familiar 
with the basic functions of 
PowerPoint for drawing lines and 
simple shapes (with and without 
the Snap To Grid feature), moving 
them around, re-sizing and group
ing them, and adding text boxes 
within a slide that contains a 
drawing. If you have never used 

Nuts & Volts Magazine/ SEPTEMBER 1999 49 



PICmicros & BASIC 
PicBasic Compiler - $99.95 

PicBasic Pro Compiler - $249.95 
Now irs even easier to program 
the fast and powerful Microchip 
P!Cmicros. 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 PIC I 2C67x, I 4Cxxx, 
I 6C55x, 6"", 7"", Bx, B7x, 9xx and high-end 
I 7Cxxx (PicBasic Pro only). 

*BASIC St.amp is a registered trademark of Parallax Inc. 

New!PICXl 
Experimenter/ 

Lib Board 
Assembled - $ 199.95 
Ki t wi th parts- $ 139.95 
Bare PCB only- $49.95 

EPIC Plus PIC Programmer - $59.95 
Programs PIC I 2C5"", 67", 
I 4Cxxx, 16C505, 55x, 6"", 
7"", Bx, B7x and 9xx. 
Optional ZIF adapters fo r 
DIP, SOIC, MQFP, PLCC. 

Runs off two 9-volt baits 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, 
SV reg, caps, oscillator, 089-25, 
large pro to area. SB.95 - $ 19.95 
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PowerPoint or have only limited 
experience with it as a drawing 
tool, I suggest that you go 
through one of the many tutori
als or references available for 
this program before going fur
ther. 

Second, all of my com
mands and menu designations 
apply to PowerPoint 7.0; if you 
have a different version, many 
of the commands will be in dif
ferent places. That said, howev
er, the general method 
described in this article will still 
work. 

1..-----------------------------.J As far as hardware goes, a 15" monitor is bare minimum 
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and a 17" or better is preferred for 
this application. Fortunately, the 
larger format is much cheaper 
than it once was and is practically 
standard equipment with new 
home systems. 

Last, while I have gotten good 
results for hobby purposes, realize 
that PowerPoint isn 't a CAD pro
gram and PC monitors aren't the 
most sophisticated of graphics 
displays. Most people will have to 
create the palette of symbols at 
high magnification - 200 percent 
or 400 percent - and then zoom 
down to 100 percent to have suffi
cient room on screen to create a 
schematic. 

The re-scaling distorts a few 
lines in the display, but symbols 
will still print okay. Also, in my 
experience, complex figures will 
not always copy perfectly from 
palette to composition area and 
will need minor re-touching. If you 
can live with this, you ' II be 
pleased with the printed results. 

The Schematic Palette 

Figure 1 shows two slides in 
Slide Sorter view. Slide 1 is the 
palette that contains several 
dozen symbols from which we 
can choose. Slide 2 is the "com
position" area on which new 
schematics are drawn. For conve
nience's sake, a few very com
monly-used symbols (resistor, 
capacitor, ground, etc.) and desig
nators (RI , Cl , etc.) are placed 
on the upper edge of slide 2. 

To begin creating the palette, 
make sure that your display reso
lution is 600 x 800 pixels (for a 

FjgJre 
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POWERPOINTI NC • 

17" monitor) and open a new 
PowerPoint file. Create two slides 
in the usual way, and remove the 
placeholders that PowerPoint 
inserts by default. The slide orien
tation (set this in the File menu 
under Slide Setup, if necessary) 
should be Landscape; slide size 
7.5 by 10 inches for an 8-1 /2 by 
11 sheet. 

Drawing Our First 
Symbols 

Refer to Figure 2. With the 
palette slide active, set 
PowerPoint's magnification to 400 
percent in the View menu. We will 
be using PowerPoint's precise 
drawing features, so make sure 
that the Ruler and the Guides are 
checked in the View menu. Snap 
To Grid (set in the Draw menu, 
see Figure 3) should not be active 
for now. The line style (set in the 
Format menu, see Figure 4) 
should be at its thinnest setting, 
and the Default For New Objects 
box should be checked. 

If you have never used 
PowerPoint's precise drawing fea
tures, now is a good time to learn. 
Having checked Guides in the 
View menu, you'll notice that the 
slide is bisected by two dotted 
guide lines (Figure 5). Move the 
mouse pointer so that the arrow 
touches the vertical guide, and 
then press and hold the left 
mouse button. The number 0.00 
appears, which represents the pre
sent centered position of the verti
cal guide. 

If you drag the mouse to the 
right or left (refer to Figure 6), 
you will notice that this number 
increases in increments of .01 
inches. Also, an arrow points right 
if you are right of center and left if 
you are left of center. Try the 
same experiment with the hori
zontal guide; you ' II find that it 
works similarly, but the guiding 
arrow points up or down. Now 
return both guides to 0 .00. Let's 

digital multimeters 
STANDARD MODELS 
3 1 /2 Digit Display (3/4" Digits) 
Diode and Transistor Check 
19 Position Rotary Range Switch 
Voltage Range: 

DC: 200mV-1 OOOV 
AC: 200V-750V 

DC Current Range: 200uA-1 OA 
Resistance Range: 2000-200Kn 
Requires 9V Battery (included) 
4 .96" (H)x2 . 76" (W)x0.94" (D) 
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r-------------------~-------------, 
I ~ I draw a resistor sym

bol (refer to Figure 7). I I 

Activate Snap 
To Grid 
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Draw a line 1/4" 
long by the ruler, right 
on the horizontal 

I a~. I 
I . _ Figre6 I 

L---~--------~--------------------~ 
guide (a) . Move the verti
cal guide to .25" right 
and leave it there (b) . 
Move the horizontal 
guide up one "snap" 
increment to .08" and, 
from the right end of the 
horizontal line, draw a 
line up and rightward 
toward the horizontal 
guide (c) . The Snap To 
Grid feature will automat-
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Select these one at a 
time and move each 
one a .,ick" left. 
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DIGITAL SATELLITE TV REVOLUTION! 

KNOWLEDGE is POWER! 
• A clear explanation of all aspects of digital satellite TV 
• Communication fundamentals and standards 
• Digital compression, MPEG-2, DVB, error correction 
• Uplink, satellite and receive system operation 
• Internet operation and satellite delivery of data 
• lnstallin9 fixed and tracking dishes 
• Retrofitting older systems and mobile systems 
• Conventional and IF distribution systems 
• Troubleshooting and repair ... and much more ... 

www.baylin.com 486 pages, 8-1/2" x 11 " 

or ... call 800-483-2423 JUST 
ORDER via Internet or Send $60 plus $5 s/h to: PUBLISHED! 

Salas tax and shipping charges will be added to all orders. Prices subject to change without notice. 
1A Sales-560 N. Moorpark Road, Suite 311-Thousand Oaks·CA-91361 
888-651-9502, Fax 888-651-9503, www.1asales.com, 1 asales@earthlink.net 

Baylin Publications, 1905 Mariposa, Boulder, CO 80302 
MASTER, VISA & AMEX /COD orders accepted 

Telephone: 303·449-4551 
FAX: 303-939-8720 

FREE CATALOG - Satellite TV books, videos and software 
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Add a CMple .r11n111n• 
........... OM: 

line will appear in the correct 
I place to form the third peak 
I (g). Add the ending line by 

duplicating the one that you 
started with (h). Now turn off 
Snap To Grid, turn off the 
Guides, and reduce the Zoom 
to 100 percent. 

You'll notice that the lines 
I that make up the figure don't 
I quite touch. 1 had to nudge 

each of the left-leaning lines 
exactly one "tick" further left 
(Figure 8), and I had a solid 
figure. Group all the lines and 
print the slide to see the 
result. Restore the zoom to 
400 percent, and we'll do a 
capacitor. 

I 
I 

: Drawing A Capacitor 
I Refer to Figure 9. Begin 
I as before with a 1/4 inch hori
I zontal line (a). Raise the hori
I zontal guide to .08 inches. 

Li..-------
- · and draw a vertical line exact-

-~ ----------~--------~ ly .16 inches long as shown in 
ically constrain the angle to 45 
degrees. Press CTRL-D to dupli
cate the line, and press the Up 
Arrow key twice to move it into 
place alongside the first one (d). 

(b). This will be two snap incre
ments. Check the height by mov
ing the guide to measure if you 
aren't sure. The line should be 
.08" above the horizontal and .08" 
below. Select both angled lines, 

duplicate again, and use the Up 
Arrow and Right Arrow keys to 
move them into place (e). Select 
the first angled line in the series, 
duplicate it, and flip it horizontally. 
Move it into place (f). Press CTRL
D again and move the resulting 
line to form the second peak of 
the figure. 

Move the vertical guide to .42 
inches right, and draw an arc 
from the intersection of the guides 
to 0.00 horizontai (c). Duplicate 
this arc, rotate it left, and move it 
into place as shown (d). 

Though we now have the 
required curved line, I thought 
that its arc was a little too 
extreme. If you want to correct Duplicate one last time, and a 

Are you interested in Microprocessors & Embedded 
Conlrol Systems? If not you should be! Look around, 
just about everything these days bas an embedded 
microprocessor in i~ TVs, cars, radios, uaffic 
lights & even toys have embedded computers 
controlling their actions. 1be 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 
con1rolling motors. Start out in Machine language, 
then move on to Assembler, & then continue on with optional C, Basic, or Fonh Compilers. 
So don't be lefl behind: lttls js information you need to know• 

• Measuring Temperature 
Using a Photocell to Detect Light Levels 

• Making a Waveform Generator 
Constructing a Capacitance Meter 

• Motor Speed Control Using Back EMF 
Examples 
Include: • 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 & Tested is $169 .95. This trainer 
can be used stand alone via the keypad and display or connected to a PC with the optional upgrade 
($49.95). The Upgrade includes: an RS232 serial port & cable, 32K of battery backed RAM, & 
Asscmbler/Tenninal software. Please add $5 .00 for shipping within the U.S. Picture shown with upgrade 
option and optional heavy-duty keypad ($29.95) installed. Satisfaction guaranteed. 

Cli1Ai:. inc. 
11 EMAC WAY, CARBONDALE, IL 62901 
618-529-4525 Fax 457-0110 BBS 529-5708 
World Wide Web: h ://www.emaclnc.com 

1985 - 1998 

OVER 

12 
YEARS 

Of SERVICE 
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• WE INSTALL NEW N~CAD OR N~llH BATTERIES INTO YOUR ORIGINAL CASE. 
• WE lllPROVE CAPACITY TO BETTER THAN ORIGINAL. 
• 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 GIVE YOU A 12 llONTH WARRANTY. 
• WE WILL BE HERE WHEN YOU NEED US I EST. 1Nf 
• WESAVEYOU- llONEY - UH 

' NO JOB IS TOO LARGE OR TOO SllALL .••.• VOLUllE DISCOUNTS AVAILABLE 

GENERAL ELECTRIC 
19A704850P(1200mAH) $ 34.95 
19A.,_(1800mAH) $ 39.95 
PL190429783(777)G1/3 $37.95 
19A705293P 344A4506P $ 34.95 

MAXON SA-11551160 $ 39.95 
TAD 14501510 1520 $21.95 

MOTOROLA 
P200 HTllOO MT1000 
NTN 4585 4824 5414 $ 37.95 
NTN 5447 5521 5545 $ 37.95 
NLN 5860 NTN 4327 $ 39.95 

UN/DEN 
APX650 1 OSO $ 29.95 
1000 1010 1070 $ 34.95 
11001200 s.n.. $ 36.95 
BP205 tleOlnAh $ 19.95 
BP200 1500mAh $ 24.95 
SC1SO 1500mAh $ 22.95 

/COM 
BP2 / BP3 /BP22 $18.95 
BP5 / BP23 / 24 $ 24.95 
BP7 I Ctn/ BPB $ 32.95 
BP180 I CM79 $ 34.95 

YAESU 
MIDLAND FNB3 4121416 $32.95 

70-810 B16 B19 B21 $ 39.95 FNB19 212627 38 $ 32.95 
825 B26 832 B36 860 $ 39.95 FNB 1 O 1117 25 35 $ 23.95 

RADIO SHACK 
HTX Packs $ 29.95 
- 8.4V pack & chgr 
1 !IOOmAh nlmh $ 34.95 

KENWOOD 
PB2 / KNB3 $ 29.95 
PB21/21H $ 14.95 
PB25/H/26 $ 24.95 

CORDLESS DRILLS 
Any brand 7 .2V $ 18.95 
Any brand 9.6V $ 29.95 
Any brand 12.0V $ 32.95 
Any brand 14.4V $ 37.95 
Any Brand 18.0V $ 45.95 

COMPUTER PACKS 
Send battery for quote. 

FOR INFORMATION ABOUT YOUR REQUIREMENTS .....• CONTACT US: 
PHONE OR FAX: (814) 823-7000 E-MAIL TO: PRIMECELL @AOL.COM 
SEND YOUR PACKS FOR FREE QUOTATION VIA UPS, RPS OR US MAIL 
VISIT OUR WEB SITE http://members.ao/.comlprlmecelVprlmecell.htm 

Write In 112 on Reader Service Card. 

this as I did, first turn off Snap To 
Grid and group the two arcs 
together. If you now place the 
mouse pointer on the left-hand 
center "handle" of the arc (e), 
you'll find that the pointer 
becomes a two-headed arrow. 
Press and hold the left mouse but
ton, and move it a little to the 
right to "squoosh" the curve a lit
tle. Close up the distance between 
halves of the capacitor, add a 
right terminal, and you have the 
result shown in (f). 

To finish this symbol, I moved 
it next to the resistor to compare 
it for size. It looked a little small, 
so 1 used the Scale function in the 
Draw menu to increase it to 125 
percent of its original size. I then 
ungrouped, increased the length 
of the horizontal lines, and 
grouped everything together 
again. 

I use lots of electrolytics, so I 
duplicated the capacitor symbol, 
added polarity markings, and put 
the result on the palette. The 
markings are in Arial 12 point 
bold, and they are separate, sin
gle-character text boxes in my ver
sion. I found that an underscore 
character looks better than a 
hyphen for the negative symbol. 
You can see my result in the 
overview of the palette. 

How About An Op-amp? 

Refer to Figure 10. To create 
the amplifier symbol, we need to 
draw a triangle. Unfortunately, this 
is one function that I know defi
nitely operates differently in other 
versions of PowerPoint. Check 
your manual or the Help screens 
if you need to. In version 7: 

Starting from zero horizontal 
and zero vertical, draw a square 
3/4" by 3/4". From the Draw 
menu, select Change AutoShape 
and then select the isoceles trian
gle. Rotate the figure right and 
add two 1/4 inch long horizontal 
lines at .17 inches high and at .58 
inches high. Turn off Snap To 
Grid, and add the plus and minus 
symbols as we did for the elec
trolytic capacitor. I used 10 point 
type for this rather than 12 point. 
Group everything together. 

Move this figure next to the 
others and compare it for size. I 
scaled the whole thing up to 115 
percent of its original size using 
the Scale function in the Draw 
menu. 

I think you get the idea at this 
point. Each figure is an inch to an 
inch-and-a half long, and as wide 
as needed for pleasing proportion
al appearance; use your judge
ment. A few observations that 
might help as you construct your 
own additions: 

• I have noticed that a line or 



POWERPOINTING • P WERPOINTING • POWERPOINTING • POWERPOINTING • P WERPOINTING 

lines in a figure that I have built 
will sometimes get distorted when 
the figure is copied or rotated or 
the zoom is changed. No problem 
- just ungroup the figure, 
delete the affected line or 
lines, and re-draw. Don't try 
straightening lines that 
have been distorted by re
scaling. 

Once you get a draw
ing that prints cleanly and 
displays reasonably well at 
the magnification you typi
cally use for composition, 
you're set. 

• If you need to put 
one shape inside another 
(as in the LEDs, for exam
ple), realize that the shape 
that surrounds the other(s) 
must either be sent to the 
back or have no fill. 

• When you need to 
orient lines within a figure 
with respect to the center 
of the figure, use the 

• You can get the Greek letter 
lambda (A.), which is used in the 
symbols of various electrcroptical 
devices, in the following way: 

(a) (b) 

Create a text box and type into it 
a lower-case letter "I." With this 
text box selected, click Format 
and then Font. Set the font type 

(c) 

Add an arrow and U-e 
,. A." .-1101. (lee taJC1 

0 
-· ·0----· -· 

(d) 

to Symbol, select the font size you 
need, and then click OK. You will 
find that your "l" has become "A.," 
and you can move it to where you 

want it. To rotate it as you 
see in my examples, select 
the box, and then either 
use the Rotate choice in 
the Draw menu or click 
the Free Rotate button. 

• To get the degree 
symbol for the thermistor: 
Start the text box and type 
the lower-case "t." Make 
sure that the Num Lock 
key is active, hold down 
the Alt key, and type the 
sequence 0176 on the 
numeric key pad. The 
symbol will appear when 
you release the Alt key. 

Now fill the palette 
with symbols of your own 
choice. You can use my 
examples to start and 
check the pages of this 
magazine for other ideas. 

L-----~-----------------------------~ 
Once you are satisfied 
with your palette, copy a 

guides. Take, for example, 
the photoresistor symbol. 
Figure 11 shows how I 
drew it. 

r-------------------------------------, 
Use the gubles and Draw a SMall •lllpM (Hice 11 Add terminations Hd group 

few of the figures that 
you expect to use most 

• Snap to Grid is 
sometimes useful when 
you are constructing a 
complex symbol. 

Snap To Grid. 0 . 1 drawing a clrcte, but dragged the result. Copy and ftlp J raw • redang 8 • sidawiud), horizontally to get the other 
often across the top of 
the composition slide. 1 
found that this leaves a 
maximum of working 
room for a drawing. 
Also create the designa
tors RI-RIO, Cl-CIO, 
etc., as individual text 
boxes lined up as you 

• Some complex 
symbols are drawn by 
combining standard 
shapes and hiding parts 
of them with another 
shape or shapes; my 
transformer and coils fall 
into this category. See 
Figure 12 for the how-1-
did-it. If some figures of 
this sort display correctly 
but a part of the figure 
that should be white 
prints black, check your 
printer settings. Some 
printer drivers (like mine) 
have a "Print Black and 
White" checkbox that will 
override Color and Line 
settings in PowerPoint. 

, I / halfofahnlformer. 

8 ~ 0 3 ~ 3 :3 ...... 111_.. :3~ 
~ lm : j (d) j (o)~ .... ., .... _ ~t:_ 

tit 
(a) (b) (c) ~ llake the rectangle hide half of tlae drcles by 

glvlng It wt.lte flll and wt.lte Hnes. 
see in Figure 13. I found 
that having this avail
able is a major time
saver over typing indi
vidual designations 
later. 

Our First 
Schematic 

As I mentioned ear
lier, I do my actual draw
ing at 100 percent. 
Also, I don't usually use 
Snap To Grid when 

USB Relay Module LASERS & ACCESSORIES 
Model JSB-210 

Controls 8 to 16 "form C" relays 
over the USB (Universal Serial 
Bus). Program the module with 

simple commands in any program 
language that supports USB 
Communications. Driver and 

sample code provided 

J-Works, Inc 
12328 Gladstone St, Unit 4 

Sylmar, CA 91342 
(818) 361.0787 Voice (818) 270·2413 Fax 

Other Products 

RS-485 Remote 1/0 
ISA Waveform Generator 

RS-485 to DS-1820 
RS-485 Temperature 110 

DS-1820 Probe 

Visit our Web site for 
Information on all our products 

http://www.j-works.com 
E-mail sales@j-works.com 

Write In 114 on Reader Service Card. 

HELIUM NEON LASERS 
IB" Complete Sptems 
IB" Pluma Tubes 
IB' Power Supplies 

ACCESSORIES 
IB" Optics 
CB" EJectro.Optlcs 
IB' IR Viewers 
IB" Books & llore 

~ 
~ 

DIODE LASERS 
IB" Ylslble / IR 
CB" Complete lloclules 
IB' eommat1n1 Optics 
IB" Drive Circuits 

FREE CATALOG 
WEB SITE: 

mciU:ilii:H__. www. 
ln:iiitUmEni; mi-lasers.com 

Phone: 602-934-9387 • Fax: 602-934-9482 
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.-----------------, __!__ (d) 

~ -=- (e) 

--!.t E:-
-i•l1 ~11-::-

et 02 C3 c.. 05 as C1 oa ot au> DI m m Dll m 
IGi tc19 ~ C2 Cal ic;ao 11:1 tc4 R'! A2 N M 

A5 MR1 MMAtO tt a D tie 

• 
2 

(c) 

5 

--------------------------------- Figre 14 

r-----------------~--------------. J5 Conrted the power supply Fig.re h"8S8S wUh ttir:s line. · OupllQlte the part within the 

with its left edge 
about 2.5" left of 
center and the L-----------------~ I I dotted tines and 1m.te a few 

: -1.... :· ... , ...................... ., .... : changes o/n .. the result. 
555 designation at 0.00 
horizontal. Use the guides 
to help you. We know 
that, for stable operation, 
the 555 requires a small 
capacitor from pin 5 to 
ground. Duplicate the 
capacitor symbol, rotate 

I p '. : 
• -=-<•> : ; 
I ..=. ; 

I '! 7 '. 

s - • . 
~ ~ 

I 
I 

Add 1fle pieio I 
element. I it, and move it into place 

(a) . Add a ground symbol 
on the end. 

': I 1. . r_··. · Add a .. .,..0, between •• here and pin 3 of die 
first stage. 

I ·-::.- - I 

This first stage will be 
an astable multivibrator 
running at very slow 
speed, so connect pin 2 
and pin 6 with a short 
line and add an electrolyt
ic capacitor from this 
junction to ground (b). 

L 
· .............. ,. ................... ; I ---------------------------------

r----~----------------------------, I . ..J_ S1 •F --~~~~~~~~~~~~~~ 
I "'5-e1 
I :'!!: IU R4 

tl 1 

"ii"' 
I 555 

5 

R1 • l.lJI 

RZ -15K C2 • .Mntd 

C3 - .t22nfd. 

C4 • Unfel~ Figre 16 

Now add two resistors 
(c), and a long line as 
a bus for the positive 
side of the power 
source (d). Add the 
switch, the battery, and 
a ground (e). 

Now look at Figure 
15. The second stage 
of our circuit is the 
same as the first 
except that it runs at a 
much higher frequen
cy, so let's pull off a 
serious PowerPoint 
trick: Select all of the 
components in the first 
stage, group them, and 
then duplicate. Move 
this second stage into 
place. Ungroup the 
electrolytic in this 
stage, remove its polar-

R$ • 1W: ity markings and 
L - - - - - - - - - - - - - - - - - - - - - - - ._ - - - - - - - - - .J regroup. Remove the 
drawing a schematic. Set these 
parameters to start and see how 
they work for you. 

Figure 13 shows the top of 
the composition slide, with a cou
ple of additions; 555 timer chips 
are used a lot in a couple of 
generic circuits, so 1 preconfig
ured one on the palette. To begin, 
copy this figure to the composi
tion slide along with a piezo ele
ment and a push button or toggle 

switch. 
You 'll notice that 1 have a cou

ple of short lines of various widths 
available in the same area as the 
common components. To draw a 
line, I sometimes find it more con
venient to duplicate one of these 
(CTRL-D) and extend it if neces
sary than to go back to the Line 
Draw tool. 

Figure 14 shows the drawing 
of the first stage. Locate the 555 
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capacitor from pin 5 and then 
connect the two stages with a 
resistor. The last bit of drawing is 
adding the piezo element. Pretty 
easy, Yah? 

To finish up, see Figure 16. 
Do your designations by moving 
the appropriate component num
bers into place, and then clean up 
any symbols that you're not 
using. Add the appropriate value 
to each designation. Done! 

Save this presentation under a 
different name, and delete slide 
number one. Be careful with this 
last step! You would not want to 
delete the palette from its original 
file - only from the file that con
tains the new schematic. 

Now that you have done one 
schematic, I'm sure that you will 
want to try using these tools to 
develop other ideas. 1 will mention 
a couple of other "practicalities" 
that have come from my experi
ence with them: 

I purposely made the passive 
components a little larger than I 
might have, because I presumed 
that the typical drawing would 
most likely not extend more than 
two, or perhaps three, stages. If 
you are doing something more 
complex, you may want to scale 
down the "common" components 
on the composition slide, and per
haps some of the others that you 
copy there as well, before you 
start to draw. The PowerPoint 
Draw /Scale feature makes this 
easy, and any distortion that it 
introduces to your models is usu
ally small and easily retouched. 

My other comment relates to 
joining of overlapping component 
lines. 1 have noticed that when 1 
connect, say, a terminal line of a 
capacitor to the line extending 
from a chip, the lines will some
times appear to be completely 
merged on screen but will then 
print out just slightly out of align
ment. 1 don't know exactly why 
this happens - it may have do 
with the fact that I am using this 
program in a way that its design
ers didn't forsee - but it's easy 
enough to deal with if the mis
alignment is a real problem. Just 
ungroup one of the figures that 
you are joining, remove one or 
the other of the offending lines 
and redraw as necessary. 

Creating the palette is a good 
deal of work and it requires some 
skill with PowerPoint, but 1 think 
the results are well worth the 
effort. NV 



ROBOTS WANTED: Dead or alive, 
whole or parts. Marvin (Iowa Precision), 
Gemini, RoPet, Hubot, RB5X, Newton 
SynPet, ComroTot, ELAMI, ITSABOX, 
HeathKit (HERO JR, 1, 2000, or Arm 
Trainer), Androbots (TOPO, BOB, Fred, 
and Androman), Rhino, Maxx Steele, 
Omnibots, etc. Also looking for robot pro
totypes, 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 . 

www.futurerobots.com ROBOTICS for 
active security systems is now possible 
for the amateur electronic experimenter 
to design and build. Come and see the 
future of home robotics and read Lab 
Note 116 Design Concepts for Various 
Types of Guard Robots. Also other tech
nical articles about active security robot 
and systems. 

PLANS - KITS -
SCHEMATICS 

BUILD THE MENDOCINO MOTOR. This 
fascinating device is a solar powered, 
magnetically levitated motor. It will 
delight and amaze you and your friends. 
The 27 page plans book includes a list of 
parts suppliers. The motor uses readily 
available parts. Plans are $15 plus $2.50 
S&H. Write to: St. Elmo's Fire, PO Box 
141, Stow, MA 01775. E-Mail: tcv@gen 
rad.com 

200+ ELECTRONICS PROJECTS. Build 
for pleasure or make 100% (or more) 
profits reselling printed plans. $1 (refund
able) for catalog & dealer info. MATCO
A5, PO Box 509, ROSEVILLE, Ml 
48066-0509. 

' 

PCB Iii/ling 
""'V 

CIRCUIT BOARDS. Low-cost, precision
made PC boards from your CAD pro
gram files (no photoplots required). 
Single and double-sided with contour 
routing. Ideal for RF/analog/digital proto
types. Full details at http://www.pc 
bmilling.com E-Mail: feed 
back@pcbmilling.com FAX: 703-818-
0071. 

TERRIFIC TIMEPIECES! LED binary 
clock. LED digital clocks, other kits! Free 
catalog! WPC, 805-339-0702. 
www.ElectronicsUSA.com 

AWESOME KITS: Ion propulsion motor, 
solar robot, stepper driver, scrolling 
clock, and more! Catalog $1. LNS 
Technologies, PO Box 67243, Scotts 
Valley, CA 95067. www.techkits.com 

HEATHKIT COMPANY is selling photo
copies of most Heathkit manuals. Only 
authorized source for copyright manuals. 
Phone: 616-925-5899, 8-4 ET. 

VOICE CHANGER: PCB with all board 
mounted components plus speaker. 
(Watch for our N&V article.) New price 
$9.95 postpaid in US. MicroMethods, PO 
Box 909, Warrenton, OR 97146. 503-
861-1765 jdennon@seasurf.com 

MAKE YOUR OWN PHOTOVOLTAIC 
CELLS! Incredibly easy, cheap, com
pact, and versatile. Complete instruc
tions. wclark@infoave.net 

PALM PILOT never replace batteries 
again. Simple modification charges bat
teries in cradle. For Palm Pilots up to lllx. 
$10. Mark Lopez, 22689 Silver Dollar, 
Corona, CA 91719. 

BROADCAST FARTHER! 75-11 OMHz 
amplifier connects to stereo transmitters. 
Produces 2-15 watts. Requires 50-
150mW drive. Complete plans with part 
source and antenna information only $14 
+ $2 S&H. Progressive Concepts, PO 
Box 586, Streamwood, IL 60107. 630-
736-9822. 

ELECTRIC POWER METER STOPPER 
MAKES METER RUN SLOWER, STOP, 
OR EVEN REVERSE! COMPLETE 
PLANS $10, SOLD FOR EDUCATION-
AL PURPOSES ONLY. 
(VISA/MC/AMEX/COD) OPEN 24 
HOURS! 407-654-9677 BRINKER 
ENGINEERING LABS, USA. 

CONSUMERTRONICS 120+ exciting 
manuals: Electronics, computers, 
Internet, phones, energy, radionics, 
financial (including stocks), crime-fight
ing, security, survival, phenomena, SPE
CIAL PROJECTS. Catalog $3. PO Box 
23097, Albuquerque, NM 87192. 
www.tsc-global.com 

PIC INSTRUMENTATION and monitor 
chips, kits, quick-build protoboards, tele
phone electronics, pocket testbench. 
Oricom Technologies, 303-449-6428. 
www.sni.net/-oricom 

Don't "1/$11 a $Ingle lss.,et . 
Have Nui. a Volts d~~ rf,&ht 

to yol)(" door. every month for only 
$'.(~ pei'")'oaf"- Cetl 1-800-783-4624 

REFILL INKS FOR INKJET PRINTERS 
Refill your old cartridge and saue. All refill kits come with instructions 
and needed materials for refilling inkjet cartridges. Success guaranteed. 
Available fo r the following: 

CANON BC~l. BC-02 CANON BJlOe, APPLE STYLEWRITTR, BJ-200 
Single, Black, $8.00. CANON BJC-600 (BC-201) Single Black or Single Colors 
(3 refills) $8.oo. CANON BJ-130/300/330 & mM Exec Jet (Cart #BJI-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 BJC4000 and 

= =====::__i Apple Stylewrtter 2400 Black 3-bottle kit (3 refills BC-20. 9 refills BCl-21 black, 
30 refills BCl-11black, 10 refills BCl-10) $19.00. CANON BJC-4000/BJC70 and Apple Stylewrtter 2400 
Tri-color kit - 6 refills each color for BCl-21 or 15 refills each color for BCl-11 $24.00. CANON B.JC-
800/820/880 3-bottle kit (for BJl-643B) $19.00. CANON B.JC-800/820/880 3-bottle trk:olor kit (Cart 
#BJl-643CMY) $24.00. EPSON STYLUS COLOR PRINTER - (Cart 5020034) Single Triple black $19.00; 
Trk:olor kit (Cart 5020036) 2 refills each color $24.00. EPSON STYLUS COLOR D - (5020047) Triple Black 
$19.00 (5020049). Tri-<:olor (2 refills 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-<:olor kit (5 refills each color) $24.00. HP DESKJET 
1200C, DESIGNJET 650 (Cart #HP 516408) 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 PAINT JET XL 
(51606A) Black 3-bottle kit $19.00. HP PAINT JET and PAINTJET XL (516060 Tri-color kit $24.00. HP 
PAINTJETXI.300 (C1645A &C1656A) Black3-refill kit $19.00. HPPAINTJETXI.300Tri-colorklt (1 refill 
each color) HP 51639C,M,Y $24.00. HP 11flNKJET, QUIETJET, KODAK DICONIX 150 (51604A or 
92261A) black 5 refills $9.00. IBMflexmark/Execjet/4076 (1380620) black 3-refill kit $19.00. 
IBM/Lexmark ExecJet DC, WinWriter 150 C (Cart #1380619) 4 refills each color $24.00. Lexmark 
3200, 5000, 5700, 7000, 7200, Optra 45 and ZS! (12Al970) 3 refills Black $19.00. Lexmark 3200, 
6000, 5700, 7000, Optra 45 and ZS! (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) car
tridges 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. EXTRA INK FOR SNAP & Fill SYS'JEM (black 
only) 4-oz. bottle $18.00; 8-<>z. bottle $34.00. Specify whether for HP 51626A or HP 51629A 

HARD-TO-GET PRINTER RIBBONS ~ 
Gorilla Banana, Conunodore 1525 $8.00; Adam Coleco $12.00; TI-850/ 855 $6.00; .Cenbonlcs 700 Zip Pack 
$5.00; C. Jtoh Prowrtter Jr., Hiteman C+/F+ $6.00; Rlteman lnforunner $8-00; Commodore MPS-801 $5.00; 
MPS 803 $5.00; Decwrtter LA30/36 $4.00; Apple Scribe $4.00; Mannlsman Tally Spirit 80, Commodore 
1526 $5.00; Epson JX-80 4-Color $14.00. Prtntronlx 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. Fully guaranteed. 
Order directly or send SASE for complete list. 

Add $4 per order shipping. CA residents add 7. 75% sales ta><. On ribbon orders ooer $50 deduct 10% dis-

H.T. Unn vUllllJULt:t ~UIJIJllt::S 
249 Juanita Way, Placentia, CA 92870-2216 

714-528-9822 • 800-377-2023 • FAX 714-993-6216 
.~ http://www.extremeplay.com/occomp/orr.htm :c:J 

Write In 73 on Reader Service Card. 

The Pocket Programmer PARTS 

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 & 25XX 

series from 16K to 8 Megabit with a 32 pin socket. 
Adapters available for Pie, MCU's 874X, 875X, 40-
Pin X 16 & Serial Eprom's, PLCC, 5-Gang, 82/74 

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

·Same Name, Address & Phone Number for 16 Years •.•• 
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 Amax 

2Mx32 72-pin SIMM F IP 
4Mx32 72-pin SIMM F/P 
8Mx32 72-pin SIMM F/P 
64MB SD RAM (PC 100) 
128MB SDRAM (PC100) 
256MB SD RAM (PC-100) 

$20 
$Z9 64Kx1-15ns 22-DIP .......................... $5.50 
$59 32Kx8-25/20/15ns 28-DIP ............... . $31212.50 
$59 64Kx8-15ns 32-DIP ...... .. .................. $6 
$99 128Kx8-15/20ns 32-DIP narrow .... .. .. . $12 & up 
$245 128KxB-15/20/25ns 32-DIP wide ........ $12 & up 

_ _, ____ ..;,:..::...-! 

IDEAL BIOS Enhancer Card. Break 
the 8.46GB barrier. Supports any 
IDE hard drive over 528MB up to 

1Ms KIT(:.2so:1s)2CAs so.vZIP ... $18135 128~8 · Works with any XBB, 
1Ms KIT(2-256x16) m E so.vziP ) .... s19135 Pentium, or Pll System. $29.95 

PACKARD BELL 
UPGRADES 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
TERMS: VISA/MC - MIN. ORDER $20 - SHIPPING & HANDLING: $7 MIN. 

0 E LI E· 8 0 
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MANUALS - SCHEMAT
ICS WANTED 

MINISCOPE #MS-15 by Nonlinear 
Systems, 535 Stevens Ave., Solona 
Beach, CA 92075. 

MISCELLANEOUS 
ELECTRONICS FOR SALE 

NUCLEAR ELECTRONICS (NIM, 
CAMAC), PMTs, optics, high vacuum, 
and high voltage components and equip
ment. Guaranteed quality at reasonable 
cost. OE Technologies, Box 703, La 
Madera, NM 87539. Ph: 505-583·2482, 
Fax: 505-583-9190, E-Mail: oetech@ 
newmexico.com http://www.oetech.com 

TZPC-175 
Converters 

20-lot 

CABLE TV(MMDS) CONVERTER 
Our converters are designed for your specific need 

85 Ch Plain Converter, Ch-3, AFT/MFT 
PG Lock, HRC/STD and Sleep Timer 
Price: between $29 - $49 

99 Ch Plain Converter, Ch-3, AFT/MFT 
PG Lock, HRC/STD and Sleep Timer 
Price: between $49- $69 

125 Ch Volume Converter, Ch-3/4 out 
ACW/MFT, PG Lock, HRC/STD and Sleep Timer 
Price: between $59 - $89 

FREE BROCHURE 
CALL (310)515-5085 or 
FAX 1-800-579-5000 

CALL FOR a free electronics catalog 
or visit our web site at www.bgmicro 
.com/ B.G. Micro, PO Box 280298, 
Dallas, TX 75228. Order line 1-800-276-
2206. 

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. 

t/ Call for other models 
t/ One stop shop 
t/ Same day shipping 
t/ One full year warranty 

PCWCompany 

MANUFACTURING EQUIPMENT: 
Alphatron PT-100 digital pull tester, 
Kingsley hot stamp cable marker for 
round and flat cables, with many ribbons 
and dies. New Hermes portable engrav
ing machine, many dies and plastic 
engraving stock. Chicago bench drill 
press 5-speed rack and pinion. Dayton 
2Z543 spot welder. Much more including 
crimp tools, electronic hand tools, and 
etc. Please call and ask for Bob at 925-
449-3961. 

HIGH QUALITY TOOLS AND STAIN
LESS STEEL HARDWARE. European 
and . American screwdrivers, nut
drivers, pliers, hex-keys, balldrivers, 
and morel Wiha, 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@csi.com 

Centurion: CF-3000 
(Brand New) 

True, 99-Channel 

20-lot 

Intek Electronic 
Systems 

405-634-1535 
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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: 714-771-5043. 
Visa/MC/Amex. SEE US ON THE 
INTERNET: http://www.an 
aheimwire.com OR E-Mail: info@an 
aheimwire.com 

ELECTRONIC PARTS: LOW, LOW 
PRICES! Phone, fax, E-Mail for free flyer. 
Hoffman Industries, 853 Dundee Ave., 
Elgin, IL 60120. Ph: 847-622-8201, Fax: 
847-622-8202, E-Mail: hoffind@aol.com 
Web site http://hoffind.com 

FREE FLYER on DBS, cable TV, phones, 
credit cards, schematics, health items. 
Bill 1-800-879-9657. 

SOLAR ELECTRIC SUPPLIES: All 
manner of solar electricity available here. 
64 watt panel, $319. 120 watt panel, 
$589. Flexible 5 watt, $89. Controllers 
start at $39.95. Inverters, shunts, racks, 
mounts, etc., solar roofing shingles. Visit 
www.planetarypower.com 1-877-
SOLAR-PV. 

PC CABLES: http://www.pccables.com 
connectors, RS232, IDC, SVHS, ribbon 
cable, DB9, DB15, loopback, null 
modem, jumpers, SCSI, screws, rails. 
Secure online catalog, ordering, brows
ing. 954-418-0817. 

CNC SERVO control 3 axis PC based 
CNC servo control. Software features 
feed override, real-time position display 
editor, canned cycles, graphics, and 
block lookahead. 4 axis ISA card, $650. 
CNC software, $600. Complete systems 
with motors and amps also available. 
Call JRA at 248-637-9480 for more info. 

I 

I 
I 

MISCELLANEOUS 
ELECTRONICS WANTED 

WANTED: BALANCING machines & 
vibration analyzing equipment manufac
tured 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: AVIONICS test equipment, 
IFR, 600A, 401L, others, Collins, King, 
Sperry, North Atlantic, Litton INUs LTN 
series, rate and tilt tables, air data test 
sets, 941-625-3222 P, 941-625-0494 F, 
E-Mail: avionics@afcon.net 

WANTED: TUBE Hi Fi/commercial amps, 
preamps, corner/horn speakers. Altec, 
Marantz, Mcintosh, Western Electric, 
etc. 405-737-3312 fax 405-737-3355. 

DEC EQUIPMENT WANTEDlll 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. 



WANTED: EXCESS ELECTRONIC 
COMPONENTS, BOARD-LEVEL COM
PONENTS; MILITARY COMPONENTS; 
ICs, MEMORY, TRANSISTORS, 
DIODES, CAPS, RELAYS, ETC. CALL 
LA PALMA SEMICONDUCTOR, 714-
523-8892 FAX 714-523-8898. 

HIGHEST PRICES PAID: I will pay the 
following prices for Western Electric 
tubes: 211A/D/E new $300, used $1 75; 
212A/D/E new $750, used $275; 274A/B 
(engraved base) new $250, used $200; 
300B (engraved base) used $550; 422A 
new $50, used $25; 437 A new $50, used 
$25; and many more. Also buying 
Western Electric, and other audio tube 
and equipment literature. Call or send us 
your list. Toll free tel/fax: 1-888-715-8823. 
Don Singerhouse/Singerhouse Sound, 
LLC, PO Box 321 , New Richmond, WI 
54017. E-Mail: singtube@frontiernet.net 

WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, 
relays, lamps, synchros. Hyness 
Company, 709B Delair Road, Cranbury, 
NJ 08512-4212. Phone: 609-395-111 6, 
FAX 609-395-1117. 

WANT USED or surplus DC motor con
trols or adjustable frequency AC drives, 
1/2 HP and up. DC motors fractional to 3 
HP. C. Woodruff, 5507 55th Ave. S. , 
Seattle, WA 98118. Voice/Fax 206-723-
8487. 

WANTED: X-BAND radar equipment. 
Military, civilian, working or not, parts, 
TMs, etc. Box 10215, Pittsburgh, PA 
15232. 

CASH PAID FOR ICs. Military or com
mercial integrated circuits, transistors, 
diodes, any semiconductors. ELEC
TRONIC SURPLUS, INC., 5363 
Broadway, Cleveland, OH 44127. 216-
441·8500 or fax 216-441 -8503, since 
1946. www.electronicsurplus.com 

WESTERN ELECTRIC wanted: 1920s-
1960s. Amplifiers, mixers, pre-amps, 
speakers, tubes, etc. FREE OFFER 1-
800-251-5454. 

EDUCATION 

RF OSCILLATOR DESIGN. Learn to 
design RF oscillators from a pro. Unique 
course for hobbyists, students, and engi
neers presents the knowhow of RF oscil
lator analysis, simulation and design with 
experiments. Requires AC/DC and some 
calculus. $25 + $5 S&H. RFLS, PO Box 
9185, Gaithersburg, MD 20898-9185. 
Free information: E-Mail: rfls@world 
net.att.net phone 301 -528-6671 . 

BUSINESS 
OPPORTUNITIES 

COUNTER-SURVEILLANCE=$250 HR! 
Electronic eavesdropping is unbelievably 
widespread! Are you sure you're safe? 
Learn how others (without prior experi
ence) earn $250 HR in the fascinating 
field of COUNTER-SURVEILLANCE! For 
FREE catalog call: 1-800-732-5000. 

REPAIRS - SERVICES 

ENGINEERING CONSULTING. Product 
development from conceptual to 
manufacturing stages. Digital, analog, 
and RF expertise. Microcontroller 
designs for HC05xx, HC11xx, and PIC 
families. Software design for IBM PC. 
XILINX and Altera FPGA design. In
house schematic capture and PWB. 
Hicks Electronic Design, PO Box 7366, 
Loveland, CO 80537-0366. Toll Free 1-
888-849-6792 E-Mail: steve@hickseng 
ineering.com website: www.hickseng 
ineering.com 

(E)EPROM PROGRAMMING done 
quickly and economically. One day turn 
around typical. Simple copy $3 per 
device. Also prototyping, design, and 
consulting services available. Call or 
send SASE to: Luzer Electronics, 4023 
North Bayberry, Wichita, KS 67226. 
316-687-2127, FAX 316-687-3103. 

PICS, GALS READ if you've lost your 
masters. Programming service available. 
Call for info. Network Sales, 616-683-
0500. 

PC BOARDS REPAIRED. Prices start at 
$5. Minimum 5 of one type. Network 
Sales, 616-683-0500. 

PC BOARD ASSEMBLY. Thru hole only. 
Small or large quantities OK. Call 
Network Sales. 616-683-0500. 

CABLE CONVERTER REPAIR: Quality 
repair service for all name brands. If 
you're tired of the runaround you're get
ting from the company you purchased it 
from, or they're out of business. Give us 
a call for fast and courteous service, 
Have model and problem ready. Sorry no 
box, chip, or IL repairs. Highview 
Engineering 815-245-3735 or E-Mail: 
HIGHENG1 @AOL.COM ask for George. 

WELD ALUMINUM WITH PROPANE! 
EZ, INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., 
TAYLORS, SC 29687. 1-800-547-
WELD(9353) FAX 864-244-6349. 
http://www.dura-fix.com 

PRINTED CIRCUIT design by profes
sional with 30+ years: conventional, mul
tilayer, downhole, fine line. Prototype and 
production fabrication. Reverse engineer 
existing 2-layer board. 
www.circuit-applied-tech.com call toll 
free 877-236-3223. 

PLAYSTATION MOD chips. Works with 
all models up to 750x. Color instructions. 
Seven wire hook up, does not come with 
wires. $5 each, plus shipping charges. 
10% discount for 10 or more. Call 703-
764-5118 to place an order. 

RADIO REPAIR! Reasonable charges. 
Jim Rupe, 998 Whipple, Grayland, WA 
98547-0697. 360-267-4011 . E-Mail: 
w7ddf@yahoo.com 

ELECTRONIC TEST EQUIPMENT 
BOUGHT & SOLD 

90 DAY WARRANTY PARTS Ir LABOR• 10 DAY RIGHT Of RE111tN, OPEN ACCOUNTS 

Ailtech 360D11 , Fn!q!ff""'Y Syn .. 01 ·2GHz ......... . .. $800 HP 86602A, RF Plug-In. 1300MHz .... .. . . ... . .....• , $500 
~ ~~~nuac:~~i,;.;,' · .'.'.'~ HP 86603A, RF Plug-In, 2600MHz . . , •....... . .. . . . . . $800 
Aus1ron 2100R, Loran-C Frequency Monttor . . , . . .... .. . $500 HP 8672A. Fn!quency Synlhesizer, 2·18GHz . ..•..... $4,500 
Bird 4381 . RF Power Analyst Opt. 832 .......... , • , , , $200 HP 8697A, RF Plug-In, 26.&400Hz •... . .. . .. .... .. . . $250 
Boonton 82AD, Modulation Meter ................... $450 HP 8743A, Reflection TransmissiOn Test Set .. .... .. .. . $200 
Boonton 92BD, Digital RF Mili1lolt Meter .... . . . .•.. . . . $250 HP 8743A/018, Reflection Transmission Test Set 18GHz . $300 
Boonton 1028, Signal Generator, .45-520MHz · · - · · · · · · · $500 HP 8750A, Storage Normaize• Includes Cable $250 
Boonton 518-M, Q Standard .······················ SlOO HP 87538, Network Analyzer, Cpl 002.006,010°.°.'.'.".°.'.'$e,ooo 
Boonton 2500, DC Range Calibrator ........... . ..... $250 
Boonton 4G, Power Meter Sensor •. 01·26.SGHz. ........ $200 HP 8756A, Scalar Network Analyzer . ... . .•. . . . .... $1,500 
Boonton 4200, Power Meterw/4G Se.nsor. Cable ....... . $500 HP 8901A, Modulation Analyzer .... . •• . . ... ••••••. $1,000 
Boonton 4220/51013, Power Meter with Sensor ..... .. .. $600 HP 89038 Audio Analyzer Opl 001 $2,000 
Boonton 4300, Power Meter, 2 Channel .... .. ....... $1 ,200 HP 8920D: Dual-Mode eeiu1ar ~· T~ s• .... . 
Bruel & Kjaer 1612. Bandpass Filer . " .... " " " .... $250 Opl 
Calif. Inst. 101T, AC Power Source .......... . ........ $400 002.008,014 ............................. $6,500 
Eaton 380K11 , Fn!quency Synthesizer, 1·2000MHz .... $2,000 HP E3617A, DC Power Supply, G-40V, 1A . .. . .. . ...... $250 
EIP 371, Source Locking Microwave Counter, 18GHz ... $1,000 HP P486A, Power Sensor 12 4-18GHz $100 
EIP 578 Source Locking Microwa Cou 26.5G $2 200 ' . " " .. " . .... .. 
EIP 931 • MialM8ve Source OM°j;9 6G~~l 9320Hz. · $6:000 HP X486A, Power Sensor, 8.2·12.4GHz .. . . ,, .. ...... , $100 
ESI 296'. Auto LCR Meter . '. '. ... .' .... .' .. ,., • . . .'.'.' .. $800 Hughes 8010H, 1WT Amplifier, 3-SGHz . .... .. .•.... $1,000 
Fluke 515A. Portable Caibrator .. . .. . .... . ......... $800 Huntron 510005, Computer ControlledTroubleshooting 
Fluke 5400, Thermal Transfer Standard ............... $500 System . . .. . .......................... ,., .. $1,200 
Fluke 5450A, Programmable Resistance Calibrator · · .. · $1,000 Keithley 192 Programmable OMM 6 5 """"" HPIB ....., 
Fluke 6010A, FfeQuency Synthesizer. 10Hz-11MHz ..... . $300 . ' . . . ' ' ....,...., '.' •. ....., 
Fluke 6080A.IAN Frequency Syn., .5-1024MHz ... . .... $4,000 Keithley 195A, Digital MuHineter ....•....... . . . . . . .. $300 
Fluke 8520A, Digital Multineter .. . ....... . .......... $250 Keithley 614, E1ectrometer ..... . .... .. ......... . .. $700 
Fluke 8922A. True RMSVoltmeter . ... ......... . . ..... $250 Krohn-Hite 3202, Filer. LP, HP, BP, Unused •...•.. .• •• $350 
Fluke A55, Thermal Converter ............ . .....•.. $200 Leeds & North 1091, Capacitor Decade, .001uF·1uF . ... $150 
FTS 11S<W01, Fn!quency Standard.······ ·· ········· $400 Micronelics NSHi2640W Noise Source, 26.5-IOGHz. $350 
General Microwave 478A, Peak Power Meler ........ . . $700 ""'""' ~-'--- ICT 101 'icli~ · .. · $300 
General Radio 1557, Vibration Calibrator .. . .. . .. . .... . $400 """'u """"o..co r • ... er · ........ · · · · .. · .. · 
Gigatronics 600/IH2, Fn!quency Synthesizer ......... $1 ,000 Mi'lg HT-21 . Handy IC Tester ..... . ..•..•.•.... . .... $100 
G?tronics 910, Frequency Synthesizer, .05-26GHz. Narda 5082, Hig1DirectivityBridge. 2·18GHz ..•... .. . . $300 

Opl ~ .. · · .. · .. · · · · · .. · · .. · · · · · · · · · · · · · · $8,000 Narda 5292 DitectionaJ Couplet: M8GHz $200 
Guikline 9154C, TransYOlt Standard Cell .. .. .. . ..•.... $300 RacaJ Dana 1515 Delay Pulse Generator ............. $500 
Guidlone 95n, l'rllclsion DMM, 7.5 Digits .....•••.... . $300 Racal Dana 992' . " .... " . " .• 
Hi1achi V·212, Scooe, 20MHz, Dual Trace . ......•..... $200 1 • Frequency Counter. High Stab ........ $500 
HP 1122A, Probe Power Supply ....... . .. . ...•..... $200 Racal Dana 9082P, Signal Gen. 1.5-520MHz .......... $400 
HP 11590A, Bias Network .... ........... .... ..... $250 Simco A300, Aerostat Anti-slalic .................... $100 
HP 11604A, Universal Extension ... • .. · ... ···.•····· $100 Tek 134, Probe Amplifierlor P6021 & P6022 ........ , .. $100 
~~ n=: =~Kit Type N. : : : : : : : : : : : : : : : : : J~ Tek 1470, ITTSC Color Sync & Test Sig. Generator ....• . . $500 
HP 116658, Modulator . . .. . ...................... $250 Tek 1502C, TOR ...... .. ............... . ....... $3,200 
HP 11713A, Attenuator Swit:h Driver ... .. .. ...• . .•... $400 Tek 1503/01/05, TOR, Scale in Meters ..• . .......... $1,000 
~~ 1:~~} ~tor.lorMil'\Jg-~= · · · · · · · · · · · · • = Tek 178, Linear IC Test FIX!ure, For 5n ...... .. ...... $150 
HP 11970K: i::::~ ~: 18-26.SGHz : : : : : : : : : : : : : $800 Tek 17300, Digital Waveform Mon~or . . ..... " .•.. . . . . $500 
HP 119700, Hannonic Milcer, 33-SOGHz . . . . ........ . . $800 Tek 2246, Osciloscope. 4-Channel, 100MHz, Cursors ... $1,200 
HP 1600A, Logic Analyzer w/pods ... •.. ...... .. . .... $400 Tek 2432. Scope, DigMal, 300MHz, 4 Channel, HPIB .... $2,000 
HP 1630D, Logic~ w/pods ..........•........ $500 Tek 2445A, Scope. 150MHz 4 Channel ............. $1,200 
H~=~=A. . . I Scope Card. $500 Tek 24458, Scope, 150MHz: 4 Trace, HPIB . .. ... . . . . . $1,500 
HP 2148, Pulse G8rierai0r'.'.'.'.' .'.' .'.'.' .' .' .'.'.'.' .'.'.'.' .'.' .'.'$1,ooo Tele 2465, Scope, 300MHz. 4 Channel . ...... . ...... $1,500 
HP 33102A, Microwave Sri:h, 100MHz-18GHz ...•.... $100 Tek 305DMM, Scope, 10MHz, Dual Trace, DMM. battery .• $500 
HP 3314A, Function Generator, Opl 001 ............ $1,500 Tek 318, Logic Analyzer w/pods ................••... $500 
HP 3325A, Function Generator ......... - ........ · $1 ,000 Tek 464 Scope 100MHz Dual Trace Storage $400 
HP 3325A/01/02, Function Gen., Opl 01/02 .. . ....... $1,500 Ti"" 492' "_..:-Ana..,.., Opl 01'/02 ..• . .•.. ·,;.,500 
HP 33322H, Progammable Attenuator, DC-18GHz .... .. $250 "" ' ...,......~.. ·1~· · · · · · · · · · · · · · ·,.. 
HP 3336C, Synlhesizer, Level Generator, Opl 005 ..•.. $1,000 Tek 492/02, Spectrum Analyzer.··· · .....•..... .. .. $4,000 
HP 339A, Distortion Analyzer ........ . .... , . , ....... $900 Tek 492BP, Spectrum Analyzer .. . ............. .. .. $8,500 
HP 3400A, RMS Voltmeter, 10Hz-10MHz. ............. $200 Tek 492P, Specirum Analyzer, Opl 01 ,02 ..•.. . .•.... $5,000 

~~~56~=~~=:te'.: :: ::: :: : :: : ::: : : :: : ::= Tek576, CurwT'."°"r. ........................ , .$1,800 
HP 3468A, Multimeter 5 5 Digits $400 Tek 604, XY Monttor . " ..... " " ... " . " .... " ... $100 
HP 35689A, S-Parametef Test Sei io.: 3589A . :: : : .'.'.'.'.'$1,400 Tek 7020, Progammable Digitizer Pl ..... . ..•...... . $600 
HP 3582A, Spectrum Analyzer, .02·25.SKHz .......... $1,800 Tek 7S11, Samplilg Unttw/S4 Head, DC-14GHz .....•. . $800 
HP 41408. Picoammeter, DC Source .. .. ..... . ..... $2,000 Tek AM503/A6302 Current Probe Amp & Power Supply $800 
HP4274.A. Multi-frequency LCR Meter, 0pl 001 ,002,003 Tek DC503. Un~ CounterT~lMSOO •. .•....• :: $100 

HPIB, includes Test Fixture . ..... .. · •... · ...... · $2,000 Tek DC504 Cou te m 1M500 $100 
HP 4342A, (}Meter ................... . ........ $1,000 , n ' uner .... . ....... . .... . 
HP 4358. Power Meter .... . . . .................... $350 Tek DM502A. Alltoranging DMM .. . ................. $150 
HP 436A/022, Power Meter, HPIB ...... . .......•.... $500 Tek FG501 . Function Generator, 1MHz .... .. .... . .... $100 
HP 50058, 8918ture Multimeler · · · · · · · · · · · · · · · · · · · · $350 Tek FG502, Function Generator, .1Hz·11MHz .. . ....... $250 
HP 5006A, S91a!ure Analyzer ..... · .... · · .... · · .. · $300 li"" P6046 ""'-- tial Probe $300 
HP 5316A, Universal Coun!M Opt 004 $200 "" • """"un · · .. · · · .. · .... · · .. · .... 
HP 5334Ml20, Universal Coonter :..rovi.i : : : : : : : : : : : : : $600 Tek P6201, FET Probe Kil. 900MHz ..... . .• . ..... . ... $400 
HP 5335A/010, Frequency Counter .................. $600 Tek P6202A, FET Probe, SOOMHz unused •...••.••••.• $300 
HP 5335A/030, Fn!quency Counter, 1300MHz .......... $800 Tek P6602, Temperature Probe for DM5110, DM511 ..... $150 
HP 5340A, Fn!quency Counter, 18GHz ......... - · · · · · $600 Tek PG506 Scope Cal System w/TG501 SG503 
HP 5340A. Frequency Counter w/Opt. 01/02/01 1 ........ $800 S ' • ' 
HP 5342A. Microwaw Counter . ..... ... ........... $1 ,000 New tyte ............... . .... . ... .. ........ $1,500 
HP 5345A. Frequency.Counter. Opt. 012 ... .. ........ $400 Tek PG508, Pulse Generator, SOMHz ..... . ...... . ... $300 
HP 5350A.1010!002. Mocrowave Frequency Counter ..... $2,000 Tek PS503A, Dual Power Supply . ... . . ... ... . . . . . ... $150 
HP 54100D, Digilal Scope, 1GHz ............. · · · · · $2,000 Tek SC502 Scope 15MHz Dual lirace $200 
HP 54200A, Digital Storage Scope ............. .... . $800 ' . ' ' ............. .. 
HP 54601A, Digital Scope, 100MHz, 4 Channel ....... $1 ,600 Tek SG502, Sig. Gen. 5Hz-50KHz . · · .. .. ... . . - . ... . . $200 
HP 6112A, Power Supply, G-40V, 0.5A ..... , .. , . . . •.. $200 Tek TDS410, Digitizing Osciloscope, 150MHz ..... . ... $2,800 
HP 5n, CurveTracerw/1 nTest Fixture .... . ........ $1 ,000 TekTOS410A, Digitizing Scope, 200MHz, Opl 13,1F ... $3,000 
HP 8015A, Pulse Generator,J Hz-SOMHz. 30V ......... $500 TekTM503, 3 Slot Power Module .••.•...••.. . ..••... $100 
HP 8165A, Programmable Signal Source, Tek WM490A, Waveguide Mixer. 26.5-40GHz ...... . .... $800 

HP~~~~riiBbie' 5: nai SOOrai, opt o2ici3 : : : ~:= Tek WM490K, Wa-.eguide Mixer. 18-26.SGHz . . . ......•. $800 
HP 83506, Sweep Oscilator 'Y:intrame ... .......... $2,000 Texscan SSG2000, Freq. Syn., 100KHz-2GHz. 
HP 83540A, RF Plug-In, 2.S.4GHz ... . ... ... .. . ..... $1,200 AM, FM ....... . .............. ....... ...... $1,800 
HP 83545A. RF Plug-In, 5.9-12.4GHz ....... . .• · · · · · $1,200 Ungar 4624 ~ ........ Oesolder Station _,. 
HP 8410C/8412B. Network Analyzer ' """""'• . . . .... " .. ....... _... 

w/8411A/Opl 18, 18GHz ......... .. ............. $800 Vallalla 2000, Auto Digital Watt-Ammeter .... . ........ $200 
HP 8411A, Fn!quency Converters ........... . ....... $250 Vu-Oata 5110, Semiconductor Tester, In/out <Acutt . . .•.. $150 
HP 8414A, Polar.Display .. . ......... . ............. $100 Wavetek 178, SOMHz Progammable Waveform Syn .... $1,000 
HP 8444A, Tracl<ing Generator ..... : . ... . ....... - ... $650 Wavetek 180. Sweep/Function Generator ........ . ..... $200 
HP 84458, Specirum Alr(z., Automatic Pre-Selector , . , , . $300 Wavetek 185 S.-n Function Gen 0001 r"Hz uN> 
HP 8447E, Ampifier, .1·f300MHz, Gain 22dB . . . . ...... $600 ' ·-.--• . . ......, '.'.'' . ....,.. 
HP 8501A, Storage Normalizer, w/cable . ...... . ....... $800 Wavetek 1084, Signal Gen. Sweeper, 3.5-4.5GHz ....... $300 
HP 85033C, 3.5mm Caibralion Ktt ... . ............. $1 ,000 Wavetek 1910, XY Monttor, Dual Trace ............... $400 
HP 8505A,' Network Anyz. w/8501A & 8503A, Opl 05 ... $4,000 Wavetek 452, Filter, Dual Hi.to, 1Hz·10KHz ... . . . .. . .. $450 
HP 85021 B, Directional Bridge, 1 OMHz-26.SGHz . · · · · · $1,200 Wavetek 7530A, FFT Spectrum Analyzer G-100KHz ..... $500 
HP 8557A, Spectrum Analyzer, .01·350MHz . . .. . · · · .. · $800 W tek 907 Signal G I 71 lGH """" 
HP 85588, Spectrum Analyzer,. 1-1 SOOMHz .......... $1 ,300 ave • enera or, • z .... · · ....... ...-
HP 8559A, Spectrum Analyzer, .01·21GHz ...... , . , .. $2,000 Wavetek 955, Micro Source, 7.5-12.4GHz, AM, FM, 
HP 8559A/853A, Spectrum Analyzer, Digital, Sweep ......... . .... . ..................... $1 ,000 

.01-21GHz. - · .... · .. · · · .. · · · · · · .. · · · · · .. · · .. $3,000 Wlltron 560-7KSO, RF Detector, 10MHz40GHz ......... $400 
~~ =~ ~m Analyzer, 1oJ.4~:a~l 100 · · · ::·:: Wlltron 610D, Sweeper Maillrame ..... • ....•........ $250 
HP 86220A, ~~~Hz ...... ' .'.'.'.'.'.'.'.' .. Ssoo Wlltron 6213D, RF Plug-In. 10MHz-4.2GHz ..... . ...... $400 
HP 86241A. RF Plug-In, 3.2-6.SGHz ............ . .... $400 Wlltron 6219D, RF Plug-In. 2-8GHz ... . .............. $200 
HP 86260A, RF Plug-In, 12.4-18GHz ........... . .•.. $400 Wlltron 62230, RF !'\Jg-In. 4-12.4GHz ...........•. . .. $250 
HP 86290A, RF Plug-In, 2-18GHz · ·. · · · · · · · · · · · · · · $1,200 Wlltron 6229D, RF !'\Jg-In, 7.9-18.5GHz . . . ..... .. .... $300 
HP 862908, RF P~ln, 2·18GHz .. . ... . ..... · · · · · $1 ,400 Wilron 62FF75 VSWR Bridge 1n1000MHz $150 
HP 8643A, Synlhesized Frequency Generator ......... $6,000 • • "" · • · · · · · · · · 
HP 8660C, Freq Syn w/86603A & 86635A, 2.6GHz ..... $2.500 Wlltron 6NF50, Autotester, 1·1500MHz. lor 640 ......... $100 
HP 86601A, RF Pluitln, 110MHz .... . .. . ... . ........ $300 Wlltron 7850, Detector, 1-1500MHz, lor640 ........... $100 

.. MONTHLY CLEARANCE SALE .. 
HP 3325A PROGRAMMABLE FREQUENCY SYNTHESIZER, 

.001 Hz-21 MHz, 11 DIGIT DISPLAY, HPIB PROGRAMMABLE, 
OUTPUT 1 mV-lOV INTO 500. $795 

PHELPS INSTRUMENTS 
2631 Hillside Ave., Norco, CA 91760 
909-279-7347 •FAX 909-279-7323 -Nuts & Volts Magaztne/SEPTEl90 t999 57 



ELECTRONICS 

In this column, 1 answer 

questions about all 

aspects of electronics, 

including computer 

hardware, software, cir

cuits, electronic theory, 

troubleshooting, and 

anything else of interest 

to the hobbyist. 

Feel free to participate 

with your questions, as 

well as comments and 

suggestions. 

You can reach me at: 

T JBYERS@aoLcom 

TJBYERS@juno.com 

or by snail mail at 

Nuts & Volts Magazine, 

430 Princeland Ct., 

Corona, CA 91719. 

What:•s Up: 

Another look at surplus 

Variacs and high-power 

switching regplator ICs. 

Looking at and understand-

ing old ICs. Theory on 

sodium-vapor lamps 

and antennas. 

Computer keyboards, 

game ports, and 

streaming tape backup. 
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With T} Byers 

Using 400-H:z Variac 

g. I was scrounging through a local military sur
plus warehouse here in Utah and ran across a 

s Variac manufactured by General Radio. The box 
said 120 volts at 2 amps, so I took one home hoping to 
construct a small variable AC power supply. However, 
inside the box was a note that said "350 cycles mini
mum." I tried (briefly) hooking it up to the AC mains in 
my house - but it got real hot real fast. This Variac was 
obviously used in an aircraft of some sort, but I need to 
find a way to use it on the ground.Any ideas? 

Garry Iman 
via Internet 

Al . This is a 400-Hz Variac made specifically for 
,.._WWII planes like the B-29. But I doubt many of 
them ever flew. Most were used on the ground to 
bench test and repair the avionics. The power source 
was probably a gasoline generator or dynamotor. 
Generally, you can wire two 400-Hz transformers 
together in series and they will work off 60 Hz without 
running hot. The problem with wiring a Variac this way 
is that you can't get the full voltage range from one dial. 
One dial will vary the output from 0 volts to I /2 AC 
and the other will output a voltage from I /2 AC to full 
AC. Depending on how you plan to use the Variac, this 
could be an annoyance or an advantage. Here's how to 
connect them. 

WIPER 
0.5 to 1.2 AC 

60HzAC 

WIPER 
0 to 0.6 AC 

NEUTRAL 

Lightning Observing ••• Revislted 

Q . In the Feb. '99 issue, there was an article 
describing an apparatus described by Joe Carr 

thats used for lightning observing. I'd like to know 
more about the theory of it's operation and some 
practical details regarding construction. For example: 

I. Why is the coil shielded? 

2. My scope (IOM inputs) can easily read 15 mV. 
How much amplification of the signal from the coil is 
needed? 

J. How is the output voltage affected by the size and 
shape of the coil? 

4. The X and Y inputs to my scope share a common 
ground. Can't I just ground one wire from each coil and 
amplify the signals from the other two wires? 

5. Why does using the Z input remove the direction
al ambiguity? 

Dan North 
via Internet 

A . The metal shield is required to electrically and 
magnetically isolate the coils from each other. 

Without it, the antenna appears as a single-turn of wire 
that has no value in detecting lightning strikes.Their 
voltage output is determined by the number of turns; 
the more numerous the turns, the higher the output 
voltage. The shape of the coil (round or square) isn't 
important; the size is - the bigger the better.You can 
ground one lead from each loop, but it decreases sensi
tivity and, if the coils are reversed, can null out the sig
nal altogether.A differential amp is more sensitive and 
provides maximum isolation. The gain of the amplifier 
depends on several factors, including the number of coil 
turns, distance from the storm, and the sensitivity of 
your scope. Basically, you'll have to play with these val
ues. The reason the Z-input provides directionality is 
because of the cardiod pattern of the antenna. Check 
out The Radio Amateur Antenna Handbook, available from 
Amazon books (http://www.amazon.com), for more 
details on antenna theory. 

Alphanumeric LED Display 
Pinouts Needed 

Q . I'm hoping you can help me with two different 
numeric readout semiconductor devices that I 

have. The first one is made by Texas Instruments and is 
labeled TIL3 I I. The second is made by Hewlett-Packard 
and says hpHDSP-A903. This is a small green (5/ 16 
inch), seven-segment, I 0-pin DIP package. It also has a 
decimal point to the right side of the digit, which the Tl 
chip lacks. I bought them at a local hamfest, but I have 
no pinout information. Can you help me with this? 

Jeff Ulich 
via Internet 

A . The first, the Texas Instrument TIL3 I I chip, is 
easy because it's still in production and sells for 

about $10.00. It's a 14-pin DIP package that contains a 
four-bit latch, decoder, driver, and 4 x 7 LED matrix dis
play. The data sheet is located at 
http://www.ti.com/sc/docs/products/analog/til3 I I .html. 
(BT'N. this chip really has two notches on top and one 
on the bottom.) The second chip was a little harder, but 
easily found at http://ftp.hp.com/pub/accesshp/HP
COMP/led_displays/hdsp335x.pdf.According to HP, this 
display comes in four dazzling colors:AIGaAs red, high
efficiency red (HER), yellow, and green. 

TOP VIEW 

14 
LED V+(SV', LOGIC V+ (5 V) 

2 OlllHI 13 
LATCH DATA INPUT B a p LATCH DATA INPUT C 

3 12 
LATCH DATA INPUT A 11 1:1 

LATCH DATA INPUT 0 

4 
i:in n n LEFT DEC. PT. CATHODE 

5 0 l1 10 
LATCH STROBE INPUT RIGKT DEC. PT. CATHODE 

6 a 11 9 
NOPIN NOPIN 

7 a 0 i11:1 1:1 a 8 
COMMON GROUND BLANKING INPUT 

This TR-l lsn"t a Triumph, lt"s Travan 

Q . I have two Colorado T-1000 tape backup drives 
. that I use on a regular basis.A friend of mine 

recently gave me several TR-3 tapes to use. However, 
my tape drives use TR- I tapes. I've looked at the two 
tapes and can't see any differences except for the label
ing. My question: Is it possible to use the higher capaci
ty tapes in my drives? I also have friends that have TR- I 
tapes that they would like to use on theirT-3000 dri
ves. Could this also work if they were reformatted? 

Bob Drought 
via Internet 

Al . There is a slight difference between these two 
,.._tape cartridges, even though they might look the 
same on the outside. First, there's a physical notch that 
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tells the drive that it's a TR-3 and not a TR- I cartridge. 
The technology is called Travan (before Travan it was 
called QIC, as in QIC-80) and it's now migrated to the 
NS-20 level (20GB), none of which are interchangeable. 
Second, we're talking two different languages here, like 
English and Chinese. It's hard to translate between the 
two because they're totally unrelated. In other words, 
there's no way your T-1000 can understand a TR-3 car
tridge. It can't even reformat it to work in your drive. 
However, a TR-3 drive can read your TR- I cartridge, 
but not talk (write) to it. So your T-3000 friends are out 
of luck, too, when it comes to using TR- I cartridges. 
Let's do an analogy. Today we have high-resolution digi
tal TV with the same delimma - it's slightly backward 
compatible with my B&WTV, but my TV isn't forward 
compatible.Any day now, they will pull the plug on my 
B&W and I'll have to invest in a color digital TV. Same 
thing is going to happen with the TR- I and maybe TR-3. 
For now enjoy, but realize it's a dead-end solution that 
sounded good at the time. Check into read/write CDs 
as a replacement. They're getting cheaper by the minute 
and are a lot faster. 

Dualing Game Ports 

Q . Is there a way to connect an A-B box to my 
computer's 15-pin serial (game) port so that I 

can use my joystick on "A" and my Nascar wheel con
trol on port "B?" If this is possible, where can I order 
this kind of A-B box? The one that I ordered has I 5 
pins alright, but they are in three rows and not the two 
rows that I need. 

D.E. Wright 
via Internet 

A . Actually, there are two game ports on your PC, 
which means you don't need an A-B switch.What 

you do need, however, is a dual game port adapter 
board like the DPG I from Jameco ( 1-800-831-4242; 
http://www.jameco.com) - catalog number I 055 I 5. 
The price is $12.95 - about the same as for an A-B 
switcher. Better yet, you don't have to switch between 

High-Power/Low-Voltage 
Switching Regulator 

Q . The switching regulator article (Switching 
Voltage Regulator Basics) in the May '99 issue 

was great. But the examples you provided don't meet 
my requirements.The LM2577-12 Cited has a low 
start-up voltage limit of 3.5 volts. What I need is a 
switching regulator that can output I 0 volts at 1.5 
amps working off a single 3-volt lithium battery. Do 
you know of any suitable chips? 

Jim Halbert 
via Internet 

Ja. . Well, it wasn't easy because of your power 
~quirements, but I found a chip that will work. 

VIN 

JUI 

OFF 
3 

) ~ 2 o +----------t
4 

SHON EXT 1-------t 

the devices; you can use both at the same time in the 
same game with a buddy. The A-B box that you have is 
for VGA video so that you can switch between two 
monitors. 

Shakey Sodium Lamp 

9 . The high-power sodium light pole I have is I 0 
years old and, for the last two years, it has devel

ope a puzzling quirk. It goes off then comes right back 
on - well kinda.Actually, the light goes down to a dull 
glow, then the lamp comes right back on. It doesn't go 
out all the way. It looks very much like the light reduc
tion you get with an ini::andescant bulb when a heavy 
load, like a motor, starts up. I've tired replacing the bulb, 
ballast capacitor, photocontroller, FET driver, and have 
even switched it over to the other side of the 220VAC 
line. Still it happens.The strangest part is that it's spo
ratic. It can stay on for long periods of time between all 
this.Any clues? 

Lawrence Dunlap 
Bethany, IL 

Ja. . What you describe sounds like an interruption 
,_.,of power to the lamp. Sodium vapor lamps fall 
into a catagory of lighting called High Intensity 
Discharge, or HID, which includes mercury vapor and 
metal halide lamps. Basically, an arc is struck, usually 
using an inductive kick from a ballast transformer, and 
the gas begins to grow hot. The hotter it gets, the 

. brighter the light. This can take anywhere from 3 to 15 
minutes, depending on the chemistry and geometry of 
the lamp. If power to the lamp is lost, even for a 
moment, the arc goes out. Once the arc is extin
guished, the gas has to cool before the spark can be 
reignited becal!se it can't cross the gap due to the high
er internal pressure. This can take anywhere from one
half minute for low-pressure sodium types to over 
seven minutes for high-pressure versions. Typically, it's a 
wait of a minute or two. During this time, the hot gas is 
still glowing while the pressure drops. This is the glow 
that you see. What can cause this you ask? What's 

The MAX 1771 from Maxim ( 1-800-998-8800; 
http://www.maxim-ic.com) can deliver 12 volts at 2 
amps from a 3-volt input. You can purchase this chip 
from Questlink (http://wwwquestlink.com) for under 
$5.00. The clinker is that you have to use an external 
pass transistor, which increases the part count and ups 
the construction cost. Maxim also sells an evaluation 
kit for this chip. Here's the schematic of the evaluation 
kit. 

In this circuit, the MAXl771 is preset for 12 volts 
output, but that's easily adjusted via a voltage divider 
formed by R2 and RJ. For a I 0-volt output, RJ would 
be in the range of I SOK and R2 would be about 30K. 
The formula is on the schematic. Don't forget to add 
C6 if R2 is installed. The 1260.pdf data sheet (available 
from the Maxim web site) shows the PC board art-

+ C2 + C3 
I 68µ f I 68µ r 
- 2fN - 2<:N - -

Voo1 

work for this 
evaluation circuit. 
BTVY. l seriously 
doubt you'll get 
rs watts (P = IE 
= IOVx I.SA= 

ONC>2j_ 
C.ND ~-------15 REF U1 CS• ,__ _ _ _ .......,.'""·~ 

I SW) from a sin
gle lithium bat
tery. You might 
want to consider 
alkaline batteries; 
the start-up volt
age of the 
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R2 · R3 ( Voor -1} 
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NON-BOOTSTRAP MODE 

BOOTSTRAP MODE 

MAXl771 is2 
volts, well within 
their lifetime volt-

• age range. 

D.T.M.F. 
DECODER 

For interconnect and 
remote control applications 

The Model 
NC401 is 
a micro
minia
ture 
DTMF 
decoder, 
designed for $59 95 
selective control of • 
local or remote applications. 
Measuring .80"Wx1 .37''Lx.23"H, 
the NC401 combines three dis
tinct, multi-addressing decoders 
offering multiple user-config
urable functions. All pro
grammed features are stored in 
non-volatile E2Prom memory 
and are easily programmed by 
means of a conventional DTMF 
encoder or the Model NC500 
Universal/P.C. programmer. 
This highly engineered decoder 
is ideal for portable radio appli
cations having limited space 
for accessories. The NC401 
comes complete with micro
miniature 14 pin header and 
12" color coded cable assem
bly. 

Nor-fax Doc. #5545 

VOICE SECURITY 
ENCRYPTION 

The Model 
NC802 is a 
miniature 
inversion 
scrambler 
designed 
to provide 
intermediate 
level security for 
two-way radio 
voice communication systems 
and is a perfect, cost-effective 
solution to entry-level voice 
scrambling as a defense 
against unauthorized or casual 
listeners. The NC802 provides 
eight user selectable carrier 
codes commonly used by other 
manufacturers and interfaces 
easily to most radios with near 
transparency to the user. 

Nor-fax Doc. #5759 

For Detailed Specifications or 
Product Catalog 

call our 24-Hour NorFax retrieval 
system at 530-4n-8403 or 

on our Web Site at 
www.norcommcorp.com 

~ND'!.~· 
800-87 4-8663 

15385 Carrie Drive 
Grass Valley, CA 95949 USA 
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puzzling about this scenario is that it worked flawlessly for eight 
years, so let me polish off my crystal ball and take a guess. First, 
the power company may be causing power glitches as it 
changes its load level from station to station and line to line. 
Second, the ballast could be bad. This generally happens when a 
lamp nears the end of life but isn't replaced before it damages 
the transformer (this is a common problem with fluorescent 
fixtures). My guess is that the FET itself is getting close to the 
end of its life. The life of most power semiconductors is about 
eight years. Another reason may be due to changes in the foot
ing of the lamp. Some lamps can't be moved, tilted or vibrated 
during operation. If so, the spark goes out, and the above recov
ery sequence goes into effect. I hope this helps. 

(Note: Mr. Dunlap responded and said the problem was a bad 
FEI Thanks for the feedback, Lawrence.) 

Old Keyboards 

Q . I was given an old IBM keyboard that has I 0 function 
keys which are lined up in a S-by-2 pattern on the left 

side of the keyboard. The interface is a six-pin telephone style 
plug. I'm wondering if it's possible to find or build a converter 
to use this keyboard with a PC/XT,AT, or PS/2 style computer? 

J& . This keyboard was made to plug into a DEC AT-compati
~ble computer, and can be modified to work with an AT or 
PS/2 PC. The two outer wires of your six-pin connector are the 
power leads, and the inner two are the clock and data. I don't 
remember the colors (this is 1986 technology and I long ago 
gave away my DEC PC keyboard), but red should be +SY, black 
GND, and yellow data - but don't quote me.Anyway, here are 
the new pinouts. 

PC AT 5-PIN DIN PS/2 6-PIN MINI DIN 

0 0 0 
o. 3 

0 1 
02 D 

I 0 2 
s 

0 3 4 6 

0 0 0 

PC AT S-Pin DIN Function PS/2 6-Pin Mini DIN 

I CLK I 
2 DATA 2 
3 RESET 3 
4 GND 4 
5 +SY s 

6 

Flush Rush Flow Meter 

• I need a device that can be installed 
in a commode water supply lfne that 

w tect yvt\el'\.t~ter is flowing. It has t.p 
t be capable of sendfng the signal over an "''h 
t interface wire <>(,~bout 150 feet and set off 
an alarm after a "predetermined time. 

Edwin Spencer 
Bums, TN 

Al . This is an interesting question 
~ecause it poses a score of solutions. 
You can break the water line and insert a 
pressure sensor, or you can insert a flow 
sensor that uses a swjtch, paddlewheel, or 
propeller to detect water flow. But both 

+SV 

lk 00 

2l< 221lk 
2.7k 

hJ 

SENSOR AMPllFIER EMITTER 
FOU.OWER 

;~_ .. __ .,._. __ ....... -.. ~:; .":'.; 

force you to know' something about plumb
ing.A better solution is a microphone flow 
sensor, like the one below. 

The nice thing about this design is that 
you don't have to break the water .line. 

ih Wh•n water flows through the pipe, it 
makes noise which the microphone picks 
up and outputs to the op amp. This, in tum, 
triggers the 555 timer. If the water flow 
doesn't stop before the timer times out, the 
alarm screams. To keep the microphone 
from triggering the timer everytime some
body walks past the bathroom, I've included 
a high-pass filter with a cut-0ff frequency of 
about I 0 kHz so that only the sound of 
gushing water - not thump-thump foot
prints - will trigger the timer. 

ltllpf 

r~ . r., 
lJ kllZ BANDPASS FILTER AU.RM 

can take either keyboard, some cannot. BTV'I. not all keyboards that have the 
function keys on the left follow this formula. Before IBM introduced the AT the 
keyboard data flow pattern was different and may not be compatible with your 
current PC. 

Function 

DATA 

GND 
+SY 
CLK 

Understanding ICs By The Numbers 

Q . I'm in need of a part for the wife's kitchen appliance. The microcon
troller chip is dead, due to voltage surges caused by the brushes of the 

motor (cheap engineering at work again). Here are the markings on the chip. 

Oster 1981 
A7S70-12 
Mexico B 
0110-1 ( version number) 
8S29 

Harry Shipley 
via Internet 

However, this keyboard may not work with all PCs The polarity of the data 
signal is inverted between the PS/2 and the AT keyboards. Some motherboards 

J& . I'm glad you gave me the model date and IC code numbers, because 
~they say a lot. First, it tells me this is probably an Osterizer blender by the 
1981 date. Oster has since been acquired by Sunbeam and has branched out to 
more low-tech endeavors, like hair clippers and quality toasters. The date code, 
8S29, is the date the A7S70- I 2 part was made, which is the 29th week of I 98S. 
Mexico B means it was assembled in Mexico, plant B (wherever that is), some
time after that date. The version code probably isn't important; it simply tells 
you which firmware code is imbedded in the microcontroller's ROM. Now 
what does all this gain you? It means that a replacement chip is no longer listed 
or available (nobody I talked to ever heard of it), and probably never was 
unless you paid over $200.00 for this item way back when. However, there may 
be a ray of hope if you're the original owner. Companies like Oster are always 
anxious to hear about their products that survive the ravages of time. If this is 
a recent failure, and not a garage sale "bargain," I'd contact them via one of 
their repair centers and see what they have to say. Who knows - a replace
ment blender? Here's a place to start: Goodman's Sales & Service ( 1-888-
333-4660; http://members.aol.com/miami33 I 86/goodman.html). 

SOLUTIONS TO YOUR CABLING NEEOS 
Cat.5 -- Enhanced Cat.5 -- USB - IEEE1284/488/1394 
Firewire - High-End Monitor -- Manual & Auto Switches 

Apple - Custom Cables - Premise Wiring - more! 
HUGE SELECTION OF SCSI CABLES & ADAPTERS 

TAKE 10% OFF! 
THRU THE MONTH OF OCTOBER 

(You MUST MENTION THIS AD. OFFER GOOD ON ALL ITEMS EXCEPT BULK WIRE 

8c CUSTOM WORK. DISCOUNT DOES NOT APPLY TO SHIPPING/HANDLING/ COD.) 

Order Online 24 hrs./day. Reseller & Qty. Discounts Available! 
No minimum order, same day shipping on most orders, A+ and GET technician available to answer your questions. 
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MAILBAG 

In response to Frank Nally's question about Commodore plugs, Mouser 
Electronics carries these plugs for a good price (part no. I 7 I -440S). Check it 
out at http://www.mouser.com and be sure to request a catalog - it is a 
great reference source in itself. 

Dan Jones 
via Internet 



Elenco Model M-1740 Elenco Model LCR-1810 Fluke 87111 

sag.gs 
11 FuncUona: 
• Freq. to 20MHz 
• Cap. to 20µF 
• AC/DC Voltage 
• AC/DC Current 
•Beeper 
•Diode Test 
• Transistor Test 
• Meets UL-1244 safety specs. 
Model M-2780 • $24.H 

(9 functions) 

sgg.gs 
•Capacitance .1pF to 20µF 
•Inductance 1µH to 20H 

• Reolstance .om "' 2000MO 
• Temperature -20"C to 750"C 

•DCV-0-20V 
• Freq~ncy up to 15MHz 

• Dlode/Audlble Continuity 
Toot 

• Signal Output Function 
• 3 1/2 Dlgl Ollplay 

s299 
Features high perform
ance AC/DC voltage and 
current measurement, 
frequency, duty cycle, 
resistance, conductance, 
and capacitance meas
urement. 

Generators:ana Counters 
-we- ~- -

Elenco Sweep Function Generator 
with built-In frequency counter 

Model GF-8036 

This sweep function generator with counter is an 
instrument capable of generating square, trian
gle, and sine waveforms, and TTL, CMOS pulse 
over a frequency range from 0.2Hz to 2MHz. 

Elenco Handheld 
Universal Counter 

10Hz • 2.8GHz 
Model F·2800 

sgg 
Sensitivity: 
• <1 .lmY@ 100MHz 

• < 5rnV@260MHz: 

• < 6mV@ 1GHz 

• < 100mV@ 2.4GHz 

B&K Frequency Counter 
Model BK-1875 

.1Hz • 2.BGHz 
3 Channels 

SensHlvlty: 
• <0.8mV@ 100MHz 
• <.6mV @ 300MHz 
• <7mV@1GHz 
• <100mV@ 3GHz 

------------------! Features 10 digit display, 16 seg

20MHz Sweep I Function Generator 
with Frequency Counter 

Model 4040 

• 0.2Hz to 20MHz 
• AM & FM modulation 
• Burst Operation 
• External Frequency counter to 30MHz 
• Linear and Log sweep 

10MHz Model 4017 $309 
5MHz Model 4011 $239 

Pro-Sport FRS Two-Way Radio 
Model PRO-SPORT+ 

• 14 Channels 
• Battery Monitor 
• Key Lockout or 
• Monitor Button 
• Lightweight 
•Palm Sized 

$149.95 

Set of 2 
• Large LCD Display 
• Removable Belt Clip 
• Removable Antenna 
• Two Radio Call Tones 
• Busy Channel Lockout 
• Accessory Connector 
• Highly Water Resistant 

PRO SPORT Model 
$109.95 set of 2 

ment and RF signal strength bar
graph. 

Includes antenna, NiCad battery, 
and AC adapter. 

Elenco RF Generator 
with Counter (100kHz-150kHz) 

Model SG-9500 

Feetures Internal AM mod. of 1 kHz, RF 
output 100MV - 35MHz. Audio output 
1kHz@ 1V RMS. 
SG·llOOO (analog, w/o counter) $119.95 

Ultra sensitive synchronous 
detector bargraph and RF 
strength. 

Elenco 1 OHz - 1 MHz 
Digital Audio Generator 

Model SG-9300 

Features built-in 1 SOMHz frequency 
counter, low distortion and sine/square 
waves. sG;9200 (w/o counter) $119.95 

Model TK·1500 

28 tools plus a DMM 
contained in a large 
flexible tool case with 
a handle ideal for 
everyone on the go. 

Write In 99 on Raader Service Card. 

S-1325 
S-1330 
S-1340 
S-1345 
S-1360 
S-1390 

Free Dust Cover and 2 Probes 

25MHz 
25MHz 
40MHz 
40MHz 
60MHz 
100MHz 

Dual Trace 
Delayed Sweep 
Dual Trace 
Delayed Sweep 
Delayed Sweep 
Delayed Sweep 

$325 
$439 
$475 
$569 
$749 
$995 

DIGITAL SCOPE SUPER SPECIALS 
DS-203 20MHZ/10Ms/s Analog/Digital 
DS-303 40MHZ/20Ms/s Analog/Digital 
DS-603 60MHZ/20Ms/s Analog/Digital 

Elenco Model MX-9300 

s459.9s 
Features: 

$695 
$995 

$1295 

• One instrument with four test and measuring systems: 
• 1.3GHz Frequency Counter 
• 2MHz Sweep Function Generator 
• Digital Multimeter 
• Digital Triple Power Supply- 0-30V@ 3A, 15V@ 1A, 5V @2A 

Pulse{Tone 
Telephone Kit 

$15.95 

'24." 
Radio Control Car Kit~··.· .. ·-• 7 Functlo,. .. -
• Rodlo Control . -'· . 
. Included · 

Model XP-720K 
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Build a 
Photo· 
Electric 
ounter 

1 
f-y u want to know how many 

people or things pass a certain 
point, a counter is used. Counters 
are used on production lines, 
at public events, and at store 
entrances, among other 
applications. 

This construction project 
describes a digital counter that 
counts up to 999 each time a 
light source is interrupted. 
A special feature allows yoUJ o 
"cascade" another unit, 
can 4t up to 999,999. 

.\ 

by Fred Blechman 
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B asically, there are three types of counters: 
mechanical, electric, and electronic. 
Some counters are variations and combi-

nations of each of these basic types. 
Mechanical counters can be triggered manual

ly, such as the digital counter held in a user's hand, 
where a button is pressed for each count. This 
advances the units-counting numbered drum one 
count each time. As the ones-count digit drum 
completes a rotation, it advances the 1 Os-count 
digit. Similarly, the 1 OOs-count is advanced when 
the 1 Os-count completes each rotation, and so 
forth, up to the maximum number of counter dig
its. Some mechanical counters operate by direct 
gearing, such as the odometer on your car, which 
advances based on tire rotation. 

Electric counters are really just mechanical 
counters that are triggered by switches such as on 

mats or turnstiles. The switches operate solenoids 
to advance the digits on the linked rotating drums. 
Because both mechanical and electric counters are 
essentially mechanical in operation, they are noisy, 
subject to failure from wear, and limited in their 
counting speed. 

True electronic counters, on the other hand, 
are completely silent, and have no moving parts to 
wear out. They use lighted digits to display the 
count, and can operate at high speed. While some 
electronic counters use switches to trigger their 
counting, the construction project we will describe 
here uses the interruption of light as its count 
trigger. 

Description 

The "Photo-Electric Counter," available in kit 
form for under $25.00, has a three-digit display 
that counts to 999 before resetting to 000. It uses 
three integrated circuits to detect and count the 
interruption of light on a photocell, and shows the 
total count on three red LED seven-segment digital 
displays. This counter can be used in business, 
industry, and security applications to count just 
about anything, from cartons on a conveyer belt, or 
copies on a printer, to people moving through a 
doorway. You can make money building these 
counters and selling them to stores and companies. 

The photo-electric counter (really, a Photo
ElecTRONIC Counter) is completely silent, has no 
moving parts (except "Hold" and "Reset" switches), 
and can count at very high speed . We even used it 
to count the speed of a four-bladed fan by count
ing the fan blades interrupting a light beam in a 
given time; try to do THAT with a mechanical or 
electric counter! 

The photo-electric counter can be powered by 
a regular nine-volt battery for occasional or short
duration use, or a DC wall-plug transformer for 

extended use. A sensitivity adjustment allows use in 
various light conditions, and the count can be reset 
or stopped at any time. 

If your need is for more than a count of 999, 
an "overflow" pulse is provided for clocking addi
tional digits. For example, you can easily cascade 
additional photo-electric counters for three addi
tional digits each, as described later. 

Circuit Description 

Figure 1 shows the schematic of the photo
electric counter. The circuit basically consists of 
three seven-segment LED displays controlled by a 
counting circuit composed of two integrated cir
cuits (IC2 and IC3) which are triggered by IC1. 
Figures 2, 3, and 4 show the pinouts of IC1, IC2, 
and IC3, respectively. 

The Photo-Electric 
Counter can be built 
into a standard VHS 
video cassette box 
with all the controls 
and light sensor 
mounted on the 
cover. 

Inside view 

Only one section of IC1, a CD4093B quad two
input Schmitt Trigger, is used. This is a NAND cir
cuit, where the output is the opposite of BOTH 
inputs. That is, if BOTH inputs are LOW, the output 
is HIGH, and if BOTH inputs are HIGH, the output is 
LOW. 

This is a Schmitt-Trigger device, so change of 
state is triggered when BOTH inputs increase 
SOMEWHAT ABOVE one-half the supply voltage, or 
decrease SOMEWHAT BELOW one-half the supply 
voltage. The difference between trigger points 
(almost two volts with a nine-volt supply) is called 
"hysteresis," and reduces false response to noisy or 
slowly changing input voltage levels. 

The two inputs, pins 1 and 2, are connected 
together to a voltage divider at the junction of pho
tocell P1 and resistor R2. Since the photocell has a 
supply voltage at its top, and R2 is connected 
through potentiometer R1 to circuit ground, the 
voltage at the IC1 input depends on the resistance 
of P1 and the setting of R 1. 

When little or no light falls on the photocell, it 
has a very high resistance of several hundred thou
sand ohms. Since this is considerably higher than 
the sum of R 1 +R2, the input to IC1 is at a LOW volt
age, so the output of IC1 is HIGH. However, as light 
falls on P1, its resistance drops drastically, down to 



less than 100 ohms in 
strong light. This causes 
the voltage at the input 
to IC1 to increase. 
When the input to IC1 
reaches somewhat 
above one-half the sup
ply voltage, its output 
at pin 3 suddenly 
changes state to LOW. 

ICl:CIM083 

12.( " 

RI: PolenlomelM 82: llOjl 

Potentiometer R 1 
lets you set the light 
sensitivity of the trigger 
point; the higher the 
resistance setting of R 1, 
the less the resistance 
of P1 must drop to trig
ger IC1, and therefore 
the greater light sensitivity. 

Figure 1 : Photo-Electric Counter Schematic. 

The negative-going voltage at output pin 3 of 
IC1 acts a CLOCK pulse to pin 12 of IC2, an 
MC14553B three-digit BCD counter. This IC is an 
amazing device. It not only counts upward in BCD 
("Binary Coded Decimal") - that is, a four-digit 
code from 0 to 9 decimal - but it enables the out
put of this binary code for three digits, one at a 
time, each for a short duration, using "time multi
plexing." 

To explain further, if neither push-button 
switch .51or52 is closed, pins 13 and 11 of IC2 are 
held LOW by resistors R3 and R4. This allows IC2 to 
accept clock pulses. With each incoming pulse, 
internal counters create the BCD code for each of 
three digital displays: D51, D52, and D53. As an 
example, if the total clock count was 319 decimal, 
then the IC2 internal count for D51 (units) would 
be BCD 1001 (9), DS2 (10s) BCD would be 0001 
(1 ), and D53 (1 OOs) BCD would be 0011 (3). (If you 
don't follow this, don't worry about it, but you may 
want to brush up on the binary counting system.) 

This four-digit binary count for EACH digit is 

IPI TOO DISM 
IPI IKS DISIUY 

EITDHt. tfllttlT!JI 
OOEJM. tfllttlT!JI 

EIWTMO 
EIMMC 
EIWTMB 

I 16 
2 15 
3 H 
4 It 13 
s 1m 12 
6 II 
7 10 
8 9 

+ll to +180 
IPI IUOOlS DISIUY 
IWROI 
llSET 
ll.OCK 
lll.ll 
EIWlE (Q()) 

El WTM A 

Figure 3: IC2 - MC14553B Three-Digit 
BCD Counter. 

enabled at pins 9, 7, 6, and 5 (called A, B, C, and 
D in Figure 1 ), but only for an instant - about 2 .5 
milliseconds. Why? Because an internal oscillator 
switches between the three digital BCD codes at a 
speed dependent upon capacitor C1 , which is con
nected between pins 3 and 4 of IC2. 

With a value of about .001 mF for C1, the IC2 
oscillator runs at about 400 cycles per second, 
changing output state to LOW at pins 2, 1, and 15 
in that order. As we'll see later, this multiplexing 
sets the number to be shown on each of the three 
digital displays at any instant, although they all 
appear to be on at the same time. When the 
count exceeds decimal 999, an overflow pulse 
appears at pin 14 (normally LOW, goes HIGH), 
which can act as a trigger to another counter, thus 
allowing higher counts. More on this later. 

When switch S 1 is closed, this puts a HIGH on 
pin 13 - the RESET pin of IC2 - and the internal 
counters are returned to 000. When switch 52 is 
pressed, this puts a HIGH on pin 11, the HOLD pin 
of IC2, and counting stops. Unfortunately, since 
this switch is not "debounced," some jump in the 

+3 IO+lSV 

Figure 2: IC1 - CD4093B Quad 
Two-Input NANO Schmitt-Trigger. 

counting may be observed when this push-button 
switch is pressed. (Preventing this would require 
additional connections to the other NAND circuits 
of IC1, and a double-throw switch in place of 52 .) 

The BCD outputs are multiplexed to IC3, a 
CD4543B BCD to seven~segment 

latch/decoder/driver, another amazing chip. As 
each incoming BCD code is input from IC2 to pins 
5, 3, 2, and 4 of IC3, internally the BCD code is 
latched and interpreted to determine which seg
ments of each seven-segment display shoul~ be 
lighted. 

Each display has segments designated A to G, 
as shown in Figure 5. These digital displays need to 
have power to light their segments. They are com
mon anode displays, which means the common to 
each segment LED is positive voltage, and each 
segment is looking for a ground (LOW) to light. 
The positive voltage is supplied to each display 
through separate 2N3906 PNP silicon transistors, 

OM! 
c 

El B 
+ 1"'1TS 0 

A 
+U 

ll/mlli 

+ll to +180 
SElmfl r 
SElmfl 6 TO 
SElmfl £ 7-SElmfl + 
SElmfl 0 
SESEIT C • DISIUYS 
SElmfl 8 
SEmf A 

Figure 4: IC3 - CD4543B BCD to 
Seven-Segment Latch/Decoder/Driver. 

Q1, Q2, and Q3. 
In this circuit, these transistors all have positive 

voltage applied to their emitters, but they will not 
conduct current unless there is a lower voltage 
(negative bias) on their base. Looking at Figure 1, 
we see that pins 2, 1, and 15 of IC2 each go to the 
base of one of the transistors. When these pins are 
HIGH, the associated transistor is OFF. 

However, as previously discussed, each of 

Great Books for Hobbyists, 

Students, Engineers ••• 

Simple, low-Cost Electronics 
Proiects 
by Fred Blechman 

Learn electronics with 
Fred Blechman's 
exciting new book. 
Begin with simple 
designs and progress 
to more sophisticated 
projects. Each project 
comes with a complete discussion of circuit 
theory and parts list, as well as information 
on troubleshooting and testing. Build 
voltmeters and multimeters, inductance and 
semiconductor testers, variable frequency 
audio oscillators, a photoelectric counter, 
and much more! 
1-878707-46-91224 pages/$19.95 

Controlling the World with Your PC 
by Paul Bergsman 

PC Disk Included! 
Connect your 
computer to the real 
world and make it do 
useful work like 
controlling stepper 
motors, turning 
appliances on and off, 
or monitoring fluid levels. PC disk contains 
software files in ready-to-use form. 
1-878707 -15-9/208 pages/$35.00 

The Forrest Mims Engineer's 
Notebook 
by Forrest Mims Ill 

This revised edition of 
Forrest's classic book 
includes hundreds of 
useful circuits built from 
integrated circuits and 
other parts available 
from convenient 
sources. 
1-878707-03-5/156 pages/$19.95 

The Integrated Circuit Hobbyist's 
Handbook 
by Thomas R. Powers 

Covers the major 
types of integrated 
circuit devices
linear, m , and 
CMOS-and 
provides complete 
details and theory 
about their 
operation. Contains lots of useful application 
circuits-an essential reference for every 
hobbyist 1-878707-12-41256 pages/$19.95 

Order on the Web! 
For these and other great books 

on electronics, visit: 
www.LLH-Pultlishing.com 

or 
call 1-800-247-6553 to use a 

major aedit card, or send check or 
money order to: 

LLH 
Technology Publishing 
3578 Old Rall Road 
Eagle Rock, VA 24085 

Write In 191 on Reader Service Card. 63 



Five jumpers are needed for the displays to operate 
properly. H you don't put these jumpers under the displays, 

they may be put on the etched side of the PC board. 

DIM PINllTS 

I ·CftOOIE 
2 ·CftOOIO 
3-cmoum 
1- Cftnm: c 
5 • CftnDI: D.P. 
' -unm e 
1 - unm ft 
8 • anot IHII 
9 • CftOOI r 

10 • CftOOI 6 

Figure 5: 
Common-anode 
seven-segment 

displays. 

10 9 

2 

8 7 6 

3 5 

Three integrated circuits and a photocell are the brains and trigger of 
the Photo-Electric Counter. 

current to all of the segments of that digit, 
IF THE SEGMENT SEES GROUND! In other 
words, when the transistor is ON and any 
segment is LOW, that segment will light. 

Since IC2 is providing the BCD code for 
each digit simultaneously with the multiplex
ing of the transistors, and IC3 is latching and 
converting this code to the seven-digit seg
ment code in step with the multiplexing, 
each display lights the appropriate segments 
for the decimal digit to be shown as its asso
ciated transistor is turned ON. The sequence 
is Display 1, Display 2, Display 3. 

Resistors RS to R 11 are used to limit the 
current to each display segment. Because of 
multiplexing, each segment is lighted only 
about one-third of the total time, but the 

of this action. This all may seem confusing on first 
reading. Read it again, referring primarily to Figure 
1, and it should make more sense. However, the 
circuit works even if you DON'T understand it! 

Assembly 

If yot.J purchase the $24.95 kit indicated in the 
Parts List, all the parts you need - especially the 
"hard-to-find" parts - are supplied, and an etched 
and drilled silk-screened printed circuit board is 
included. This makes assembly a less-than-one-hour 
job. Also included with the kit are sockets for the 
three integrated circuits, a nine-volt battery snap, 
wire for jumpers, and solder, as well as assembly 
instructions. 

these pins goes LOW when they are cycled by the 
IC2 internal oscillator during the time multiplexing 
process. As each pin goes LOW, it switches the 
associated transistor ON, allowing it to conduct 

transition between digits is so fast that the eye 
does not see any flickering. Later, under 
"Troubleshooting," we'll show how to slow down 
the multiplexing frequency for closer observation 

If you desire to build this project from scratch, 
Figure 6 shows the printed circuit board layout, 
and Figure 7 shows the parts layout using this 
board. While a printed circuit board is not required, 
it can save a lot of wiring errors, especially in 

When Visitino Disney World And Sea World ... 
Come To The 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 
* Nl·CAD BATTERIES 

********* 

We Buy Surplus 
Electronic Parts -

FAX your list. 

*COAX 
*RELAYS 
*HARDWARE 
* CAPACITORS 
* PANEL METERS 
* CIRCUIT BOARDS 
* INTEGRATED CIRCUITS 

HOURS: 

Monday • Friday 8:30·6:00 

Saturday 8:30·5:00 

www.skycraftsurplus.com 
FAX 407/647-4831 

PH 407/628·5634 

P.O. BOX 536186 

ORLANDO, FLA. 32853·6186 
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BIG POWER 

Domino 1 features: 

• Full floating-point ROMed BASIC 
• 32-KB SRAM and 32-KB EEPROM 
• I 2 bits of parallel 1/0 
• 2 PWM outputs 
• l'C bus 
• 2-channel 12-bitADC 
•Serial port: 19.2-kbps RS-232A. 

RS-422, or RS-485 
•+5V @l5mA 

LOW COST 
Dominos are rugged, miniature 
encapsulated controllers that 
com- bine lots of analog and 
digital 1/0 with a fast control
oriented floating-point BASIC to 
provide a one-stop computation 
and control solution for cost
sensitive control tasks. Used 
stand alone or connected via 
RS-232;RS-485, Dominos are 
true plug-and-go control. 

Domino 2 has: 

• everything in Domino 1 plus 
• 16 more bits of high-current parallel 1/0 
• Hardware dock/calendar 
• Wide-range power operation 
• Hardware FWM output 

$99 to $139 
Visit our Web site for complete datasheets 

www.micromint.com 
To Order Call: 1-800-635-3355 

740 Aorida Central Pkwy. Longwood, FL 32750 
(407) 262-0066 

Write In 192 on Reader Service Card. 

regard to the displays and ICs. The 
resistors, switches, and transistors are 
easy to find. However, the integrated 
circuits (especially IC2 and IC3), the 
photocell, and the displays may be 
hard to locate. The Parts List shows 
possible sources. 

Use care in assembly regarding 
parts placement and soldering . Many 
of the pins are only one-tenth of an 
inch apart, so be careful to avoid unin
tentional solder bridges. NOTE: Be 
sure to install all 11 jumpers shown silk 
screened on the PC · board, including 
five UNDER the displays! 

We didn't notice that these 
jumpers were needed until AFTER the 
displays were soldered to the board, so 
we had to figure out where they went 
and then soldered them on the back 
(printed circuit side) of the PC board! 

When wiring to the potentiome
ter, R 1, you only need to connect to 
two of the three terminals, since R 1 
acts as a variable resistor in this circuit. 
One wire goes to the center terminal. 
Holding the potentiometer with the 
back facing you and the terminals at 
the bottom, connect the other wire to 
the right terminal. This will give your 
light maximum sensitivity when the 
potentiometer shaft - looking from 
the front - is rotated fully clockwise. 
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Parts List and Sources 
C1 - .CX:J1 mF 50\/ ceramic disk capacitor 
Dl8P1, Dl8P2, DISP3 - Common-anode seven-segment .56-inch 
high red LEO display (NTE3078) 
IC1 - CD40938 Quad Two-Input NANO Schmitt-Trigger 
(NTE40938) 
IC2 - MC145538 Three-Digit BCD Counter (NTE45538) 
IC3 -CD45438 BCD to Seven-Segment Latch/Decoder/Driver 
CNTE 45438) 
P1 - Photocell (RadioShack 276-1657; five styles/$2.29) 
Q1, Q2, Q3 - 2N3906 PNP silicon transistor 
R1 - 1 OOK linear potentiometer 
R2, R12, R13, 1114 - 1 K 1I4-watt resistor 
R3, R4 - 6.BK 1I4-watt resistor 

Figure 6: Printed Circuit Board Layout 
AS to A11 - 330 ohm 1I4-watt resistor 
81, 82 - Normally open push-button switch 
MillCellaneoue: Etched/ drilled/ silk screened printed circuit 
board, jumper wires. nine-volt battery snap, one 14-pin IC socket. 
two 16-pin IC sockets, solder. 

R12nnnR .. IKYYY IK 
R13 
1K 

IB.IB.IB.I 
6 6·6 01a m, cs, -- - -

ALL of the above parts are included in the "CEKIT #K-031. Photo
Electric Counter Kit" available from Centerpointe Electronlce, 
Inc., 5421 Lincoln Avenue, Unit AS, Cypress, CA 90360, (800) 
422-1100. The price is $24.95 plus $7.95 shipping. and 7.75% 
sales tax for California residents. 

Centerpointe offers many other kits. See their web page on the 
Internet at www.shopsite.com/kits/. This particular kit is shown 
at www.cpcares.com/ prod85.html. 

Figure 7: Parts Layout 

The parts listed above as NTE are available from NTE 
Electronice, Inc. Call (800) 631-1520 for local distributor: price, 
and delivery. 

Packaging 

We decided to assemble the printed circuit 
board into a white plastic VHS video cassette tape 
case, as shown in the photos. We decided to 
mount everything on the inside of the case lid. We 
cut a rectangular hole for the displays, used four 
mounting screws to hold the PC board in place, and 
mounted the two switches and the potentiometer. 
The battery is held in position with double-sided 
tape. • 

The battery draws considerable current (about 
55 milliamperes at nine volts), so we added a sim
ple slide switch to turn it OFF when not in use. This 
was more convenient than opening the case and 
unsnapping the battery connector. 

You may prefer to power the counter external
ly, and this works fine. We found it worked well 
down to five volts (using only 20 milliamperes), and 
a regulated power supply was not required . A stan
dard six- or nine-volt DC wallplug type of power 
supply worked fine. 

Testing the Counter 

There's nothing much to testing the counter. 
Connect the battery or external power and all three 
digits should light, showing "O" for each digit. This 
tests all the LED segments except the center bar, G. 

Dim the lights, or go in a closet, and use a 
flashlight for testing. The digits should increase one 
count each time the light shines on the photocell. 
Note that counting occurs NOT when the light 
beam is broken, but when the beam strikes the 
photocell again . It is easy to verify this. Shine a 
flashlight beam on the photocell, then cover the 
photocell with your finger (no count), and then 
uncover the photocell so the beam shines on it 
again (up one count). 

The potentiometer has a definite effect on the 
counter's light sensitivity. Turn it clockwise to MAX 
sensitivity for a weak light source, counterclockwise 
to MIN for a strong light source. Watch the digits 
until they advance reliably after each resumption of 
the light path after interruption. 

High ambient light can make counting unreli
able since the photocell is very sensitive. It is best to 

use a light source aimed directly at the photocell. If 
ambient light remains too high, and interruption of 
the light source does not trigger a count when the 
interruption is removed, extend a one-inch long 
black tube over the photocell to shield it from exter
nal ambient light. 

The HOLD button may cause the digits to 
advance several counts whenever it is pressed. This 
is most common when the photocell is in complete 
darkness," or when the sensitivity control is turned 
to minimum sensitivity with some light on the pho
tocell. This effect can be used to advance the digits 
manually to test all digit segments. The RESET but
ton returns all digits to zero. 

More Digits? 

As mentioned earlier, an overflow condition 
(the next count after 999) causes pin 14 of IC3 to 
go HIGH. If this pin is connected to pins 2 and 3 of 
IC1 of an identical photo-electric counter using a 
common power supply, this will allow you to count 
up to three additional digits (999,999). The first 
three digits will be the added counter. Since the 
added counter ALSO has an overflow, you can add 

covered - by tracing circuit paths on the PC board, 
and referring to the display pinouts shown in Figure 
5 - that we had omitted five jumpers that should 
have been put in place under the displays. 

Of course, other things can go wrong. Be sure 
the transistors and ICs are oriented properly, and 
that the right values of resistors are where they 
should be. Voltage and ohmmeter checks can be 
useful. An oscilloscope can be used to see the mul
tiplexing action on pins 2, 1, or 15 of IC2. 

If any of the displays are not lighted, check the 
path from IC2 pins 2, 1, and 15 through transistors 
Q3, Q2 and Q1 to see if the multiplexing signal is 
switching between displays. To slow this action 
down so you can see the switching of each display, 
temporarily put a .22 mF capacitor across C1. If you 
use a 1 mF capacitor across C1, you can see each dis
play light separately for several seconds. 

If any segment does not light for ALL three dis
plays, trace the path for that segment back through 
its current dropping 330-ohm resistor to the proper 
output pin of IC3. Look for poor solder joints or sol
der bridges. Generally speaking, unless badly han
dled or treated, the ICs, transistors, or displays are 
most likely NOT at fault. NV 

three MORE digits in .--------------------------the same manner with 
a third photo-electric 
counter, for a total F. w ;=, 
count of 999,999,999! jMr. NiCdj SEPT. 1999 SUPER SPECIALS! [;::J 
Troubleshooting 

Suppose, when 
you add power, none of 
the digits light! Check 
the wiring to the 
switches and poten
tiometer to see that you 
don't have them mixed 
up. Careful as we were, 
this happened to us! 
We moved the wires to 
the right place and 
some display segments 
lighted, but others did
n't. This is when we dis-

Packs & Chatper for YAESU FT-SOR/ 40R / 10R: 

FNB-40xh - 7.2v 850mAh $41.91 
FNB-47xh - 7.2v 1800mAh $48.H 
FNB-41xh tn!P!I 9.6v 1000mAh 149.91 

For YAESU FT-51R /41RI 11R: 
FNB-38 pack l5Wl 9.8v 700mAh $39.95 

For YAESU FT-53014161816176126: 

FNB-26-- 7.2v 1SOOmAh $32.95 
FNB-27s <5w!M!l 12.0v 1000mAh 145.91 

For YAESU FT-4111470173133123: 
FNB-11 pack{5w) 12.0v 600mAh $24.11 
FBA-10 8-Cel! AA case $14.95 

Packs for ALIHCO DJ-58015821180 radios: 

EBP-20ns pack 7.2v 1500mAh $29.95 
EBP-22nh pk.(5w) 12.0v 1000mAh $38.95 
EDH-11 6-Cell AA case 114.95 

For ICOM JC-Z1A I T22-42A I W31- 32A I T7A: 
BP-1BOxh ... - 7 .2v 1000mAh $39.95 
BP-173 pack !5wl 9.6v 700mAh $49,95 

For ICOM IC-W21A I 2GXA TI V21AT:rsi.c• orGtarl 

BP-132s 1s..,_1 12.0v 1500mAh 149.95 

For ICOM IC-2SAT I W2A I 3SAT I 4SAT elc: 
BP.§3 E 7.2y 800mAh 123.95 

For ICOM 02A Ts & Radio Shack HTX-2021-: 

BP-lb pack 8.4v 1400mAh $32.95 
BP-202s ... umc-m 7Jv 1400mAh $29.95 

ForKENWOOD TH-79Al42A/22A.: 

PB-32xb -- 8.0v 1000mAh $29.95 
PB44xh !!!dt!5w!M!) 9.8v 1000mAh 139.95 
For KENWOOD TH-71148 I 21127: 
PB-13t....,.!lul! 7.2y 700mAh 126.95 

For KENWOOD TH-n, 75, 55, '"· 45, 26. 25: 

Mail, phone, & Fax orders welcome! Pay with 
Mastercard I VISA I DISCOVER I Amarican Express 

Call 608-831-3443 I Fax 608-831-1082 

Mr. NICd - E. H. Yost & Company 
2211-D PaMew Road, Middle4on. wt 53562 

Clll 11 WRIU FBI HI FIH CATllHI 
Celulaf I l.af*>p I Vdeocwn I CommeR:iol & ........,,, pac:lcs loo! 

E-mail: ehyoslOmiclPlains.net 
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GPS Design Kit - $379 
The design kij SGM5600KS is a complete and immediately 
usable means of evaluating lhe SiGEM GPS receiwr module 
and high performance GPS antenna, which are included In 
the kit Software running on the GPS receiver module 
communicates to a user supplied computer via 
NMEA 0183 formatted messages, Advanced PC software 
provides map inlegration and a demonstration of tracking, 
Provision has been made for DGPS inpu1s, 
SiGEMlnc, 
SO Hines Road ~ 

=~~2~2M5 ~ 
Tel: (613) 271-1601 (Can) 

(541) 923'3733 (USA) Web: www.slgem,ca 
Fax: (613)271-1896 Email: info@sigem.ca 

Telecom Hardware/Software Developers 
STOP using your phone lines to test and demonstrate 
your telecom devices, Our affordable telephone line 
simulators offer authentic USA dial tone, busy signals, 
ringing, and exceptional speech quality, 

RING-IT! TELCO SIMULATOR 

•Single Line (two RJ-11 Jacl<s) 
' • LED Display 

i1!""! il?!@Wf".% • DTMF Operation 
fiJ ~ · Automatic Ring-up Mode 

· • $325 ($149 kit available) 
PARTY-LINE TELCO SIMULATOR 

• Six Extensions - - .-,:.~, ' ,~ i#" 
::;;;,-: MtlWl•F 
~· ... - • <" "' ·: ·~::;- -

• Caller-ID (Name/Nbr) 
1 

• Dislinctive Ringing 
• $425 ($199.95 kit 
avail) 

Digital Prod11cts 
1£Jcmrnim0lElrn 

134 Wlndstar Circle 
Folsom, CA 95630 USA 
Tel: 916-985-7219 

Fax: 916-965-6460 

' 

http://www.d ig italproductsco.com 

GPS Units 

Trimble Placer 400 $79.95 
6 Chan. & Magnet Mt. Ant. 

_Trimble SVeeSix $89.95 
6 Chan w/ Diff. & Mag. Mt. Ant. 

Rockwell MicroTracker LP $89.95 
5 Chan., Module w I Differential 

&Mag. Mt Ant 
ACE GPS Mag. Ml Antenna $54.95 

Call for Software Packages 

Communications Surplus 

713-526-8000or1-877-878-6GPS(477) 
lshaefer@flash.net Fax to 713-522~309 

Program PICs in Basic 
Complete kit to get started! 

115.95 

Includes: 
Compiler, Programmer, PIC, Cable & Batteries 

Electronic Products 
(248) 515-4264 Fax: (413) 825-0377 

www.elproducts.com 

1

PCBs • PER SQIN ~ I 
$100.00 SETUP 
WE SPECIALIZE IN SINGLE SIDED, 1 Z, PC75 

PCB ~ 
LAYOUT. 
PER COMPONENT PIN $100.00 MINIMUM 

ENGINEERING .. 
DIAGRAMS W' 
PER COMPONENT PIN $100.00 MINIMUM 

V&V MACH & EQUIP. INC 1HOUSTOrl TX OFFICE! 
PH (281) 397-8101 FAX (281) 397-6220 

MARKETING TECH S A 1r,tEXIC01PLAtHJ 
PH 011 (525) 361-3351 FAX 011(525)361-5996 

Re-Programmable· 
LCD 240 x 64 EL Backlit 
RS-232 Port 
1200 Baud Modem 
8051 Compatible Microcontroller 
192k Low Power Static Memory 
lnfared Transmitter 
Nicad Battery Pack 
QWERTY Keyboard 
FM SCA Data Receiver 

Junkware.com 
http://www.junkware.com 

New! 
Active Wire ™USB 

Simple USB Interface 

• Internet Browser Scrlpl·abie 
• 24 MHz CPU core with USB 
• Firmware downloadable via USB 
• 16 bll parallel 1/0 
• Expandable add-on boards 
• New firmware and scripts 

available from website 

$59 plus shipping 

ActiveWire, Inc. 
www.activewireinc.com 

ph(650) 493-8700 fx(650) 493-2200 

I 
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SBC2000-074 
• ir-RS--2-3-.2 j 

Voice: 303.422.8088 Fox: 303.422.9800 
www.sbc2000.com 

+•sta Teehnology,l!!s. 

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 

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 
Nordl American Kit DiltrlHtor 
49 McMichael St, Kingston, ON 

K7M 1 M8, CANADA 

Plans-Kits Unlimited 
PLANS KITS PARTS OVER 120 000 PLANS 

LASERS MASERS EMP TESLA 
RAIL & COIL GUNS JAMMERS 
ULTRASONICS HIGH VOLTAGE 
PLASMA & ION GUNS HERF 
MIND CONTROL NUa.EAR 

PHREAICING BIO-ELECTRONIC 

IF WE DON'T HAVE IT, WE 'LL GET IT.. 

http-J/www.plans-ldts.com 

FOR HIGH POWER CUTTING WUS. 1llM> X 3.,_ 
RAT ENDS, MATTE PINISHEQ. 51.W'LUS MIUTAft 
$12.00+ $1SM EA. CHt:CllS, CASI'\ MONEY 

PLANS-ICITS UNLIMITED: (SAS! FOR CATALOG) 
11139-D WEST VISTA WAY 41111, VISTA CA 92083 

2.4 GHz Wireless 
Transmitter & Receiver 

l89A 
@so:o~,~ 

'°"s 

2.4 GHz - 2.48 GHz User Selectable 
Over 700' Range and 4 Chi Auto-scan 

NTSC, PAL, Composite video BNI or Color 
2 Audio Inputs may be used for digttal data 

Customizations including battery packs 
and Special Frequencies 

Mateo Inc. 
(800)440--0299 or (800)719-9605 

www.mat-co.com 

This Could Be 

YOUR 
A 
Read by thousands of 
electronics consumers. 

For information, write or call: 
Nuts & Volts Magazine 

430 Princeland Ct., Corona, CA 91719 

(909) 371-8497 
FAX (909) 371-3052 

Aviation Components Corp. 
28 llultilg His Drive 
ludelberg, PA 19350 

We buy and sell: 
•Relays •Resistors 
•Switches • Circuit Breakers 
• RF Cor'IBonents • Semiconductors 
•All MIL- PEC • ICs 

Electro-Mechanical 
Devices 

Home Office (sales) 
610-255-3761 • FAX 610-255-3548 
Morrisville Office (purchasing) 

215-295-3507 •FAX 215-295-8633 
E-Mail: aviationcomp@earthlink.net 

For more info check out our website: 
htlp~Alome.earthlitk.netJ.aviationcom~ 

PHONE, FAX, WRITE 
OR E-MAIL WITH YOUR 

MAILING ADDRESS 
MUST MENTION 

OFFER "LAB 1 99• 

PRE.fOOCHED ENO PANa.5 
Al..SOAVAl.ABl..E 

9BOXSIZES 
25 PR£PUNCHEO 
END PANELS 

ALSO IN STOCK AT: 
JENSEN TOOLS: 800-436·1 HM 
MCM ELECTIK>NICS: 800-543.._.330 
TECH AMERtcA: 800-442·7271 

ALL Al.UMINUM CONSTRUCTION LOW COST 
OFFER GOOD ONLY IN THE 48 STATES. ENDS DECEMBER 20, 1999. lMT ONE 
REQUEST PER QJSTOMER. MAI.ED 1ST Q.ASS, IJJ.OW 1-2 WEEKS FOR DaNERY 

ORDERS 800-634-3457 • FAX 800-551-2749 
® OFRCE 702·565·3400 • FAX 702-565-4828 

www.sescom.co • info@seacom.com 
SESCOM, INC. 2100 WARD OR., HENDERSON, NV 89015 

~INC...J~-*..=:;,~=. 



-PROTOTYPE TO PRODUCTION* 
S/SIDED: 5-days, 10 Pcs. $275.00 
D/SIDED: 5-days, 5 Pcs. $300.00 
D/SIDED: 5-days, 10 Pcs. $350.00 
4-LAYERS: 5-days, 5 Pcs. $750.00 
4-LAYERS: 7-days, 10 Pcs. $850.00 
6-LAYERS: 5-days, 5 Pcs. $950.00 
6-LAYERS: 7-days, 10 Pcs. $1,175.00 
(Up to 30 sq. inch each, includes Tooling) 

*sERVICES* - UL Approved 
SMOBC, LP1 mask & Legend 

Photoplotting, Electrical Testing 
Thru hole/SMT, Gold/Nickel Plating 

Routing and Scored Panel, Instant Quotes 

PH: (888) 427-2920, Fax (847) 427-1949 
E-Mail: cir1920@aol.com 

LOWEST COST & FAST DELIVERY 

FREE 
SAMPLE COPY! 

TIQUE RADIO CLASSIFIED 
Antique Radio's Leading 

Monthly Magazine 
Articles - Classifieds - Ads for Parts & 
Services. Also: Ham Equip. - Books -
Telegraph - 40's, 50's & 60's Radios -
Early TV -Auction Reports & more ... 

1-Year: $39.49 ($57.95 by 1st Class) 
6-Month Trial - $19.95. Foreign - Write. 
~ A.R.C., P.O. Box 802-G23 • 
--.i Carllsle,MA01741 i 

Call: 978-371-0512 - Fax: 978-371-7129 
Web: www.antiqueradio.com 

ASSEMBLY & 
ENGINEERING 

Producible designs since 1970 
Contract Engineering 

Embedded Microprocessors 
PCB Layout and Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 
NO and DIA 

Contract Assembly 
High-Speed Fuji Surface Mount 
Through hole 
Tum-key or Kit 
Run sizes one through thousands 
Test and bum-in available 

Bllocon Corp. 
800-736-5927 
425-353-2276 

www.bilocon.com 

ASTROTOo· 
Surplus/Electronics Equipment 

Web Site: AstroToo.Com 
E-Mail: Astro@AstroToo.Com 

2854 Sarno Road 
Melbourne, FL 32935 

(407) 253-3371 
Fax: (407) 727-1546 

When visiting Central Florida, 
come see us! 
1-95, Exit 72 

VIDEO PRODUCTS 

CNL-100 BX-120-P SX-800 

$49 $59 $79 
• 430 TV Lines Resolution 
• 9-14 voe 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@mat-co.com 

Website - www.mat-co.com 

TOGGLE SWITCHES - A sizes an types 
Commercial Quality 

FULL SIZE TOGGLE SW. 1/2" DIA. 
TYPE MODEL RATING LEAD 
SPST 0125 6A/125V 6" wire 
SPST D128 4A/125V Solder 
DPDT 0126 SA/125V Solder 
DPDT D127 10A/125V Solder 

on-off-on SA/25-0V Screw 

PRICE 
100-1000 

.77 .67 

.57 .47 

.77 .67 
1.17 1.06 

MINIATURE TOGGLE SWITCHES 1/4" DIA. 
SPST 0131 6A/125V Solder .57 .47 
SPOT 0132 6A/125V Solder .61 .51 
SPOT 0129 6A/125V Solder .77 .67 

mom-off-mom 3A/250V Solder 
SPOT 0134 6A/125V Solder 

on-off-on 3A/250V Solder 
OPOT 0133 6A/125V Solder 
OPOT D135 6A/125V Solder 

on-off-on 3A/250V Solder 
OPOT D130 6A/125V Solder 

mom-off-mom 3A/250V Solder 

.77 .67 

.77 .67 

.92 .82 

.92 .82 

MOMENTARY PUSHBUTTON SWITCHES 1/4" DIA. 
SPST Nor Open OMl 3A/125V Solder .32 .27 
SPST Nor Close OM2 3A/125V Solder .32 .27 

ANY ORDERS LESS THAN 100, ADD 20( EACH 
LEDs Red, Yellow, Green - $12.00/100 $10.00/1,000 

DEMAR ELECTRONICS 
P.O . Box 7215, Algonquin, IL 60102 

Toll Fr-ee 877-655-6433 
Fax 847-854-4434 

Stereo Microscopes for 
Large PC boards 

9 in. arm for 
Large boards 
-!OX& 30X 
-Dust cover 
-Eye guards 

-5 year warranty 
ST 231P- $395.00 .... 

.f' jlittle@netwizards. 1:.l.l:t1-.. 
3580 Haven Ave. Redwood City. CA 94063 

650/367-8320 Fax 365-5845 

SOLAR ELECTRICITY 

All manner of photovoltaics and 
solar electronics available here. 

10&14 Hour Telephone 

Recorders startinga$69+$6.95 S/H 
llrnes based on a 180 tape 

14 Hotx $89+5/H 1:--:-~< IE 

Automati recording when the 
phone is picke up and stops when you hang 
up. Records both sides of the conversation! 

Printed catalog $3 (free with order) 

Visit our Online Catalog 
www.mscelectronics.com 

MSC Electronics 
~~PO~BOX 461Jessup,MD20<'-'79"=4,_,,=-' 
P! (301) 497-1600 

FAX (301) 497-1925 
No Cbec:b • US & Conada Ont 

CABLE BOXES 
CUT MANUFACTURING COST! 

WE ACCEPT SMALL ORDERS TOO. 

S·IE8MEW 
20GNG 

ALSO PCB, SMT, PROTOTYPES. ASSEMBLY. 
PLASTIC MOLDS, INJECTION MOLDING. 

USA Office: V&V Mach. & Equipmen~ Inc. 
Ph: (281) 397-8101, Fax: (281) 397-6220. 

Mexico Plant: Marileting Tech. 
Ph: 011(525)361-3351.Fax: 011(525)361-5996. 

CONTROL • MEASURE • INPUT 
MODEL 4o-$109 ·· 
• RS-232 Interface 
• 28 lines digital 1/0 
• Eight analog Inputs 
• PWMoutput 
• Three stepper ports 

MODEL 100-$279 
• 12-blt 100KHz AJO • Four analog outputs 
• :rtiree timer counters • 24 digital 1/0 

PRAIRIE DIGITAL, INC. 
920 SEVENTEENTH ST., INDUSTRIAL PARK 
PRAIRIE DU SAC, WI 53578 
TEL: (808) 643-8599 • FAX: (608) 643-6754 

softwarecloseouts.com 

DOS - Windows - Win95 
UNIX - MAC • Upgrades 
Secure on-line ordering 

softwarecloseouts.com 
Corel Office 7 $29 

Norton Anti-Virus 2 $5 
Windows WGP 3.11 $39 

Office 4.2upg $39 
Up to 85% off titles by Symantec/ 

EPS . 
EPROMS L~ 25c 
27C256 27C040 27C1024 87C51 
27C512 27C400 28F010 8751 
2732A 27C4096 28F020 8755 
27C32 574000 28F040 llC68HC70 
27C128 574200 8749H 5C8A 
27C64 27C402 8748H PIC16C56 
2716 27C020 8741 PIC16C54 
2708 27C210 8742 PIC16C622 
27C512-90 27C010 8744 GAL 16V8 

.. if.ii!+;OH IQ;ieli#'i#•i;i =~0 

HM628128 8255 D-RAMS 
62256 8254 SIMM 
6264 BOC31 

• Many more parts in stock 
•All major brands 
•All guaranteed 
E-Mall: eproms@aol.com 

TEL: (818) 774-9444 • FAX: (818) 774-0822 

WE BUY EXCESS INVENTORY . 

COVER1 CA1'1LOG2000 

• Electronic surveillance equipment 
• Covert video cameras and transmitters 
• Counter measures gear 
• Entry supplies 
• Electronic tracking systems 
• Computer surveillance and remote viewing 

Equipment, exacl addresses and ordering info 
from 15 countries!! 220 pages - $39.95 
113555 S El Camino Real, San Mateo, CA 94403 
Phone 650-513-5549 • fax 650-728-0525 or 
WYrw.intelligence.to (no "dot com') 

le~tctronic test &ritfgl 
' [test} 
i[measurpent] w 

·[rflmiaowave] 
·~~lind equipment) 

· {computers) 
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Heavy Duty Surge Suppressor 
Plug Strips, 6 outld, circuit breaker, 
Case of25 in individual boxes .. $50/case 

HP Power Supplies, HP6260B 
curnnt is 0-50A, ......................... $100 

UPS, 250va to 3 kva, fimdional and 
nonfimdional ....................... Please call 

Power Conditioners, Oneac, n..c, 
Tea!, Sola, various siz.es ....... Please call 

BMI, Dranetz, and RPM 
Power Quality Monitoo; .......... Please call 

www.powerqualityinc.com 

Serial Port Problems ? ? ? 
No heavy, aging serial protocol analyzer 
available 1 Use Serial to turn your PC into 
a test tool for asynchronous serial 
communications. Serial uses your PC 
serial ports to capture data, control and 
time stamps to give you what's needed to 
develop or de bug your serial 
communications. 
• Captureo Data & • Contextual Help 

Control line• • Block 11-anamit 
• Autobaud Detect • nigger Stringa 
• Milliaecond 1iming • Full Duplex 

Monitoring • Eiteruive Manual 

Serial with manual US$99.00 
Full Duplex monitor cable US$40.00 

Allison Technology Corporation 
2006 FmneyVallet Rd., Roaenberg, TX 77471 

800-980-9806 or 281-239-8500, Fu: 281-239-8006 

http://www.atcweb.com atc@accesscomm.net 

TV 85 PJ & TV 86 
CABLE CONVERTERS 

VOLUME & 
NON-VOLUME CONTROL 

SALES/SERVICE 
VOICE 1-800-473-0506 

FAX 1-800-488-0525 

FOSS 
WAREHOUSE 

DISTRIBUTORS 
285 Schenck St. 

N. Tonawanda, NY 14120 
www.fossw.com 

Continued from page 1 O 

REQUESTED 

S •TIC I• I~ •TS 
S~I .... JE 

"I ,000,000 WA.LL 
TRA..NSF<>RMERS 

~ 
3VDC/100MA •••• CX099 ····$0.75 
6VDC/100MA •••• CS039 ····$1.45 
9VDC/100MA •••• CR314 ····$1.45 
12VDC/200MA •••• CS033 •••• $0.99 
13.5VAC/400MA·· CR574 •••• $1.29 
24VDC/500MA •••• CR174 •••• $3.40 

Min 1000/type - Call for other types 

CALL ADVANTECH LABTOOL 599 EETOOLS SIMMAX 
629 ICE TECH MICROLV· 795 CHROMA SIMM/SIP 
650 EETOOLS ALLMAX + 359 MOD-MCT-EMUPA/R 
409 EETOOLS MEGAMAX 279 MOD-MCT-EMUP/R 
509 EETOOLS MEGAMAX4 49 EPROM l G TO 5 l 2K 
369 XELTEK SUPERPRO II 69 EPROM l G TO l MEG 
409 XELTEK SUPERPRO 11 P W EPROM 4G TO l MEG 
249 XELTEX SUPERPRO L 199 EPROM l 6G TO l MEG 
165 XELTEK ROMMASTER II 89 EPROM l G TO 8MEG 
479 MOD-MCT-EMUPA 129 EPROM 4G TO 8MEG 
739 STAG OR81T-32 250 EPROM 8G TO 8MEG 

S1JllI•LUS 'l1llJU)EllS -ttii...., 
PO Box 276, •• 

Alburg VT 05440 
Tel: (01) S14--739-9328 
Fax: (01) 514-345-8303 

• ht~//www.73 .com/w 

JUNE SPECIAL SAVE $10.00 
HIELDED LOOP RECEIVER 

30M, 40M KITS W/ ANTENNA. 
VERY SENSITIVE. HAS HIGH 
IMMUNITY TO QRN & LOCAL 
AM BROADCAST .. $92.50 PP 

-1Vi4vPULSE m.-iiiiiir TESTER 
(LEAD ACID). ATTACH THE BATTERY & 
PUSH THE BUTTON TO DETERMINE IF THE 
BATTERY NEEDS RECHARGING. A MUST 
FOR THE GLIDDER SET, BOATERS, ETC. 
BASIC KIT ............................... .... $ 55.50 PP 

".!~~~~~~~~~~~~~~~~~~ 
MARCONI ANTENNA 700W 50 0 

THE BEST "LJTTL.Ew LOW BAND ANTENNA 
SOM: 67' OVERALL ..... . .. $47.45 P 
160M: 130' OVERALL. . ...... $54.45 P 

CODE PRACTICE OSCILLATOR. .• $23.45 PP 
SEND FOR FREE CATALOG 

1-800 JADE PRO (523-3776) 
www.jadeprod.com/ 

email: jadepro@ladeprod.com 
JADE PRODUCTS E. HAMPSTEAD NH 03826-0368 

CUSTOM PlASTIC PARTS 
e MOOELS (WOOD AND 

RESIN). 10 EVALUATE 
YOUR PARTS BEFORE 
CONMITING TO 
MANUFACTURE A MOLD. 

e MOLD DESIGN AND 
BUILDING. 

• 
e PROOUCTION OF 

INJECTION MOLDED 
PARTS. NO ORDER 
TO SMALL OR TO 
BIG. 

e VERY COMPETITIVE 
ON HIGH LABOR 
PARTS. 

We a lso have manual low pressure machines for 
injection molding of very small runs or prototypes of 
parts up to 2 oz. Ala surprisingly low price. 
USA. Office: V&V Mach. And Equip. Inc. 
Tel . (218) 397-8101 , Fu.(281) 397-8220. 
Please send blue prinls or samples to· 
M1rketing Tech. S.A.•Alamo 93, 4.Piso•Sla. Monica, 
Tlal.• Eco. De Mexico 54040•Tel. 011 (525) 36" --3351 . 
Fex. 011 (525)361-5996. AT'"'N VICTORM. MCNOOZA 
e-mail. marktech@1nfosel net.mx 

Want to know whyT 
Vielt us at http://www.worldwyde.com 

•Find out how "Te•t" Devlcea work 
• Installation of "Te•t •Devices 
• De•crambllns Method• Explained 
• Detailed Construction of "Teet• Devices 

Include• pllln• and aource code 
Complete source code .............. 179.H 
Code for lndlvldual box ...... _. •• $29.95 

DSS SECRETS - Vol. 2 
Irurtructlona on programming DSS &...

card& Thia la the moat current information 
on the market! Includes 110ftware, pllUUI, and 
hardware llOUl'C8& Book A CD-ROM. 
Get this before they ee1UOr it toolll 
DSS Secrets Vol. 2 ........ $49.95 
\/~.\. \/,, ... ,,,, ,,,,, . ,,,,,,,,,,,,f,111, ...... 
To order. call Worldwyde 1 -800- 77 3-6698 
21365 R andall Sln•t_•l •Farmington Hill s, Ml 48336 

Visit us on the web at www.worldwyde.com 

PnP BWE °' PnP WET 
For Hlcti Precision Easy Hobby 

Professional PCS layouts Quollb,I PCB's 
1. lo .. rPrlnt 1. LaserPrlnt 
2. Iron-On 2. Iron-On 
3. P-l·Off 3. Soak-Oii w/ Watar 
4. Etch 4. Etch 

Adds on Extro Loyer of Transfers loser Printer 
Aeslst for Super fine or Copier Toner os 
lines on Std Clod Bds Aeslst to Std Ood Bds 

20ShS30/40ShSS0/1OOShS100 Blue/Wet (No Mix) 
Semple Pock 5 Shts Blue + S Shts Wet $20 
VISA/MC/PO/CK/MO $4 S&H - 2nd Doy Moll 

Techniks Inc. P.O. Box 463 Rln901s NJ 08551 
<908)788-8249 . 

100% Money eodc Guaronteel-0.oler Inquiries Invited 

Electronics Kits connect directly 
to your stamp or microprocessor 

MicroC!ock II ki! <assemb!edl RID7 ki1 <assembled! 
AReal Time Clock with backup A.Relative Humidi!y & 

keeps accurate time and date Temperature Sensor 
•$24.95+ ship/handling •$64.95+ ship/handling 

Visit our Wtboagt for mort! Set 
the JlT6 Digital lnc/inomtter /cit! 

.6_ Technology Electronics, Ud. 

Phone: 937438-4683 Fax: 937-438-5934 
www.technologyklt.rom kits@technologykit.rom 

Build Your 
Elect:ronics 

Library 
At A Price You 

Can Afford! 
Check out the 

HOT DEALS at the 
Nuts & Volts Bookstore!! 

(See ad page 48.) 

As a paid subscriber, you'll 
get 10% off the listed price!! 

COMMUNICATIONS CONVERTER 
• FULL SCHEMATIC AND DOCUMENTATION 
• FULL FAMILY OF MODULAR DESIGNS 
• RM85/RS422 REMOTE 1/0 MODULE KITS 
• NETWORK SOFTWARE AND SOURCE CODE 
• AUTOMATIC OR RTS UNITS AVAILABLE 
• RJ·11112 CONNECTORS OR TERMINAL STRIP 
• TURN YOUR PC INTO A DISTRIBUTED DATA 

ACQUISITION AND CONTROL SYSTEM 

HIGH "TEC" REFRIGERATOR 
SOURCES FOR THE TEC DEVICE 

All Electronics, 1-800-826-5432, FAX a18-
7al-2653. E-Mail: allcorp@allcorp.com, Web: 
http:/ /www.allcorp.com. Fall 1996 catalog 596 
shows two 127-couple devices. One is 1.18" 
square for $17 .00. The other is 1.57" square for 
$26.00. No minimum order. Takes charge cards. 

http:/ /www.gatewayelex.com. Web site shows 
127-couple modules, documentation included. 
Small module $20.00 (approximately 1.17" x 
1.17'' x .12"). Large module $29.50 (approxi
mately 1.56" x 1.56" x .15"). 

After receiving several inquiries about 
where author Kenton Chun purchased his TEC 
device from for the August '99 article, we 
asked Kenton to put together a list of sources. 

Dear Nuts & Volts: 
Here are some surplus dealers known to 

carry Peltier modules. If you need one or two 
modules to experiment with - these outfits may 
be easier to buy them from than from the manu
facturers. But don't be surprised if you can buy 
new modules from a manufacturer for the same 
or even lower prices than from the surplus outfits. 
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Alltronlcs, 408-943-9773, FAX 408-943-
9776. E-Mail: ejohnson@alltronics.com, Web: 
http:/ /www.alltronics.com. Catalog 961 shows a 
1.1875" square unit for $24.95 and a 1.56" unit 
for $34.95. Specs are not listed. 

American Science & Surplus, Skokie, IL; 
847-982-0870, FAX 1-800-934-0722. Catalog 100 
dated 1/97 shows two units, 3-12VDC, #22627 
1.17'' sq. x 0.12" thick $25.00, #89143 1.56" sq. 
x 0.15" thick $35.00. 

Gateway Electronics, 8123 Page Blvd., St 
Louis, MO 63130; 1-800-669-5810, 314-427-6116, 
FAX 314-427-3147 (10/97). Web: 

Javanco, Nashville, TN; 615-244 4444, FAX 
615-244-4446. E-Mail: javanco@javanco.com. 
Web: http://www.javanco.com. Web site catalog 
lists a 71-couple unit, av, 3.4A, 59C Temp differ
ential, 18W, for $16.95. 

Marlin P. Jones, Lake Park, FL; 1-800-652-
6733. Web: http://www.mpja.com. Catalog 1996 
shows a 71-couple, av, 3.4A unit for $16.95. 

Shreve Systems, 1200 Marshall St., 
Shreveport, LA 71101. 1-800-227-3971, Fax 318-
424-9771. Web: www.shrevesystems.com. 1-
3/16" x 1-3/16", $10.00 each or three for $25.00. 

Kenton Chun 

Continued on page 83 



W
hether you play 
with robots, model 
planes, or boats, 
there are motors 
inside which supply 

the muscles and habits that make 
them go. Choosing the right motor 
for your project, though, can be a 
daunting experience. Motors that 
provide locomotion aren't the same 
as those that move robotic arms or 
pilot a plane. 

Basically, controller motors come 
in three flavors: servos, steppers, and 
encoders. 

Last month, I did an in-depth 
study of servos. In that article, you 
discovered that servos are actuators 
- motors that move robotic elbows 
and grippers - whereas stepper 

electromagnet, where it stops. By 
properly sequencing the polarity of 
the electromagnets, we can make 
the rotor spin - one step at a time. 
Hence the name, stepper motor. The 
speed at which this sequencing takes 
place controls the speed of the rotor. 
The stepper motor type - bipolar or 
unipolar - is determined by the way 
the coils are w ired together. 

Before the advent of high-power 
ICs, the unipolar stepper motor 
almost exclusively dominated the 
stepper motor market because of its 
simpler controller electronics. Today, 
that scenario has changed, and bipo
lar stepper motors are all the rage for 
several reasons. That's not to say 
that unipolar steppers are out of the 
running, because they're not. They 

are every bit as popular as ever. But 
bipolar motors have several advan
tages over unipolar, and are gaining 
ground. Table 1 shows how they 
compare. 

Bipolar Stepper Motors 

Bipolar stepper motors are so 
named because of the .way the elec
tromagnetic stator polarities are 
sequenced. The stators are wired 
according to Figure 2, where coils A 
and B are in series, and coils C and D 
are in series. 

Basically, there are three ways to 
spin the rotor: One-Phase-On (full
wave), two phase, and half step. All 
three modes use the wiring configu
ration shown in Figure 2. 

Which one works 
best in your 
robotic or R/ C 
project? Here's 
everything you 
need to know. 
This month: 
Bipolar stepper 
motors. 

Full-Wave Step 

In the One-Ph_ase-On (full-wave) 

Servos, Steppers, and Optical 
byTJByers Encoders Part 2 

motors are free-spinning, like car 
engines. This month, we look at 
bipolar stepper motors - the movers 
and shakers of robotics and R/C. 

Stepper Motors 

Stepper motors are often used in 
robotics and R/C models to provide 
locomotion for the device. Stepper 
motors are preferred over standard 
hobby motors because they can be 
precisely controlled. The speed and 
torque of a hobby motor is directly 
proportional to the applied voltage -
the higher the voltage, the faster it 
spins and the more power it can 
deliver. 

Stepper motors, on the other 
hand, are digitally controlled. The 
speed and power is proportional to a 
digital input code. Stepper motors 
are used in applications where pre
cise torque and motor speed control 
are required, as in: 

• Robotics locomotion 
• R/C aircraft/boat propeller 

speed 
• X/Y positioning 
• Tool feed for lathe and milling 

machines 
• Disk drives 

There are two basic types of 
stepper motors: permanent magnet 
and variable reluctance. Permanent 
magnet motors are further divided 
into bipolar and unipolar types. Both 
permanent-magnet motor types con
sist of a rotating magnet, attached 
to a rotor shaft, surrounded by a cir
cle of stator coils (Figure 1 ). 

When a coil is energized by run
ning current through it, it creates an 
electromagnet in that particular sta
tor pole. This causes the permanent 
magnet to spin and align with the 

Figure 2. 
In bipolar 
stepper 

motors, the 
stators are 
wired so 
that coils 01-~----''" 
Aand B 

are in series, 
and coils 

C and Dare 
in series. 

B 

Figure 1. 
Permanent

magnet stepper 
motors consist 
of a rotating 

magnet 
surrounded by 

a circle of 
stator coils. 

mode, current initially flows through 
coils A and B, which are wound in 
such a way that the top stator is 
polarized south and the bottom sta
tor is polarized north. The rotor mag
net aligns itself with the south pole 
up and the north pole down {Figure 
3). Coils C and D are disconnected -
or off. This is Phase 1. 

In the next phase (Phase 2), A 
and B are turned off, and C and D 
are energized to create a north pole 
on the right and a south pole on the 
left, causing the rotor magnet to 
rotate clockwise by 90 degrees. 

Phase 3: C and Dare turned off, 
and voltage is applied to the A and B 
coils - in the opposite polarity of 
Phase 1. This forces the magnet to 
rotate another 90 degrees clockwise. 
Notice that the rotor magnet is now 
facing the opposite direction of 
Phase 1 . The next, and final step 
(Phase 4), is to disconnect A and B, 
and energize C and D with an oppo
site voltage . The sequence then 
repeats itself with Phase 1 . 

Two-Phase Step 

In the Two-Phase mode (some
times called the Normal mode), both 
the AB and CD coils are energized at 
the same time. While the number of 
steps are the same as for one-phase
on - four per rotation - the angle of 

C the rotor magnet is at the corners of 
the compass rather than the up
down orientation outlined above. 
This mode produces the highest 
torque - obviously, because you 
have twice the current flowing 
through the motor. The sequence is 
as follows (Figure 4). 

Positive voltage is applied to 
both the AB and CD coils, which 
polarizes both of their upper-right 
stators north. Without a clear loca-
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AST GLOBAL ELECTRONICS 
24529 STATE HWY. 408, CAMBRIDGE SPRINGS, PA 16403 
VOICE 814-398-8080 • 1-888-216-7159 • FAX 814-398-1176 

VIEW COMPLETE LISTING AT: 
http://www.astglobal.com 

EIP 545, Microwave Comler 18GHz .. ..... . .......••...••. $500 
EIP 931, MCrowave Soolce, .OHBGHz, ~ 9320 ....... . .. $4,500 
FlJke 845AB, Nl.t Oelecmo'Mi:ro \lllmeter 1uV·1000VDC . . .. . . $375 
Fl.Ike :mia. Cons1MI CunentMilage Calbrak>r . ...... . .... $325 
Fl.Ike 51000, MulMctioo Calbrak>r, ~ o:ws .. .. .. .... .. $2,800 
F'*8 51000, Mt.tlln:tioo Calbrak>r ... ...• ••....•.•. .. •. $2,700 
FlJke 5200A, Progr<mmlile AC Calb3*lr . . .... . ......... $1,000 
Fklke 5215A, PrecEiin Power~ . ....•.... . ....... . .. .. S800 
Fklke &l'IOA, &jnlhesized RF $96 Generata 

200<Hz-53Miz ................... ..... ... ... .... $1,400 
Fl.Ike~ OMM 4-1f.! Oigil ~ety Paclc ...... ......... $145 
FlJke 8l9lA, OMM + 1f.! Digil wlo Baneiy Paclc ... ........... S145 
F'*8 8520A, DMM 5-1f.! Digit .... ..... . ......... . ....... $275 
Fl.Ike !Kl10A, Mi:ro ~em TrW>leshoofer . •• •. ••••• . •••••• $375 
General Radio 1658, DigilrOJe .................. . ...... . $475 
Gigalrmi:s 6061A, $yl1llesized S9lal Generaor 

10KHz· 10&lMHz .. .. ... .. ... . ............ . ......... $2200 
HP 141T, SpedlllllAnalyzef Mailfrane . .. ......... . ...... . $475 
HP 141T, Spedllll1Analyzefw/8552M55.l8, 1KHz·110MHz . . $1,000 
HP 141T, Spedllll1"'81fz8lw/8552!W55:l8, 1KHz·110MHz . . $1,200 
HP 141T, Spedllll1 AnaJyzer w/8552B.4l556A, 20Hz~ ... $1,100 
HP 141T, Spedllll1 Malyz8f wl8552B/8554B, 1KHz·1.2GHz . . . $1,700 
HP 141 T, Spedllll1 Melfz8l wl85529/8555A, 10MHz· 1 BGHz .. $1,900 
HP 214A, Nse Generalor, .Q!V.100V ........... .. . ....... $200 
HP 334A, Dmtiln Analyzer ....... .. ......... ... ... .. .. $275 
HP 339A, omtiln Analyzer w/low Dmtiln OscilaD .... .. . $850 
HP 41'.XJ:L,AC "'*11efer, 10Hz·10MHz . .... . .... . ...... .. .. $150 
HP mt. RMS Yoll'neter, 2Qiz-4MH!, 100uV-3X>V ....•.•••• S175 

TURN IDLE TEST EQUIPMENT 
-INTOCASH-

CALL OR FAX FOR QUOTATION 

HP 415f. SWR Mel« . ..... .. ... .... . ..... .... . . . .. .... $100 
HP 432A, Power Meter ~78 •. OH8GHz Senscw .•••... $350 
HP 436A, Power Meler w/IM81 H Senscw/Cable . •• .. .••• . ..• $1,200 
HP 436A, Power Meler, oi-. ~ w/M81H 

Serl9ooCable .................... ........... .. .... $1,400 
HP 6518, Test Oscb>r, 10Hz· 10MHz ..................... $125 
HP 8528, Test Oscb>r, 10Hz· 10MHz . .................... $125 
HP 654A, Oscilalor, 10Hz· 10MHz. 90d! Altenuamr •••••••.••• $195 
HP 11ml, l.ogic Analyz1nlpods ........................ $550 
HP 16.m, l.ogic Anayzer wlpocB ....... ................ . $650 
HP 3312A, Fllldion Generalor, .1Hz· 13MHz .... .. . . ....... . $490 
HP 3314A, Fllldion Generalor, ~ 001 ......... . ...... . . $1,500 
HP 3325A, Progr<mmlile Frequency Synhesizef 1Hz-32MHz .. $850 
HP 33:IJB, AuDrelk: Synhesizef, 20iz· 13MHz ..... .... .... $295 
HP 3400A, True RMS \lllmeter, 10Hz·10MHz. 1mV-3X>V . . ... . $125 
HP 3406A, RF va.neter, roJv.:JV, 1.2GHz. ••••.• •••..•••••• $200 
HP 3455A, DMM 5-1f.! Digil .......•..•......... . ........ $250 
HP 3456A, DMM & 1f.! Digil . . ... . . ... ....... . . . •........ $525 
HP3488A, DMM4-1f.!Digil,A00aaery,5 FlllCtion ..... .... . . S175 
HP 3488A, Swich Corlrol ......... ............. . ....... . $450 
HP 3551A, Pol1llble TIMSl1lissiln Test Set .. .. . .. .....• . .. •. $550 
HP 3575A, Di{;tal Piasa Gail Meter 1Hz·13MHz ............. $500 
HP 361K1A, Spedllll1Anayzer, SHz.fAll<Hz, LED Rem.c . . .... $850 
HP 36IKIA, Spectl\ll1Anayzer, 5Hz'500<Hz, Mechri:al ..... .. $500 
HP 3582A, Spectl\ll1 Anayzer, .02-25.SKHz .•.•..••.•••••• $1,800 
HP 3585A, Spectl\ll1 Anayzer, 2Qiz-«Miz . ... .. . .... .... $3,900 
HP 37028, IFAlll Receiver lW'3705 Oil. Plase Oelectlf •••• . ..• $475 
HP 3770A, ~ IJislor1iln AnaJyzer ........... . .. $300 
HP 377911, Pm&y MPX N8yzer ................. . ...... $500 
HP 37818, Pallem Generata ... . ... .. ................ . .. $250 
HP '4275A, LCZ Meter .......... . ..................... $2,400 
HP 5.114A, Cotlter, 100MHz, oi-. 002. wi\tnJal, Ni:e! •... ••• $175 
HP 5.114A, Cotlter, 10MHz, ~ 001 (1cxo), Ni:e! ... ......... $175 
HP 5.1158, Cotlter, 100MHz, ~ 001, wr\l;nJal, Nee! .. •.••• $275 

· HP 5.1158, Cotner, 1GHz, ~ 001AXXI, wMir1ual ..•.... . ... $425 
HP 5.116A, Cotner, 100MHz, HPIB •••••..•••••• .•. ••.• .•. $350 
HP 5328A, Cotner, 100l.fiz ~ 021 ~ .•• •••••••.••• $200 
HP 5.12llA, Cotner, 500MHz .. . ........................ · $250 
HP 5334A, Cotner, 100MHz, oi-. 010 <Nen .... ....... ..... $500 
HP~ Cotner, 18GHz (nixie) •. . ••• . ••• .•••• ••••••••• $800 
HP 5345A, Cotner, 500MHz .......................... · · $450 
HP 5345A, Cotner, 500MHz, HP~B ..... . ..... . ......•••.. $650 
HP 541110, <'Alb' Scope, 5(XNHz, Logic Triggerilg, 

(1GIGASAMPL£1SEC) [)91izilg ••...••••.••.•.•••. .. .. $2,800 
HP 54600A, Scope, 100MHz, Digilal Slaage wF.N.5'/A ...•. . • $1,400 
HP 6101A, Power~. C>-2CN Cl 1A . . •••. . •.. . •• . .. •••.. S125 
HP 6104A, Power~. 0-20, 20-40V Cl 2A, 1A .....• •. ••.. $150 
HP 6112A, Power ~ .lf:JV Cl .5A (metered) ..... . •. ••. ... $150 
HP 6116A. Power~. 0-100V Cl 200MA ................. $150 
HP 62028, Power~. fiN Cl .75A (metered) ••. ....... .. . $150 
HP 62038, Power~. 7 51/ Cl 3A (metered) .. ... ........ . $150 
HP 62058, Power~ (Wal~ ()..l()V Cl .3A, 0-20V 

Cl BA (metered) .................................... . $175 
HP 62068, Power~ IHifl Cl 1A (metered) . . .•••..••••. $200 
HP 6212A, Power~. CVite, 0-100V Cl 1!n!A .......... $125 
HP6213A, PowerSIWf, CVKl, 0-10V Cl 1A . .... ...... ..... $75 
HP 6217A, Power~. CVKl, ~Cl 200MA .. . ........ $100 
HP 6218A. Power~ CV/CC,~ Cl 200MA ........... $125 
HP 62278, Dual Trad<ilg PS 0-25V Cl 2A .•.••.•••.••.••••• $375 
HP 62608, Power SuwJy, 10V Cl 100A (metered). ... ..... .... $300 
HP 62648, Power SuwJy, 0-2!N Cl 20A ••• . •••••••• . .••.••. $225 
HP 62658, Power~. fiN Cl 3A (metered) ... ... .... .... $200 
HP 6266A, Power SlWf, fiN Cl BA (metered) ..... .... ..... $200 
HP 62668, Power SlWf, ().4()V Cl SA ••• .• .• •. . •••••. . ••• . $275 
HP 62B9A, Power~. o-ttN Cl 1.5A (metered) .. ......... $175 

.... 

IF WE DON'T CARRY rr ... WE'LL FIND rr 
QUICKLY ... AT REASONABLE PRICES. 

HP 6294A. Power~. IHifl Cl 1A (metered) 
New ii box whrsu.ial .. .. .... . ............•.....•..... $275 

tf>8011 A, Pulse Generaor, .1Hz·20MHz ............ . ...... $175 
tf> 80138, Pt.ise Generator, 1Hz·50MHz . ..........• . .. . ... $275 
tf> 8015A, Pt.ise Generator, .1Hz-50MHz '¥N .... . .. . ....... $400 
HP 8091A, Rate Generaor (1GHz) w!PIY:r2A Delay Generator 

(1GHz) Y118093A ~ ~ w/15.lf:J1A & 15400A ...... .. . $1,000 
HP 8100'.. Proprmable Nse Generator, SOMHz, oi-. 001 .. . $850 
HP 8100'.. Proprmable Nse Generator, 50MHz, 

oi-. 001.020 •..•.. . . ............ ... .... . .... .. .• . . $1,000 
HP 8165A, Proprmable Sig Sowce, 1miliHz·SOMHz . . ...• . . $950 
HP 8443A, Tractcilg Generator, 1KHz·110MHz .... .. ... . ..... $275 
HP 114458, km Preselector, 1.8-18GHz . . .... .. . ....... ... . $275 
HP 84458, km Preselector, 1.8-18GHz oi-. 002AXXI ........ . $375 
HP 8601A, Sweeper Generator, • H10MHz ....... . .. . . .... .. $400 
HP 8614A, 5ql8I Genelllor, 80o-2.lf:JOMHz, AIMM Lewled .... $300 
HP 8616A, $96 Generator UHF, 1.8-l.5GHz, +10-126dB, 

AM/FM ........ . .... . . .. ... . ... . .. . ....... . . .... ... $300 
HP 8620C, Flll118 lll'B62228 Sweeper .01·2.4GHz . . . •.•. .• . $1,150 
HP 862420, RF~. 5.9-9.0GHz .................•... . . $225 
HP 86400, S9laJ Gelwaor, .5-1050MHz, ~ ()02.()()1 or 003. $1,800 
HP 86400, Slg1al <lenenb, .5-512MHz, oi- 001 or 003 .. ..... $700 
HP 8656A, S)nflesized Slg1al Generator, 1 OOKHz-990MHz ••• $1,400 
HP 8743A, Reftectiorl Test Set, 2·12.4GHz ......•...... . .... $200 
HPB!Kl1A, MoOJlalilnAnalyzer~ 010 . . .. ... . ...... . .... $875 
HP 5!003A, DIA Corwerter •. .... . . . . •. ..•.••....•••..•. . $125 
KepooATE15-50M, Power SlWf, 0-15V Cl 50A 

(metered) . .... ......... . ... . .... . ... . .. ... .. ... .... $500 
Kspco JQE 36-15MVPT, Power~. O-J6 Cl 15A (metered) .• $275 
Kepoo JQE 36-3MVPT, Power~. O-J6 Cl 3A (metered) . . ... $175 
Knmliie 3202R, Dual Olmet Tllllille Filer, 20iz·2MHz. 
~ P<B, LDw Pa.ls Bini Reject . . ....... . .. . ... .. .. ... $200 

Naliorlal lnstn.mer'ls GPIB-100A, Bus Ex1erder . ...... ... . ... $175 
PG508A, Caibraliln Generaor ~ . ... .. . . ... .. •.. .. ... $500 
PowerOesigls 2K·10 HV PS 1·2000VCl10MA ....... . . .. .. .. $.'175 
Racal Dana 1991, Coultertrmer, 2 Olmet ... ... . . .• ... .... $275 
Racal Dana 1992. Comlerlr11181, 1GHz ••...••••••. . ..••..• $375 
RockBld 1022F, Dual Hi.to Filer . •••••.• . .••• •. •..•••••• $125 
fb:kB1d 5100. 5)tlllesizei, OC-2MHz, .001 Hz 

ResokAiln .. . .. ... . ... . ... . ... . ... . .. . ..... . ....... $325 
Sencol8 CM2000, Con'!>uter Analyzer ... . . .. ..• .. Sl'ECW. $1,400 
Sencol8 LC102. CapacbllrdJclor Analyzer .. .. .. ..... . .. .. $850 
Sencol8 SC61, Scope (100MHz) wiNew l'IOOes, Dual Trace ...• $750 
Sencol8 SC61, Scope (100MHz) wlo Probes, Dual Trace . . ..... $400 
Sencol8 TVA92, TV Video Analyzer . . ••.• . •.•••••.••..••. $1,100 
Sencol8 VG91, Lnversa Video Generaor .. . .. ..•.. . . ... .. $1,200 
Sornon ~Power~. 1'111 Cl 5A 

(metered) .. . .. ....... . .. ...... .. .. .. .... . ..... .... . $375 
Tek 7514, Pklg-ti Sar!>lilg PkJg-il. OC-1GHz . .• . ...• . .••. . . $425 
TekAM501, ~Op~ . .. . . ... .... .... . .... .. .. .... $175 
TekAM502, ~ DilerMtial~ ... .. ..... .. ... . . . ... . . $225 
Tek DC503, ~ Comter lilM!ISal. 100MHz .... .. .. ..... $150 
Tek DC509, PkJg-il Collller, 135MHz, UNUSED .. •.. . •....•.. $375 
Tek OM502, ~ DMM ...... . ... . ............. . ...... $125 
Tek OM502A, ~ OMM •••••.•••••• . .•••••.. . ••••••• • $125 
Tek DM502, ~ OMM, 4-1f.! D9t .. .... ... ..... ..... ... $150 
Tek FG!i04, Pklg-il Fllldion Generator, .001..lf:JMHz .. ..•• •. •. $375 
Tek PG501 , ~ Pt.ise Generator, 5Hz-SOMHz .•• . .•••• . ••• $175 
Tek PSSOH PkJo-il Power~ . .. ............. .. ..... $150 
Tek PS503A, ~Power~ T,._ ...•••.••...•••••• : $175 
Tek OIG-602, Pklg-ti O!ti:al ln"j>Ljse Generator (tnJSed) ...... $500 
Tek T922, Scope (15MHz~ Dual Trace, ni:e ..• .. •. . .•••. . .•. $175 
Tek TM503. Power MoOJte, 3 Slot .... . ...... . ....... . . . ... $125 
Tek TM504, Power MoOJte, 4 Slot ........... . .... . ... .. .. . $150 
Tek TM506, Power MoWle, 6 Slot ........................ $200 
Tek TRS(XI, ~ Tra:kilg Generaor, 100KHz·1.8GHz ••••.•• $575 
Tek 2213, Scope (60MHz), Dual Trace ••••• . . ......•....... $375 
Tek 2215, Scope (6Mlz) Dual Trace .... . .. . ... . . . ... . .. . . $450 
Tek ml, Scope (100MHz) Digital Slorage ...... .. Sl'ECW. S1,&00 
Tek 2235, Scope (100MHz) Dual Tia .. . ...... .. ........ . . $650 
Tek 2236, Scope (100MHz) w/CollltertrmeutlMM ..•.•....... $650 
Tek 2246, Scope (100MHz) 4-0avlel Clrsor FKl .. . Sl'ECW. $1,200 
Tek 2247A, Scope (100MHz) Dual Trace w/ 

Cotnerll'merMlmeter ................. .. . SPECW. $1,400 
Tek 2336, Soope (100MHz) Dual Tia .. .......... Sl'ECW. $525 
Tek·2445, Soope (1 50MHz), 4-0miel CulSOI ReaOOut . ••• .•• $1,100 
Tek2445A, Soope {100Mllz), 4-0lavlel Qnor ReacW . .. .. $1,400 
Tek 2465, Scope (:mMHz), 4-0llmel CulSOI ReaOOut ••• . ••• $1,400 
Tek 453, Soope (60MHz~ Dual Tia ••••• . ..• . •• •.. .. ...• . $175 
Tek 465, Scope (10<».IHz), Dual Trace .. . .. •. . ... . •. ....... $425 
Tek 4&511, Scope (100MHz~ Dual Trace ••••..•.•••.. ••. . ••. $475 
Tek 466, Scope (10<».IHz Silrage~ Dual Trace ... .....•. ... .. $575 
Tek 475, Scope (200MHz), Dual Trace .•••.•..••.•• . •• .. ... $475 
Tek 475A. Soope (250MHz), Dual Trace ..... .......• •.. . ... $625 
Tek 485, Soope (350MHz), Dual Trace ..........••..•...... $700 
Tek 520A, NTSC Vectorscqie •. •••. . •••• . .•.••••.•• . . •••• $400 
Tek 571i, Curve Tracer ..... .. . ....... . .... . ...... .... . $1,900 
Tait 7104, Scope (1GHz~ Dual Trace .... .. . ....• . ....•••• $1,200 
Tek 7104, Soope (1 GHz) wfTA2.9, 7A29, 7810 & 7815 ..••.••• $2,200 
Tek 7844, Scope (ooaJ bea'n) wfTA24, 7A26, 7880 & 7887 . .... $750 
Tek 7004, Scope wfTA24, 7A2B, 7880 & 7885 .••. ..•• .. .•.• . $750 
Tek 7!Kl4A, Soope wfTA24, 7A2fi, 7B80 & 7885 ••...••.•.•••. $825 
Tek 7004A, Soope (SOOMHz) Flll118 •.••• . ..••.••.• .• .••.•• $425 
Valialla 272'1A. Progan. Res. Stllldald w/Malual ......... . $1,800 
Wavetelt 145, Pulse/Fllldion G~.IXXl1 ·20MHz ......... $300 
l'laYetek 157, f'rogl¥rrnabte Waveform Synhesizef ........... $425 
Wavetek 1655, CATV Sweep1Tlll1Slllitter . ............. . ••.. $750 
Wavetek 2B8, Syntlesized FlllCtion Genera10r, 20iz·20MHz 

(tnJSed) .... . ....... .. . .. .. ......... .............. saoo 
Wavetek 442, Dual HUL.o Filer, 1Hz·10KHz ................. $400 

• 60-DAY WARRANTY 
• 10-DAY RIGHT OF RETURN 
• SATISFACTION GUARANTEED 
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Figure 3. Full-Wave bipolar stepper motors work by reversing the 
polarity of the drive voltage across alternate stator coils. 
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Figure 4. Two-Step bipolar stepper motors _work by revers!ng the 
polarity of the drive voltage across ad1acent stator coils. 

Table 1. Stepper Motor Comparison 

Variable 
liJmlic Uoiggl1c Bll11mo&1 
Speed 
5 5 10 
Torque 
10 5 4 
Controller complexity 
5 10 10 
Position stability 
10 10 3 
Price 
7 5 10 
Total 
37 35 37 

The numbers are on a scale of 1 to 10, 
with 10 being best. For example, the 
bipolar (10) stepper has twice the torque 
of a unipolar (5) stepper motor. 

tion to lock onto, the rotor magnet 
seeks out a middle ground, which is 
halfway between the poles. This is 
Phase 1 . The A and B coils now 
reverse polarity (Phase 2), which 
forces the rotor magnet clockwise to 
4:30 o'clock. Phase 3 reverses the C 
and D coil polarity, and we end up at 
Phase 1 with the next voltage polari· 
ty reversal. 

Half-Step Operation 

While the Two-Phase stepping 
mode provides a huge gain in 
torque, it still lacks resolution. Like 
the Full-Wave mode, the best you 
can do is control the motor in incre
ments of 90 degrees. 

For many applications, this is too 
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Figure 5. Half-step operation provides the highest resolution. 

A DEGREE ON A DISK! 
Elect10 Science App/1catt0ns Inc. • 500+ formulas and simulations 

• Unit conversions and data 
tables EM FORMULARY 

• Physical constants 
jf.le ____ T_ -Helpl • Electronics, communications, 

radar 
omilh ctiort ·-.oe-uny .,_ -B -lnduclllMe 
ooHdongle 

·-~c:unent ·--apec:lllc oboorpllon ,... 
apeclllc Impulse 

• Antennas, filters, optics 
• Physics, math, space science 
• Practical and educational 

Self-contained and intuitive, 
you'll be up and running in 
minutes. Fast menu and hyper
linked access to equations and 
data. Current version 1.7 works 
with Windows 3.1, 95, or 98. 

ELECTRO SCIENCE APPLICATIONS, INC. 
P.O. BOX 11158, TORRANCE, CA 90510 

To order, call (310) 539-2422 or E-Mail esa@earthlink.net 
Send $29.95 check or money order (CA residents add 8.25% sales tax). 

Foreign orders add appropriate shipping charge. 

Electronic and RF design services also available. 
Visit us at http://www.esap.com 

Write In 152 on Reader Service Card. 

Pennanent 
Magnet 
Rotor 

STATOR A 

coarse. What we need is a way to 
increase the number of steps per 
revolution. Enter the Half-Step 
controller. Basically, Half-Step opera
tion is a combination of Full-Wave 
and Two-Phase. It goes like this 
(Figure 5). 

Phase 1: Coils A and B are ener
gized, coils C and D are off. The 
rotor magnet points to 12:00 
o'clock. Phase 2: Coils AB and CD 
are energized at the same time. The 
rotor magnet points to 1 :30 o'clock. 
Phase 3: Coils C and D are ener
gized, coils A and B are off. The 
rotor magnet points to 3:00 o'clock. 

Phase 4: Coils A and B reverse 
polarity. The rotor magnet points to 
4:30 o'clock. Phase 5: Coils A and B 
are energized for opposite polarity 
of Phase 1, coils C and Dare off. The 
rotor magnet points to 6:00 o'clock. 

Well, you get the pattern. Using 
this method, the number of steps per 

Figure 6. Cut-away view 
of a stepper motor 

shows the placement of 
the permanent-magnet 

rotor and stators. 

WINDING A 

revolution is increased from four to 
eight. 

Of course, these examples were 
selected for the sake of argument 
only. Real world stepper motors have 
far more steps per revolution -typi
cally in increments of 7.5 and 15 
degrees, with some steppers having 
a resolution as high as 0.9 degrees 
per step. 

The number of steps is deter
mined by the construction of the 
motor, which has more than four sta
tor poles (Figure 6). The principle of 
operation and drive sequences 
remain the same, though. 

Coming Next Month 

That's all the room I have for this 
month. Next month, I'll describe the 
electronics needed to make these 
motors spin. Stay tuned, there's a lot 
more to come. NV 

Table 2. Permanent-magnet stepper motor operating modes. 

Comments Ope@tjna M9de 
One-Phase-On (full-wave) Easy to implement, lowest torque 

Two-Phase (normal) 

Half-Step 

Easy to implement, highest torque 

Highest resolution, medium torque 

Digital 1/0 - 12 VO pins Individually configurable for input or output 
DIP switch addressable; stack up to 16 modules on same port for 192 
1/0 points. Tum on/off relays. Sense switch transistlons, button presses, 
4x4 matrix decoding using auto-debounce and repeat $32 

Analog Input - 8 Input pins. 12-blt plus sign self-calibrating ADC. 
Returns results In 1 mV steps from O to 4095. Software programmable 
alarm trip-points for each Input DIP switch addressable; stack up to 16 
modules on same port for 128 single-ended or 64 dlfferential lnputs.$48 

Home Automation (X-10) - Connects between a lW523 and your 
serial port. Receive/transmit all X·10 commands with your home-brewed 
programs. Full collision detection with auto re-transmission. $39 

· Caller ID - Decodes the caller ID data and sends It to your serial port In 
· a pre-formatted ascll character string. Example: '12/31 08:45 850-

863-5723 Weeder, Terry <CR>'. Keep a log of all Incoming calls. Block 
out unwanted callers to your BBS or other modem applications. $35 

Touch-Tone Input · Decodes DTMF tones end sends them to your 
serial port. Keep a log of all outgoing calls. Use with the Caller ID kit for a 
complete in/out l~ging system. Send commends to the Home 
Automation and/or Digital 1/0 kits using a remote telephone. $34 

7 Individual output pins are controlled 
with buttons 1·7 on your touch-tone 
phone. Automatically answers 
telephone and waits for commends. 
Monitor room noises with built In mlc. 
'Dial-Out" pin Instructs unit to pick up 

. phone and dial user entered number(s). 
Password protected. $48 

Keep track of all numbers dialed or 
entered from any phone on your line. 
Decodes all touch-tones and displays 
them on a 16 character LCD. Holds the 
last 240 digits In non-volatile memory. 

· · Connect directly to radio receiver's 
speaker terminals for off·alr decoding 
of repeater codes, or number11 dialed 

. on a radio program. $55 

Learns and responds to the data pettems 
emitted by standard infrared remote 
controls used by TVs, VCRs. Stereos. etc. 
Lets you control all your electronic projects 

· with your TV remote. 7 Individual output 
pins can be assigned to eny button on your 
remote, and can be configured for either 
'toggle' or 'momenlaly" ac!Jon. $32 

. . Two modes of operation; either prevent receiving or placing 
telephone calls (or call prefixes) which have been entered Into 
memory, or prevent those calls (or call prefixes) which have 'not" 
been entered into memory. Use touch-tone phone to program. 

Block out selected outgoing Block out selected Incoming 
calls. Bypass at eny time using calls. Calls identified using 
your password. $35 Caller ID data. $48 
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1YPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not 
all caps) on a separate piece of paper. Spell out words when submitting hand
written copy. Calculate the number of words and multiply it by the appropri
ate rate (see RATE PER WORD section) . Include any charges for bold and/or 
CAPPED words, any artwork costs that would be applicable, and/ or costs for 
boxing your ad (explained below). Choose the appropriate classification for 
your ad(s) to appear in (see below). If no classification is indicated, it will be 
placed in Misc. Electronics or wherever we deem most suitable. Enclose your 
name, address, phone number, and Nuts & Volts account number from 
your mailing label (if available) for identification purposes. Include full pay
ment - CLASSIFIEDS RUN ON A PRE-PAID BASIS ONLY - and mail your 
completed order to: 

NUTS & VOLTS MAGAZINE, 430 Princeland Ct. , Corona, CA 91719. 

RATE PER WORD 
The ad rate for current PAID subscribers is 60¢ per word. All others pay 
$1.20 per word. There is a $9.00 minimum charge per ad per insertion. 

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 first two words of each ad are bold capped at no 
charge. Indicate bold words by underlining. Words normally written in caps 
(e.g., IBM) and accepted abbreviations such as VAC or MHz are NOT charged 
as all cap words. Use a two-letter abbreviation for states. 

art, or $8.00 for halftone of photographs. To BOX your ad, include an addi
tional $50.00 for copy-only ads, or $75.00 for ads with art or photos. 

FAXING IN AD COPY 
You may fax in ad copy or changes before the closing date (5:00pm on the 
5th) at 909-371-3052 using MasterCard or Visa. Include credit card expira
tion 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 verifi
cation 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. 

PHOTOS, DRAWINGS, AND BOXES Repeat ads or ads run in multiple classifications within the same issue are 
A photo or drawing may be run at the top of your classified ad for an addi- allowed. Paid subscribers may run ads at the 60¢ rate only through their sub-
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C and H Sales Company ....................... .. 42 intelligence ................. ... ...... .............. ... .. .. 67 Patco Service, Inc . ..... .. ............... . : ......... .. 90 Timeline, Inc ...... .. .... ........ ...... .... ... .. .. .... .... 37 
Circuit Chem, Inc . .. .. .. .............................. 67 lntersoft ..... ................................................ 82 PCW, Inc ...... ..................... ....................... 56 TNR Technical, Inc ........ ..... ..... ................. 66 
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by Joseph J. Carr AC power cords of the instruments. 
After all, it seems to make sense, 
doesn't it? The third-wire ("green") 
inside the power cord is connected 
to ground in the AC outlet and to 
the chassis in the equipment. The 
problem is noise on the ground line 
and ground loops. As the AC load
ing changes, the amount of leakage 
current flowing in the ground line 

connect a group of very good instru
ments together improperly, grounding 
problems make them behave poor col
lectively. 

Preamp Goes a Long Way 

also changes. Because the amplifier 
Dealing With Instrument Problems was so sensitive, these tiny little 

One physiologist I worked with was 
using a small strain gauge sensor to 
measure the contractions of a guinea 
pig heart. The sensor was calibrated in 
force units of one to two grams maxi
mum. What? You say grams as mass not 
force? In that instrument the gram-force 
unit was used, i.e., the force of gravity 
on a mass of one gram (about 960 
dynes). The innards of the sensor was a 
set of piezoresistive strain gauges in a 
classical Wheatstone bridge. It has a 
sensitivity of 20 µV/gm-force. The typi
cal deflection was about 0.2 gm-force, 
so the output voltage was typically 
about 4 µV. 

My problem was 

that I relied on the 

ground connection 

in the AC power 

cords of the instru-

ments. After all, it 

seems to make 

sense, doesn't it? 

The third-wire 

("green") inside the 

power cord is con

nected to ground in 

the AC outlet and 

to the chassis in the 

equipment. 

0 ne time many years ago (so long 
ago that I had hair), I had a par

ticular problem working on a sensitive 
piece of medical-scientific instrumenta
tion. It was a microvolt level high gain 
amplifier used for amplifying biopoten
tials. I was trying to balance the com
mon mode adjustment ratio (CMRR), 
but kept getting odd results. It would be 
in balance and then not so well bal
anced, and seemed to change while I 
was watching it. Sometimes, it seemed 
like a random thing ... the CMRR adjust
ment would just pop out of adjustment. 
Darned disconcerting, but there was a 
solution. 

The main problem was that the 
grounding of the instruments being 
used was defective. Figure 1 shows the 
basic set-up, but with correct grounding. 
To make a CMRR adjustment on a dif
ferential amplifier (one would not make 
such an adjustment on a single-ended or 
unbalanced amplifier), it is necessary to 
tie both inputs together, and connect 
them to the output of a signal genera
tor. This is done because the CMRR is 
the ratio of the differential gain to the 
common mode gain, and common 
mode signals are those which affect 
both inputs equally. 

The signal generator output is set to 
some convenient high level (e.g., 100 
mV, 500 mV, or 1 volt), and then null 
the output signal on an AC voltmeter or 
oscilloscope. The procedure is repeated 
several times at increasingly sensitive 
settings of the meter or 'scope input 
channel until no further improvement is 
possible. 

My problem (stupid me!) was that I 
relied on the ground connection in the 
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ground loop currents gave rise to 
non-common mode signal voltages that 
were right in the range the amplifier 
wanted to see. 

Drat ! Actually, I knew better. The 
reason why the manufacturers of the 
medical equipment and the bench 
instruments I used to make the adjust
ment provide chassis ground terminals 
on the front panels (sometimes rear 
panels) is to help dummies like me. The 
ground scheme shown in Figure 1 is a 
"star ground." The attribute of interest 
here is that the chassis grounds and sig
nal commons of all instruments -
including the amplifier under test - are 
grounded to a single point. Make the 
ground wire as heavy and as short as 
possible. 

The lesson of star grounding also 
should apply to operation of an instru
mentation system. I've seen medical and 
scientific researchers plagued by noise 
and other problems that were easily 
avoidable. Sometimes, when you 

The good doctor was taking the 4 
µV output of the sensor through a pair 
of shielded cables to the differential 
input of a high gain oscilloscope. 
Actually, the amplifier was the normal 
two channel oscilloscope vertical ampli
fiers, and he used it in the A-B mode, 
simulating (but not exactly) differential 
operation. The CMRR was atrocious, 
and he was showing a large 60-Hz hum 
on the output trace. He asked us to fix 
the problem. 

My solution was to build a simple 
DC differential preamplifier from an 

Figure 1 - Proper 
eroundlng for a 

collealon of 
lnetn.tmente. 
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fleure 2 · EMI proof!~ an 
Instrumentation amplifier. 

100uH 

100 uH 

011sn Channel 

100uH 

JWpF 

100 UH 

V+ 

Topaz isolation transformer 
between the power line and 
the optical scanner and key
punch machine. These trans
formers are specially designed 
to snuff power line noise 
(today, we might use a com
puter surge suppressor for 
many such applications). 

Va We then found that the noise 

100pF JWpF 
100uH 

JWpF 
JWpF was the basis for a lot of prob

lems. For example, the electron 
microscope guy had been 
attempting to find a "vibration 
problem" in his equipment (it 
didn't help that the subway ran 
right beneath our building 
foundation ... so he was tuned 
in on "vibration problems"). 
Adding an isolation trans
former to his equipment cured 

op-amp. With a gain of X200, it 
boosted the 4 µV output of the sen
sor to about 800 µV. Still small, but 
good enough. With the preamplifier 
mounted right on the sensor body 
(through a common connector), the 
signal could be sent single-ended 
through shielded cable to the oscillo
scope ... and the 60 Hz disappeared. 

A couple weeks after I solved the 
problem (for about $50.00 in parts 
and shop labor), the scientist called 
me and asked for a technical descrip
tion. I typed up about a half page 
and gave him a hand drawn 
schematic. He then asked me for " ... 
a bit more ... maybe four or five 
pages." Hmmmm ... how do you 
cram half a page worth of text into 
four or five pages? 

Well, you spend a lot of time 
talking about basic op-amp theory. 
About a year later, he handed me a 
pile of reprints " ... from our article." 
It seems that "we" had published a 
technical note in a physiology jour
nal. I protested that it was too sim
ple, and most hobbyists could easily 
do that chore for him. His reply: 
" ... but most physiologists couldn't ... 
they would've spent $1,900.00 for 
the correct preamplifier from a scien
tific supply house ... and I didn't have 
the money in my grant." 

Power Line Noise 

In the same medical center, we 
once flunked the entire freshman 
class of medical students on their 
physiology exam. Also failed were all 
of the basic sciences (i.e., PhD) stu
dents and allied health students 
(e.g., nurse anesthesia, nurse practi
tioner, physicians assistant). Those 
people are about "up-to-here" with 
stress their first year in medical 
school so the profs hoped that the 
results would not get out until we 
solved the problem. It turned out to 
be power line noise. 

In those days, computing was 
mainframe computing. The examina
tion was taken on "mark sense" opti
cal scanner paper. You know the 
stuff ... "use a No. 2 pencil and com
pletely blacken the desired box." In 

V-

our case, the optical scanner was 
connected to a keypunch machine. 
To younger readers: A keypunch was 
a noisy, clunky machine that looked 
like a typewriter on steroids that 
punched the holes in old-fashioned 
computer cards. The cards were then 
taken to the computer center for pro
cessing overnight. When the com
puter print-out paper was returned, 
the grades were recorded (manual
ly!) and the paper posted for all to 
see. 

The problem came to light when 
one of the engineers I worked with 
noticed that one column on the com
puter card had all digits punched out. 
There is no EBCDIC code that has all 
digits punched out in a single col
umn. The problem was traced to 
high-voltage power line transients 
arising from loading shifting switch
ing gear in the basement. It seems 
that the local power company gave 
the university a two-percent break on 
the electric bill if they installed equip
ment that would periodically balance 
the load between the three phases 
(which makes for more efficient 
operation). Unfortunately, the triac 
switches tossed huge (>2KV) tran
sients that averaged 50 to 1 00 
microseconds. 

The solution to the problem (we 
couldn't rewire the building or turn 
off the load switchers) was to place a 

the little glitches that were showing 
up in the pictures he took. 

Still another guy was almost 
comical. He was a hematology 
researcher, i.e., he knew more about 
human blood than anyone else. He 
had a high-priced microscope that 
had a special light source. It was a 
glass tube that had been evacuated, 
and then refilled with a special com
bination of rare gases that each gave 
off a different color light when ion
ized. There were about a half dozen 
electrodes on the tube that each had 
to see a different voltage. 

The poor guy had to spend 45 
minutes anytime he wanted to use 
the microscope balancing the volt
ages on these interactive electrodes 
... it was a touchy thing, I suspect. 
Once in awhile, usually (as Murphy's 
law dictates) when he could ill afford 
the time, a power line transient 
would commutate the tube, extin
guishing the light. After cursing and 
yelling at his Graduate Research 
Assistant (GRA), he would spend 
another half hour to 45 minutes re
doing the job. When we gave him an 
isolation transformer, it solved both 
his technical problem and the GRA's 
blood pressure problem. 

EMI Problems 

A large number of scientific 
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il)i~ 213 North Frederick Ave. 

~ Suite 11NV 
T • 
A Gaithersburg, MD USA 

____ " .. 20877 

http:llwww.therfc.com/ 

Complete Selection of MIL.Spec Coax, RF 
Connectors and Relays 

UG-21BIU N Male for RG-2131214 ........ $5.00 
UG-210/U N Male for RG-213/214 ........ $3.25 

N Connectors for 9913/Flexl4XU9096 

UG-21819913 ..... $6.00 Pins Only ...... $1.50 
UG·21Dl9913 ..... $4.00 Extra Gasket ..... 75 

Amphenol 83-1SP-1050 PL-259 ...... .. .. $0.90 
UG-176/U Reducer RG-5918X .. 25 or 51$1 .00 
UG-175/U Reducer RG-58158A .25 or 51$1.00 
Silver Teflon PL-259/Gold Pin .. ................. . 
.. ................................ .. .. ..... $1.00 or 101$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 $76.0011 OOft 

Also New: 9092, RGSX with Type II Jacket 
Intro Price ...................... ........... $23.00/100ft 

Call for Specials of the Month 

Full Line of Audio Connectors for lcom, 
Kenwood, and Yaesu 

8 Pin Mike Female ............................... $2.50 
8 Pin Mike Male Panel.. ................. ...... $2.50 
13 Pin DIN for Kenwood ...................... $2.75 
8 Pin DIN for lcom ............................... $1.00 
8 Pin DIN for Kenwood ........................ $1.50 

Prices Do Not Include Shipping 

Orders 
Info 
FAX 

aoona3-2&&& 
3011940-54n 
3011869-3680 

Write In 29 on Reader Service Card. 
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SECRETSQF 
RFCIRCOIT 

DESIGN 
From one of 

, today's most 
respected electron
ics authors come5 
this pragmatic, 

intermediat&jevel guide to designing¥ 
building, and testing all types of radio 
frequency circuits. Filled with func
tiona_I projects that demonstrate the- ,,, 
• prlndples of RF circuits, this revision 
,of a bestseller also.,proyides a handY· 
,pa]t54ist ana souri:es of components, 

·· PRACTICAL 
ANTENNA 

IWfDBOOK 
· <The most pop
. tilar bobk bn an
tennas ever writ· 
ten, widely knqwn 
as nthe antenna 
builder's bible.• 

Tlitrd Ellltion IS '~ 'work for'"'' 
·a e with an interest in antennas, 
from the newest of novices to the 
most experienced engineer. This 
empowering book gives you all kinds 
of nroJects and material that explafr}s 
why~hat'you dla.wofks. 
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R3 

J2 
UNKNOWN 

IMPEDANCE 

R1 = R2 = R3 = Z0 
(E.g. 50 ohms) 

Fleure 3 
A} Return looa bridge; 
5) uaing the bridge. 

UNKNOWN 
IMPEDANCE 

••• 
fti;::\ @ @ ==== 
\::::!.)@ @ ----

-----o1J1 J2----ah1 

instruments use differential ampli
fiers in the front-end. Figure 2 shows 
some of the things one can do to 
protect these amplifiers against elec
tromagnetic interference (EMI). The 
inductors and capacitors form L-sec
tion low-pass filters. Each consists of 
a 100 µH inductor and a 50 pF 
capacitor. The capacitors should be 
placed as close to the pins of the IC 
amplifier as possible. Note that one 
of the input line filters contains a vari
able capacitor. This is a trimmer 
capacitor and is used to balance the 
circuit for minimum output voltage 
offset when an interfering RF signal 

ADJUSTABLE 
ATTENUATOR 

RETURN 
LOSS 

BRIDGE 

is applied to the inputs. 

__ ___ __. 

RF POWER 
METER 

A friend of mine in the semicon
ductor industry provided the circuit in 
Figure 2, along with some advice on 
circuit design features that help 
reduce the susceptibility of the ampli
fier to electromagnetic interference. 

First, if the internal circuits of an 
amplifier are biased close to one end 
of their ranges, then EMI susceptibil
ity is increased. The solution is to 
select circuits in which the transistors 
are biased in the middle of their 
ranges. There is less likelihood of the 
circuit being driven into nonlinearity. 

Second, IC amplifiers with low 

Super-Small -Low Power 
The NEW UNI-MICRO series of modules provides a complete 
ready to use sing le board computer on a 1. 76" X 1.6" module 
with large amount of non-volatile flash based memory. 
Expanded capabllltles, multiple serial busses, ln<lrcult 
programming, Including first time programming and a 
very low power consumption of 68 mA, makes this series 
of modules perfect for Instrumentation, monitoring 
and control applications. 

Microcontroller Design Made Simple 
Small • 60C51 code compatible • 256 x 8 ram• 2K x 8 Battery backed sram with automatic power 
switching • 128K x 8 Flash memory • Parallel or serially programmable • 32K x8 Flash memory• 
316 bit timers• One 8 channel 10 bit ND convertef' Tv.o 8 bit Pv'JM outputs• One full 
duplex UART• 16 Mhz speed• 3000 gates flash CPLD • llC serial bus• JTAG bus• 
54 configurable 1/0 pins• RS232 driver on board • Voltage regulator on board • PO"Ner-on reset• 
Program security• Very low development costs• Asembly, C , Basic programmable. 

Os Systems 908-979-1885 http://www.ossystems.net 
1464 Route 57th, Port Murray, NJ 07865 
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quiescent current (e.g ., low-power 
bipolar amplifiers) appear to have 
higher RF susceptibility than higher 
power IC amplifiers. 

Third, CMOS amplifiers have 
lower than usual RF susceptibility. 

Finally - and this one surprised 
me - amplifiers with symmetrical 
slew rates (i.e., rise time and fall time 
are about the same) seem to have 
lower RF susceptibility than asym
metrical slew rate amplifiers. This 
effect is especially noticeable in cases 
where the RF frequency is within the 
gain-bandwidth response of the 
amplifier. 

Return Loss Methods 

A measurement method for 
transmission lines that is not used as 
often as VSWR measurements is 

return loss. Return 
loss is the compari
son of the forward 
and reflected sig
nals, as expressed 
in decibels (dB). It 
compares an 
unknown imped-
ance with a known 
impedance, and 
then reports the 
degree of mismatch 
or match in both 

DUMMY LOAD phase and magni
tude. When the 
match is perfect, 
then the return loss 
is infinite and, 
when all of the for

ward power is reflected (as in a 
shorted or open load), the return loss 
is minimized (PF= PR). In addition, the 
same method is used for characteriz
ing filters and other load-sensitive cir
cuits. 

Power Meter Method 

The definition of return loss is 
given by: 

Return Loss = 10 LOG [ ~ ] dB 

This equation suggests a simple 
method for measuring return loss: 
Compare the forward and reflected 
power using a directional RF watt
meter. The actual return loss of the 
load is the indicated return loss less 
twice the known transmission line 
loss (when return loss is measured at 
the transmitter end of the line). 

Return loss can also be used to 
determine reflection coefficient and 
VSWR. We can write the return loss 
expression as: 

Re tum Loss = 20 LOG I rj 

To determine reflection coeffi
cient, we need only solve for r: 

1r1 = lQ(Rl./20) 

Where: 
r is the voltage reflection 

coefficient 
RL is the return loss in decibels (dB) 

To determine VSWR from knowl
edge of the return loss: 

VSWR = 
1 + lQ(RL/20) 

1 - 1 Q (RL/20) 

Return Loss Bridge 
Method 

A return loss bridge can be 
made using a hybrid combiner circuit 
{Figure 3A). All three resistors in the 
bridge are set to the system imped
ance, which is usually 50 ohms. 
Figure 3B shows the connection 
scheme for using the bridge to mea
sure return loss. Initially, the 
unknown impedance is not connect
ed to the UNKNOWN IMPEDANCE 
port (J2) of the return loss bridge. An 
RF signal source is tuned to the fre
quency at which the measurement is 
made. 

The signal source might be a sig
nal generator, a special high power 
source, or a transmitter. The idea is 
to get enough RF power to the RF 
power meter so that small levels of 
reflected signal power can be mea
sured on the selected meter. A step 
attenuator is in the line between the 
RF POWER METER port (J3) of the 
bridge and the RF watt-meter. Set 
the power level from the source so 
that a relatively large amount of 
attenuation is required to bring the 
watt-meter to some value in the 
upper half of its scale. 

With the unknown impedance 
disconnected, measure the RF power 
appearing at the RF POWER METER 
port (J3) . Once this value is recorded, 
connect the unknown load imped
ance (which might be an antenna) 
and again measure the RF power. 
When measuring this reflected 
power, it may prove necessary to 
adjust the step attenuator to get a 
good reading. The value of the atten
uation must be accounted when 
making this measurement. 

An equal deflection method 
could also be used in this measure
ment. Set the attenuator to a high 
value that produces a reading at a 
recognizable point on the meter 
(e.g ., a calibration point, full-scale, or 
some other repeatable point). Note 
the amount of attenuation required. 
Connect the unknown impedance to 
J2 on the bridge, and the power indi
cation on the meter will drop. Adjust 
the attenuator until the meter again 
reads the same value as before. The 
difference in the settings of the 
attenuator required to make the two 
readings is the return loss. NV 

Connections ••• 
I can be reached by snail 

mall at P.O. Box I 099, Falls 

Church, VA 22041, or via 

E-Mail at CARRJJ@AOL.COM. 



Continued from page 20 
MO • ST. LOCJJS • Hamfest. St. Louis ARC & 
Gateway to Ham Radio Club, Steve Welton 
WBOIUN, 314-6384959. E-Mail: slw@partyline.net 
OH· MARION • Hamfest. Marion ARC, Karen 
Eckard N8KE, 740-499-3565. 
E-Mail: meeker@gte.net 
OH • MASSILLON • Hamfest. Stark County 
Fairgrounds. Talk-in: 147.18+ & 442.85. Massillon 
ARC, Don Wade W8DEA, 330-497-7232. 
E-Mail: marc.hamclub@juno.com 

NOVEMBER 1 999 

~~$ 
CA • SANTEE • ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
FL • SORRENTO • Hamfest. East Lake Chamber 
of Commerce Bldg. VE Exams. Talk-in: 147.255. 
Lake ARA, John Wentz W8HFK, 352-728-2615. 
E-Mail: capias@gate.com Chuck .Crittenden 
KE4EXM, 352-669-2075 
IN. FORT WAYNE· Hamfest & State Conv. Allen 
County War Memorial Coliseum Expo Center. Sat: 
9am-4pm, Sun: 9am-3pm. Talk-in: 146.88-. 
ACARTS, 219-484-1314. 
Web: http://www.pipeline.com/-dagagnon/ 
KY • HAZARD • Hamfest. Kentucky Mountains 
ARC, John Farler K4AVX, 606-436-5354. E-Mail: 
jfarler@mis.net Web: http://www.geocities.com/S 
iliconValley/2564/kmarc.ht 
NH • MANCHESTER • Hamfest. St. John Church. 
IRS, Paul KI U.X 603432-1538. 
E-Mail: KIU.X@juno.com 
SC • MYRTLE BEACH • Beachfest '99. Old 
Myrtle Beach Air Force Base. 7am-2pm. Talk.Jn: 
147.120-+000. Grand Strand ARC, Jim Wood 
KF4CJE, 843-238-0800. E-Mail: kf4cje@juno.com 
Web: http://www.w4gs.org 

~----~ ....... ,,....~~~ 
GA • LAWRENCEVILLE • Hamfest. Gwinnett 
County Fairgrounds. Talk-in: 145.45- (PL 107 .2), 
444.25+ (Pl.131.8) , 146.76- (PL 107.2). Alford 
Memorial RC, Hotline: 770-410-3989. 
E-Mail: hamfest@totrl>bs.radio.org 
TX • ODESSA • Hamfest. West Texas ARC, 
Robert Jordan N5RKN, 915-335-7980. E-Mail : 
n5rkn@apex2000.net Web: http://www.wt5arc.org 
Web: http://nonprofitapex2000.net/hamfest/ 

.7 "' 
KY • HAZARD • Swapfest. Hazard High School 
MI • ST. JOSEPH • Hamfest. Blossomland ARA, 
Duane Durflinger KX8D, 616-982-0404. 
E-Mail: comdac@comdac.com 
Web: http://www.comdac.com/bara 
WI • KAUKAUNA • Hamfest. Starlight Club. VE 
testing. Talk-in: 146.52 simplex. Fox Cities ARC, 
Chad Pennings N9PRC, 920-993-0485. 
E-Mail: n9prc@kb9byq.ampr.org 
Web: http://www.w9zl.ampr.org 

AL • MONTGOMERY • Hamfest. Garrett 
Coliseum, South AL State Fairgrounds, Federal 
Dr. 9am-3pm. FCC exams. Talk-in: 146.24/84, 
W4AP. Montgomery ARC, Phil Salley K40ZN, 
334-272-7980 after 5pm CST. 
E-Mail: wb4ozn@worldnet.att.net 
Web: http://jschooi.troyst.edu/-w4ap/ 
CA. FONTANA· Inland Empire ARC Amateur 
Radio & Electronics Swapmeet A B Miller High 
School. Bill 909-822-4138 eves 
NM • SOCORRO • Hamfest. Socorro ARA, Al 
Braun AC5BX, 505-835-3456. 
E-Mail: ac5bx@juno.com Web: 
http:/ /www.ees.nmt.edu/sara/homepage.html 

l~\":1!...-=---""' 
IN· FORT WAYNE· IN State ARRL Convention & 
Hamfest. Allen County AR Technical Society, 
Doug Jones N9NNT & Jim Boyer KB91H, 219-
484-3317. E-Mail: djones2233@aol.com 
Web: http://www.pipeline.com/-dagagn_on_I __ _ 

NY • FARMINGDALE • Hamfest. Radio Central 
ARC, Neil Heft KC2KY, 516-737-0019. E-Mail: 
nheft@ibm.net Web: http:/ /www.li.net/-n2mdq 

h~..__.....,,_·~.:t~¥t®&aillil 
MS • OCEAN SPRINGS • Hamfest St. Martin 
Community Center. Fri: 5-9pm, Sat: 8am-2pm. 
VEC testing Sat: I lam. Talk-in: NSOS 145.11-. 
West Jackson County ARC, Phil Hunsberger 
W9NZ, 228-872-1499. Stan Hecker N5SP, 228-
875-0222 .... _ ...... ::--ll2-~ .... , .. _ ... __ "'.:"'··. "'20""• """"~$'"""r"':i;,""+;""i"'w""~Lrn"mm11y 
CA • SANTEE • ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
CO • GOLDEN • Hamfest. Jefferson County 
Fairgrounds, 15200 W. 6th Ave. 8am-2pm. VE 
testing . Talk-in: 144.62/ 145.22. Rocky Mountain 

Radio League, inc., Ron Rose NOMQ.J, 303-985-
8692. E-Mail: nOmqj@arrt.net 
MA • NEWTONVIll.E • Auction. Masonic Hail, 
second floor, 460 Newtonville Ave. 1 lam-4pm. 
WARA/1 200 RC, Eliot Mayer WIMJ, 617-484-
1089. E-Mail: WlMJ@amsat.org Web: http:/ /our 
world.compuserve.com/homepages/emayer/auct 
OH • GEORGETOWN • Hamfest. Grant ARC, 
Gordon Neal W8YGW, 513-379-1659. 
E-Mail: wb8ygw@juno.com 
Web: http://www.qsl.net/-n 1 djs 

-rtPJf~R-.~-2_-fb-g""1j""£"',t1""·fi"';;g"";!L""§18""+""+ .. : 
FL· TAMPA· Suncoast Hamfest, FL State ARRL 
Convention. State Fairgrounds, Expo Hall. Florida 
Gulf Coast Amateur Radio Council, Jean Endicott 
KC4KZU, 727-525-5178. E-Mail: 

NC • GREENSBORO • Hamfest. Greensboro 
Coliseum Special Events Center. GGH, 336-851-
1676. Web: http://www.sabwc.com/gsohamfest 

••4~:~=•~-•u~i••• CA· SANTA ANA - Swapmeet. ACP parking lot. 
Mary Russo 714-558-8813 
NY • PATCHOGUE • Hamfest. Mid-Island ARC, 
Mike Grant N20X, 516-736-9126. E-Mail: global 
cm@erols.com Web: http://www.qsl.net/mid
islandarc/hamfest.html 

DECEMBER 1 999 

CA • SANTEE • ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-In. 
619-561-0052 
GA • CLAXTON • Hamfest. Claxton ARES, John 
Perkins W4HYU, 912-739-4589. 
E-Mail: w4hyu@juno.com 
LA • MINDEN • Hamfest Minden ARA, Lowell A . 
"Dusty" Collins KB5WFE, 318-371-0636. 
E-Mail: dustyc@microgear.net Web: 
http://www.microgear.net/gwinford/mara.htm 

l:llAildadUJ!l!fll~IMisrrM 
IN • GREENFIELD • Hamfest. Greenfield Central 
High School Pavilion, N. Broadway St. Talk-in: 
145.330, 444.725. Hancock ARC, Tom Donaldson 
.N9LFU, 317-326-3168 

Roger's Systems Specialist 
• 

24895 Avenue Rockefeller 
Valencia California 91355 • 

• Computer •Telecommunications • 
.,_ __ _, Network• Audio.Video 

www.ro erss 

3ft. Straight Patch 
7 ft. Straight Patch 
14ft. Straight Patch 
25ft. Staight Patch 
35ftt. Straight Patch 

50 ft. Straight Patch 
75ft. Straight Patch 

TE-038-Ll 
TE-068-L5 
TE-128-L5 
TE-258-L5 
TE-358-L5 
TE-508-L5 
TE-758-L5 
TE-108-L5 100 ft. Straight Patch 

CC-USB-6 6ft. USB "A" to ''A" M/M 
CC-USB-AB6 6ft. USB ''A" to ' 'B" M/M 
CC-USB-PP 6ft. USB to IEEE Printer Cable 
CC-USB-ABIO IOft.USB"A" to "B"M/M 

CC-USB-ABIS 15ft.USB "A" to "B"M/M 

CC-USB-XIO !Oft. USB Extension 

CC-USB-8 USB (2) to 2x8 pin w/ Bracket 

CC-USB-9 USB (2) to 2x5 pin w/ Bracket 

USB-PCI USB x2 PCI Add on Card 

$!15 
$200 
$400 
$500 
$700 

$1000 
$1700 

$2<JX> 

$500 
$500 

$2900 

$600 

$800 
$600 

$500 

$500 

$2700 

USB-KB-104 USB 104-Key Kybrd Win98/PS2 $2400 

USB-MOUSE 3-Button USB Mouse 4200dpi $1200 

USB-CAM C-IT USB Carn w/ Software $69"' 

~ 

Network Cards 
NT-TBT-10 
NT-TBT-100 
NT-TBT-200 
NT-TBT-3C905B 

IO-Base 16Bit ISA Slot Card · 
10/100 32-Bit PCI Slot 
IO-Base 32-Bit PCI Slot 
3COM 3C905B-TX 10/lOOPCI 

$1200 

$1 !)00 

$1200 

$6200 

00 

External SCSI Case 
TM-CASE-HDS $1500 

Limited to stock on band 

50 Pin centronics pass through connector 
Push button I.D. setting, On/Off switch 

i.--__... .... emal Ean, sne Ribbon, 3Qwatt Powe 

stems • com 

KEYBOARD & MOUSE 

AceR C• 

cat. no.TM-177 

ACER AMPLIFIED SPEAKER SET W/ 
CABLES & POWER SUPPLY 

Patch Panels 

PP-24P-5 24 Port Cat5 Patch Panel 

PP- l 2P-5 12 Port Cat5 Patch Panel 
PP- 64P-5 64 Port Cat5 Patch Panel 

~ $20.00 min. order required 
);;> Add $4.50 shipping for prepaid orders 

);;> Prices subject to change without notice 
);;> All major credit cards accepted 
);;> Special offers only vaild on items in stock 
);;> California residents add tax 

);;> Call for quanity discounts 

800-366-0579 661-295-5577 Fax 661-295-8777 
Write In 77 on Reader Service Card. 



by Robert Nansel 

his has been 
one long sum
mer. I didn't dis
cover until just 
before leaving on 
vacation that the 

code listings for my June col
umn were omitted. Those of 
you who wrote to find out 
about TestA.asm, TestB.asm, 
and TestAB.asm will be glad 
to know you can download 
them from the MacRobotics 
website (www.MacRobotics. 
com). 

I still don't have the 12C 
code for Breadbot working 
yet, though I do have a bet
ter appreciation of the 
amount of work it will take. 

I just keep telling myself 
this multimaster 12C network 
idea is just too cool not to 
work, that it will ultimately 
simplify things, and I'll be 
able to build even cooler 
robots as a result. 

Right now, though, it's 

Master # 1 data 

Master # 2 data 

Master # 3 data 

Slave data 

SDA 

SCL 

Start 

Master# 1 datagram 

Master# 2 datagram 

Master# 3 datagram 

Resulting datagram 

made hash of all my sched
uled projects. It seems a 
good idea to talk about my 
motivations for going 
through all this grief. First, 
some background. 

Why Multimaster? 

Life is pretty simple with single
processor robots - until you try to 
make them do anything modestly 
interesting or useful in anything like 
real time. With more complicated 
tasks, you quickly find out that 
mobile robots are inherently multi
tasking creatures that must juggle 
dozens of functions at once in 
order to do the job. 

The controller must regulate 
motor speeds, process sensor data, 
and make high-level decisions on 
what to do next. Single-processor 
code that does all this tends to be 
complex - buggy spaghetti code 
that breaks when even minor 
changes are made to it. 

One way to deal with this com
plexity is to factor out the separate 

functions, write code modules to 
handle each function, and then run 
each module as a separate process 
within a realtime operating system 
(RTOS). Depending on the RTOS 
and the robot, this may be the best 
approach provided the processor 
has enough horse power to handle 
the task-switching ove.rhead. 

Another way to approach the 
complexity problem (the one I've 
chosen) is to use separate, loosely
coupled processors to handle the 
individual modules. This has the 
advantage that you can completely 
isolate the behavior of each module 
from all the others. 

Adding new modules won't 
directly affect the execution time of 
other modules, and you can use 
specialized processors tailored for 
certain tasks. 

A disadvantage is that each 
processor must devote resources to 
interprocessor communications. 
Also, a module may depend on 
data that must come from another 
processor (and the sending/receiv
ing delays that entails), and the sys-

' ' i I Master # 1 loses arbitration 

: i ! l I i 
! Master # 3 loses arbitration 

I 

tern can be more complicated to 
develope code for and to debug. 

Multiprocessor systems can be 
hard to program because defining 
exactly how the processors should 
interact with each other is not 
trivial. 

The simplest multiprocessor 
system is a processor and coproces
sor combination where the 
coprocessor performs well-defined 
operations in response to com
mands or data from the main 
processor and returns data to the 
processor indicating the results of 
the operations and the status of 
the coprocessor. 

An MPU with a separate math 
coprocessor chip is an example of 
this type of system. A much simpler 
example is the microcontroller in · 
every PC keyboard. 

The defining characteristics of 
such coprocessors are they use ded
icated ports to interface to the host 
processor, the interface protocol is 
point-to-point, and the protocol is 
very simple, typically involving sim
ple hardware handshaking. 

'----' L--1 1..---------------------------------' a....-.1 7-blt slave address R/W Ack Data byte read from slave Ack Stop 

A 0 0 0 

- Master to Slave c:::J Slave to Master ~ Master lost arbitration, bus released 

Figure 1: 12C Bus Multi master Arbitration 
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G:.1®9~IB®®G3------
Ties that Bind 

Such tightly-coupled systems 
require the developer to know inti
mately the code and hardware of 
every processor in the system. 
Establishing the logical connection 
between the data one processor 
provides and another processor 
consumes is called binding. 

In general, binding can occur 
at any stage in a system's develop
ment from initial design - early 
binding - to field configuration -
late binding. Because 
processor/coprocessor architec
tures require very early binding, 
adding additional coprocessors 
always means a substantial code 
rewrite. 

But what if you want a system 
that allows arbitrary expansion 
without rewriting code every time 
you add a new coprocessor mod
ule? Any.early-binding system 
won't get you there unless you 
program it to handle every possi
ble coprocessor add-on that you 
or others might devise; an unlikely 
prospect. 

This applies to any tightly-cou
pled multiprocessing scheme 
regardless of the interface technol
ogy and is a direct consequence 
of early binding. In essence, early 
binding requires every module to 
know too much about every other 
module. 

START 

SDA 

SCL 

tbul thd;alll 

Publish and Subscribe 

If early binding won't do the 
job, what about late binding? Late 
binding doesn't entirely remove the 
need for modules to know - or at 
least assume - details about each 
other, but it does reduce the 
amount and specificity of knowl
edge required . Such data hiding is 
highly desirable for systems where 
modules from different developers 
will be combined. 

The ideal is a peer-to-peer net
work architecture where each 
processor is treated equally. It's not 
enough, however, for a module to 
conform to the interface protocol, 
to know how to send data to and 
receive data from the network. It 
must also know the logical interpre-

Master -----i n n 
SCL L__j L_j l__ __ 

Slave 
SCL 

t, 

Data must 
be stable 

thigh 

Data 
may change 

t, 

WIDGETS 
Sensors to RS232, 422 or 485 

PRESSURE 
THERMOCOUPLE 

RTD 
VOLTAGE 

CURRENT 
MOTION 

GASES 

RH 
And more 

Starting at $199 

Each system comes complete with one 
sensor, 10, 12or14 bit resolution w/ 7 
extra channels of AID, 30k of remote 
data storage, power supply, serial cable 
and WINLP-Lite data acquisition 
software (trending, storing and display) 

1-888-597-3588 (530) 647-2028 

LEMON-PLADD INC. FAX f630l 647 8961 

PO Box 1683 POLLOCK PINES CA. 95726 
WWW.LEMONPLADD.COM 
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tation of the data. 
In the case where every mod

ule is developed by different peo
ple, this can be a very difficult job 
indeed unless there are some data 
conventions agreed upon ahead of 
time. First, you need the idea of a 
network variable, a data abstrac
tion similar to data types in struc
tured programming languages; one 
node provides the value of the net
work variable and one or more 
nodes can use that value in their 
operation. 

values of network variables across 
the network. Along the way, it's 
handy to come up with a set of 
predefined network variable types 
("PNVT," pronounced "pinvit") which 
any module knows how to inter
pret. 

Implementing such network 
variables requires a common set of 
predefined procedures in each 
module for defining and initializing 
network variables, for binding data 
sources with data destinations, and 
for transparently propagating the 

Any module with data another 
module needs "publishes" that data 
in the form of assignments to 
PNVTs, and any module that 
requires information from outside 
itself must "subscribe" to the rele
vant PNVTs. Neither the publisher 
nor the subscriber needs to know 
very much about each other, only 
what PNVTs they have in common. 

If there are no modules sub
scribing to a certain PNVT, then the 
module that would otherwise pub
lish that PNVT could decide - in 

Byte complete W Slave holds clock ~:w while proceBBlng byte 

STOP 

Figure 3: 12C Data & Clock Timing 

Available Adapters 
EP·PIC(16C5x,61,62x,71,54) $49.95 

Fast- Programs 27C01 o in 23 seconds EP·PIC&C c1scs2.5,12-4) $39.95 
EP·PIC12 (12C50x) $39.95 

Portable - Connects to PC Parallel Port EP-P1c11 (17C4x) $49.95 
EP-51 (8751,C51) $39.95 

Versatile -Programs 2716-080 plus EE EP-11e cssttc11 EJAJ $59.95 
and flash (28, 29) to 32 pins EP-11o"cssttc1110J) $39.95 

EP-16 (16bit EPROMS) $49.95 
Inexpensive - Best for less than $200 EP-zs (Z86Eo2,J,4,s.1,s) S39.95 
............................. ·· ... ·· ··· · ····· ·· ·· · · ··· ..... ···· ········ · EP-SEE2 (93x,24x,25x,85x) $39.95 
• Correct implementation of manufacturer EP-750 cs1c15o,, .2) $59.95 

. . . EP·PEEL (ICT22v10,18v8) $59.95 
specified algonthms for fast, reliable ep.1051 (s9C1051 .2051> 539.95 
programming. EP-PLCC (PLCC EPROMs) $49.95 

EP-SOIC (SOIC EPROMs) $49.95 
•Easy to use menu based software has EP-TSOP crsop EPROMs) $59.95 

binary editor, read, verify, copy, etc. ManyCllherAdaptersAvailable 
Free updates via bbs or web. M2L Electronics 

•Full over current detection on all 
device power supplies protects against 
bad chips and reverse insertion. 

•Broad support for additional devices 
using adapter~ listed below. 
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under test 

Vdd 

IC1 
14 

Vdd 
10µF + 0.01 µF 

74HCOO 

i 1 Vss 
7 

-

the interest of saving bandwidth -
to suspend updating its value. 

For example, imagine building 
a mobile robot to be controlled by 
three processor modules. A motor 
driver module controls two drive 
motors with PWM, monitors their 
speed with optical encoders, mea
sures the motor currents, and peri
odically updates three PNVTs: 
Drive_Speed, Steer_Rate, and 
Motor_ Overload. 

A second module - the 
Navigator - does obstacle detec
tion, navigation, and path planning . 
The third module - the 
Housekeeper - monitors various 
quantities such as battery charge 
and temperature, magnetic com
pass heading, and robot tilt, and 
updates the corresponding PNVTs. 

Navigator would publish 
Drive_Command and 
Steer_Command PNVTs and Motor 

Vdd 

113 R4 

C4 
-----uvdd 

IC2 
14 

Vdd 
0.01 µF 

74HC74 

1 Vss 
7 

-

Driver would subscribe to those 
PNVTs. There's probably no need, 
though, for Motor Driver to work 
with any of the PNVTs of 
Housekeeper. Navigator, on the 
other hand, might combine 
Robot_Tilt and Robot_Orientation 
from Housekeeper with 
Drive_Speed and Steer_Rate from 
Motor Driver to dead reckon the 
current position and orientation of 
the robot. It would use these quan
tities, in turn, to formulate new 
path plans. 

What happens if a module sub
scribes to a PNVT that isn't avail
able from any other module? In the 
above example suppose, say, that 
Navigator is programmed to sub
scribe to a pair of PNVTs called 
Robot_Position and 
Robot_Orientation. On system ini
tialization, Navigator would post a 
Subscribe notice for these PNVTs, 

Lowes• 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 ELECTROlllCS 
I -405-6~ I - I 856 

All Cable Equipment is unmodified. 
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Figure 4: 12C START/STOP Trigger 
Vdd 

and it would detect that 
Housekeeper can provide 
Robot_Orientation, but it would 
get no corresponding Publish 
notice for Robot_Position because 
no other module knows this value. 
Rather than fail and post an error 
to its debug port, Navigator instead 
falls back on the dead reckoning 
algorithm mentioned above. The 
position it calculates with dead 
reckoning might not be as accurate 
as it could be, but it's the best it 
can do. 

Suppose, though, that a fourth 
module is then added to the robot, 
a GPS receiver module that does 

nothing but publish Robot_Position. 
When GPS initializes and posts a 
Publish Robot_position PNVT, 
Navigator would detect this and 
switch to getting Robot_Position 
directly from GPS. Likewise, if a 
gyrocompass module were added, 
Navigator might choose to sub
scribe to Gyro's Robot_Orientation 
PNVT instead of the one derived 
from the magnetic compass. 

In all of the above, a module 
can be either an actual separate 
hardware module or a real-time 
task module running on one of the 
processors. In practice, most robots 
would probably use a combination 

ABC ELECTRONICS 315 7TH A VEN. MPLS. MN. 55401 
(612)332-2378 FAX (612)332-8481 E-MAILSURPI@VISI.COM 
WE BUY TEST EQUIPMENT AND COMPONENTS. 
VISIT US ON THE WEB AT WWW.ABCTEST.COM 
HP S4jOIA IOOMHZ DIGl111JNG SCOPE $1300.00 
HP ~ID 300MllZ DIGITIZING SCOPE $1000.00 
HP SC201A 300MHZ DIGl11ZING SCOPE SI000.00 
HP S4200A jOM}fZ SCOPE/WAVEFORM ANAL Y1.ER $700.00 
HP3312A llMHZFUNC'llONGENERATOR $2SO.OO 
HP S370A lOOMHZ U.T.I COONTER $400.00 
HP 3580C LEVEL MEJU S7SO.OO 
HP 436>. POWER Mrnl W/O SENSOUCABLI! $Dl.OO 
HP moe swm OSCILLATOR MAINFRAME $2000.00 
HP 3437.t. 3.SOlu'IT SYSTEM VOLT MrnR $250.00 
HP ~45SA DIGITAL MULTIMIITER S2SO 00 
HP )456A DIGITAL MUl.11METl!R $400.00 
HP 33JOC SYN'llIBSllJ!R/LEVEL GEto.'ERAIDR SS>0.00 
HP 3325A SYNTHESIZERJFUNCl10N GENERATOR $1000.00 
HP SIDA 200MHZL'OUN1ER $600.00 
HP 816~A PROGRAMMABLE SIGNAL SOURCE $1100.00 
HP85.,181100K-1500MllZSPErnUMANALVZl!R $1000.00 
HP 8SS98,1J83 IOMHz.210HZ SPECTRUM ANAL VZER moo.oo 
HP 1740A lOOMHZOSCILLOSCOPE $2SO.OO 
HP~ 60VDC-IOA POWER SUPPLY $7SO.OO 
HP 62698 40VDC-~ POWER SUPPLY SS>0.00 
HP6SS3A «IVDC-11.SA. POWERSUPPLYOPT.101 $1200.00 
HP 6632A :!OVDC-SA POWER SUPPLY SDI.GO 
HP 66CA •SVDC-4JA POWEil SUPPLY OPT.103 S7SO.OO 

HP493SA llANS.IMPAIRMOO'lESTSET $900.00 
HP mA SIGNmJIE ANAL Yl.ER SU0.00 
HP 8660".11 IMl~llOOMHZ RF PWG $400.00 
EIPS7S MIClOWAVECOONTER SU00.00 
FLUKE 9S SOMHZSCOPEMrnR SJSQ.00 
LECROY 7200 400MHZO.SCOPE sum.GO 
1l:K 47S 200MHZO-SCOPE S$00.00 
TEK~ lOOMHZQ.SCOPE sa.oo 
TEK-496P IJCHZ.1.aiHZSPEC.ANALYl.ER nmoo 
TEIC 1240 LOGIC ANALVZER mo.oo 
TEK 'JW20 IOOMHZ DIGfTAL ().SCOPE $1400.00 
TEK ll«llA500MHZPROG.G-SCOPEFlAME mo.oo 
TEK 78S4 400MHZ OSCILLOSCOPE FlAMI! "°°·00 
TEK 7904 400MHZOSCILLOSCOPE Fl.AME mo.oo 
TEK 7A26200MHZVERTICALPUXl m.oo 
TEIC 7A24 400MHZ VERTICAL PWG $150.00 
TEK 7B80 400MHZ1lME BASE m.oo 
TEIC 7B92A SOOMHZ OOAL TIME BASE SllS.00 
m 7St2 SAMPLING pux; mo.oo 
TEK 71.14 IOKffL.l.GIZ SPEC. ANAL VZER. $1000.00 
TEIC~CURRENl'PROBEAMPLIFEl $250.00 
WAVETEK14.S20MHZPULSE/FUNCl10NClEN. sa.oo 
WAVETEKl82A4MHZFUNCl10NGEN. mo.oo 
WAVETEK9SS 7..S.12.4GllZMICR.ODJRCE $1100.00 
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of the two module types. In defin
ing a Publish and Subscribe net
work variable architecture, it's 
important for future flexibility to 
make sure that Publish and 
Subscribe work the same between 
tasks running on the same proces
sor and tasks running on separate 
processors communicating over a 
network interface. 

For the time being, though, I 
want to concentrate on implement
ing PNVT Publish and Subscribe in 
a networked multiprocessor envi
ronment. Because 12C is low-cost 
and has clearly defined multimaster 
capabilities, it lends itself well to 
this project. 

Multimaster 12C 

Very few systems I've seen 
actually exploit the full multimaster 
capabilities of 12C - most 12C sys
tems consist of a single master and 
a small number of slaves. You can 
find example code for lots of sin
gle-master 12C systems on the web, 
but I've yet to see a complete 
multimaster implementation. 
Multimaster mode is quite a bit 
more complicated to figure out and 
program, but the rewards of multi
master mode are compelling. So, 
how exactly does it work? 

Figure 1 shows three masters 
attempting to access the 12C bus 
simultaneously. With most bus sys
tems, this would spell disaster with
out some sort of arbitration mecha
nism built in to sort out which mas
ter would actually get to use the 
bus. 

By its nature, 12C automatically 
takes care of most of this by man
dating open-drain drivers for each 
node connected to the bus. After 
asserting a valid START condition, 
any node can output a logical one 
or a zero during each bit time but, 
if it outputs a one, it must always 
look at the SDA line afterward to 
make sure that SDA actually does 
go high. 

If it does, all is well, and the 
node may continue sending data 
bits {I say 'data,• but what the bits 
represent in the datagram is of no 
consequence; address or data, it 
doesn't matter, they are treated 
equally). 

If, however, the SDA line is low 
when a node has just output a 
logic high - and there's been 
enough time for the line to be 
pulled high (this can take as long 
as a microsecond) - then the node 
must stop sending data on the bus 
because it has just lost arbitration 
with another node. 

The first time I read about 12C 
bus arbitration, I couldn't under
stand how it could be possible for 
two or more nodes to try to trans
mit at the same time without the 

PARAMETER SYMBOL Min 

SCL clock frequency f SCI 0 

Bus free time between START and STOP tbuf 4.7 

Hold time ST ART condition 

LOW period of SCL 

HIGH period of SCL 

Data set-up time 

Rise time for SDA and SCL 

Fall time for SDA and SCL 

Set-up time for STOP 

Capacitive load for each bus line 

data of all of them getting corrupt
ed. The key to understanding how 
it works is that arbitration takes 
place sequentially as each bit is 
placed on the bus. Any number of 
nodes can output high levels on 
SDA, but if just one node outputs 
a low, that is the level SDA will 
take. 

For every bit sent, therefore, a 
transmitting node is obliged to 
check that the level of SDA match
es the level the node sent. For a 
low level it should always match 
(unless there is a short circuit 
somewhere) but, for a high level, it 
will only match if no other node is 
sending a low level. 

thd;etll 4.0 

tiow 4.7 

thigh 4.0 

tsu;dllt 250 

tr -

t, -

tsu;ato 4.0 

Cb -

And the Winner is ... 

Let's tie all this together by fol
lowing the bit arbitration process 
as it unfolds in Figure 1. Three mas
ters are attempting to access the 
bus: Master #1 wants to send bina
ry 0111100 in the 9ddress field of 
its datagram; Master #2 wants to 
send 0111000; and Master #3 
wants to send 0111001. Note that 
Master #3 asserts START a smidgen 
before the other two, and the time 
of the falling edge of SDA is thus 
determined by Master #3. 

The first bit sent is the MSB of 
the seven-bit address, which is zero 
for all three masters. The next bit is 

Max UNIT 

100 kHz 

- µs 

- µs 

- µs 

- µs 

- ns 

1000 ns 

300 ns 

- µs 

400 pF 

a one, again the same for all three 
masters. Notice Master #1 is the 
last to release SDA to assert logic 
one in this example, so it deter
mines the time of the rising edge 
of SDA. Bits 3 and 4 (A4 and A3) 
are also ones for all three masters. 
None of the masters are aware that 
any other master is trying to use 
the bus because the bits sent so far 
have been identical when SCL goes 
high. 

With bit 5, though, the situa
tion is different. Master #1 wants 
to send a one, but the other two 
are sending zeros. Since the SDA 
line is open drain with only a pas
sive pullup resistor, a zero output 

ADDRESSABLE STEPPER l\IOTOR CONTROLLER 

The PARAMAX stepper motor controller is 
a PC parallel port based addressable 
controller capable of simultaneous operation 
of 4 uni-polar stepper motors ranging in 
voltages from 5 to 12 volts at up to 2 amps 
per phase. The PARAMAX stepper motor 
controller includes 8 digital inputs with a 
data through put rate of 500k bytes per 
second. Using the unique PARAMAX 
addressing method, up to 256 controllers can 
simultaneously function from a single 
parrallel port. The programming package 
includeslibraries that allow you to create 
applications both under Windows and DOS. 
Included libraries are: C++, Pascal, Delphi, 
Basic and utilities for DOS and Windows. 

Also available at: 
FORD ELECTRONICS, INC 

(714) 521 - 8080 

Write In 143 on Reader Service Cerd. 

Part Number: JWPlX-lA 

$199.95 

PIRIMll1~. 
(800) 473 - 8080 

Come and visit us on the internet at: 
www.paramax.net 
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------~®\?~[3®®[3------
by a node always overrides a one 
output by any other node. 

After Master #1 asserts one, it 
therefore detects that the SDA line 
doesn't go high, and it must abort 
its transmission by leaving its SDA 
output high for the rest of the 
datagram. 

The same thing happens to 
Master #3 when the seventh bit 
(AO) is sent, leaving Master #2 in 
sole control of the bus. If all three 
masters had been sending the 
exact same address, then arbitra
tion would continue to the ninth 
bit, R/W. If Master #3 intended to 
write data to the addressed slave 
and the others intended to read, 
then Master #3 would win the arbi
tration because it sends a zero dur
ing the R/W bit time to indicate a 
write operation, while the others 
would send one. 

What if all three masters were 
to attempt a write operation to the 
same slave? Simple. Arbitration 
would continue for each bit of the 
data byte until one master or 
another sends a one when the oth
ers send a zero. And what if the 
byte they are sending is identical? 
None of the masters would ever 
know that it wasn't the only one 
transmitting, right? Even in this 
unlikely case, everything still works 
out fine because the data value 
each of them wanted to send is 
what the slave receives. Neat, huh? 

Clock Stretching 

So far, I haven't said anything 
about the clock line, SCL. SCL is 
always generated by the master on 
an 12C bus, but in a multimaster 
system, there can be more than 
one master attempting to transmit 
at once, and each is generating its 
own clock. How does this affect 
the bus? 

First, remember that SCL must 
be driven with open-drain drivers, 
just like SDA. As above for SDA, 
the time of the falling edge of SCL 

is determined by the first master to 
pull SCL low, but the rising edge is 
determined by the last master to 
release SCL. In this way, the slow
est master determines the period of 
time that SCL stays low, while the 
fastest master determines the peri
od that SCL stays high. But that's 
not all. 

In some circumstances, a slave 
can hold SCL low, too. Figure 2 
shows a slave pulling SCL low right 
after receiving a byte from a mas
ter. The slave holds SCL low until it 
has finished processing the byte 
just received from the master. 

After the master releases SCL, 
it detects that the line is still low 
and is obliged to go into a wait 
state until the slave releases SCL. 
This mechanism can be used by any 
node, master or slave, to ensure no 
transmission goes faster than the 
node can follow. The maximum 
clock rate for standard-mode 12C is 
100 kHz. In practice, though, the 
bus only goes as fast as the slowest 
node on the network. 

Trigger Happy 

There are a lot of subtleties in 
the 12C system. Writing a software
only multimaster compatible master 
is exacting but not difficult because 
the data timings are all quite 
relaxed (see Figure 3 and Table 1 ). 
Software slaves, however, are 
another story. At first glance, it 
seems that to catch a START condi
tion at full speed, a slave must sam
ple the SCL and SDA lines at least 
twice every 4.7 microseconds dur
ing the bus free condition; this is 
less than 12 processor cycles for a 
10 MHz PIC16F84. I don't yet know 
how to write a program that does 
this while doing any other useful 
work, such as generating control 
pulses for servos. 

I'm taking things by stages, 
therefore, and the first stage is to 
write multimaster-aware code for a 
master. As part of debugging, I 

RFID for access control, factory automation, 
timing, animal feeding, ticketing, vehicle 
identification, inventory control, dataloging, 
pallet tracking, personnel security, asset 
management, ... 

Since 1991 

INTERSOFT 
1840 Lockmiller Rd, Estill Springs TN 37330, USA 

Tel: 1-931-967-8643 Fax: 1-931-967-5069 
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need to be able to look at the 
waveform my code generates to 
check timing relationships. The 
problem, however, is how to get 
my scope to reliably trigger at the 
right place on the waveform; 12C 
waveforms are complex and offer 
no convenient trigger signatures to 
trigger on with a simple analog 
'scope. Figure 4 shows a circuit I 
built that solves this problem. 

Since a START is defined as 
SDA going low while SCL remains 
high, all that is necessary is to use 
SDA to clock the state of SCL into a 
D-type flip-flop. You want to clock 
on the negative-going edge of 
SDA, but since the 74HC74 dual D 
flip-flop clocks on positive-going 
edges, you must invert SDA. The 
STOP condition is detected with the 
second D flip-flop in the HC74; no 
inversion of SDA is needed since 
the STOP condition is defined as 
SDA going positive while SCL is 
high. 

I used one gate of a quad 
74HCOO NAND to do the inversion 
for the START detector, and two 
more NAND gates to form a simple 
SR flip-flop. The pulse lengths of 
the active-low START and STOP out
puts depend on the data pattern 
being transmitted . The SYNCH 
pulse output (and its inverted ver
sion), however, will always be the 
same length as the 12C datagram 
itself, regardless of the data pat
tern being transmitted. 

I provide all four signals on 
BNC connectors for maximum flexi
bility. I can directly hook any one of 
them up to the external trigger 
input of my 'scope. All my software 
has to do is send the same data
gram often enough that I can see 
the datagram on the scope without 
flicker. The circuit could also be 
used with shift registers and latches 
to directly capture datagrams if you 
don't have an oscilloscope, or if you 
want to capture one-shot events. 

The circuit draws its power 
from the circuit under test and was 

built on a RadioShack protoboard 
{#275-150). The test probes are 
clip-ons, also from RadioShack. As 
the 12C spec calls for, I twisted SCL 
with Vss (ground) and SDA with 
Vdd (power) to reduce noise pick
up. C4 decouples Vss right at the 
point where the wires leave the cir
cuit board, and C1 through C3 
decouple the ICs. 

I also included 100-ohm resis
tors to protect the inputs from volt
age transients and weak 1 OOK 
pullup resistors to ensure valid logic 
levels when nothing is connected 
to SDA or SCL. Layout isn't critical, 
but do keep all test leads shorter 
than 12 inches. 

Once I have this code running 
right, then I'll tackle the harder 
problem of the slave code. 

Two Tiny Teeth 

Whew! The weather has start
ed to cool to tolerable levels 
around here, and my son Yonatan 
finally cut his first two teeth. There 
was a while last month when I 
wasn't sure either event would ever 
happen. Then, too, I also got my 
Linux box up and running, almost 
as excruciating a process for me as 
teething was for Yonatan. 
Definitely a five-beer project, and I'll 
tell you all about that and more 
next time. NV 

As always, If you have 
suggestions for improving 
Breadbot, If you've built a 

Breadbot, or If you have questions 
or comments about amateur 

robotics topics, you can 
reach me at: 

Robert Nansel 
69 S. Fremont Ave. #2 
Pittsburgh, PA 15202 

E-Mail: bnansel@nautlcom.net 

Write In 141 on Reader Service Card. 



Continued from page 68 

Dear Nuts & Volts: 
There are worse things than not getting the 

answers requested in a Tech Forum question -
that is getting incorrect information. Chris from 
Bieber, CA provided multiple incorrect answers to 
two different questions. 

In the answer. to question #7994, in the US 
standard television system, the number of total 
scan lines is 525, not 480. Depending on the 
exact number of lines devoted to retre1ce blank
ing, vertical synchronization, test signals, dosed 
captioning, etc., the-actual number of visible 
scan lines range from 483 to 487. 

The 480 lines that Chris refers to is actually 
the number of visible vertical pixels in the VGA 
computer screen and has no relationship to a 
television signal. This is the first error in provid
ing incorrect information. All video cameras used 
in a US television system would have 525 scan 
lines. Exactly one-half of these lines are scanned 
in approximately 1/30 of a second with an inter
laced set scanned in the next 1/30 of a second. 

The basic question in television camera spec
ification is the vertical lines of resolution in the 
horizontal axis. In the conventional manner, this 
is defined as the total number of alternate black 
and white vertical lines that can be resolved by 
the eye in the central 3/4 of the width of the 
screen. This is usually performed by viewing a 
standard test target having resolution wedges 
with varying the density as it would be too cum
bersome to count the lines individually. 

A good black and white tube camera (with a 
high quality black and white monitor) would be 
expected to have a resolution of around 600 
_lines. Color systems have a resolution generally 
in the range of 330 to 450 lines. Moderately 
priced CMOS or CCD cameras generally do not 
have this resolution. 

The number reported in the advertisements 
should report resolution in this manner - equiva
lent to the number of vertical black and white 
lines in a width equal to the height of the screen. 
It is unknown if any of them actually do. The 

-comment by Chris about a 410 line camera hav
ing less information than a 480 line system is 
totally incorrect. 

The CMOS cameras have another character
istic - the actual number of image capturing pix
els in both the horizontal and vertical dimensions. 
A camera actually having a resolution of 410 
lines as specified above would have 54 7 pixels 
horizontally and 410 vertic~lly for a total of 
approximately 224,000. This assumes an optical 
system with no defects. Most cameras advertised 
in Nuts & Volts do not specify the number of pix
els in either axis. 

The unit of illuminance is the tux which is 
defined as the illumination provided by an inci
dent intensity of one lumen per square meter. 
The illuminance provided by a full moon is 
approximately 0.3 tux. The ability of a camera to 
see an object with this illuminance depends on 
the reflectivity of the object, the color of the 
object, and the spectral sensitivity of the camera. 

It is unknown to me what is the spectral 
response of these cameras although all of the 
black and white CMOS cameras do have some 
sensitivity in the infrared range. The statement of 
.3 tux being equal to 0.3 candle per cubic meter 
of space is total gibberish. Lower tux numbers do 
indicate that the camera will provide some kind 
of a picture at lower light intensity. 

The dimension usually given in millimeters 
(mm) is the focal length of the lens, not the 
width. Lower numbers indicate a wider view while 
higher numbers indicate a narrower view (more 
telephoto). However, the f number of the lens 

must also be taken 
into consideration in 
order to maintain the 
lux sensitivity. The f 
number is the ratio of 
the focal length to the 
diameter. As the focal 
length of the lens 
increases, so must the 
diameter for the same 
sensitivity. Also, 
longer focal length 
lenses generally must 
be adjusted for correct 
focus while the wide 
angle lenses (under 
say 4mm) generally 
are in focus from 
relatively dose in to 
infinity. 

c Wireless! 
GO for iust $9.95 ea. 
\ts easy Input Digital Output 

Antenna • 
Digital Input, RF output 

-

, 
.• . _., ... 

, ,. ., .. ,.. -· 
:.-· 

~.. ~~ 

Pin 1: Vee 
Pin 2: Gnd 
Pin 3: o1g1tal In 
Pin 4: Antenna 

Transmits 150 ft. 
2K Baud 

Pin 1: RF Vee 
Pin 2,7: RF Gnd 
Pin 3: Antenna C 
Pin 4,5,6,8,9. N 

Pin 10,12.15: 
Digital Vee 

Pin 11 : Oigit_al GND 
Pin 13: ~ud10 

testpoint 
Pin 14: Digital Out 

In the answer to 
question #7992, the 
first sentence is dou
ble talk - impedance 
is a function of the 
winding and frequen
cy, not an inherent 

Great for use in: tion 
• Home Automa 

• Remote Sensors 
• Signal Presence ' 

much much more. • Remote Controls 

CONYIBGE·.ff;~~iver Crest, Leander, TX 78641 
......,..~-..:==---1-":88::8:-_5•77-728\\ne com/radio 

www.convergen . 1 
characteristic, but 
altering the frequency will not necessarily over
heat the windings unless the frequency is made 
much too low. 

What is true is that the normal single phase 
induction motor will not work correctly due to the 
failure of the eddy current induction in the rotor 
at low frequencies. Note, however, that many 
modern locomotives are now using AC synchro
nous motors with a DC excited rotor and variable 
frequency stator drive for wide speed control. 

A so called "universal motor" such as that 
used in most portable electric tools will work 
even down to DC. These motors have the rotor 
connected in series with the stator through a 
commutator and brushes. A variable width, fixed 
frequency pulsed waveform will nicely control 
these motors. See how a variable speed drill 
works. If your motor has brushes, give the light 
dimmer (or drill motor speed control) a try. 

An induction motor will not behave so nicely. 
As the voltage is lowered, the motor speed will 
fall but the torque will fall off faster, the back 
EMF will fall off, the current will rise, and the 
motor will stall. These motors are essentially 
designed to run at a constant speed with a 
designed voltage and do not behave well at dras
tically lowered voltage. 

A Variac© does not consist of transformers 
that move in relationship to each other but is 
rather an autotransformer (with only one core 
and winding) and a 
movable sliding tap. It 
is like the AC equiva-

have some reality and accuracy check before 
publication. These answers were unbelievable. I 
think that I have seen some questionable 
answers from the same Chris before. If this is 
true, I suggest that you check his qualifications 
before publishing his answers. I am a retired 
Electronics Engineer with extensive analog, 
video, and RF experience and have been a 
licensed radio amateur since 1953. While my new 
home is under construction at the present time, I 
do not have any convenient E-Mail or Internet 
access, so I must rely on the snail mail. 

Dear Nuts & Volts: 

John E. Lemmer 
Willits, CA 

I'm sorry to have to inform you that virtually 
everything in the answer published to question 
#7992 in your Aug. '99 issue, is misleading or 
plain wrong. 

A variac is an autotransformer, but every
thing else said about it is incorrect. It is totally 
unsuited for speed controlling a single-phase 
motor, as is a light dimmer. Speed controlling a 
single-phase AC motor is possible, but so difficult 
that it is rarely done. That is why treadmills are 
made with DC motors. I would have suggested 
that the questioner look for a treadmill motor, 
and, ideally, a matching controller. 

· Robert Via Internet 

TM 

lent of a potentiome
ter except that the 
output voltage can be 
greater than the input 
with the proper config
uration of winding and 
taps. 

Electro luminescence 
Experimenters Kit! 

By Miller Engineering 

$22.95 plus $3.00 S&H 

In any event, 
there is no way a 
Variac could maintain 
a totally constant cur
rent while lowering the 
voltage even if this 
would control the 
motor speed in the 
desired manner. 

I would hope that 
some of the responses 
from readers would 

This exciting kit is designed 
just for the experimenter! Kit 
includes one l.7"x 3.75" white 
EL lamp that makes up to 6 EL 
lamps. Ready to run power 
supply that runs on two AAA 
batteries. Six color overlays 
and complete instructions and 
ideas on using this space age 
marvel. 

Send To: Miller Engineering, P.O. Box 282, 
New Canaan, CT 06840-0282 

Tel. 203-595-0619 V"IS8 & Mastercard accepled. Personal checks must clear 
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Turn Your Multimedia PC into a Powerful 
Real-Time Audio Spectrum Analyzer 

• 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 

APPiications 

• 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 

~:~~~~~1°9~~70 ~ ~ Sp_ectra Plus PHS Pioneer Hill Software m 
a subsidiary of Sound Technology, Inc. FFT Spectral Analysts System 

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer@telebyte.com 

Write In 81 on Reader Service Card. 

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·120L $99.00 
Same size as 2x16 text LCD 

Editable font(s) in 4 sizes 
Up to 6 screens In EEPROM 

Easy tenninal protocol 

(3.7 x 2.8 in.) 
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(3.2 x 1.4 in.) 

G12864 
128x64-pixel LCD 
$199.00 BGX-128L-1 

Large, sharp LCD 
Editable font(s) 
Up to 14 screens in flash 
Separate text, graphics layers 
089 connector built in 
AC adapter jack built in 
Easy tenninal protocol 

Write In 82 on Reader Service Card. 

-.-E:c::~ 

Continued from page 31 

Fifteen inch VGA monitors are a 
dime a dozen nowadays and it would 
probably be easier to buy a new or 
refurbished one. But, if you still want 
to make a cable, I haye included the 
pin-outs for EGA and VGA [which is 
also the same for SVGA and all types 
of Ultra VGA]. 

The CGA pin-outs are the same 
as the EGA with a few exceptions. Pin 
2 is also Ground, pin 7 is not used, 
and pin 6 is Intensity. 

EGA pin-outs: 

PIN SIGNAL 
1 Ground 
2 Secondary Red 
3 Red 
4 Green 
5 Blue 
6 Secondary Green 

Intensity 
7 Secondary Blue/ 

Mono Video 
8 Horizontal Sync 
9 Vertical Sync 

VGA pin-outs 
PIN SIGNAL 

1 Red 
2 Green 
3 Blue 
4 Monitor ID Bit 2 
5 Digital Ground 
6 Red Analog Ground 
7 Green Analog Ground 
8 Blue Analog Ground 
9 not used 
10 Sync Return [GND) 
11 Monitor 1.D Bit 0 
12 Monitor ID Bit 1 
13 Horizontal Sync 
14 Vertical Sync 
15 not used 

Chris 
via lntemet 

ANSWER TO #8999 ·AUG. 1999 
I need information on how to 

hook up a "Rustrak" model 288 strip 
chart recorder. A current address 
for this company would be helpful, 
too .. 

Richard can contact the compa-

ny at Gulton Rustrak, 1015 E. 
Chapman Ave., Fullerton, CA 
92831. 714-879-6385. 

Bob Morrissette 
via lntemet 

ANSWER TO #89918 ·AUG. 1999 
I have a Dentron linear amplifier 

that is no longer in production. I fixed 
the problem that caused arcing 
between the plates of the variable 
capacitor, but they keep arcing. I 
tried to file them smooth, but they 
still arc, so I tried looking for another 
variable capacitor, to no avail. 

Perhaps the variable capacitor is 
not the problem. Your antenna or 
another part of the matching net
work may have failed, causing a large 
mismatch. The large mismatch 

, ANSWERS lp #7997 ·JULY :f'ggg""'F'""~ffi~nd that you cor,; ider;: only ·r;p;) 
· I ha~e an 80Cj number o~w_h(clJ,,. l~s digital ans~~ring m,achines fopl 
tl,wou!<f like tp de/Jver a .three-m1nutf! tnore ciepen~abtlit¥· . ?ft .• 'I 
t ':t::::d! ;,,~S:c~rfe :~£'J :ft John W:!°1:S~' 
~ accept anyincaming rryessages. At]y ... · 'itz~ ' t1~L zlM 
t ideas? . . [% #2,1 recqmmend that you use a 
r #1' Most ~.rsweriryg 111~chines digital announcer. These tspelBS§ ; 
i can be set to "Answer OnlY" which &\telephone ,message repeaters are 
1 will cause .~e machiqe just to play 

7
avaiiable trom sev(:}~I sq4r 

an outgoing messaget~md then hang He~ are two possible~unlts: .,:- ·· .. 
up. "You may, however, have to do 1. Aecom Produ*, lnq1• Mogel 
some shopping around to find an 900L, www.racominc:com;r 1-800. ~ 
answering machine which allows 722-6664. <" 
you to record a three minute oytgo- 2.. Viking Electronics, Modef oi 

ing message. , DVA-3003. www,VikingElectronlcs 
Most machines limit the oytgo- .cpm 715-386-8861 . · 11 + 

ing message to a minute or less. If Thomas Black , 
you are expecting lots of calls to be Folsom, CA , 
made to your 800 number. I recom-

" ' 
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would create the high voltages that 
cause the arcs. Check all the compo
nents, and then try out the amplifier 
with a dummy load. You might also 
clean everything. 

Variable capacitors are pretty 
simple, so I would expect you could 
repair one as long as the bearings 
were still intact. A file is a bit crude 
and will not leave a smooth surface. 
so you might touch things up with fine 
sandpaper, but the file or the sand
paper will wreck any silver plating. 

The capacitor should not be so 
close to the breakdown voltage that a 
littJe roughness matters. That's why I 
suspect other problems. 

Gerald Roylance 
Mountain View, CA 

ANSWER TO #89913 -AUG. 1999 
Is there a way to connect a 

phone hand-set to a computer to 
take the place of the microphone and 
speakers when making an lntemet 
call? 

Most telephones use carbon 
microphone elements, so you will 
need to build a circuit to power the 
carbon element, however, most of 
the really "cheap" phones and many 
"electronic" phones [the type used 
with electronic KSUs or PBXs] use a 
dynamic microphone and speaker. I 
used a cheap handset that had a 
dynamic mic and speaker for my 
computer phone. 

The connection is a narrow RJ-
11, the mic connection is the two 

ANSWERS TO #7999 - JULY 1999 
I changed out the video head on 

my VHS \!CR. The picture had hori
zontal noise lines. This resulted in a 
picture that was normal on the bot
tom third of the screen. The top two
thirds of the picture was half. 
washed, blurry, with about 20 
snake-like waves moving up the 
screen. 

lt\lhat is the cause and remedy 
to this problem? 

#1 There are many factors that 
st.op a VCR head from operating 
properly. Physical alignment of the 
mounting springs. wom bearings in 
the motor, magnetized head, belts 
slippage in the capstan wheel catls
ing a timing error, and the list goes 
on. 

There are many things that you 
can do to fix these problems from 
degaussing the head to checking 
the bearings that support the head. 
But the list is long and these checks 
may or may not fix the problem sim
ply because the head may be physi
cally worn out [missing some 
chrome platingi 

Your best bet is to purchase a 
. service booklet for any brand VCR 

and go down the list as instructed 
and leam as you go. 

What you have to consider 
most when working on a VCR these 
days is the complete replacement 
price of the VCR versus the total 
repair price. 

outside pins and the speaker is the 
two inside pins. That equates to pins 
1 and 4 to the mic and pins 2 and 3 
to the speaker. polarity is not impor
tant and pins 3 and 4 may be con
nected together if you need mic
speaker-ground. 

Bob Boehm 
Cincinnati, OH 

ANSWER TO #8997 -AUG. 1999 
I have scrapped out several 

loads of computer boards for the 
gold in them. 

I was told that there is a place 
that buys the programmable chips 
and reuses them. 

Here are two companies that 
recycle ICs on a large s.cale: 

Fox Electronics 
686 North King Rd. 
San Jose, CA 95133-1709 
[408) 929-4369 
[408) 929-4373 fax 
http:/ /www.foxelectronics.com 

Krueger Company 
1544 W . Mineral Rd. 
Tempe, AZ. 85283 
(800) 245-2235 
[602) 820-5330 
[602] 820-1707 fax 

They pay a bit more than scrap 
value, but don't set your expectations 
too high. 

David DiGiacomo 
San Francisco, CA 

.,..,. 

Unfortunately, the manufactul'
er wants you to buy a complete new 
unit and thus they price their parts 
way out of proportion so that you will 
buy a complete unit rather than fix 
the old. 

Chris 
Bieber, CA 

#2 Before changing the video 
head, I hope you checked the follow
ing: 

1. The tape itself. 2 . Clean 
heads first. 3. Check video cables 
for breaks from TV to VCR. 4. Oleck 
VCR jacks and TV jacks. 

If you did, you should next check 
connection to video head to circuit 
board making sure you connected 
the heads properly so there are no 
shorts. 

With troubleshooting, always 
check from the outside first. Oleck 
the obvious first and the difficult last. 
If the connection is okay, next check 
the tracking system. because more 
than likely it will need an adjustment 
if the heads were bad. Check the · 
drive tire or belt tire for slipping, 
inspect for wear. Oleck tape guide~ 
brake, and capstan. 

If tracking is all okay. check 
board with voltmeter. You may need 
to get a manual for this. This proce
dure is to find the problem. 

Mike Clemente 
Mays Landing, NJ 

ATC modules tum your PC~~~~~~~~ 
into a full-function DSC, 
spectrum analyzer, logger, & l;;:;:;:~::;;::;:=;::;::;:;;:::;.:;;:;:1 
DVM. Units DC to 50MHz. 
0-Scope Il now in Windows 
3.1, 95/98,NT and DOS. 

0-Scopelp 
0-Scopell 
Specialty probes 

$189. 
$349. 
call. 

ATC is a stocking distributor ij ..• ~ifiii .. ~i::=4 
for Pico Technology LTD which ; 
offers scope modules to 3 
lOOMSPS, resolutions from 8 to 3 

-~.l, ·-~- . 16bit. 
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 1 OOOX and band widths from 20KHz to 1.2MHz, 
DFA-5 is the test accessoryto help you work withsignalsfrom DFAS 
5Volts to 5 microVoltes. Only$129.00. 

Serial Port Problems??? 
Check out Serial I I Our 
lowcost serial channel 
analyzeronly $99.00. 

COLLIMATING LENS 

I 
This economical collimating 
leno ass91!1bl¥ conoi•ts of a 
bb:lt anociDd alUminwn bar · 
r.I that ada a• a heat !ink1 and a alaot lens with a local 

. point J 7.5-i. Oiois-1 lo 
lit llandant 9ifttn '-' diocloo. Si,,,P, place 
diocle in .... '- -i.ly, acljuot ........ lo 
cleoi...i raa., then ... wilh adheoi .. . 

1SLENS t-A--.1.iy 2'.99 23.7A 21.37 

DIODE 1TRANSISTOR TESTER KIT 

r;lllll!li Thi1 '!J:d:ic IMt•r 
Ir' ........ ·ngoi1ro .... 

........ & cliocloo in circuit. 
lcl.ntifiM NPN or PNP 

Allison Technology Corporation 
2006 Fanney Vallet Rd., TX. 77471 U.SA. 

800-980-9806 or 281-239-8500 
http://www.atcweb.com atc@accesscomm.net 

l7l .. Year Of S•rwlce II 
EPROMS ---------

r - :- ,.-..f:,f ... ,.:~ • -~: • : ... ':J ',..!'i 

2716 2 .99 2.84 2.56 
2732 A."9 4.27 3.84 

'2732A-20 5.A9 5.22 A.70 
276A-20 5.39 5.12 A.61 
276A-25 A.A9 A27 3.8A 
276AA-20 3..49 3.32 2.99 
276AA-25 2.99 2.8A 2.56 
27C6A-15 2.99 2 .84 2.56 
27256-15 A.79 A.55 A.10 
27056-15 2.99 2.84 2.56 
27512-25 3.09 2.9A 2.65 
27C512-25 2.99 2.84 2.56 
27COHH5 2.79 2.65 2.39 
27C020-l5 3.A9 3.32 2 .99 
27c:oA0-12 5."9 5.22 A.70 
27CQ80-12 10.99 10..U 9.AO 

FM MICROPHONE KIT 

/ 
TranomilJIOUI' 
-Qmon.any 
FM radio. 
Ranee-• lo 
1000'.C
induded 

K30 15.99 15.19 13.67 

What Do We Have? 
• 1.t's • {apatlvB 
• Osdlinrs • Coanedors 
• liyslak • TrimllOls 

• Ka 
• Y'us 

tranoi•lors. Ch.a. all ...._ _______ ___. 

• Olodal 
•Toak 
•1-DlUs • UD's 

1yp .. , small or larg• 

""""*'· ldentifi• anode ....-.t• or cathode of cliocloo. 

DTlOOK 2A.99 23.7A 21.37 

ANTI-STATIC FOAM CLEANER 

A !hid<, ~i..i demMr for ... 
in .iattc MNilive ~icalions. 
Saf.e for plaolics and flberglau. 
U. on computw c:meo and all 
offic. .ciuipmWll. Alto deano 

ooft labric:s. 5 oz. a.'CIOI can. 

1.99 1.89 1.70 

Popular l.C.'s 
~~~~~~~~~ 

-- .'",t,-~ir,~{1~~ ~~} 0r:?; .. ,: ~~ ·: ~· i 
7AOO .39 .37 .33 
7Al.SOO .19 .18 .16 
A017 .29 .28 .25 
7805T .33 .31 .28 
78121' .33 .31 .28 
lM31n .A9 .A7 .A2 
IM386N-1 .33 .3r .28 
i'E555N .2' .23 .21 
IM7A1N .2A 23 .21 
NE5532N .55 .52 .A7 
68HC705C8P 8.99 8.5A 7.69 
87"9 17.99 17.09 15.38 
62256ll'-10 2.79 2.65 2.39 
2816 2 .79 2.65 2.39 

• Vies 
• Resistors 

• Tlllllllstors 
• Andll1D!ll 

Thi• exc:ittng a>l
l•dion of elec
tronic projects 
leatur .. expori· 
ments ranging 
from magnetic 

t.Mlation and lasers lo high
t.di ourveillance and digilal 
communic:ationa. 

-------------------------------• Order Line - (800) 824·3432 • International - (724) 495-1230 • Fax Orders - (724) 495-7882 
• Technical Support- (724) 495-1231 •No Minimum Order- (Orders under $20 subject to$ 5 

charge) -UPS 3 day, Blue, Red, & Fed. Ex. Shipping AYOiloble (CaR for charges) • PA Res. Add 7 % 
Soles Tax -Open Mon·Fri 9:00 AM.· 5:00 PM (EST) • Corporate A.ccounb /Quantity Discounb 
Availoble •We accept M/C, VISA. DiscoYer & American Express with no surcharge • Call For FREE 
Catalog ($2.00 Ouhide U.S.) 

• We Corry A ~ete Line Of Electronic C0fl'4)0nents • Email · unielect @ ool.com 
Visit us on the web ! www.unicomelectronics.com Unicorn Eledronics 

1142 State Route 18 
FREE SHIPPINGI! onpre-poidorders Aliquippa, PA 15001 
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RF Data Modules 

• I I I I 

., ., . 
' . ' ·. .. . ~~ 

\ ~ ·~ .._ 

·1.-,~--:'..!"'·-~ l1 -~ 

•Small si:re: 17.78 x l l.43mm 
•CMOSfrIL input 
•No adjustable components 
•Low Current. 4rnA typical. 
•418MHz or433.92MHz OOK 
•Simple to integrate -simply 

•Compactsi:re: 38.I x 13.7mm 
•On-board data recovery. CMOS 
•Low current. 2.4rnA typical 

•Only 23 x 33 x I Imm 
•Up to 40k bps data rate 
• 19200 baud with ASCII 
•Up to 500ft. range •2kHz data rate. CMOSfrIL output 

• 5V de operation •5v operation 
•0.25mW into 50 

add antenna, data and power 
•Range up to 250ft. 
•Wide supply range, 2-14Vdc 
•SAW controlled - stability 
•Also available in DIL package 

•On 418MHz or 433.92MHz (4xx) 
•No adjustable components 
•Patented Laser Trimmed component 
•High stability 

•418 or433MHz FM 
•Fast hm enable 
•Direct interface to 5V CMOS 
•Auto TX/RX changeover •Sensitivity: -105c1Bm 

•Available also in 0.8rnA version 

AM-RTS .............. $12.10 AM-HRR3-4xx ............ $10.95 B™-4xx-F .......•.•.• $87.36 

•4,800 to 38,400 bps half duplex 
•3-wire RS232 interface 
•µController with user EEPROM 
•RS232 interface protected to ±15kV 
•Data packetizing perfonned by user 
•Auto TX/RX changeover 
•418 MHz and 433MHz versions 
•Range up to 500ft. (0.25mW ver.) 
•0.25mW & IOmW versions 
•Reset switch and status LED's 
• 7 .5-15V de via DB9 connector, 20rnA 

B™-4xx-RS232 .... $139.30 

•Up to 19,200 bps half duplex 
•3 wire RS232 interface 
•Range up to 500ft 
•Transparent data packetizing 

Suppons 8 or 9 bit protocols 
•Self test function 
•Reset Switch & Staus LED's 
• 1/4 wave wire antenna on board 
•Available in a Simplex Tx/Rx 

70 x 65 x tsmm pair.(RTcomTX & RTcomRx) 
•7.5V-15Vdc operation 

Transceiver......... . RTcom4xx. ............... $247.90 
Transmitter.......... RTcomTx4xx. ........... $ 87.15 
Receiver.............. RTcomRx4n.,. ......... $105.52 

Tel: (416)236-3858 
Fax: (416)236-8866 

www.abacom-tech.com 
abacomtech@compuserve.com 

.... 

Don't be stupid. 
Smart techs know that to be 
productive you need to find defective 
components quickly. Maybe that's why 
3 7 TV stations, General Motors, 
Matsushita Industrial, Sears Service, 
Pioneer Electronics, Panasonic 
Authorized Service, and thousands 
more independent service technicians 
have chosen the CapAnalyzer 88 over 
all of the other capacitor checkers. 
Check www.eds-inc.com/88users.html 
for actual CapAnalyzer users' 
comments as they compare their 
CapAnalyzer to the "wizards" and 
"z-meters" they already own. They all 
prefer the CapAnalyzer 88 because it 

does what you expect it to do: check electrolytic capacitors, in-circuit, with 
100% accuracy. Period. 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 our exclusive three
color chart right on the front panel, auto-discharge, multi-beep alert, and 
one-handed tweezer test probe, even your pet monkey could find defective 
caps in that problem TV, monitor or VCR in a few seconds. 55% of sales 
of CapAnalyzers are from recommendations by other CapAnalyzer owners, 
and 9% of sales are from previous customers buying a second unit. So get 
smart and buy one for yourself. It's only $179. With our exclusive 60-day 
satisfaction-or-money-back guarantee, you risk nothing. Your only 
problem will be rurtning out of work as you take care of all of those "dogs" 
that you've been sitting on. We're EDS. We make test equipment designed 

to make you money. Availiable at your distributor now. 561-487-6103 

www.eds-inc.com 
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Newsb-ytes 
Continued from page 16 

Laurinburg, North Carolina. 

http://www.rostra.com 
910-276-4853 Voice 
910-276-1354 Fax 

DEVRY INSTITUTES 
AWARD 

SCHOLARSHIPS TO 
COMPETITION 

WINNERS 

A s part of an ongoing effort to 
address the shortage of quali

fied technicians in the consumer 
electronics (CE) industry, the 
DeVry Institute is continuing its 
support of the Skills USA 
Championships, Electronics 
Applications Competition. 

Kevin Boswell and Jeff See, 
the first-place winners of this 
year's championship held in 
Kansas City, MO on July 1, 1999, 
each received a $30,000.00 schol
arship donated by DeVry. 

"We are happy to be involved 
with Skills USA and with similar 
industry efforts because we see 
the shortage of technically quali
fied workers as a very serious 
problem," explains Ellen Derwin, 
manager of outreach services for 
DeVry. "Awarding scholarships is a 
way for us to encourage students 
to get the education necessary to 
pursue a high-paying and exciting 
career in technology." 

The Consumer Electronics 
Manufacturers Association 
(CEMA) sponsors the annual com
petition in an effort to attract and 
foster talented technicians. "The 
CE industry relies heavily on 
skilled technicians," said Don 
Hatton, vice president, CEMA 
Technical Education and Services. 
"Skills USA and the DeVry scholar
ships provide contest winners an 
opportunity to develop their skills 
through education." 

A long-time supporter of the 
competition, DeVry has donated 
nearly $250,000.00 in scholarships 
to the contest winners during the 
last four years, and has made con
tinuing education a possibility for 
many students who may not have 
had the opportunity. 

"The scholarship to DeVry has 
really helped me get training that I 
would not have otherwise 
received," explained 1998 Skills 
USA Championships winner, Jeff 
See. See, who is currently studying 
at the Kansas City campus of 
DeVry Institutes and hopes to work 
in the research and development 
department of a major electronics 
firm, would not have been able to -
attend DeVry if he had not won the 
scholarship. "I can't begin to thi.nk 
of what else I could be doing," said 
See. "I would probably end up 
making a lot less doing something 
I didn't like." 

The Skills USA Champion
ships are held annually to recog
nize the achievements of vocation
al students and to encourage them 
to strive for excellence and pride in 
their chosen occupations. Working 
against the clock and each other, 
the contestants prove their exper
tise in job skills for occupations 
such as electronics, technical draft
ing, precision machining, medical 
assisting, and culinary arts. 

The Electronics Applications 
competition consists of five trou
bleshooting sections, a soldering/ 
desoldering section, and a written 
exam. The exercises are designed 
to simulate real-world conditions 
and emphasize the quality, efficien
cy, and safety of the competitor's 
work. 

The DeVry Institutes, founded 
in 1931 by Dr. Herman DeVry, 
have a combined enrollment of 
more than 33,000 full- and part
time students and 16 campuses, 
making it one of the largest private 
higher-education systems in North 
America. DeVry offers several 
associate's and bachelor's degree 
programs and provides curricula in 
electronics, computer information 
systems, business, telecommunica
tions management, accounting, 
and technical management. 

CEMA is a sector of the 
Electronics Industries Alliance 
(EIA), the 75-year-old Arlington, 
VA based trade organization repre
senting all facets of electronics 
manufacturing. CEMA represents 
more than 500 US manufacturers 
of audio, video, accessories, 
mobile electronics, communica
tion, information technology, and 
multimedia products that are sold 
through consumer channels. 

CEMA also sponsors and 
manages the International CES -
Your Source for Workstyle and 
Lifestyle TechnologySM. All profits 
from CES are re-invested into 
industry services, including techni
cal training and education, product 
promotion, engineering standards 
development, market research, 
and governmental and legal affairs 
support. As the first major technol
ogy event of the new millennium, 
the 2000 International CES is the 
launch pad for 21st century tech
nology. 

<IPCOMING EVENTS 

Digital Hollywood 
September 27-30, 1999; 

Los Angeles, CA 
DTV Summit, held in conjunction 

with Digital Hollywood 
September 28, 1999; 

Los Angeles, CA 
EIA/CEMA Fall Conference 

October 24-28, 1999; 
Palm Springs, CA 

The 2000 International CES 
- Your Source 

for Workstyle and Ufestyle 
Technology"" 

January 6-9, 2000; Las Vegas, NV 
Digital Hollywood at CES 

January 6-8, 2000; Las Vegas, NV 
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ell, unless I miss my 
guess, that time of 
year is <::oming 
again. The time of 
year when it's pos-

sible to let the real "mad scientist" 
in you out, and not worry about the 
neighbors having you committed. A 
time when you can let your techni-
cal skills place you wbei:a.you really 
belong; not behind a computer 
screen or over some smoky perf 
board, but in the electrical wizard's 
role! 

This year is your time to cackle, 
throw back the curtains, and reveal 
wild arcs of electricity surging 
through your house! 

Even though you find yourself in 
a burned lab coat, even though your 
hair may be standing on end, and 
even as you go wild with laughter, 
with two simple words with which 

you CAN'T be blamed! Repeat after 
me: ''Happy Halloween!" 

That's right, it's the perfect 
excuse to build that wonderful gad .. 
get you've always wanted to - a 
TesJa Coil! 

I warn you now, these coils are 
dan~erous. Not so much because 
they produce large · electrical arcs in 
open air: (that wherupr0perl¥ ha0; 
died are remarkably safe), but 
because these devices can be so 
exciting to build that they can 
become an OBSESSION. You may 
well be at risk for continuing your 
mad scientist activities beyond ... 

Remember - using your Tesla 
Coil this Halloween will produce 
one other type of magic, one that it 
has for more than I 00 years ... 

While the parents may jump out 
of their socks, the children will light 
up with delight and interest! 
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You and I can smile knowing that 
we may have just added some future 
"mad scientists" to our ranks! 

The Tesla Coil 
The coil featured in this article is a classic, and 

a real performer for its size! In fact, though the 
secondary coil stands at just 12" high and 3" in 
diameter, it will easily produce 70,000-volt sparks 
arcing 4" even with a LOW POWER input trans
former (such as an automotive coil or equivalent). 

You can step the power up considerably with 
a larger input transformer and produce as much as 
250,000 volts! At these voltages, sparks are thick, 
brilliant, and noisy, and discharges of half a foot are 
possible. Sparks of this order are suitable for terri
fying the staunchest of trick-or-treaters. 

When operating, many special effects are pos
sible: The coil will light a florescent light bulb held 
in your hand with no wires attached! It will drive 
plasma displays, and cause other florescent or tube 
lights in the room to flicker. 

If you're REALLY of the mad scientist variety, 
the arc can be taken to a metal object held in an 
outstretched hand. (This coil is high frequency, and 
will exhibit the "skin" effect in which the electricity 
can travel over your skin without shocking you. 
However, you MUST read the safety tips for doing 
this later in the article.} 

Though you are free to build the coil "as is;• 
I'd like to briefly go over each component and give 
you some design philosophy. Significant increases in 
output and efficiency can be had with some 
thought on your part. And, that's what these coils 
are all about! 

Important Sources 

Later in the article, I'll give some sources for 
parts, and my web address where you can down
load free design software for altering the dimen
sions of your coil and even trying out your own 
designs on screen before building them! 

How it Works 

There are only five basic components in sim
ple Tesla coil design (see the schematic in Figure I}. 
These are: the line transformer, capacitor, spark 
gap, primary, and secondary windings. 

You'll notice that in the 
design we're using there are 
also a pair of radio frequency 
chokes and a second spark gap 
for safety. (The second spark 
gap is not absolutely necessary 
for operation, in fact, many coil 
designers leave it out. 
However, it can be important 
for coil longevity. The sec
ondary gap protects your line 
transformer.} 

Most of the components 
of the coil can be made by 
hand. I'll give you a brief 
description of each part, what 
it does in the circuit, and what 
options are available. 

The Line 
Transformer 

The line transformer 
boosts the voltage from your 
wall current to between 2,000 
and I 0,000 volts depending on 
the transformer you decide to 
use (2,000 volts is about as 
low as you can go and still 
have a useful spark). Things 
don't really pick up with this 
coil until you get to around 
6,000 volts on your line trans
former. 

Many Tesla builders feel 
that the size of the secondary 
coil and type of discharge ter
minal are the keys to a big 
spark, but even with some of 
the interesting trade-offs you can make in design, 
you can't escape the fact that you can't get more 
out than you put in, so, this is where you can make 
the biggest difference. 

A neon sign transformer rated at 9,000 volts 
or better and around 30 milliamps is ideal. Neon 
transformers are nice because they can be dead
shorted without damage. though, transients in a 
Tesla circuit can still harm them over time. The 
more power you draw from your neon trans
former, the less efficient it becomes. This can cost 
you a little at the output side as well, and is why 
some Tesla purists steer away from neon trans
formers. 

People often use oil furnace ignition trans-
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FIGURE I 

formers with similar ratings, and even automotive 
coil type transformers (see details on this at the 
end of the article}. 

The automotive coil is nice because it's cheap 
and the sparks are safe, yet still impressive and 
entertaining. I often operate my coil for extended 
periods of experimentation with an auto coil type 
set-up. In a darkened room, the blue corona glow 
and subde steamers of electricity are beautiful to 
watch. However - for special effects - your 
coil's output will be modest if you use an auto coil 
as compared to a neon transformer. 

New neon transformers are relatively expen
sive, however, by poking around the Internet and 
Tesla groups (mentioned later), you can find some 
real bargains. Big Tesla systems use distribution 
transformers (as seen on your local telephone 
pole) which produce 17,000 volts or more, but 
you'll need a whole new design for that! 

The Jacob's Ladder! 
Before we go on, I should describe a quick 

stunt with a neon transformer that could be 
"must-have" equipment for your Halloween's lair. 

Figure 2 shows a neon sign transformer. 
Connected to the transformer are two metal rods 
angled close together at the base and then slanting 
apart. (I usually use welding rods.) 

This is a classic '1acob's Ladder" in which a 
spark will form at the narrow point and rise with a 
loud crackle to the top and then repeat. 

This is a simple, mesmerizing effect. Just make 
sure your transformer is grounded, and keep peo
ple clear of this somewhat dangerous spark. (The 
metal rods can be placed inside a large plexy tube 
for safety.) 

The High Voltage Capacitor 
The high voltage from the line transformer is 



needed to supply enough energy to the capacitor 
so that it can "kick" out pulses at a very high 
speed (600 kHz is common) and not be depleted. 
The idea is that as a charge builds up in your 
capacitor, it eventually becomes large enough to 
arc across the spark gap. 

For this coil, we'll assemble a capacitor rated 
at .0052 uF and at least 15,000 volts. 

Commercial caps of this voltage are the best, 
but tend to be expensive. So, most builders create 
their own. See Figure 3A for a simple capacitor 
plan. (Figure 38 shows an exploded view.) 

The capacitor is made by alternating five 
sheets of .032" polystyrene and four sheets of IO" 
square metal. Note in the "top view" that each 
metal plate does not go all the way across the 
polystyrene. 

Copper or aluminum foil can be glued down 
and used for the plates. I personally use thin sheets 
of aluminum such as those used to patch the roof. 

To keep my capacitor together, I glue it and 
sandwich it between two pieces of wood mounted 
under the coil. 

Other configurations of this capacitor are pos
sible so that its size and dimensions can be 
changed to fit your coil's housing. Other home
made high voltage capacitors are also possible 
using everything from rolled plates in PVC and oil 
to beer bottles. Handy calculations for all these 
caps are provided in the free software. 

The Spark Gap 

The spark gap acts as a high voltage switch 
(Figure 4). When energy in the capacitor is suffi
ciently high, it arcs across the gap and supplies 
power to the Tesla primary winding. This partially 
depletes the capacitor and thereby quenches itself, 
restarting the cycle. 

The spark gap shown is the simplest, and 
works well. It's made from two bolts and two 
rounded screw-on caps. By threading the bolts 
back and forth, you can adjust the gap. The ideal 
gap for this coil should be around one millimeter, 
however, changing the gap will get wildly different 
results and I encourage you to do so! 

The spark gap is a key place where coil effi
ciency can be improved. The faster the spark is 
quenched after firing, the better the Tesla sec
ondary will oscillate! (A sloppy spark will cancel 
out some of the secondary coil's output.) 

To quench the spark, many experimenters 
apply a blast of air from a compressor across the 
gap to literally blow out the spark. Others use a 
"multi gap" spark gap by having several points the 
spark must leap to in crossing the gap(s). I have 
heard of exotic spark gaps inside of vacuum cham
bers that increase efficiency by 50%! 

I usually just use a gap as shown and it works 
quite well. Due to the heat and damage that an arc 
can do to a steel bolt head over time, I often make 
a trip to the welding store and use Tungsten weld
ing rods instead of steel bolt heads. 

The Primary Coil 

The primary coil is just a few turns of heavy 
gauge wire. I like RadioShack's catalog # 15-035. 

Since this wire is bare, you will be able to tune 
your coil by sliding a wire along it until a point is 
found where the coil fires most efficiently. 

To get nice even circles, I first wrapped the 
heavy gauge wire around a cylinder, then removed 
it and threaded it through the PVC posts seen in 
the photos. 

In the photo, you'll also notice I had 12 turns 
of wire. This was simply for experimental purposes 
as I was playing with a wide variety of components. 
The coil was "tuned" with less than six windings, 
so I suggest you limit your primary to 6-Yi or so 

windings. The spacing between each winding 
was approximately 2116 of an inch. 

The Secondary Coil 

In my mind, this is where much of the 
magic happens! 

Unlike a conventional transformer. a 
Tesla coil's output is not only related to the 
ratio of turns in the primary and secondary 
windings. In fact, the primary coil acts as a 
tuned radio transmitter, and the secondary 
a tuned radio receiver. When the high fre
quency wave emanating from the primary 
strikes the secondary - if they are proper
ly in tune - the secondary will begin to 
oscillate powerfully. 

This has been described to be like the 
effect of a child on a swing. If the child is 
pushed at just the right moment, the swing 
will gain in amplitude. If pushed at the 
wrong time, however, the swing will be 
deadened. (This is why quenching the gap 
and good tuning on the primary are so 
important.) 

The secondary coil is simply a long 
winding of wire (typically 500 turns) wound 
tightly on a cylindrical form. 

PVC is typically used, or very dry card
board tubing with a few coats of shellac. 
Actually, the thinner and more electrical-
ly inert your form can be, the better. 
Many Tesla purists have attempted (and 
some succeeded) to wind a coil and 
remove the form altogether. 

In the Tesla coil shown, I used a very 
thin butyrate tube from a local plastics 
store. It consists of 424 windings of #24 
enameled wire tightly wound along a 
tube three inches in diameter and 12 
inches long. 

The top of the coil will have high 
energies so, the last few windings at the 
top are spaced slightly apart and can 
optionally be covered with a little coro
na dope. This prevents arcing between 
coils which can damage your secondary. 

To protect the windings, I gave the 
coil several thick coats of epoxy, rotating 
it while the epoxy cured for an even fin-
ish. Shellac or varnish can also be used. IZ IN. 

Odds and Ends 

For a top discharge terminal, I used 
a smooth brass doorknob.All rough 
edges were coated with corona dope.An 

POLYS1'11ENE METAL Pl.ATES 
SIOE VIEW 

10 IN. 

optimal discharge terminal should be at 
least the same diameter as your sec
ondary coil, so I fell a little short here, 

_____ 1i_'O_, _v1i_r_w __ FIGllRE 3A 
but it worked well. Using a torroid-shaped top ter
minal instead of a sphere can make a dramatic 
improvement, as well. For the radio frequency 
chokes, I simply used 21 turns of# I B enameled 
wire on a common I-Yi inch diameter PVC tube. 

Final Assembly 

Assembly is straightforward from the schemat
ic in Figure I, and components are placed as 
shown in Figure 5. I used simple PVC pipes with 
end caps, and screwed the end caps to the board. 
This included the Tesla secondary coil for which I 
found a three-inch end cap to seat it in 

The primary coil should have at least 2-Yi 
inches of spacing between it and the secondary 
coil all the way around. Electrical strikes from the 
primary to the secondary can damage a coil over 
time.A ground rod should be attached to allow 
sparks to have a place to fly. It can be connected 

H L'IS1'11ENE 
(12" 112" 1.032'') 

FIGURE 3B 
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to the wire leading from RFC 2 to the primary. It 
can be bent in, to around four inches from the top 
discharge terminal. 

If using a neon transformer, it Is very good 
electrical practice to run your neon transformer 
from a variac (one rated at five amps would suf
fice) so that you can do low voltage testing, and 
control the output of your coil.A variac is simply a 
variable transformer that connects between the 
wall and your transformer and allows you to con
trol power output. Several Nuts & Volts vendors 
advertise them, or look around the net to pick one 
up for less than $50.00. 

Firing it up! 

Now the fun begins! Your coil is complete 
except for tuning. which is easy to do. One of the 

wires attached to your primary 
coil should be movable. Often an 
alligator clip is used.Attach this 
wire about 5-Yi turns away from 
the other wire attached to your 
primary. Briefly run the coil and 
observe the spark length and char
acter. 

By moving this wire along 
your primary coil, you'll find a 
sweet spot where "spark" is at a 
maximum. This - and playing with 
spark gap distance - is all that is 
required to get the effect you 
want. 

Tip: In the schematic, the 
bottom of the secondary coil is 
shown grounded. You can increase 
spark length by instead attaching 

this wire to the wire connecting RFC 2 and the 
primary. However, this makes the spark dangerous. 

Let the Experiments Begin! 
The stunts that can 

be pulled with your Tesla 
coil are endless. The sim
plest and most fun for 
this Halloween might be 
to hold a florescent tube 
in your hand and have it 
light with no wires when 
passed near the coil 
which is blasting away! 
You can create a stunning 
"electric chair" with 
sparks flying from the coil 

My address is: For those who don't have 
~CO.COM access to the web, l'H be happy to 
The web address for free Tesla send out a sheet of sources with 
software and info from me will more Tesla info and experiments 
be: to anyone who writes by E-Mail. 
hU:p:J/wWW.noonco.comJtesla 

FREE CATALOGS/FURTHER 
For construction of the article, TESLA INFO SOURCES 

I have available: 
TCBA NEWS is a practical 
newsletter on homemade coils 

• Precut polystyrene, $1.25 per published quarterly by Harry 
sheet. Goldman, 3 Amy Lane, 

•A "Wire Kit'' which includes Queensbury, NY 12804. 
all the wires needed, including the 
wire for the primary, the sec- Undsay Books, Inc., has many 
ondaJ'Yi and the RFC chokes for Tesla and unusual electrical 
$25 00' reprints. Write to P.O. Box 538, 
• i al~o have a few of the "auto Bradley, IL 6091 S. 

coil" line transformers for $34.00 International Tesla Society, P.O. Box 
while they last. 636, Colorado Springs, CO 80931. 

Your shrinking options are 
expanding! 

.~!~~2~6~H~1~:;u! r _.. ~~~~ 
• RS232, SV regulator, 8MHz crysta~ 
• 32K SRAM plus BK or 32K EEPROM 
• plugs into your breadboard like a DIP 
SK Starter Package #MC11 SPSK ....... $75* 

behind you while your victim's scream! 
If you are using a low input coil like an auto 

coil or equivalent driver, sparks of four inches can 
be taken to the hand painlessly! Remember that 
you should have metal thimbles on your fingers or 
be holding some metal object since the sparks 
themselves can be warm. 

Remember good electrical practice when 
doing any high power work. Tesla wore thick 
rubber sole shoes, and kept one hand in his 
pocket! 

If you get the Tesla bug. many serious and 
bizarre experiments are possible from wireless 
power transmission, to passing a million volts safely 
through a person! I have even read accounts of 
temporarily, painlessly scrambling a person's ner
vous system. 

If you visit the web page soon, I'll set up a 
mailing list for Nuts & Volts readers to keep you 
informed of upcoming Tesla events. 

So, let's get winding our coils, and give our 
neighborhood friends a REAL shock this 
Halloween! V 

LIFETIME WIRE STRIPPER, a 
breakthrough in wire stripping 
technology. Extremely fast tool wi ll 
strip PVC insulation #14 to #30 
AWG from solid, stranded or 
shielded wires. High quality strip is 
achieved by patented stripping 
element (.008" thick) which ther
mally cuts the insulation all the 
way to the conductor without 
nicks. Five year test, with over 2 
million stripped wires, using the 
same element, speaks for itself. 
The stripper has won a -

32K Starter Package #MC11 SP32K ... $89* 
• plus shipping & handling "FIVE STAR PRODUCT OF THE MONTH" 
Visa•MasterCard-Discover•Amex T ~(!Cl '1 Cl I Cl E i (!a I 

AP ts 
Phone: (416) 963-8996 ~~ Fax: (416) 963-9179 

www.technologicalarts.com 
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award in DESIGNFAX magazine. Strippers for TFE, KAPTON, KYNAR, SILICONE 
RUBBER, etc. and rechargeable, battery powered strippers also available. 

PATCO Service, Inc., 2515 Glencoe Rd. , Baltimore, MD 21234 
(410) 444-4010 Fax (410) 254-9566 

Write in 146 on Reader Service Card. 
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Wireless pet-containment breakthrough 

Computerized collar 
receives signal from the 
transmitter in your home 

Computerized collar creates 
world's first radio-controlled dog? 
Small U.S. company develops technology that uses radio waves and a 

......:~-

microprocessor on your dog's collar to replace expensive fencing, 
cruel chains and leashes ... keeping your dog safe and free! 

by Guy Yeadon 

Some of the hottest products in recent years 
have been electronic pet containment sys
tems. Unfortunately, they require wires that 
have to be buried in your yard to create a 

run to, since th nl safe area 
lies inside the cont · 
de. Compared to conv 
fences which dogs can · 

boundary and communicate with the dog's 
collar. This makes them a nightmare 

nder ... Ins 

to install and subject to damage 
from lawnmowers, shovels ... 
even other dogs! One of the 

major manufacturers in the 
industry, Radio Systems 
Corporation, asked its team of 
engineers, "How can we elimi
nate the wires?" That's how 
Instant Fence was born. 

's more, t's totally portable. 
simply unplug it and take it 

witr you to your new house, while 
visiting friends or even while 
traveling. No more ties, cages or 
boarding costs-your pet can 
enjoy vacations as much as you. 

Smart collar. Instant Fence gives 
you the ability to set up a safe and 
secure area for your pet to play, 
without the time and expense of 
conventional fences. Most fences 
can cost thousands of dollars and 
can affect the appearance of your 
property. In many new neighbor
hoods, they aren't even allowed. 
Electronic fences that use wires 
and special collars can cost nearly 
as much to have professionally 
installed, usually well over a 
thousand dollars . Instant Fence 
is a revolutionary new concept 
that is clearly the best value in 
pet containment. 

Instant Fence's breakthrough 
design took 3 years and $2 million 
of research to develop ... 

The humane solution. Instant 
Fence will provide greater happi
ness and freedom for you and 
your pet. No more cages, dog runs 
or tie-outs. No more waiting for 
you to go for a walk on a leash. 
Your dog will be able to run and 
play throughout the yard. 

Safe, secure and totally 
portable. This is the safest, most 

• Yfweless. No more 
digging up your yard lo 
bury wires. Just ~ug it in. 

• Affordable. Costs signifi
cantly less than other 
containment options. 

Easy installation, simple train
ing. Instant Fence emits a radio 
signal that extends up to 90 feet 
from the transmitter. While the 

• Totaly portable. Toke it signal area forms a circle, you can 
with you wherever you go. 

• Safe & Secure. Keep 
your dog in your yard-
safe and out of trouble. 

• Hidden barrier. Without 

adjust it to keep your pet in your 
yard. While your dog may not be 
able to roam every square inch of 
your property, it can have over a 
third of an acre in which to play. 

fences, pos1s or wires, on~ The system has a variety of safety 
yourdogwi11knowtt'sthere. features to protect your dog . 

secure fence you can buy for your pet. It is far 
superior to alternative containment methods, 
because there are no wires to bury and because the 
pet cannot "run through" the warning zone. When 
the collar picks up the signal from a buried wire, a 
stubborn or poorly trained dog can learn to break 
out. With Instant Fence, there is no "other side" to 

Patented coding in the software 
prevents any accidental electric pulse in the event 
of a power shortage. The boundary area remains 
stable, never fluctuating with disturbances within 
the signal area. If your pet is poorly trained and 
gets out of the containment area for over 30 sec
onds, the correction pulses will cease and the 
receiver will revert to a beep. Training is simple 

ell The Instant Fence Transmitter emils a radio signal around your home, so 

n~il'I -.J all you do is plug ii in somewhere inconspicuous. Your dog wears a lighl-

weight receiver collar that picks up the signal-up to 90 feet from the 

transmitter. As long as the receiver is in range, your dog is free to run and play. When 

it approaches the boundary of the signal area, the dog will hear a warning beep. If the 

dog continues, ii receives a light static energy pulse, which is startling but not harmful. 

After only a little training, your dog will learn the boundaries of the system. The 

••••••••-----...1 system is totally adjustable for smaller areas. 

• As the signal diminishes, 
the collar will emit a 
warning 

• If your dog leaves the 
safe zone, the collar will 
administer a correction 

• The system resets when 
your dog returns to the 
safe zone 

Instant Fence Includes 
everything you need: 
• Transmitter with AC adopter 
• Receiver collar and batteries 
• Boundary flags 
• Training manual and video 

Installs in seconds
just plug it in! 

and a video is 
included to walk 
you through the process. Once 
you have adjusted the signal to 
the desired strength, mark the 
boundary by placing the small 

training flags at the edge of the 
signal area. The training takes 
only minutes a day, and dogs 

generally learn their boundary within a few 
weeks. After thirty days, you can begin to remove 
the flags gradually. 

It's risk-free .•• and only Comtrad has it. Why 
wait to take advantage of this breakthrough tech
nology? Instant Fence comes with a one-year lim
ited warranty from Radio Systems, and it's backed 
by Comtrad's exclusive risk-free guarantee. Try it 
for yourself, and if you are not satisfied, simply 
return it within 90 days for a full "No Questions 
Asked" refund. 

Exclusive limited time offer! Order today and get a 
factory-direct discount on Instant Fence. 

Instant Fence: 
Three credit card payments of .•.•. $99.95 $19 S&H 

Please mention promotional code 5821-15987. 
For fastest service, call toll-free 24 hours a day 

800-992-2966 
ill~•EJ 

To order by mail, send check or money order for the total amount including S&H. 
To charge it to your credit card, enclose your account number and expiration date. 

Vitginia residents only-please add 4.5% sales tax. 

comtrad 
indu tr"es 
2820 Waterford Lake Dr .. Suite 102 
Midlothian, Virginia 23112 

Nuts & Volts Magazine/SEPTEl90 t999 91 



CP-908 

The CP-908 is a single board computer 
I based on the 68HC908 microcontroller. 

The 68HC908 is a member of the 68HC08 
family and has 20K of on-chip Flash for pro
gram storage. A variety of control-related 
resources are also in!~ted into th~ chiR. 
These include an e1 t-channel, e1ght-b1t 

~ A/D converter, eig t keypad inte~rupt 
inputs, eight general-purpose 1/0 Imes, 
built-in monitor ROM, SCI (asynchronous) 

' 

If you do not wish to order a subscription, 
but would like to be entered in our drawing, 
simply send or E-Mail your name, address, 
and telephone number, to NUTS & VOLTS, 
430 Princeland Court, Corona, CA 91719, 
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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serial port, SPI (syn
chronous) serial 
port, timer interface 
module, and 512 
bytes of RAM. 

A unique feature 
of the 68HC908 is 
that its Flash memory 
is "in-system" pro
grammable. Because 
user software can 
erase, write, and read 
the Flash, it can be 
programmed in the 
standard user mode. 
However, a special 
"monitor mode" is 

also available on the 68HC908. This mode 
allows the user to perform various low-level 
operations on the 68HC908 without execut
ing user code. 

The CP-908 is priced at $149.00. 
For more information, contact: 

Prec i sion 
Navigation, Inc. 

introduces the first 
radar/laser detec
tor with a built-in 
digital compass, 
the RXSOOO for 
use in autos, RVs, 
and SUVs. 

The RXSOOO brings together state-of-the-art technologies in one 
small six-ounce unit designed to provide all types of drivers with the 
most accurate radar/laser/safety and compass combination on the 
market today. . . . . 

Ideal for long-distance drivers who find themselves in new c1t1es, 
the RXSOOO not only alerts the user to all bands of radar, 360 
degrees of laser protection and VG-2, it also functions a~ a safety 
device informing drivers of road hazar~s suc.h as ap~roach_mg en:ier
gency vehicles, roadwork, and upcoming tram crossings with an illu-
minated eight-digit text display. . 

The digital compass displays directional information with numer
ic digits and cardinal points. Its magnetic distortion detect!on and 
correction elements means it operates without the worry of interfer-

ALLEN SYSTEMS ence from outside metal sources like traditional compasses. 
2346 BRANDON RD., DEPT. NV Designed to be very user-frie~dly, the sle~k pro!ile of !he 4-1(2" 

COLUMBUS, OH 43221 x 3" metal-finish unit mounts easily to any windshield with suction 
614·488-7122 cups and is powered by a 12-volt cord that plugs into the car lighter. 

E·MAIL: allensya@aol.com The easy-to-read display has four city modes, brightness and vOlume 
WEB: http://membefs.aol.com/allensya controls, a mute button, and can withstand operating temperatures 

from -14 degrees to 158 degrees. 
The RXSOOO can be furchased at specialty retailers and from catalogs at 

a suggested retail price o $199.00. 
For more information, contact: 

PRECISION NAVIGATION, INC. 
5550 SKYl.ANE BLVD., STE. E, DEPT. NV 

SANTA ROSA, CA 95403 
707·566-2260 FAX: 707·566-2261 

E·MAIL: csberer@preciliennav.com 
WEI: www.precisionnav.com 
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As a current, paid subscriber, you 
will be automaticallv entered each 
month in our drawing. 
To Subscribe - Just fill in and mail 
the enclosed subscription card or 
call our toll free order line at 
(800) 783-4624 with a Visa or 
MasterCard. 

Contributors ... 
Parallax (back cover) • Corporate Systems Center 
(pages 2 ,95) • HSC (page 3) • Resources Unlimited 

(page 17) • Timeline, Inc. (page 37) 
• Alltronics (page 22) •Electro Mavin (page 15) 

• All Electronics (page 41) • Roger's Systems Specialist 
(page 77) • Electronic Goldmine (page 34) 

• MCM Electronics (page 17, Aug. issue) 
• Velleman (page 59, Aug. issue) • Seabird Technical (page 67) 



MULTI-SENSOR VEHICLE COMPASS 

esigned to give drivers a variety of 
essential trip information, the V5000 

• Series multi-sensor vehicle compasses inte
grate state-of-the-art sensor technology to 

PICMICRO EXPERIMENTER/LAB BOARD 

he new PIC-X1 is microEngineering Labs 
first pre-assembled experimenters plat

.· form for the Microchip Technology PICmicro 
microcontrollers. While our PICProto boards 
allow you to create your own projects with a 
minimum of hassle, the PIC-X1 goes one step 
further. It provides an assembled testbed 
containing most of the circuitry commonly 
used with PICmicros. 

The PIC-X1 contains the circuitry 
required by the PICmicro to operate: five-volt 
power supply, oscillator, reset circuit, as well 
as additional application circuits. The crystal 
controlled oscillator includes jumpers to set 
the speed between 4 MHz and 20 MHz. 

Application circuits include a switch 
matrix, potentiometers, LEDs, LCD module, 
serial EEPROMS, real-time clock, tempera
ture sensors, servo connectors, RS232 inter
face, RS485 interface, IR interface, and 

provide directional readouts, the inside r.a . ...:--i 

temperature of the car, automatic trip 
timer, digital clock, outside temperatures, corn's new IC-2800H has a unique full color LCD display 
black-ice warnings, altimeter readings, trip • __,with user-selectable modes and video capabilities. With 
logs, and "SMART" sensor features such ;1' ~If] durable construction, installation flexibility, a bandscope 
as an auto shut-off when the car is not in ~ function, 9600 bps packet, independent tuning controls, 
use after 1 O minutes, magnetic distortion i convenient memory editing, and much more. The IC-
detection, and correction elements that tell 2800H offers advanced functions, convenient features, 
when the compass reading may be affect- and superior performance. 
ed by an outside source, and a multiple trip . > The IC-2800H has a 3" TFT color LCD remote control 
log that stores and records time and tern- head that gives a wide angle viewing for flexibility and all-
perature information, as well as the time around usability. The high visibility screen offers a wealth of 
traveled , for up to three trips. information: scope, S meter, memory names, scan condi-

Prices for the V5000 Series range tion, and more. · 
from $79.95 to $129.95 and can be pur- With optional and/or third-party equipment, preview 
chased at specialty retailers and from cata- real-time VCR or digital camera images, monitor TV broad-
logs. casts with a TV tuner, display GPS maps, and more. 

For more information, contact: The IC-2800H transmits 50 watts on 144-148 MHz, 
&qflllillllilll and 35 watts on 430-450 MHz. 

PRECISION NAVIGATION, INC. 
5550 SKYLANE BLVD., STE. E, DEPT. NV 

SANTA ROSA, CA 95403 
707-566-2260 FAX: 707-566-2261 

E-MAIL: csherer@precisionnav.com 
WEB: www.precisionnav.com 

A tuning dial, AF gain, squelch level control, and four 
function control switches are available for each band. 

For more information, contact: 

ICOM AMERICA, INC. 
2380 116TH AVE. N.E., DEPT. NV 

BELLEVUE, WA 98004 
425-454-8155 FAX: 425-454-1509 

WEB: www.icomamerica.com 
speaker. A prototyping area is also included in case ..,......,...._.,...~_ ....... _..-~="'----.- ~--.i::ww--~ 
we missed your favorite circuit. • 

All of the PICmicro 1/0 pins are brought out to J. 
headers next to a 40-pin ZIF socket. This allows 
connection to off-board circuits, as well as allowing 
on-board circuits to be connected to other 
PICmicro pins, if desired. The PIC-X1 is designed to 
work with 40-pin PICmicros, but may be jumpered 
to work with smaller devices. 

The PIC-X1 is available in either bare PCB, kit, · 
or assembled form. A parts list and schematic along 
with PicBasic Pro example programs, are included. 

For more information, contact: 

MICROENGINEERING LABS, INC. 
P.O. BOX 7532, DEPT. NV 

COLORADO SPRINGS, CO 80933 
719-520-5323 FAX: 719-520-1867 

E-MAIL: info@melabs.com 
WEB: http:/ /www.melabs.com 

MEMKEY 

grammed to any standard value. In addition, the 
aebounce time and typematic rate are fully programma
ble. All programmabfe values are stored tn non-volatile 
memory so they are saved when power is off. 

When operating with the serial protocol, the 
MEMKey communicates at 2400 baud, 8N1, LSB first, 
asynchronous. This can be either a one-wire or a two
wire interface. 

In addition, there are 64 bytes of EEPROM memory 
which is made available to the user as scratch pad space. 

The MEMKey's small size and connection scheme 
allow the device to be inserted directly into circuit boards 
for production runs, or into breadboards for easy proto
typing. 

Complete data sheets and application notes are 
available. 

The MEMKey comes in a 1.6" x 2.25" SIP module, 
and sells for $36.00 (quantity 1). 

For more information, contact: 
The MEMKey is a fully programmable keypad encoder. 
I Using a jumper, the MEMl<eJ' supports either a simple 
serial communication protoco or the standard PC/ AT .... -... -...y- communication protocol. In either communication mode, 
it can decode key matrixes of up to four columns by five 
rows. The rows and columns can be programmed to 
match the row-column configuration of any off-the-shelf 
keypad. 

SOLUTIONS CUBED 

The value returned by the MEMKey can be pro-

3029 ESPLANADE SIE. F, DEPT. NY 
CHICO, CA 95973 

530-891-8045 FAX: 530-891-1643 
E-MAIL: lon@solalions-culte.com 
WEB: www.sehtdons-c11bed.com 
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www.web-tronics.com www.web-tronics.com www.web-tronics.com 
Fantastic DMM Offer! 2GHz RF Field 

Strength Analyzer 
<S>Protek 

Removable Hard Drive Rack 
For !DE/Ultra OMA Hard Drives ---.... 

We Sold Over 14,000in 1998! 
Don't let th is price fool you.This meter is a digital 
mult imeter designed for engineers and hobbyists. Equippe 
with S functions and 19 ranges. Each test position is 
quickly and easily selected with a simple turn of the 
FUNCTION/ RANGE selector rotary switch. Rubber 
Boot lndudedl 

• Frequency Range: I OOKHz to This product can be used with any 3-1/2 IDE 
hard drive up to I"' high. It includes an electronic 2,060MHz 

Display:l-112 Digit LCD, 21 mm Figure Height with 
Automatic Polarity 

Indication: 3 Least Significant D[g!ts Blan 
ure for Guaranteed Accuracy: 23"C 

• Narrow Band FM (N FM),Wide 
Band FM (WFM),AM and Single 
Side Band (SSB) Modulated 
Signals May Be Measured 

keylock for safe removal and insertion. Made of 
ABS 707 fireproof plastic. Use this product to 
protect sensitive hard drive data, take your hard 
drive between work and home or even set up 

t 5°C RH<7S% 

• PLL Tuning System for Precise 
Frequency Measurement and different users with their own hard drives that they physically insert every time they use a 

PC. Other models available from C.S.I. include RH I 0 series and RH20 series, which are Tuning 
Temperature Ranges: • LED Backlight LCD (I 92x 192 interchangeable within the same interface design (IDE or SCSI). 

Other Models are Available. See www.web-tronics.com under "hard drive and dots) Operating: 0°C to 40°C (32°F to I04°F) 
Storage: -1 o· c to so•c ( I 4°F to I 22°F) 

Power : 9V Alkaline or Carbon-Zinc Battery 
(NEDA 1604) 

• Built- In Frequency Counte r accessorie.<" 'or more details and pictures. 
• Hand-Held and Battery 

Operated 

ow Battery Indication: BAT on Left of LCD Displ 
Dimensions: 188mm(L) x 87mm(W) x 33mm thick 
Net Weight 400g Get All the Specs From Our 

• All Functions are Menu Selected e'flff' ~ Removable Hard Drive Rack with 
1' Auto Door And Cooling Fan • RS232C for PC Interface and #3201 Printer 

See the web site for details Auto door on the outer frame 
ABS material of outer frame, High 

-
Auto-Temp Solder 
Station with C 
Element 
W ith Ceramic 
Heating Element for 
More Accurate Tem 
Adjustment 
3 Conductor 
Grounded Powe · ate 

Easy to Nav1g ch Engine 
a sear 

effi ciency cooling fan 
Worldwide patent pull ing function 
handle 
CE Approved 
Coating iron bottom cover 
For IDE interface 
For I" high 3.5'' HDD 
Not compatible with our RH I 0 & RH20 series. Compatible #MR-27 
with our RH 17-IDE model. Details atwww.web-Ironies.com 

Cord 
2so· c.4s o· c 
(470°F-900°F) 
Fast Heating Feature 

Includes II Works antlY 
That Rea Y Added Const In Business 
New Items Since 1971 

COLOR CCD Mini 
Board Cameras 
Low Power Consumption 
1 Lux Illumination 

VM3010PA 
llmmx33mmxl 8mm 

\ Pinhole lens 
with audio For More Info See www.web-tronics.com 

CCD B&W Board Cameras 
ASIC CCD Area Image Sensor 
Extremely Low Power Consumption 
0.5 Lux Min Illumination 
Built-In Electronic Auto Iris for Auto 
Light Compensation 

Detailed Specs on the Web 

VM1030PA-B 
l0mmxl0mmx25mm, 
Pinhole lens with 

audio, 12V 

$ 4 9. 02.y qty. 

$ 4 9. 02.y qty. 

Standard lens with 
audio, I 2V with back 

light compensation 

$59. O..c;?Y qty. 

Bullet CCD Camera~-, 

B & W and Color : Di~~~~Weatherproof 
• Sma"! Rugged Metal / " 20mm(D)x83mm(L) 

VMBLT1020W 
B&WWeatherproof 

21 mm(D)x58.5mm(L) 
Housing $ OO 

• Extrememly Low 1 89 
Power Consumption • any qty. $79. 02y qty. 

• 12 Volt 
• CCD Area Image Sensor 

for Long Camera L i fe 
• Built-In Electronic Auto Iris for Auto 

Light Compensation 
• No Blooming~ No Burning 
• 0.1 Min Lux Illumination (B&W), 1 Lux 

Min Lux Illumination (color) 

VMBLT1020A 
B&W with audio 

21 mm(D)x55mm(L) 

$69. 0~yqty. 

ne'flff! 1; Mini CCDs (B/W & Color) 

Sensational NEW Design for Small 
Observation Cameras. Smaller and Better! 

Ultra Miniature Design 
Black & White Versions Only 25mm x 
25mm 

32mmxl2mmx30m 
Color CCD with 

standard lens, pre
wired cabling for video 

audio, I 2V DC Power 

49.00 $139. Color Versions Only 32mm x 32mm 
Available in Standard Lens or Pinhole 5 or more 
Lens 
All Include Audio 
All Include Pre-Wired Cable Harness 
for Audio, Video & Power 
12V Regulated Power Supply Required 
(120mA typical power consumption) 
0.1 LUX Rating (B/W), 1 LUX (color) 
CCD Area Image Sensor for Long 
Camera Life 
Back Light Compensation Circuit 

VMCW-H12A 
32mmx32mmxl9mm, 
Color CCD with 
pinhole lens, pre-wired 
cabling for video/audio, 
I 2V DC Power Input 

149.00 $139 
Built-In Electronic Auto Iris Lens iled Si>ecs 

VMPS-718A Oeta the Web VMPS-250A 
25mmx25mmx30mm, on 25mmx25mmxl5mm 

B/W CCD "'.ith stan~ard B/W CCD with pinhol~ 
lens! pre-w1~ cabhng lens, pre-wired cabling 

for v1deo/aud10, 12V DC for video/audio, I 2V DC 
Power Input Power Input 

$69,00 $59.oo $ 9.oo $59.o 
5 or more 

Our Most Sophisticated DMM We Sold Over 700 Last Year/ 
w ith RS-232 Interface & Software, 3-3/4 D igit, 4000 Count, 
Auto-Ranging w ith Analog Bargraph 
• True RMS Mode • K Type Temperature Probe Included 
• I OM Hz Frequency Counter • Pulse_ Signal for Logic & Audible Test 

n M d .th Al Cl k. • Contmu1ty/D1ode Test 
• 1me o e w1 arm, oc • Logic Test 

Reg. $169 

~d ~~.P ~atch • Auto Power OFFf'Keep ON"' Mode 
• I OuaL isp ayM • Fused 20A Input with Warning 
• ocat1on emor y Be 
• Min, Max, Avg and Relative • Ba e~r. h 

Mode • oa'ca ~~l~/Run Mode 

More Details 
on our 

Web Site 

• Decibel Measurement • Safety Design UL 1244 & VDE-041 1 
• Cap and Ind. Measurement • Protective Holster 
• Temperature Mode (C/F) • Si licon Test Leads 

PROTEK 506 

VM1030A 

l0mmxl0mmx26mm 
Standard lens with 

audio, 12V 

Built-In Electronic Auto Iris 
for Auto Light Compensation 
Internal Synchronization 
12Volts 
400 TV Lines 

any qty. 

$ 4 9. 02.y qty. 

VM1036A 
l2mmxl2mmx25mm 
Standard lens with audio, 
I 2V, reverse mirror 
image feature 

$59. O..c;?yqty. 

<S>Protek 

x40mmx24mm 
Standard lens 

any qty. 

Detailed Specs on the Web 

VM3010-A 

Amazing Oscilloscope Offers 
Series 6500 Deluxe 
20MHz/40MHz/60MHz/ I OOMHz 
Dual· Trace Oscilloscopes 
• Alternate Trigger 
• Internal Sync Seperator Circuit 

Alt-Mag Sweep 
Delay Sweep ( 65 I 0) 

LATE.ST 
DE.SIGNS! 

Asia's currencies are 
devalued against U.S. dollars. 
Take advantage of GREAT 
prices while they last! __./ 

hese deluxe HC Protek oscil loscopes provide the Part No. 6510 
features and accuracy that serious technicians and Bandwidth 1 OOMHz 
engineers need at prices well below what you may have V rt S "fv·ty 1 V/DIV 
expected.These dual-trace, dual-channel, scopes have Alt- e · ens1 I I m 
Mag sweeps and provide simultaneous display of normal to 5V/Div 
and magnified traces. An internal sync seperator circuit Max Sweep Rate 2nS/Div 
provides stable triggering of video signals.TV-H (TV line to 0.2S/Div 
synchronizing feature) andTV-V (TY frame synchronizing Delay Sweep YES 
frequency) are automatically switched by the Time/Div Vert. Mode Trig . YES 
front-pane l con trol. The user can v1.~w para llax-free C rsor Reado t NO 
waveform measurements on the large 6 rectangular CRT U U 
that includes an illuminated internal Bx IO Div graticule. CRT Volts 12KV 

6506 
60MHz 

1mV/Div 
to5V/Div 
0.1µS/Div 

to0.2S/Div 
ALT-MAG 

YES 
NO 

10KV 

t ~ 3000 Series Digital RIO Bench Power Supplies 
•Low Cost Single Output •High Performance Triple Output 

6504 
40MHz 

1mV/Div 
to5V/Div 
0.1µS/Div 
to0.2S/Div 
ALT-MAG 

YES 
NO 

10KV 

High stability digital read-out bench power supplies featuring constant voltage 
and cur ren t output s. Short-circuit protection and current limiting protection 
is provide d .The dual output versions can be used in both serial voltage and 
parallel c urrent configurations to double maximum outputs. H ighly accurate 
LED accuracy a nd stable line regulation 
make the 3000 series the perfe ct choice for . .=~]l~~.· .:::::::::::: .. :::· 
lab and e ducational use . - - - ........... ..:7::::::::::::::· 

Line Regulation: 2x l0 ... + Ima 
LED Accuracy: Voltage ±I % +2 digits 

Current ± 1.5% + 2 digits 
W ave Li ne N oise: ::; I mvrms 
Dime nsions: 291 m m x I 58m m x I 36mm (C Sl3003 & C Sl30 I 0) 

365mm x 265mm x I 64mm (C Sl3003-3 & 3005-53) 

6502 
20MHz 

1mV/Div 
to5V/Div 
0.2µS/Div 
to0.5S/Div 
ALT-MAG 

YES 
NO 
2KV 

CSl3003: 0·30v/0-3amp Digital RIO Bench PS, Ix I O"'+Smv Load Regulation 
CSl30 I 0: 0·30v/O. I Oamp Digital RIO Bench PS, Ix I 0"'+30mv Load Regulation 
CSl3003·3:Triple Output 2x(0·30v/O.Jamp)+5v, lamp Fixed, 

$99.00 5/$89.00 
$149.00 5/$139.00 

Ix I O·'+Smv Load Regulation $239.00 5/$219.00 
CSIJOOS·l:Triple Output, 2x(0·30v/O·Samp) +Sv, lamp Fixed, 

lxl0"'+2Smv Load Regulation $269.00 5/$249.00 
3000 Series Supplies Will Become Available Approximately September 15, 1999. Orders Are Being Taken Now. 



47GB SCSI DRIVE 

Open Windows instantly. Process 
huge graphic and database files with 
ease. Make your file server scream 
with speed. 

The 47GB Seagate Elite is the 
drive you need for serious perfor
mance. It features 14 disks and 28 
heads for blazing performance 3.5 11 

drives can't touch. The Ultra Wide 
interface makes installation a snap. 
A 4MB cache buffer accelerates data 
transfers. 

$895! 
FREE SCSI ENCLOSURE 

408 330·5523 
A special volume purchase brings you 

brand new drives at low, low PC prices. 
Shop around. Compare price. No one 
else can match this deal. 

Buy just one drive and build the 
ultimate workstation. Or add sever
al to take advantage of NT RAID 
performance. Let us custom-build 
y our multi-drive disk array at no 
extra charge. Redundant rack
mount trays stack to build arrays 
bigger than l,OOOGB per rack! 

Get the speed you need and the 
reliability you deserve. Get rock 
solid Seagate quality backed by a 
warranty of up to six years! Call 
now! Try your 47GB monster drive 
risk-free. 

CORPORATE SYSTEMS CENTER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.SCSIDRIVES.COM 

Seagate ST446452W drives are PC, M ac, SCI, and Sun compatible. 5 l /4" Eljte drives are sold only in OEM enclosures and disk array trays. CSC carries low
cost, top-quafoy PCI controllers and SCSI accessories. If you haven 't already upgraded to SCSI, call us for help. No-risk guarantee refunds your entire purchase 
price (less shipping) if y ou 're not completely satisfied with in 15 days. Call for your &ee catalog of hard drives, duplication equjpment, and accessories. 

Write In 72 on Reader Service Card. Nuts & Volts Magazine/SEPTE~R 1999 95 



Introductory Offer 
#45180 Expires 9/30/99 

SXTech Board provides bread 
board access to SX 1/0 ports and 
control lines. Socket for SX 28 
microcontroller. Four-pin right 
angle header for SX-Key Rev. F. 

• SX-Key Rev. F. Programmer 
• SX-Tech Board 
•Two (2) SX 28AC/DP "A" 50 MIPS microcontrollers 
•One (1) Murata 50 MHz resonator 
• Printed Manual 
•CD-ROM, power supply and serial cable (145181- NO power supply) 

New 50 MIPS SX Microcontrollers have arrived at Parallax! 

We've received our first shipment of the new 'A' series Scenix Semiconductor microcontrollers. 
These chips program quickly (10 ms per location) and offer a wider voltage operating range (2.5V 

5.5V). Available separately or in the new SX Tech Tool Kit. 

To celebrate the ar the new "A' SX28ACfDP we're offering them at $4.25 each (qty. 1-25). 
Just order stock code C/DP. Need a couple more 50 MHz resonators? Order 1250-05060 
at Sl.50 each! Gettin SX has never inexpensive and easy! 

From the first SX tool manufacturer! 
Download free SX-Key software and 
manual from http://www.sxtech.com 

Write in 194 on Reader Service Card. 
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