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EUMINITES DEFEm 
ON SCSI AND IDE DIMS 

PAUWL PORT PRINTS 
11ST RESUU'S 

INSTANTLY CLONES ANY 
SCSI OR IDE DIM 

CLONE, TEST OR REPAIR 
ANY HARD DRIVE 
'1HE MOST COMPLETE HARD DRIVE WORKSTATION WE'VE SEEN!" BOB ROSENBLOOM, DIGITAL VIDEO, INC. 

DRM SERVICE STATION 
Copy entire hard drives with ease. 

Drive duplicators are essential tools 

for dealers and system builders. Don't 

spend hours installing and formatting 

drives. Do it instantly with the Pro. 

Set up any SCSI or IDE drive with 

your original software. Connect blank 

drives to the Pro and presss start. 

You'll copy entire drives faster and 

more accurately than is possible on any 

PC. With our combination IDE and 

SCSI model, you can even copy data 

between diffferent interfaces. All 

models include both 2.5 11 and 3.5" 

interface adapters. The Pro also 

supports SCA and Wide SCSI drives. 

Choose the Pro, and you' ll also have 

a n entire factory drive test a nd repair 

system for under $1000. The Pro gives 

BUY MANUFACTURER DIREO: $995 

408 330·5525 
you the ability to copy, refo rmat, 

repair, translate, and test any hard 

drive . Use the Pro to put any hard 

drive through its paces. A full 

factory final test and performance 

analysis is performed. Complete test 

and repair reports are sent to any 

standard printer. 

The Pro will also reassign and 

eliminate drive defects. Here's how 

it works: First, a precise media 

analysis system scans the disk for 

errors. Defects are mapped out, 

and effectively "erased." The error 

correcting system then "trains" the 

drive to permanently avoid defective 

areas. Data is stored only on the safe 

areas of the disk. Capacity is redu ced 

by an insignificant amount, and the 

drive works flawlessly once again. Get 

the technology used by major repair 

shops and data recovery centers. The 

Pro repairs a ll disk defects caused by 

normal wear. Drives with mechanical 

damage may not be repairable. 

CORPORATE SYSTEMS CENTER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.DRIVEDUPLICATORS.COM 

Call today for high volume multi-drive copiers and CD Duplicators 
Sold and intended for backup purposes only. Copyright laws must be observed. 

Write In 51 on Reader Service Card. 
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Supply 

... 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! 

Get the Right Touch with 
ALPS Input Devices! 

Get name-brand quality at bargain-basement prices with 
these premium keyboards and mice -- alt are new and 
have a 90-day HSC warranty. Some quantities limited' 

Alps Premium Keyboard 
+ 'AlpsTouch' (tm) Model: MCL-t01 
+ Premium mechanical keyswitches 
+ Audible key clicks 
• Industry-standard 10 1-key layout 
• IBM AT, PS/2 and 100% compatible 

HSC# 17828 
Alps PS/2 - Style Keyboard 

$14.95 

• Alps 'WB' series PC compatible keyboard 
• 101 key, Windows layout 
+ Small footprint , low profile, lightweight 

HSC# 17829 $12.50 
Alps Adjustable Mouse 
• For Macintosh computers 
• The first mouse that adjusts to you! 
+ Three programmable buttons! 
• Sleek design for comfort, easy handling 
• Chording -- Program multiple button combinations! 
+ Requires Mac O/S 6.04 or later, available ADB port 
• 400 dpi resolution, Made in U.S.A. 

HSC# 17827 $17.50 
Alps 2-Button Mouse 
+ Two-button type with PS/2 plug 
• Ergonomic shape for comfort , easy handling 
• Ultima Driver software v1 .3 diskette included 
+ 400 dpi resolution 
+ New, OEM package, 90-day warranty 

HSC# 17830 $3.95 
Other Alps devices in stock ... check in the store for other 
keyboard & mouse deals! Hurry. supplies limited! 

Ultimate Family Tree 
Deluxe Software 

• Easiest and fastest software for cataloging and complet-
ing your family tree! 

• Free professional genealogy family search 
• Access to over 500,000,000 names and sources! 
• Easy step-by-step instructions and tutorials included 
t Lots of charts and reports! 

HSC# 80471 $9.95 

Video-hacker Dream! 
• Logitech Videoman Video-conference camera & interface 
• These units were sold with Hewlett Packard S-700 work-

stations for videoconference capability 
• We do not have technical data , software or manuals 
• 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 stereo microphone 
• Color camera is digital output only (not NTSC) as far as we 

can tell -- but who knows? 
• 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. 

• Note: HP and Logitech will provide no information on these 

iSC#17503 $39.95 

Superior Motherboards! 
High-qualityMicronics motherboards for top-level 

performance! Both boards feature: 
+ Built-in Pri. & Sec. Mode4 IDE controller, floppy controller 

+ 2 -USB ports at 12Mbps rate, connect as many as 127 
devices to host system 

+ 2 SIO ports, 1 PIO port, Game/MIDI port, PS/2-style 
keyboard and mouse connectors 

+ Full support for the 'Green PC' specification 

+ "DUAL FORTRESS" has dual Intel Slot 1 sockets for Intel 
Pentium II chip at 233/266/300 MHz (CPU'sll2l included) 

+ ATX motherboard has 4 PCI, 2 ISA slots, (one shared) 

+ Intel 440FX PClset, PllX 3, SMC FDC37C93X Ultra 1/0 
+ Four 3.3V unbuffered 64-bit DIMM sockets, support for 

EDO, BEDO, Fast Page Mode (FPM) memory, ECC 
+ Yamaha OPL MIDI/sound on board w/ drivers 

+ New in box, 90-day warranty, with instruction book, CPU 
brackets, Win/DOS driver diskettes & cables 

HSC#80469 $99.QQ 

+ M6Mf "Pentium Pro· ATX motherboard has 4 PCI , 3 ISA 
slots, Intel 440FX PClset 

+ Comes with tested "Pentium Pro· 150 MHz CPU installed 
w/ heatsink, fan & VRM module 

+ Supports up to 384Mb memory (6 x 72-pin SIMMs) 

+ Support for EDO, Fast Page Mode (FPM) memory, ECC 

+ New in box, 90-day warranty, with instruction book 

HSC#17625 $129.QQ 

Personal-size Ethernet Hubs! 
+ Astro-Link CT-1008D is the simple network solu tion! 

+ Tiny 8-port 10Base-T hub measures 6.75" x 4" x 1.25" 

+ Easy to link two hubs together via RJ45 uplink connector 

+ link/Activity LEDs show connection/activity status of each 
port. power and collision indicators show hub status 

+ Aluminum housing to provide excellent heat dissipation 
and EMI shielding 

+ New in box, 90-day warranty, includes AC adaptor, book 

HSC#17862 $27 .50 

PCMCIA Sound Card! 
Media Vision PCMCIA Sound Card 

+ Great for Portables, Laptops with PCMCIA Slot 

+ External pod has joystick port, mi,;;c;,,. ~;;;,;;.-.;,;""'=-. 
out jacks, volume control. 

+ Install software, inst. included. 

+ Win 3.x, W95 compatible 

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

+ We had these before at $39.95 and they went fast! 

HSC#17036 $29.95 

Compaq Docking Bay 
+ Compaq docking "Smartstation· for laptop computer (we 

don't know which') 

+ Has two internal ISA slots 

+ SCSI port. network ports, serial , 

paralle l , video, keyboard & llllll!lll~ 
mouse ports on back. 

+ Used, 90-day warranty 

HSC#17713 $39.00 

Electronic 
Supply [iB .. -

SCSI Hard Drive Deal! 
+ Seagate ST15150N 3.5" half-height drives 

+ Industry-standard high-capacity storage, 4.3 gigabytes 

+ SCSI - II interface, 1 megabyte buffer 

+ Very-little used, tested good 

+ 8200 RPM , 9mS avg. seek time 

+ Non-partitioned, will need to be formatted 

+ HSC 30-day warranty 

HSC#17908 $199.00 

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! 

+ Toshiba 8TH-FS-F1-AIR, 9.6VDC at 600 mAH, mea­
sures 4.5" x 1.875" x .25" th ick (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 form­
factor. These are a flat array of cells, like the battery above, 
with handy solder tabs for connection. 

+ Thin NiCad pack, 8.4VDC 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. 

+ TR1.2-12, 12VDC at 1.2 AH , measures 3.75 x 1.875 x 2" 

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

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

6-volt batteries packaged in series by Best Power 

HSC#17810 $17.50 

Home Alarm Stuff! 
These items are dealer-returned inventory (shelf worn pack­
aging but unused) of home security components that were 
made by Telko Inc. Mix and match to create your own 
bargain security system! All items have mounting screws or 
adhesive pads, instructions, and alarm units have window 
warning stickers. All parts have 30-day warranty. 

+ ST911 Automatic Phone dialer has screw terminals for 
sensor input, power adapter, and very long phone cord. 

• Instantly contacts up to four pre-selected phone numbers 
with your own digitally recorded 16 second message. 

HSC#17718 Phone Message Dialer $27.50 
+ S086N Glass Vibration Sensor Alarm -- sell-contained unit 

detects attempted entry or breakage of fixed or sliding 
glass windows and doors. Only 2· across! 

+ High output 90 db alarm sounds instantly, providing a 
powerful deterrent to would-be intruders. Self-stick adhe­
sive requires no tools. Alarm battery included. 

HSC#17753 Glass Vibration Sensor Alarm $2.95 
+ S002M Digital Control Motion Alarm has wall-mount 

keypad, PIR infrared motion detector with 110" coverage 
to 60 feet, programmable security code, 10 - 15 second 
entry delay, extremely loud alarm. 

• Uses 9V battery or AC Adapter (neither included) 

HSC#17720 Digital Control Motion Alarm $15.00 
+ S008B Digital Control Motion Alarm with Safety Chime has 

wall-mount keypad, PIR infrared motion detector (same 
as S002M above) with very loud alarm OR safety chime 
alert. 

+ Uses 9V battery or AC Adapter (neither included) 

HSC#17721 Digital Motion Alarm/Chime $17.50 
+ S082X Entry Guard Alarm has wall-mount keypad, mag-

switch activation (one switch included) , programmable 
security code, 10 - 15 second entry delay, extremely loud 
alarm or pleasant door chime. 

+ Uses 3 AAA batteries (not included) 

HSC#17722 Digital Entry Guard Alarm $12.50 

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

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

+ Site is constantly being revised, please visit often! 

+ Check out the amazing "Gizmo of the Week" feature! 

..... In 17 on......., l9rvloe c.rd. 

UPS Bargain Bonanza! 
No we don 't mean from the shipping company, we 

mean J,,lninterruptible E.ower Supplies! 

+ Tripplite BCPERSSOO has 500VA rating, enough for 
one personal computer to be shut down properly when the 
power goes out. 

+ Measures 5" x 9.5" x 7" tall , small size fits anywhere! 

+ Four surge-protected outlets, ci rcuit breaker on back. 

+ Status LED's on front panel. 

+ Used, 30-day warranty 

HSC#80473 $59.00 

+ APC-420 has 420VA rating, enough for one personal 
computer to be shut down properly when the power goes 
out, or operated for a short time. 

+ Measures 4.75" x 14.5" x 7" tall , handsome appearance! 

+ Four surge-protected outlets, circuit breaker on back. 

+ Has telco or 10-base-T surge suppression as well! 

+ AUi port will output to a network for power alert, shutdown 

+ Status LED's on front panel. 

+ Used, 30-day warranty 

HSC#17906 $89.00 

+ Power Ware Prestige has 1 OOOVA rat ing, enough for two 
personal computers to be shut down properly when the 
power goes out. 

+ Measures 10" x 15.5" x 5.5" tall , can lay flat or upright. 

+ Four surge-protected outlets, circuit breaker on back. 

+ Status LED's on front panel. 

+ Used, 30-day warranty 

HSC#17907 $119.00 

PC/-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 Trio application software on CD 

+ 90-Day Warranty 

HSC#17532 $39.95 

External SCSI Drive Cases 

+ Bargain case for 5.25" drives, brand 
new! 

+ 7" x 4.5" x 10.5" overall size 

+ 50-pin SCSI connectors 

+ SCSI ID switch 

HSC# 17130 

+ High quality low profile case for h:i.:::::"""...,=-',,,..,~~ 
5.25" drives, brand new! 

+ 7" x 2.25" x 11 ·overall size 

+ 50-pin SCSI connectors, RCA 
Audio connectors 

+ SCSI ID switch , termination switch 

+ Tiny 12W Power Supply (5VDC @ 1.4A, 12VDC @ .4A, 
probably only good for CD-ROM's) 

+ Fan-cooled, uses standard IEC Power cord (not included) 

HSC# 17357 $29.95 

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

+ Simply go to 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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TRUNKER 
Using two Optocom receivers, Trunker software 
may be used fo r control channel trunk following 
of Motorola®. Also use TrunkTrac® with one 
Optocom for control channe l monitoring. 

REACTION TUNE@ 
Use the popular Scout/Mini Scout/Super Scout 
to capture and instantly Reaction Tune the 
Optocom to the frequency captured. Idea l fo r 
mobile use and finding unknown frequencies. 

• na c 0 t 011-- Receiver 
The Optocom computer controlled receiver is ao ordinary receiver. 

The Optocom provides solutions to applications that previous ly 

required multiple receivers , external decoders, and receiver modifi­

cations. Some features of the Optocom have never before been seen 

on a communications receiver. Ever! With an Optocom, you'll be 

poi sed to meet the changing scanning world. 

FEATURES 
•Frequency range 25-520, 760-823.995, 849.005-868.995, 
894.005- I 300MHz (cellular blocked) 

•Triple conversion GRE receiver board 
•Scan conventional frequencies at 50 channels per second 
•Trunk track Motorola and LTR on any frequency band 
•Scan conventional and trunked frequencies simultaneously 
•Track EDACS systems with add itional third party program (E-Trax)* 
•Built-in data slicer for decoding of FSK data 
•Di scriminator audio input and output 
•Reaction Tune with Scout/Mini Scout/Super Scout 
•Decode CTCSS, DCS, LTR and DTMF 
•Motorola control channel monitoring with Trunker software and two 
Optocoms* 

•Motorola control channel monitoring with Trunk Trac* 
•Palm Pilot support for frequency and tone display* 
•Store and Scan 100 frequencies fo r use away from computer 
•Supported by other third party scanning programs 
•Oprocom includes: Trakksrar software, Palm Pi/or soff\l'(lre. Radio 
Ma11gerfi1r Windml'll , antenna, serial cable, and power supply 

PALM PILOT™ 
Interface the popular Palm Pilot™ Connected 
Organizer to display the frequency being scanned as 
well as decoding ofCTCSS, OCS, and DTMF while 
in Store and Scan Mode. Software included. Ideal 
for mobile applications 

TRAKKSTAR@ 
Usi ng the supplied Trakkstar software the 
Optocom has the ability to scan conventional 
frequencies, as well as trunk fo llow both LTR 
and Motorola Trunk sys tems. 

OPTODIRECT 800-327-5912 *Tnm ker. Trunk Trac, £-Trax, Scout, 
Compute1; and Palm Pilot Connected 
Organizer 1101 included. r-J I .. "a. l•l"r ® --- - - -- ------ -I '-ri .,'11'1111' P 

5821 NE 14th Avenue • Ft. Lauderdale, FL 33334 
Telephone: (954) 771-2050 Fax: (954) 771-2052 Email : sales@optoelectronics.com 

Prices and Specifications are subject to change without notice or obligation 
Order Onllne at www.optoelectronlcs.com 

Write In 52 on Reader Service Card. 



THREE-AXIS CHOPPER, STEP MOTOR CONTROLLER 
FOR COMPUTER NUMERICAL CONTROL (CNC) 
APPLICATIONS - PART 2 

6 

This month, we build our three-axis, two-amp driver and do initial check-out so the controls are 
ready for our machine to be converted to CNC. Dan Mauch 

SWITCHING POWER SUPPLY 22 
Find a simple solution to vehicular power-supply problems with this modular switching regulator 
that provides safe, steady five volts from your vehicle's 12-volt system. D.P Roberts 

THE "OPTO" IN OPTOELECTRONICS - PART 4 25 
The basic operating principles of LEDs and lasers are described in this final installment 
of the series. Ray Marston 

A WOLF IN PIC'S CLOTHING? 47 
Discover a new microprocessor that is compatible with a PIC, but has even more features, not to 
mention it is low-cost and can run about as fast as a PIC with a 200-MHz clock! Al Williams 

OUT OF SIGHT HIGH-FREQUENCY ANTENNAS 51 
Getting onto the high-frequency bands requires big antennas. And, with Technican class operators 
anticipating their new General class privileges (due to the FCC restructuring of test requirements), 
manufacturers are ready with the right kinds of equipment. Gordon West 

SWITCHING VOLTAGE REGULATOR BASICS - PART 2 
Weighing the Options: See how the industry deals with converting 110 VAC into 5 volts, 
12 volts into 1,000 volts, and +5 volts into -5 volts; design rules and typical applications 
are provided. Tl Byers 

MAKING RS-232 INTERFACES WORK 

76 

91 
Although the RS-232 interface is one of the most common ways of getting information into and out 
of computers, misunderstanding about the RS-232 have buried users in a profusion of swapped pins, 
gender changers, breakout boxes, and hydra-head cables. Gerald Roylance 

AMATEUR ROBOTICS NOTEBOO 70 
An update on the Fire Fighting Home Robot Contest, then back to 
Breadbot. Robert Nansel 

ELECTRONICS Q & A TJ Byers 34 

OPEN CHANNEL 12 
Spectrum analyzers - including one to build. Joe Carr 

STAMP APPLICATIONS 86 
Dual digital power supply - Part 2. Lon Glazner 
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••••••••• everal years ago, I designed an L/R 
(Inductance/ Resistance) step motor 
driver for various CNC machines that I 
had built. After a while, I found that I 
wanted more speed from the stepper 
motors. You can increase the speed of 
a stepper motor by increasing the 

motor supply voltage to several times 
the rated voltage. This allows the coils 

to charge faster so that more speed can be attained. 
The problem with L/R type step motor drivers is 

that if you were, for example, to run a 5-volt, 1-amp 
motor from a 24V power supply and your UR driver 

was only rated at 1.25 amp per phase, you would 
bum out your driver. Thus, a current limiting resistor 
in series with the motor center taps would be 
required. 

Rw = [(Vs-Vd)-Vm]* Im 
R = is the wattage of the power resistor. 
Vs is the voltage of the power supply. 
Vd is the voltage drop across the output 

transistors. 
Vm is the voltage rating of the stepper motor. 
Im is the current rating of the stepper motor. 

Thus, in the above example, an 18-watt resistor 
would be required for each center tap on the motor. If 
you have three motors, you would be dissipating quite 
a bit of power into the power resistors. On the other 
hand, a bipolar, Pulse Width Modulated (PWM) chop­
per driver would more efficiently operate a stepper 
motor at higher than rated voltages. 

Some time ago, Karl Lunt of the Seattle Robotics 
Society and Clay Timmons on the Internet news 
group comp.robotics.misc discussed the SGS­
Thompson L297 (Bipolar stepper motor controller) 
and the L298 (Dual 2 amp H-Bridge) combination as 
an efficient stepper motor controller and driver. 

The data sheets for the above chips provide a 
good explanation of the operation of each chip. In 
short, the L297 takes step and direction signals and 

provides the correct phase sequences for the full-step, 
half-step, or wave-step modes and sends control sig­
nals to the L298 Dual H-Bridge. Additionally, the 
L297 has an onboard PWM chopper that provides 
switch-mode current control of the windings. The 
L298 can be used as a 2 amp stepper motor driver 
and has high-noise immunity. The L297, together 
with the L298 and a few other components, provides 
a complete bipolar step motor controller. 

Since there are no chopper stepper motor con­
troller kits on the market, I decided to design and build 
one. This circuit has proven to be a very low-cost solu­
tion to running stepper motors at higher than rated 
voltages. 

The best part of the L297 and L298 combina-

tion is that they work well with many of the low-cost 
CNC software programs. I particularly like Desknc for 
Dos see www.deskam.com for a working demo copy. 
However, for our testing, we will use Dancam which 
is available for download at www.metalworking.com. 

It is now time to build our three-axis, 2 amp dri­
ver, so we will have the controls ready for our 
machine that we will convert to CNC in a future arti­
cle. 

ASSEMBLY 

Begin by reviewing the schematic and the circuit 
board layout illustrations. You may take the top over­
lay and place it directly over the top layer illustrations 
for finding any component that is not readily appar­
ent. Note that all components are installed on the top 
of the board. To facilitate construction of this con­
troller, a double-sided, plated-through PC board and a 
kit with all the parts is available from the source listed 
at the end of this article. 

!,. Insert snubber resistors RS, R7, RS, R9, R16, 
RI 7 (10 ohm 1/4 watt) into the board at the locations 
shown in the top overlay and solder. These pads are 
close to the adjacent diodes. Inspect after soldering to 
ensure there are no solder bridges. 

2. Insert R3 (22K 1/ 4 watt). Bend for a .6" lead 
spacing. Solder in place. 

by Dan Mauch 

3. Insert RI , Rl5 , R13 (lOK) into the locations 
shown. Solder in place. 

4. Insert R21-R30 (2.2K) into PC board at the 
locations shown. Solder and clip excess leads. 

5. Note the diode orientation on the top layer 
overlay. There are 24 diodes. Bend the leads of 12 
diodes for a .5" lead spacing. Bend 12 diodes for a 
.55" lead spacing. Insert Dl-D24 diodes ensuring 
that the cathode on the diode is properly oriented as 
shown in the top layer pictorial. These are a tight fit. 
Clip the leads about 3/ 16" long on the bottom of 
board. Start soldering from one side of the board 
working to the other ensuring the diodes stay in posi-

tion. 
6. Bend a scrap resistor lead into a U bend and 

insert it into the PC boards as a jumper for A2 and 
A3. Solder in place. Do not install a jumper in Al . 
There is an oscillator on the X-axis and it synchro­
nizes the Y and the Z axis by connecting pins 1 of 
Ul, U2, and U3 together. The oscillators on U3 and 
U4 must be grounded via this jumper in A2 and in A3 
in order to function properly. 

7. Insert Ul-U3 20-pin DIP sockets with the 
notch facing U4-U6 and solder in place. 

8. Insert R4, R6, RIO, R11, R18, and R19 into 
the circuit board (.5 ohm 2-watt resistor). Solder and 
clip excess. 

9. Insert Cl, Cl5, and C22 (.22 uF ceramic 
capacitors). 

10. Insert and solder C2 (.0033 uF) into the PC 
board. Solder and clip the excess leads. Ensure the 
lead does not short again the trace by pin 20. 

11. Insert ceramic capacitors C7, CB, C9, ClO, 
Cl6, Cl 7 (.022 uF) into circuit board where shown. 
Solder and clip the leads. 

12. Insert C3, C4, C5, Cl 1, C13, Cl4, Cl8, 
C20, and C21 (.1 uF) into the PC board at the loca­
tions shown. Solder and clip the leads. 

13. Insert C24, C25, C26, C27, C28, and C29 
(681 pF) into the PC board and solder. Clip the excess 
lead. 

14. Insert R2, R12, Rl4 (lOK) RADIALLY into 



the PC board at the locations shown in the overlay 
drawing. The body should be next to pin 13 of the 
L298 and a piece of insulation placed over the 
exposed lead. Solder in place and clip excess lead. 

15. Insert Vrl, Vr2, and Vr3 (lK trim pots) with 
the adjusting screw next to pin 14 of the 20-pin sock­
ets. Solder and cUp the excess lead. 

16. Insert Jl, J2, and J3 (three-pin SIP) into PC 
board and solder. Install a jlllTiper on the two pins 
closest to the lOK resistor (half-step mode). 

17. Install J4, JS, and J6 (three-pin SIP) into 
board and solder at locations shown. Install a jumper 
on the two pins next to the 20-pin DIP socket for J4, 
JS, and J6. 

18. Insert Pl (0825 connector) into the board 
and solder in place. 

19. Install C6, Cl9, and C12 (470 uF elec­
trolytic capacitor) as shown. Solder and clip the leads. 
Be sure the negative side of the caps line up with the 
GRD trace. 

20. Insert C23 (100 uF electrolytic capacitor) 
into the circuit board. Ensure that the negative on the 
capacitor is oriented to connect with the ground trace. 

21. Insert J7 (two-pin) header into the circuit 
board and solder. Do not install a jumper over the 
pins. 

22. Insert U4-U6 into the circuit board using the 
overlay drawing for a guide. Solder the 15 pins. Install 
heatsinks on U4-U6 using a light coat of heatsink 
compound between U4-U6 and the heatsinks. 

23. Insert the 18-gauge motor wires into the top 
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or from the bottom (user's preference) on the board 
for each motor connection, i.e., phase a, A, b, B. Use 
a 12" length of red wire for phase "a." Use a 12" yel­
low wire for phase "A." Use a 12" orange wire for 
phase "b." Use a 12" green wire for phase "B." 
Ensure no loose strands are shorting against the diode 
leads. Solder the connections. Secure with a tie wrap 
as close to the 4 70 uF caps as possible. The connec­
tor pins for the motor end should not be installed until 
the controller is placed in a case and the leads should 
be trimmed to length for a neat installation. Then 
crimp and solder the 12 (18-gauge) female pins to the 
motor leads. Insert the leads into the Molex 6 con­
ductor male connector. 1 =red=phase a, 2=no connec­
tion, 3=yellow=phase A, 4=orange=b, 5=no connec­
tion, 6=green=phase B. Make sure to connect the cor­
rect wire with the correct pin hole location. The pin 
hole numbers are on the back end of the connector. 
A standard configuration is phase a=l, phase A=3, 
phase b=4, and phase 8=6 holes 2 and 4 are not 
used. 

24. Insert 22 gauge, two white wires, two yel­
low, an orange, and a blue wire into the circuit board 
at the locations shown in the pictorial next to the 
DB25 connector. Solder and secure with a tie wrap as 
close to the board as possible. Do not put the female 
pins on the other end until the unit is installed in a 
case. Then trim the leads to suit, crimp and solder the 
female pins, and insert into the 3 and 4 pin recepta­
cles. One white wire (common) goes to pin 1 of the 
pin circuit female connector. The blue wire goes to 
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A double sided printed circuit board is available for 
$25.00 +$4.00 S/H from the source below listed. 

A complete controller kit with PC board, software, all 
wires and components is available for $145.00 
+$9.00 S/H from Camtronics, Inc. 

Camtronics, Inc 
18230 130th Pl. N.E. 0 
Bothell, WA 98011-3118 

You may contact Dan Mauch at dmauch@seanet.com 
or visit his web page at www.seanet.com/-dmauch 

pin 2 of the four-circuit connector. The yellow wire by 
the blue wire on the circuit board goes to pin 3 and 
the orange wire to pin 4. The other white wire con­
nects to pin 3 of the three-circuit Molex connector. 
The last yellow wire connects to pin 1 (>) of the three 
circ\1it ·connector. Pin 2 is not used (1 =yellow, 2=no 
connection, 3=white). 

The logic power leads are 18", 18-gauge red and 
black wires, respectively. Solder one end of the red 
wire to the +5 pad on the circuit board as shown in 
the pictorial and the black lead at the GRD connection 
as shown on the top layer of the circuit board. Trim 
the wires to suit your installation. Then crimp and sol­
der male 18-gauge pins onto the red and black wires. 
Insert the red wire into the two-circuit Molex connec­
tor (1 =red, 2=black) at the hole by the orientation (>) 
notch of the connector. The black wire is inserted into 
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Note all resistors are 1/4 watt unless otherwise 
noted. 

very expensive to repair. Always 
use an old AT 286-12 to a 486-
66 computer with separate paral­
lel ports on an 1/0 board. They 
only cost about $20.00 to 
replace. This warning is only 
given because we can not be sure 
of the user's circumstances. We 
have never burnt out a parallel 
port, but if you have a computer 
that has business records or is an 
expensive computer, then use it 
at your own risk while testing. 

DESIGNATOR 
A1 
A2,A3 
C1,C15,C22 
C2 
C3,C4,C5,C11,C13, 
C14,C18,C20,C21 
C6,C12,C19 
C7,C8,C9,C1O,C16,C17 
C23 
C24,C25,C26,C27,C28 
C29, 
D1-D24, 
Jl-J6, 
J7, 
P1, 

COMMENT 
WIRE JUMPER 
WIRE JUMPER 
.22 uF 50V CERAMIC 
.0033 uF 50V 
.1 uF CERAMIC 50V 
.1 uF CERAMIC 50V 
470 uF 50V 
.022 uF CERAMIC 
100 uF 35 V 
680 pF 
680 pF 
BYW98-200 OR EQUAL 
3 PIN HEADER 
2 PIN HEADER 
DB25 RIGHT ANGLE 

MALE CON. 
R1,R2,R12,R13,R14,R15 10K 
R3, 22K 
R4,R6,R10,R11,R18,R19 .5 OHM 2 WATT 
R5,R7,R8,R9,R16,R17, 10 OHM 
R21-R30 2.2K 
U1 -U3 L297 
U4-U6 L298N 
VRl-VR3 1 K TRIM POT 
SOCKETS (3) IC SOCKETS 
PC BOARD PCB 
HEATSINKS (3) THM 6072 
JUMPERS (7) J1-J7 SHORTING JUMPERS 

PATTERN 
SIP2 
SIP2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
RAD0.2 
AXIAL.5 
SIP3 
SIP2 

DB25RA/M 
AXIAL.3 
AXIAL.3 
AXIAL.6 
AXIAL.3 
AXIAL.3 
20 PIN DIP 
MULTIWATT 15 
SIP3 
20 PIN DIP 

TESTING 

Do not connect to your par­
allel port at this time. Do not 
install Ul-U3 at this time. 

1. Using an ohmmeter, veri­
fy there is no short circuit 
between+ 12VDC and ground on 
each axis. Similarly, check 
between +5VDC and ground for 
a short. 

2. Switch the meter to read 
voltage. Connect a 5VDC power 
supply to the +5VDC connection 

18 GAUGE WIRE (12) MOTOR WIRES (12 INCHES) 
and ground. (The controller was 
designed to use a standard AT 
style PC power supply rated at 
200 watt. These are cheap and 
work well for low voltage applica­
tions.) Do not connect the 
+ 12VDC at this time. Tum on 
the power supply and measure 
the voltage at the DB25 connec­
tor. There should be 5 voe 
± .3V at pins 2, 3, 4, 6, 7, 8 , 10, 
11, 12, and 13. If the voltage is 

18 GAUGE WIRE (3) BLACK Vm GROUND (18 INCHES) 
18 GAUGE WIRE (3) RED VM + 2VDC (18 INCHES) 
18 GAUGE WIRE (1) RED +5VDC LOGIC POWER (12 INCHES} 
18 GAUGE WIRE (1) BLACK GROUND FOR LOGIC (12 INCHES} 
22 GAUGE WIRE (6) HOME/OVERTRAVEL PROT. SWITCHES 
18-22 GAUGE PINS (26) MALE PINS 02-09-2118 
18-22 GAUGE PINS (26) FEMALE PINS 02-09-1119 
6 CKT CONNECTORS (3) MOLEX MALE 03-09-1061 
6 CKT CONNECTORS (3) MOLEX FEMALE 03-06-2061 
4 CKT CONNECTOR (1) MOLEX MALE 03-09-1041 
4 CKT CONNECTOR (1) MOLEX FEMALE 03-09-2041 
3 CKT CONNECTOR (1) MOLEX MALE 03-09-1032 
3 CKT CONNECTOR (1) MOLEX FEMALE 03-09-2031 
2 CKT CONNECTOR (4) MOLEX MALE 03-09-1027 
2 CKT CONNECTOR (4) MOLEX FEMALE 03-09-2021 

the remaining hole. 
The power leads for each axis are similar. Use 

18" length of red, 18-gauge wire for +Vm and a 
black, 18-gauge wire for the GND. leads. Caution: 
EACH AXIS MUST HAVE A SEPARATE 
GROUND LEAD All 11-IE WAY BACK TO THE 
POWER SUPPLY OR THE UNIT MAY CAUSE 
THE MOTORS TO MISS-STEP. DON'T TRY TO 
BJMINATE THESE LEADS. Solder the wires to 
the circuit board as shown in the pictorial. The 
wires should be trimmed to length to suit the instal­
lation. Crimp and solder a male pin onto each wire. 

Insert the red wire into the two-pin Molex con­
nector. The red lead goes in the hole by the ori­
entation (>) notch. The black lead goes to the 
remaining hole. Mark these motor power leads so 
you never mix them with the 5-volt logic connec­
tors. 

25. Clean the board and inspect it using a 5-
X magnifying lens to ensure there are no solder 
bridges or unsoldered terminals. Correct as nec­
essary. 

CAUTIONS 

1. Be sure to mount the three-axis controller 
on umitated standoff. One of the mounting pads 
is close to the Vm connection and could cause a 
short to ground if a conducting standoff is used. 
Alternatively, you may scrape off the mounting 
pad copper foil (top and bottom and inside the 
hole) and eliminate the problem that way. 

2. Never boot the computer with the con­
troller powered up and ready to run . Always tum 
on your computer first and move to the CNC pro­
gram first before powering up the controller. As 
your computer boots, the parallel port is initial­
ized and could cause the motors to step in an 
uncontrolled manner. 

3. Never use a computer with the parallel 
that is built into the motherboard. If you fry the 
parallel port on this type of computer, it could be 

significantly higher than this you 
can bum out your parallel port. If 
the voltage is significantly lower 
(i.e., less than 4 volts), improper 
signals may be sent. Correct the 

problem with the power supply. If you read voltages 
at some but not all the pins identified, then check your 
solder joints. 

3. Check that you have +5 at the corresponding 
leads on the X-Y-Z home switch connector using the 
white wire as the common. Similarly, verify that you 
have +5 on the yellow lead of the over travel protec­
tion connector . 

4. Set the reference voltages for Ul, U2, and 
U3. With +5 volts connected to the controller board, 
adjust VRl to obtain .5 VOC on pin 15 of the socket 
for Ul. Do not exceed + 1 V. The Vref divided by the 
Rs (.5 ohm resistor determines the current output. 
Thus, a .5VDC reference voltage will yield 1 amp per 
phase in the two phases on mode. The H bridge can­
not handle more than 1 ampere unless a cooling fan 
is provided. Maximum Vref is 1 voe for a two amp 
current rating. REMEMBER TO RESET THE REF­
ERENCE VOLTAGE USING Vrl-Vr3 WHENEVER 
YOU CHANGE POWER SUPPLIES. 

Set reference voltage on pin 15 on U2 and using 
Vr2, and U3 using Vr3, similarly. If different rated 
motors are used, then set each variable resistor 
accordingly. If the voltage will not set correctly, look 
for solder bridges or opens on VRl and on pin 15 of 
Ul. Check for opens near J4, JS, and J6. Shut off the 
power when completed. 

5. Insert Ul, U2, and U3 into their sockets. The 
notch faces U4, US, and U6, respectively. 

6. If you have a frequency meter, check that 
there is an 18 kHz to 20 kHz synchronization signal 
on pin 1 of Ul-U3. Do not proceed if this signal is 
less than the stated value or not present. If the signal 
is absent or incorrect, check the osdllator circuit with 
the 22K resistor and 3300 pF cap for correct posi­
tioning or shorts. 

This concludes the assembly and initial check­
out. In the next article, we will connect the con­
troller to the PC, the stepper motors, configure the 
software, and test the controller and stepper 
motors. NV 



"Practical Antenna Handbook" 
by J. Carr $39.95 

"Secrets of RF Circuit Design" 
by J. Carr $29.95 

"The Illustrated Dictionary of 
Electronics" 
by S. Gibilisco $39.95 

"TAB Encyclopedia of Electronics 
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by S. Gibilisco $69.50 (Hard Cover) 
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"Programming and Customizing the PlC 
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 

"How to Read Electronic Circuit 
Diagrams" 
by R.M. & Lawrence Brown $19.95 

"Build Your Own Test Equipment" 
by H.L. Dauidson $22.95 

"Radio Receiver Projects You Can Build" 
by H.L. Dauidson $21.95 

"Troubleshooting and Repairing 
Consumer 
Electronics Without a Schematic" 
by H.L. Dauidson $24.95 

"Amateur Radio Encyclopedia" 
by S. Gibilisco $29.95 

"Basic Electronics Theory" 
by D. T. Horn $26.95 

"Ready-to-Build Telephone 
Enhancements" 
byD.T.Horn $17.95 

"The Benchtop Electronics Handbook: 
260 Most Common Popular Electronics" 
by V. Veley $65.00 (Cloth Cover) 

Send check or money order to Nuts & Volts, 430 Princeland Court, Corona, CA 
91719. Include a complete shipping address (no P.O. Boxes, please). Shipping & 
handling $4.50. CA residents add 7.75% sales tax. Or, call our toll-free order-only 
line at 1-800-783-4624 and use your MasterCard or Visa. ALL ORDERS MUST BE 
PREPAID. 



Dear Nuts & Volts: 
I would like to comment on the Tech Forum answer 

published for question #3996 Mar. '99. When a polarized 
electrolytic is reverse-biased, its leakage resistance drops 
rapidly. So, when two of them are connected back-to-back 
to make a non-polarized capacitor and, a voltage is applied 
to the series pair, nearly all of the voltage will appear 
across the forward-biased capacitor. This means the volt­
age rating of each capacitor must be as great as the max­
imum applied voltage. To create a 5uF 300V non-polarized 
capacitor, you should connect two regular 1 OuF 300V elec­
trolytics back-to-back. 

Bob E. Baker, Carmichael, CA 

Dear Nuts & Volts: 
I was just browsing a complimentary copy of Nuts & 

Volts and I was bothered enough by the answer to #3996, 
Mar. '99 in the Apr. '99 issue that I had to notify you 
immediately of a dangerous answer that was given. 

The answer highlights an example of connecting two 
polar electrolytics back-to-back. The answer says the two 
150 volt, 1 OuF caps in series will be equivalent to a 5uF at 
300 volts. This is absolutely wrong. The reason a polarized 
capacitor is polarized is that it must not be operated with 
any significant reverse voltage. This hook-up just described 
requires the capacitor to accept the full 150 volts in 
reverse! 

If you try this, the forward capacitor will be forced to 
take most of the voltage because the reversed capacitor is 
very leaky. The voltage across capacitors does not divide 
according to capacitor value just because they are there. 

Other important factors always contribute to the volt­
age division. In this case, the capacitor reverse leakage is 
far greater than any other factor. The result is that the 300 
volts will at first divide such that the capacitor in normal 
polarity will be forced to excessive voltage drop. This will 
lead to excess forward leakage to match the reverse leak­
age of the other series capacitor. Then both caps will heat 
up due to this excess current flow and they will ultimately 
fail in what might be a dangerous explosion much like a 
firecracker. 

Using two caps to create a non-polar cap has always 
been questionable at best. The devices made for this appli­
cation at least have the manufacturer thinking about how 
they are applied and used. One is always better off to use 
the proper component within its ratings. 

Mouser carries non-polar and bi-polar caps in addi­
tion to the other suppliers mentioned. With one style of 
non-polar caps, Mouser's catalog cautions that it is for cir­
cuits that are "sometimes reversed or to which short dura­
tion AC is impressed." By the way, the acronym NPO nor­
mally refers to zero temperature coefficient ceramic capac­
itor, not to Non-Polar Electrolytic (maybe NPE). 

I hope this answer will correct an unsafe application 
of electrolytic capacitors. There is a lot more to capacitors 
than just the volts and capacitance. Many caps are mis­
applied leading to short life or sometimes disaster. They 
can blow up like a small bomb in the wrong circum­
stances. 

Bob Hillman, Big Bend, WI 

Dear Nuts & Volts: 
The answer provided by Ken Simmons to the ques­

tion of NP capacitors (#3996), ignores a very important 
factor. Although ordinary capacitors connected in series 
are equivalent to a single cap, as stated, polarized elec­
trolytics are different in that they behave something like a 
short circuit when a reverse polarity voltage is applied. 

In an audio speaker application, they will be reversed­
biased during portions of the signal. To approximate a 5uF 
NP value, connect two 5uF polarized units in series-buck­
ing, as shown in the letter. 

By the way, I understand that NP caps even for motor 
start applications are fabricated from two polarized units. 

Phillip Milks, via Internet 

Dear Nuts & Volts: 
Your Jan. '99 issue had an excellent article about the 

PIC-ICE II, In Circuit Emulator for PIC16 microcontrollers. I 
would like to make your readers aware of another reason-
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ably priced unit they may wish to consider. Zilog makes a 
line of microcontrollers similar to the PIC16, although not 
quite as extensive, and only available as OTPs. 

The Z86E04 will fit in a board designed for a PIC with 
minimal changes. They sell the Z86CCP01ZEM, an in-circuit 
emulator and programmer for the OTP chips, for under 
$100.00. To use the 28 and 40 pin versions requires an 
accessory kit for another $90.00 that adds 28 and 40 pin 
ZIF sockets for programming, and 28 and 40 pin target 
cables for emulation. The included developer studio inte­
grates the editor, assembler, and debugger under one 
interface as does the PIC-ICE. The most notable difference 
is the speed, the Zilog emulator runs at full system speed. 

The crystal and capacitors on the emulator PCB are 
pluggable, so the crystal from the final circuit can be used 
on the emulator if timing is really critical. 

Tom Wyckoff, via Internet 

Dear Nuts & Volts: 
In the Jan. '99 issue, Mr. Henry Van Zee asked for a 

circuit to light LEDs for input frequencies of 60 and 62 Hz. 
One reader suggested using two 567 tone decoder ICs. 
While this approach is sound and will work as requested, 
it seems that what Mr. Zee is trying to do is to simulate the 
old vibrating reed frequency meters used to monitor the 
output of motor-driven portable generators. These meters 
used 8-10 steel reeds of varying resonant frequency which 
were driven by a coil coupled to the output of the gener­
ator. In operation, all of the reeds wiggled slightly, how­
ever, the reed whose resonant frequency was closest to 
the driving frequency of the coil vibrated the most. 

By observing which reed was vibrating most strongly, 
the generator's governor could be set to keep the output 
frequency at a nominal 60 or 400 Hz. This device can be 
easily and cheaply simulated with a simple two-IC circuit. 

Design a phase locked loop based on an LM566 with 
a center frequency of 60 Hz and a bandwidth of about ±4 
Hz. Connect the generator or other AC source (isolated 
and attenuated as required) to the input of the PLL. 
Connect the error signal of the PLL to the input of a bar­
graph display IC which drives an array of 8-10 LEDs. 

The PLL compares the external signal to its own 
internal reference frequency which is generated by a volt­
age controlled oscillator (VCO). 

As the input frequency deviates from the design or 
center frequency of 60 Hz, the feedback system within the 
PLL will generate an error signal which causes the VCO 
frequency to shift. This causes the VCO to track the input 
frequency exactly. Since the error signal is proportional to 
the deviation from the PLL center frequency, a bargraph 
display connected to the VCO control signal indicates devi­
ations from the center frequency. 

Through proper design of the PLL and selection of 
the correct calibration resistors, the bargraph display can 
be made to change in response to 1 Hz changes in the 
input frequency. 

Dave Sarraf, via Internet 

Dear Nuts & Volts: 
Mr. Simmon's solution to Tech Form question #3996 

about non-polarized capacitors raises some safety con­
cerns. The two capacitors are "in series" in appearance 
only. If the combination sees an AC signal with no DC 
component (or a small one}, then each capacitor experi­
ences a reverse-bias on one-half cycle. Reverse-bias and 
sufficient ripple current can cause either capacitor to over­
heat and possibly explode. (I speak from experience.) 

Mr. Simmon's solution works fine for a quick test or 
breadboard (exercise caution, check the waveform with a 
scope, and wear safety goggles), but Mr. Broussard's orig­
inal application in #3996 is to replace a capacitor in an 
ARC-5 receiver. Back-to-back capacitors is not a safe way to 
go in that application. Also, if the back-to-back combo was 
connected to a capacitance bridge, it would measure 7-
110uF. Again, the capacitors are not electrically in series 
and the value depends on when each capacitor reverse 
biases and conducts (it can vary widely). 

Finally, the part Mr. Broussard needs is not available 
from MCM Electronics or Digi-Key. 
CORRECTED ANSWER TO #3996 

A non-polarized capacitor (also called a "bipolar" cap) 
has no positive or negative terminal. A non-polarized 
capacitor yields the benefits of an electrolytic: high capac­
ity per given volume, moderate voltage, low ESR, and high 
surge current capability in non-DC applications. It's fairly 
common in TV and radio circuits and if you can't find an 
exact replacement, the circuit below will do the job just 
fine. 

c, 

= 

C1 and C2 are 5uF 
Sprague 
Mallory 
Cornell-Du bi lier 

450WVDC: 
#TVA1703 
#TC70 
#WBR5-450 

All are available from Newark 
Electronics, 1-800-4-NEWARK or 
www.newark.com. There are a few 
important design considerations. A. 
These capacitors are not in series for cal­
culation purposes. The total capacitance 
in the diagram is not 

1 
+ = 2.50uF 

C total 5.0uF 5.0uF 

It's just 5.0uF. Also, the total voltage capacity is not 
900 volts. It's just 450 volts. These capacitors are not in 
series. The diodes simply put one capacitor into the circuit 
and then the other. 

B. The diodes and the capacitors might have to carry 
some surprisingly high currents. Good examples are the 
power stage of an amplifier or the vertical deflection cir­
cuit of a television. Be sure to check the "ripple current rat­
ing" and "core temperature" for the capacitors and the 
"forward current rating" for the diodes. Also the diodes 
must be 400V PIV minimum. If the old capacitor burned 
out, consider designing 20%-50% more current carrying 
capacity into the replacement. 

C. Pay attention to safe design practices. If a diode 
"opens" due to high current or a bad solder joint, the asso­

New sb'Y tes 
ciated capacitor can explode Uust like any 
other reversed-biased electrolytic). 

Bob Miller, Trenton, NJ 

written in a programmer-friendly language. 

ObjectARX multimedia CD-ROM 
Course teaches how to program 

AutoCAD in C++ 

Ransen Software announces Hansen's ObjectARX 
Course, a unique multimedia CD-ROM that teaches 

you how to program AutoCAD 2000 and AutoCAD 14 in 
C++. This self-paced course consists of 20 chapters, a help 
file, and many complete source code examples. The course 
takes you step-by-step though creating applications for 
AutoCAD using Autodesk's ObjectARX programming 
libraries. 

Hansen's ObjectARX Course was devised by Owen 
Ransen, a registered AutoCAD applications developer who 
is also the author of "Programming AutoCAD in C/C++" 
(Wiley and Sons 1997). Having faced the same problems 
that other real-world developers face, he saw a need for a 
general and useful way of introducing AutoCAD C++ pro­
gramming since the official Autodesk documentation is very 
detailed but sometimes too much so. Hansen's ObjectARX 
Course offers tutorials, practical examples, and help files 

Each chapter consists of a concept 
overview followed by a detailed explanation, with a self-test 
summary quiz to check that the student has absorbed the 
concept. A laboratory exercise for practical experience of 
the ideas introduced concludes each chapter. 

Subjects covered in Hansen's ObjectARX Course 
include "Getting Started," "An ARX View of AutoCAD 
Drawings," "How to Create 2D and 3D Objects," "Handling 
Layers and Blocks," and many others. A valuable feature 
that programmers will appreciate is the Help File, which 
covers in a practical way many important problems that 
AutoCAD programmers face. 

To make use of this course a knowledge of C++ to a 
medium level is required, and experience in using AutoCAD 
is also an advantage. The ObjectARX 2000 SDK file, avail­
able as a free download from the Autodesk website, is also 
needed. 

Hansen's ObjectARX Course costs $59.00 and can be 
ordered in the USA from: Saelig Company LLC, 1193 
Moseley Road, Victor, NY 14564 USA, Fax: 716-425-
3835, Tel: 716-425-3753, E-Mail: saelig@aol.com. 
For international orders and a demo version see the WEB 
site http://www.ransen.com 
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· never see a perfectly lin­
ear signal processing 
stage. 

Figure 1A 

Spectrum Analyzers -
Including One to Build 

The principal uses of a 
spectrum analyzer are to 
examine noise, distortion, 
mixing action, and modu­
lation. It is necessary to 
characterize signals going 
into and coming out of a 
system in order to under­
stand how the system 
acts on the signal. By 
examining the "goes intos 

Spearum analy­

sis becomes possible 

when the various 

frequency compo-

nents and noise are 

measured and 

displayed. Over the 

years, several 

approaches have 

been taken to 

spearum analysis: 

Fourier analyzer, 

tunable ~lters, and 

spearum analyzers. 

Signals can be represented in a num­
ber of ways. The most familiar is the 

time domain representation shown in 
Figure 1A. This view of a pair of signals 
plots their amplitudes against time, so 
reveals their wave shapes (in this case, 
sinusoidal). From an amplitude-vs.-time 
display, one can tell the frequency 
(because F = 1/T), amplitude, and wave­
shape. An oscilloscope is normally used 
to view the time domain aspect of a sig­
nal. 

Another view is the frequency 
domain shown in Figure 1 B. This display 
plots amplitude-vs.-frequency, so the 
same two signals seen in Figure 1A will 
plot as a pair of spikes in Figure 1 B. The 
comprehensive view of signals requires 
that we take a look at both time domain 
al")d frequency domains. Because they 
share a common axis - amplitude - we 
can view them orthogonally as in Figure 
1C 

All continuous waveforms can be 
represented mathematically by a series 
of sine and cosine functions. Only the 
sinewave is pure in the sense that it con­
tains only one frequency. All other wave­
forms, including sinewaves with even 
the smallest possible amount of distor­
tion, possess a number of harmonically 
related frequency components. The spe­
cific harmonics, their amplitudes, and 
phases, determine the final shape of the 
overall complex wave. The complex 
wave can be described by a mathemati­
cal device called a Fourier series. 

Using the Frequency 
Domain 

If we were certain that all signals in 
a system were pure sinewaves, there 
was no modulation or heterodyne mix­
ing taking place, and that all stages in 
the system are perfectly linear, then the 
time domain display seen on an ordinary 
oscilloscope would -suffice for practical 
purposes. But that never happens. Real 
signals have distortion, undergo both 
modulation and frequency mixing, and 

NYLON CABLE TIES 

and goes out-ofs" we can 
characterize the system and 
determine its performance . . 

Noise. Figure 2A shows a 
frequency domain characteri­
zation of a noise signal. 
Understanding the noise spec­
trum allows us to either evalu­
ate or design the system to 
best overcome its effects. The 
noise spectrum therefore per­
mits us to spot problems in 
system performance, and 
design accordingly. 

Harmonic Distortion. 
When a pure sinewave is 
passed through a non~inear 
stage, harmonic components 
are generated. These new fre­
quencies are integer multiples 
of the fundamental frequency 
(2F, 3F, 4F ... nF). When a non­
pure sinewave (which has its 
own harmonics) is processed 
in a non-linear stage, addition­
al harmonics or increased har­
monic amplitudes are created. 
Figure 2B shows the frequen­
cy spectrum of a waveform 
with multiple harmonics pre­
sent. The tallest spike repre­
sents the fundamental fre­
quency sinewave, while the 
smaller spikes are the harmon­
ics. 

w 
0 

~ 
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Intermodulation Distortion. 
While harmonic distortion occurs on a 
single signal, intermodulation distortion 
(IMD) occurs when two or more signals 
mix in a non-linear circuit. When this 
occurs, additional frequencies are gener­
ated according to the rule mFl ± nF2, 
where m and n are either zero or inte­
gers. Figure 2C shows this action when 
two equal amplitude signals (Fl and F2) 
interact in a non-linear manner. The two 
small peaks are particularly interesting in 
amplifier and receiver designs bec;ause 
they fall close to F 1 and F2 (other prod­
ucts fall very far away). These are the 

. 

TIME 

FREQUENCY 

/ 
/ 

Figure 16 

Figure 1C 

TIME 

2F1-F2 and 2F2-F1 products. 

-

-

When undesired, this effect is called 
IMD, but when the desire is to translate 
frequencies in a mixer circuit, the effect 
is called heterodyning (one circuit's trash 
is another's treasure). 

Modulation. A single frequency 
unmodulated signal will have a spec­
trum consisting of a single spike in the 
absence of distortion. But when infor­
mation is imparted to the signal, addi­
tional products are created. These show 
up as a spectrum similar to Figure 2D. 
Here we see the result when a sinewave 
RF carrier is amplitude modulated by a 
sinewave audio tone. In this case, 
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a mixing action takes place, as 
shown clearly on the spectrum trace. 
If an RF carrier Fe is modulated by an 
audio tone Fa, then the two products 
are Fe + Fa and Fe - Fa. These are 
called the upper and lower sidebands 
{USB and LSB), respectively. 

Spectrum Analysis 
Spectrum analysis becomes pos­

sible when the various frequency 
components and noise are measured 
and displayed. Over the years, sever­
al approaches have been taken to 
spectrum analysis: Fourier analyzer, 

01111n Channel 

Figure 2A 

Figure 26 

Figure 2C 

Figure 2D 

tunable filters, 
and spectrum 
analyzers. 

Figure4 ' 

The Fourier analyzer is depicted 
in Figure 3A, while its display is 
shown in Figure 3B. The analyzer 
consists of a series of adjacent band­
pass filters, each of which passes a 
small amount of spectrum. When the 
outputs of these filters are poled, it's 
possible to build the display shown. 

There are a number of problems 
with the Fourier analyzer. First, it's 
not terribly flexible because the filters 
are fixed tuned . Second, the resolu­
tion depends on the filter bandwidth, 

Figure 3 c:, ::::::::::::::::~ 

j\_ 

which may not be consistent 
throughout the range of frequencies 
being measured. Finally, there is a 
restricted number of adjacent fre­
quency filters that can be accommo­
dated, especially where cost is a con­
sideration. Finally, there may be inter­
action between the filters, causing a 
loss of performance. 

The tunable filter approach is 
shown in Figure 4. A filter is designed 
to be tuned across the entire range 
of frequencies by manual means. In 
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RF INPUT IF NARROWBAND ATTENUATOR FILTER MIXER ATTENUATOR IF FILTER 

RF F\_ INPUT 
IFGAIN 

AMPLIFIER _}\_ 

low pass, or high pass filter, and is 
used to prevent unwanted frequen­
cies from entering the spectrum ana­
lyzer. If you are looking at a fairly lim­
ited range of frequencies, say the 
modulation around a transmitter sig. 
n~I. then filtering can eliminate out­
of-range signals from interfering with 
the process. Those unwanted signals 
could conceivably force the mixer 
into gain compression, and create 
spurs. 

SWEEP SWEEP 
RATE WIDTH 

RAMP 
·GENERATOR 

most cases, these instruments were 
actually special purpose radio 
receivers. When the output was cali­
brated, the instrument was called 
either a wave analyzer or tunable RF 
voltmeter. 

Both of these approaches suffer 
from major faults, not the least of 
which is poor ease of operation. The 
modern spectrum analyzer solves 
these problems rather nicely. 

The Spectrum 
Analyzer 

The spectrum analyzer basically 
automates and improves the tunable 
RF voltmeter. Figure 5 shows the 
basic block diagram for a generic 
spectrum analyzer. It is a narrow 
band receiver that is swept tuned 
across the range of interest. A saw­
tooth ramp waveform is used to 
sweep tune the receiver, and to drive 
the horizontal deflection system of 
the oscilloscope. The output of the 
receiver is proportional to signal 
strength, and is applied to the verti­
cal input of the 'scope. The result is 
the spectrum plot shown. 

To understand the operation of 
the spectrum analyzer, let's take a 
look at each stage in its turn. The 
heart of the spectrum analyzer is the 
mixer and local oscillator (LO). 

The LO is a voltage controlled 
oscillator (VCO) that produces an 
output frequency that is proportional 
to an applied input control voltage. 
In the case of the spectrum analyzer, 
the input voltage is a ramp, so the 
voltage will change as the ramp volt­
age rises. Because most VCO circuits 
have a quadratic relationship 
between the control voltage and fre­
quency, it may be necessary in some 
cases to alter the tuning voltage 
waveform from a linear ramp to a 
shape that makes the sweep of the 
VCO output frequency look linear. 

The mixer is a non-linear circuit 
that mixes the RF input signal (F1) 
with the LO signal (F2) to produce an 
intermediate frequency (IF) output. 

14 JllE 1111/'Jl,,u I 1'rt14 ~ 

VOLTAGE 
CONTROLLED 
OSCILLATOR 

Figure 5 

CRT SCREEN 

Any of the frequencies described by 
mF1 ± nF2 can be used, but it is not 
reasonable to use other than the sec­
ond-order products (F1 +F2 or F1-F2). 

The characteristics of the mixer 
are important to the quality of the 
spectrum analyzer. Double-balanced 
mixers are usually preferred over sin­
gle-ended or single-balanced mixers 
because they tend to cancel the F1 
and F2 signals in the output, leaving 
only the sum and difference prod­
ucts. Other forms of mixers invariably 
have a residual F1 and/or F2 compo­
nent present in the IF output port. 

It is very important to select a 
mixer with a high third-order inter­
cept point (a.k.a. IP3 or TOIP) and a 
high dynamic range. One of the fail­
ings of cheap spectrum analyzers is 
that the mixer does 
not possess these 
attributes, so it is 
possible to generate 
both harmonic and 
intermodulation dis-

LOG AMP 

VIDEO ENVELOPE 
FILTER DETECTOR 

j\_ -+<1-

The RF attenuator is used to 
reduce the amplitude of all signals 
applied to the RF input of the spec­
trum analyzer by an equal amount. 
The input attenuator 
is used to prevent the 
mixer and any pream-
plifiers used from 
going into gain com- PRE-FILTERING 

pression. Once gain 
compression is 
reached, IM products 
begin to creep 
upwards distorting 
the picture of the 
spectrum with spurs 
that were not in the 
original. 

The input filter 
may be a band pass, 

POST-FILTERING 

The IF section handles the signal 
from the output of the mixer. Most 
of the gain and selectivity of the 
spectrum analyzer is provided in the 
IF section. The principal stages are: IF 
gain amplifier, IF attenuator, narrow 
band filter, and logarithmic amplifier. 

The gain amplifier provides 
adjustable voltage gain to permit 
adjustment and scaling. It is used to 
adjust the vertical displacement of 
the signals without changing the 
input conditions. In some cases, the 
amplifier gain and input attenuator 
are adjusted in tandem to prevent 
shifts in the vertical display. 

The logarithmic amplifier (where 
used) serves to provide range com­
pression so that both high and low 
amplitude products can be displayed 
at the same time. Otherwise, provid­
ing enough gain to see low ampli­
tude signals will cause high ampli­
tude signals to go off the top of the 

Figure 6 

Flgure .7 

tortion products 
inside the mixer. 
They will appear at 
the output of the 

UHF TUNER MAIN BOARD 

spectrum analyzer, 
and be displayed on 
the screen, despite 
the fact that they 
are spurious signals 
not present in the 
input spectrum. 

The front-end 
of the spectrum 
analyzer consists of 
the mixer/LO plus 
any pre-processing 
done. The.re are two 
forms of pre-pro-
cessing shown here: 
RF input attenuator 
and RF filter. Some 
spectrum analyzers 
might also have a 
preamplifier. It is 
not unreasonable to 
expect these stages 
to be switch selec­
table. 
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scale. Also, using a logarithmic 
amplifier permits the use of decibel 
notation on the CRT screen. 

The video detector is an enve­
lope detector that produces a DC 
output that is proportional to the sig­
nal strength at the frequency being 
measured. It produces the vertical 
deflection signal seen on the CRT 
screen. But this signal is often not 
too clean, and must be filtered. 
Figure 6 shows pre-filtering and post­
filtering versions of a noisy wave­
form. The pre-filtering version is bare­
ly usable, if that. 

Poor Man's Spectrum 
Analyzer 

Ever wondered what to do with 
an old, worn out, · low-frequency 
oscilloscope? I've seen a large num­
ber of 500-KHz to 5-MHz oscillo­
scopes on sale at hamfests and other 
places for a prayer and a dime (or 
some such low price). But what are 
they used for? Any self-respecting 
oscilloscope will have a 20 MHz or 
higher bandwidth, which is why the 
older models are basically in the dec­
imal dust calegory. Hmmmm .. . what 
to do with one of these "boatan­
chors?" 

There is a solution. A number of 
years ago, I wrote a column in a 
magazine called Ham Radio. One of 
the projects I built for the column is 
a spectrum analyzer kit offered by 
Murray Barlowe of Science 
Workshop, P.O. Box 310N, 

• 

Aircraft or marine navigation. No 
case. $50 

SINGER CSM-1 
COMMUNICATIONS 
SERVICE MONITOR 

HP 2ooco oscmator ........ ff s 
HP 312B Selective Voltmeter. . 95 
HP 331 Distortion Analyzer ... 249 
HP 400E Voltmeter .. ....... $325 
HP 412A Voltmeter ......... $95 
HP 415E Voltmeter ......... $125 
HP 3435A Multimeter ....... $295 
HP 8160A Generator ....... $2,800 
Krohn-Hite Model 4300A 

Oscillator .............. $395 
PAD Type 2020 Vector Voltmeter 

w/sampling heads .. . ..... $250 
Systron Donner Spectrum Analyzer 

Consists of tun1n9 unit Model · 
809-1, display unit Model 
712-1 ................. $1,995 

Watkins Johnson WJ-8628-4 
Receiver . . ............. $8,500 

Bethpage, NY 11714-0310; (516) · 
731-7628; FAX (516) 796-1693; 
E-Mail: mbarlowe@hoflink.com; 
web site http://www.science­
workshop.com/. I recently ran 
across the Science Workshop web 
site, and found to my delight that the 
project is still being offered, but with 
some upgrades. I obtained the 
pieces from Science Workshop and 
·did it again. 

The Poor Man's Spectrum 
Analyzer (PMSA) got its start back in 
1978 when Murray demonstrated it 
at the Dayton Hamfest. The PMSA 
(Figure 7) uses cable television tuners 
as the front end. Two frequency 
ranges are available: 0-500 MHz, and 
UHF above 500 MHz. These tuners 
are voltage controlled so that the 
television designer can build phase 
locked loop (PLL) tuning. The fact 
that they are voltage tuned means 
that they t:an be swept through their 
frequency ranges. When a sawtooth 
waveform is applied to the tuning 
voltage input on the tuners, the 
sweeping takes place. 

The cable TV tuners output the 
converted signal on an IF frequency 
close to 53 MHz (normal to TV 
receivers) . The SW-6006 main board 
is a receiver that will downconvert 
the 53-MHz IF signal to a low IF of 
10.7 MHz, and then demodulate it. 
The bandwidth of the output signal 
is approximately 250 KHz, so there is 
a resolution problem that may be a 
problem on crowded bands. The 
problem does not prevent you from 
using the device to check the output 

. of a transmitter for spurs and har­
monics, however. Fortunately, there 
is a Switched Filter Upgrade kit (SW-
601 O) that permits selection of 250 
KHz, 55 KHz, or 15 KHz bandwidths. 

It should also be possible to use 
a regular VHF receiver as the IF, and 
get even better resolution. A number 
of general coverage receivers will go 
to the required range. Alternatively, 
there are ham radio six-meter band 
converters that can be used as well. 
However, my experience with the 
Science Workshop product indicated 
that the SW-6006 worked satisfacto­
rily for my purposes. 

The sawtooth waveform needed 
to sweep the tuner through the 
range (with Center Frequency, 
Sweep Width, and Sweep Rate con­
trols) is provided by the Ramp Board 
(SW-6001). 

One of the problems with the 
original PMSA that I built was the 
necessity of calibrating the frequency 
dial. I used a chart comparing 0-999 
micrometer dial (connected to the 
tuning voltage potentiometer) read­
ings to frequency. The current offer­
ing has a Frequency Readout Board 
(SW-6007) that converts the pre­
scaler output of the cable-TV tuner 
to drive a digital voltmeter that 
serves as the frequency readout. 

Frequency can also be measured 
using an optional Marker Generator 
(MSG-100). This is also a cable TV 
tuner in which the voltage tuned 

scope display that indicates frequen­
cy. By measuring this frequency with 
a digital frequency counter, we can 
make accurate determinations of fre­
quency. 

Also available is a Tracking 
Generator upgrade (SW-5900). This 
type of instrument is basically a sig­
nal generator that tracks the spec­
trum analyzer center frequency. It 
can therefore be used to make fre­
quency response measurements of 
circuits and devices. The tracking 
generator was a really neat addition 
to the system because it permits test­
ing that is not possible with the 
PMSA alone. 

The various pieces of the PMSA 
are available from Science Workshop 
in either kit form or wired and tested. 
Add a "K" to the kit number for kit, 
and "W" for wired. 

The bottom line is that the Poor 
Man's Spectrum Analyzer is one way 
to get a reasonably performing spec­
trum analyzer without l_aying out a 
huge amount of cash. Will it do 
everything that a $30,000.00 profes­
sional model will? Nope, but that's 
not the question. The real question 
is: Will it do the jobs that you need it 
to do? NV 
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Get on the mailing list. ·-- •-t: ._• __ •• __ .an_e1ec_.co._• ._.i 

~~~-1~==========:;-::::=================== 
NECMini486 

$29.00 

10" Color SVGA! 

Up to 1024 x ViewMagic 
768 J>ixels 
llOV AC 

operation. 

Refurb: 
$139.00 

9.75" Mono VGA LCD w/Controller 

$89.00 
6" Mono LCD 

With Controller 

PC Oldies but Goodies 

Great for Servers: 
Takes Power from CPU 

Backlight 
Great for a headless system. 

Windows NT Server Console, 
Linux Server, etc. 

16 Bit (ISA) Interface with 
Cirrus Logic GD6235 

512K RAM. Non Upgradable 
Win95/98 Compatible 

See the web site for more 
detailed images and further 

information 
Assembly Dimensic.,s: 

10" x 6.75" x 3/8" 
With Backlight Inverter 

board. 

EPROMs 

EGA/CGA Card -or- ISA Super l/0 ................................ $14.95 
2 Meg AT Memory Card- or - Parallel/Mono Card .$9.00 
Floppy Controller -or- Serial / Parallel Card ............. $6.95 
VLB 1 Meg VGA Card- or-386 Mothed>oard w /2Meg .. $19.95 
16 Bit(ISA) VGA w 256/512/1 Meg ......... $9.00 I $1200 I $14.95 
VLB Super I/0 ............................................................. $12.95 
8 Bit VGA Card - or - XT Motherboard w /640K ... ..... $9.95 

$29.00 

Home network? 
Cable Modem? 

Linux Box? 
Various Brand 
lOBaseT 8 Port 

Hubs. 

Refurb 8 Port Hub 

Motorola Flip Phone 
Data Adapter 

RJ-11 (Dial Tone) 
Generator and Ring 
Generator. Use any 
standard land line 
device with your cell 

.,:~: phone. Modem, credit 

$39.oo=~e ... 

~eACMotor. 
Use for robotic 

drive or?? 
HasS"disc 

attached with a 
rubber 0-Ring. 

$9.95 

Reversible 110V AC 
Motor with brake 

Extends to 2' 
past. Two slide 

telescopic 
extension 

• 

Robotic 

I 
Attachments? 

Arms, etc? 
With rubber o-

$9. 95 ring~~'dia. 

Small DC Motor 
w/gear box & Wheel 

External SCSI 3.5" 
Open Face Case 

$69.00 
6 Sets (24) . 

Open Face for 
standard SCSI 

Zip, Jaz, SyQuest 
Etc .. 

250Pin&ID 
Select 

$19 
360 degree rotat­
able. Ball Bearing 

for durability. 
These were from 

heavy duty 
mobile storage 

units Each set con­
tains 2 swivel and 

2 static wheels 

Used 3" Dia. Wheels 

TapeStor 800 & 3200 
Seagate CoMOr 
Refurbished 1Rl 

TR1800MB 
TR3 3.2GB 

-a$ 
$39.00 T:~::.: 

CD ROM & Sound Cards 

4x IDE Internal ..................................................................... .$19.00 
Bx IDE Internal ... .................................... ............ .................... $29.00 

24x IDE Internal with Yamaha Sound Card (ISA) ............ $49.00 
4x SCSI Internal ...................................................................... $25.00 
4x SCSI Extemal ........................ ............................................. $49.00 
Universal Audio Cable (CD ROM to Soundcard) .............. $4.95 

HITP:/ /WWW.ALLELEC.COM 
VISIT OUR WEB PAGE DAILY FOR SPECIALS&... MORE INFO. ON THESE ITEMS 

CA..,_bploMeodd7~Soles-·Minlnumohlppng•i...llingdlorps S8.!n. •W.....,.,u-t~producb-••90doy-ty•AU....._,,...,_ ... RMA1,calbefa1 .. 1Upping-1Duo.•No""'-..-.. invaice.Shffillg•Handlingdlorps .. -....-• 
ZW.Rolad<Olg<Nrge. applies IDproducbpma-ed in <rrar• ~ pd>lmu. Schaal• Univenilyl'uichateOnlen aac:epoed. alhenan Apcan!y. • l'llc<o .,4 llVailabititydjoctlDchang• .,~without .. ynotillcaliM-«. 

16 Jiil 1111/'llttu 4 'IWt4 ~ Write In 53 on Reader Service Card. 
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IN - INDIANAPOLIS - Antique Radio Swapmeet, 
Auction, Seminar. Indiana Historical Radio Society 
& Antique Wireless Assn., Herman Gross, 765-
459-8308. E-Mail : w9itt@juno.com 

NE - SOUTH SIOUX CITY - Iowa State 
Convention. 3900 Club & Sooland ARA, Mike 
Nickolaus NFON, 402-494-6070. 
E-Mail: nfOn@avalon.net 
Web: http://www.pionet.netj-kObrd/hamboree/ 

NY - ROCHESTER - Atlantic Division & NY State 
Convention. Monroe County Fairgrounds. Fri : 
12pm-5:30pm, Sat: 8:30am-5:30pm, Sun: 
8:30am-1:30pm. Harold Smith K2HC, 716-424-
7184. Fax: 716-424-7130 E-Mail: rochfst@frontier 
net.net Web: http://www.rochesterhamfest.org 

CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
FL - MCCOY - Hamfest. Ft. McCoy ARC, Tom 
Bench KS4ZI, 352-546-3967. E-Mail: 
ks4zi@arrl.net Web: http://www.qsl.net/ w4frc 
IL - SPRINGFIELD - Hamfest. Illinois State 
Fairgrounds. Bam-lpm (flea 6am). VE Exams. 
Talk-in: 146.685 (-). Sangamon Valley RC, Ed 
Gaffney KA9ETP, 217-628-3697. E-Mail: 
egaffney@fgi.net Web: www.skylightl.com/ svrc/ 
ME - HERMON - Hamfest. Hermon High School. 
Bam-lpm. VE Exam&. Talk-in : 146.34/ 94, 146.52. 
Pine State ARC, Roger Dole KA lTKS, 207-848-
3846. E-Mail: dolerw@juno.com 
Ml - GRAND RAPIDS - Hamfest. Hudsonville 
Fairgrounds. VE Exams. Talk-in: 147.160 link 
repeater system. Independent Repeater Assn. , 
Kathy KB8KZH, 616-698-6627 4-7pm. 
MN - ST. PAUL - Hamfest. Twinslan ARC, Ann 
Foster NOLLC, 612-706-1761. 
E-Mail: tailgate@twinslan.org 
Web: http://www.twinslan.org/tailgate.html 
MO ·HOUSTON - Hamfest. Ozark Mountain 
Repeater Group, Bob Simpson NONTC, 417-967-
3535. E-Mail : nOntc@train.missouri .org 
NJ - TEANECK - Hamfest. Bergen ARA, Jim 
Joyce K2ZO, 201-664-6725. E-Mail: 
jjjoyce@cybemex.net Web: http://www.bara.org 

GA - MARIETTA - Hamfest. Jim Miller Park . 
Atlanta Radio Club, Ben Dasher KE4YZX, 404-
B69-6959, E-Mail: bendasher@mindspring.com 
Charles Golsen N4TZM, 404-252-3303 or 404-688-
627B. E-Mail : cgolsen@atlanta.com 
Web: http:/ /www.saf.com/arc 
NE ·CHADRON - Hamfest. Pine Ridge ARC, 
Lynn Bilyeu KOODF, 308432-2297. 
E-Mail: lynnb@bbc.net . 
OR - SEASIDE - SEAPAC NW Division Ham 
Convention. Seaside Convention Center, 1st St. 
VE Exams. Talk-in: 146.66 (-) . Oregon Tualatin 
Valley ARC, Al Berg W7SIC, 503-640-5456; 
Randy Stimson KZ7T, 503-297-1175. 
E-Mail: rastimson@att.net Web: http:/ /www.otv 
arc.org/events/hamfairs/ seapac/index.htm 

'M&.0 

CT - NEWINGTON - Flea Market. Newington High 
School, Willard Ave. (Rt. 173). 9am-lpm. FCC 
Exams. Talk-in: 145.45 & 146.52 simplex & 
224.84, 443.05. Newington AR League, John 
Disarro KAlHQK, B60-666-8569; Joe Bottiglieri 
AAlGW, 860-666-9692. E-Mail: aalgw@arrl.net 
IL - PRINCETON - Hamfest. Starved Rock RC, 
Frank Carrara KF9NZ, Bl!>-856-3773. E-Mail: 
w9mks@qsl.net Web: http://www.qsl.net/w9mks/ 
IN - WABASH - Hamfest. Wabash County 4-H 
Fairgrounds, SR 13N. 6am. Talk-in: 
147.03/147.63 & 442.325/447.325. Wabash 
County ARC, Ralph Frank, 219-563-84B7 (W}, 
219-563-84B9 (Fax) , 765-833-7372 (H). E-Mail: 
wial@netusal.net Web: www.netusal.net/-qrziota/ 
Ml · CHELSEA - Hamfest. Chelsea ARC, Don 
Wilke WW8M, 734-475-2359 
NY - QCJEENS - Hamfest. Hall of Science parking 
lot, Flushing Meadow Park Corona, 47-01 11 Ith 
St. 9am-3pm. Talk-in: 444.200 repeat, PL 136.5, 
146.52 simplex. Hallo( Science ARC, Stephen 
Greenbaum WB2KDG, 718-898-5599. 
E-Mail: WB2KDG@Bigfoot.com 
OH - MEDINA - Hamfest. County Fairgrounds, 
Community Center, 735 Lafayette Rd. 8am-3pm. 
Talk-in: 147.630 in, 147.030 out. Medina 2 Meter 
Group, Mike Rubaszewski N8TZY, 330-273-1519. 
E-Mail: m2mgroup@aol.com 
Web: http://members.aol.com/ m2mgroup 

Cf he Events Calendar is a free service for publicizing electronic: events such as 
U amateur radio hamfests, flea markets, etc. If your organ_ization is sponsor­

ing an event and would like a free listing, contact us at least 60 days in advance. 
Include your flyer, estimated attendance, name of the person to contact, and 
phone number. 

Complimentary issues are available upon request for distribution t 
attendees. Astreet address for UPS is required. 

While we strive for accuracy in our calendar, we can r\ot be respo . 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. 

PA - BCJTLER - Hamfest. Butler Farm Show 
Grounds, Re68. 8am-4pm. Talk-in: 147.96/36. 
Breezeshooters ARC, H. Rey Whanger W3BIS, 
412-828-93B3. E-Mail : w3bis@freeww · 
web.com Web: http:/ /breezeshooters.net 
VA - MANASSAS · Hamfest. Prince William 
County Fairgrounds, 'I.! mi S on Rt. 234. Talk-in: 
146.97 (-) & 224.660 (-). Ole Virginia Hams ARC, 
Jack N4YIC, 703-335-9139, E-Mail: 
patnjack@erols.com; Mary Lu Blasdell KB4EFP, 
703-369-2B77, E-Mail : mblasd1638@aol.com 

GA - ALBANY - Convention. Albany ARC, Ricky 
Mccrary KD40ZR, 912-438-9714. E-Mail: rm 
ccrary@planttel.net Web: http://www.isoa.net/ aarc 

. . 
TX - ARLINGTON - HAMCOM. West Gulf Division 
Convention, Jim Haynie W5JPB, 214-351-3271. 
E-Mail: Chairman@hamcom.org 
Web: http:/ / www.hamcom.org 

COMPOTER SHOWS 
AGI Shows, 317c299-8827. 
E..J'9\ail: info@a~hows.com 
http:/ /www.agishows.com 

Star Productions 
1788-1901 
:/ /www.supercomputersale.com 

Computers And You, 734-283-1754. 
www.a 1-supercomputersales.c;om 

Computer Central Shows 
847412-1900 & 1"'888-296-6066. 
E-Mail: compcent@megsinet.net .·· 
.www.computercentralshows.com 

Five Star Productions 
810-890-0988 E-Mail: jeff@fivest~ 
www.fivestarshows.com ··· 

Glb~aJtar Trad; c~nter, Inc. 
810-465c6440. Mt. Glemens, Ml. 

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

MaiketPro, Inc., 201'-&25-2229 
http:/fwww.marketpro.com 

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

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

WA - DRYDEN - Wenatchee Hamfest. Apple City 
ARC, Roger Eckhardt WB7SHL, 509-7B2-4977. 
E-Mail : dmeckhardt@juno.com 
Web: http://www.qsl.net/ w7td 

-:·:·:<·:···· 

~i~~~1§~~-~~~n Productio'it 
· Northern Computer .Shows 
978-744-8440 

CA - FONTANA - Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-822-413B eves 
CANADA - ONTARIO - FERGCJS - Hamfest. 
Guelph & Kitchener-Waterloo ARCs, Bill Smith 
VE3WHS, 519-821-6642. 
E-Mail: smith.ve3whs@sympatico.ca 
Web: http://www.kwarc.org/ fleamarket 
CT - GOSHEN - Hamfest. Fairgrounds, Rt. 63. 
Southern Berkshire ARC, Lee Collins Kl LEE, 860-
435-0051 . E-Mail : collins@discovernet.net 
ID· COEUR D'ALENE - Hamfest. Kootenai ARS, 
Jim Monroe, 208-667-4915. 
E-Mail: jmonroe@dmi.net 
MA - FALMOUTH - Hamfest. Falmouth ARA, 
Ralph Swenson NlYHS, 508-548-6405. E-Mail: 
depsher91 l @aol.com Web: http://www.falara.org 
MO · MACON - North Central MO Hamfest. 
Macon County ARC, Dale Bagley KOKY, 660-3B5-
3629. E-Mail: dbagleyl @istmacon.net or 
kfoster@istmacon.net Web: 
http://www.istmacon.net/- kfoster / hamfest.htm 
NC - WINSTON-SALEM - Winston-Salem Classic 
Hamfest. Dixie Classic Fairgrounds. 7am-1 pm. 
Talk-in: 146.64 (-) & 145.47 (-). Forsyth ARC, 
Tom Gallagher N410Z, 336-723-7388. 
E-Mail n4ioz@ibm.net Web: 
http://members.xoom.com/w4nc/Hamfest.htm 
NY · CORTLAND • Hamfest. Skyline ARC, 
Andrew Slaugh KB2LUV, 607-753-0597. 
E-Mail: kb21uv@odyssey.net 
PA - BLOOMSBURG - Convention. Columbia­
Montour ARC, Dave Schack WC3A, 717-752-
6B51. E-Mail : wc3a@arrl.net 
Web: http://www.bafn.org/-cmarc 

NH - LANCASTER - Hamfest. Lancaster 
Fairgrounds, Rt. 3 North. 9am. VE Exams. Talk-in : 
145.430 & 145.150 & 147.315. Moose Swappers, 
Russ Boyce NIYZE, 603-922-5!'114. 
E-Mail: cusvt@together.net 

IL - GRANITE CITY - Hamfest. Egyptian Radio 
Club, Tod West KB9AIL, 618-667-4592. 
E-Mail: Tod A WestSr@edwpub.com 
IL· WHEATON - Hamfest. DuPage County 
Fairgrounds, 2015 Manchester Rd. (N of Roosevelt 
Rd. (Rt. 3B). E of County Farm Rd.) . VE Exams. 
Talk-in: K90NA 146.52 & K90NA/ R 146.37/ 97 

E-Mail: gamtnproKWblrg.tds.net 
georgiamountain.com 

Gibraltar Trad 
7;34-287-2000. 

(107.2). Six Meter Club of Chicago, Joseph 
Gutwein WA9RIJ, 630-963-4922 or 708-442-4961. 
E-Mail: WA9RIJ@MC.NET 
Web: http:/ /cyberconnect.com/orion/ smcc.html 
KY - INDEPENDENCE - Ham-0-Rama '99. 
Summit View Middle School, 5002 Madison Pike 
(KY 17) Bam-3pm. Talk-in: 147.255+ or 147.375+ 
repeaters. Northern KY ARC, Robert Blocher 
NBJMV, 513-797-7252. E-Mail: nkarc@juno.com 
NY - BETHPAGE · Long Island Hamfair. 
Briarcliffe College, 1055 Stewart Ave. 8:30am-
2pm. VE Exams. Talk-in: W2VL 146.B5 repeater 
(136.5PL). Long Island Mobile ARC, Rich N2WJL, 
516-520-9311. E-Mail: hamfest@limarc.org 
Web: http://www.limarc.org 
OH - AKRON - Hamfest. Goodyear ARC, Robert 
J. Taylor KBBZEC, 330-836-32B2. 
E-Mail: rjtaylor@akron.infi.net 
TN - KNOXVILLE - Hamfest & TN State 
Convention. National Guard Armory, 3330 
Sutherland Ave. 9am-4pm. VE Exams. Talk-in: 
W4BBB 147.30 (+) & 224.50 (-) & 444.575 (+). 
Radio Amateur Club of Knoxville, David Bower 
K4PZT, 423-974-5064 (W). 423-670-1503 (H). 
E-Mail: rack@korrnet.org or d.bower@ieee.org 
Web: http:// www.korrnet.org/ rack 

CANADA - ALBERTA - RED DEER - Hamfest. 
Central Alberta Radio League, Bob King VE6BLD, 
403-7B2-3438. E-Mail: kingel@telusplanet.net or 
ve6bld@rac.ca Web: http://qsl.net/ carl/ 

CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
CANADA - BC - KELOW!'IA - Hamfest. Orchard 
City ARC, 250-966-2179. E-Mail: ve7kng@rac.ca 
Web: http://www.okapagan.net/ ocarc 
CANADA - ON - MARMORA - Hamfest. Tri­
County ARC, Paul Davidson VE3UUM, 613-472-
3449. Pete Blakely VA3PGB, 613-473-1171. 
E-Mail: rhobson@blvl.igs.net 
Web: http://www.redden.on.ca/-tcarc/tricnty.htm 
Ml - MIDLAND - Hamfest. Midland County 

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

Peter Trapp Computer Shows, 603--
272·!'.?QOB. Web~ ~\11'.W·Petertrapp.com •. 

Fairgrounds, Gerstacker Fair Center. Barn-I pm. 
VE Exams. Talk-in: 147.00 (+) (WBKEA repeater). 
Midland ARC, Del Lafevor WB8FYR, 517-636-
5097 (w). 517-689-3477 (h) . 
E-Mail: Iafevordel@aol.com Web: 
http://www.qsl.net/wBkea/MARCSWAP.htm 
NJ - DUNELLEN · Hamfest. Columbia Park , near 
Rt. 529 & Rt. 2B intersection. 7am-2pm. Talk-in: 
146.025/625 & 146.52 simplex. Raritan Valley 
RC, Bob Pearson WB2CVL, 732-846-2056 or Fred 
Werner KB2HZO, 732-968-77B9 before Bpm. 
Web: http://www.w2qw.org 
OH - MILFORD - Hamfest. Milford ARC, Chris 
Reinfelder KBBSNH, 513-753-5066. 
E-Mail: RAC Reinfelder@FUSE.NET 
WV - BLUEFIELD - Hamfest. Brushfork Arm. 
East River ARC, Don Williams WA4K, 540-326-
333B. Web: http://www.inetone.net/erarc/hamfest/ 

-~··*;,,.«llWll1Zf2*il'H 
CA - ORCCJTT - Santa Maria Hamfest. Satellite 
ARC, Eric Lemmon WB6FLY, B0!>-733-4416. 
E-Mail: wb6fly@impulse.net 
IN - CROWN POINT - Dad's Day Hamfest. Lake 
County Fairgrounds. Barn. VE Exams. Talk-in: 
147.00, 146.52 & 442.075. Lake County ARC, 
Malcolm Lunsford W9MAL, 219-769-3925 (ph) or 
B15-361-1913 (fax). E-Mail: w9mal@cris.com 
MA - CAMBRIDGE · Flea at MIT. Albany and 
Main Sts. 9am-2pm. Talk-in: 146.52 & 
449.725/444.725 WlXM/R PL 114.B (2A}. Nick 
Altenbernd KAlMQX, 617-253-3776 (9-5). Web: 
http://web.mit.edu/ w 1 mx/ www / swapfest.html 
MD - FREDERICK - Father's Day Hamfest. 
Frederick County Fairgrounds, 797 E. Patrick St. 
Bam-3pm. VE Exams. Talk-in: K3ERM 146.640 (-) 
& 147.060 (+) & 146.52 simplex. Frederick ARC, 
Carolyn Moroney N3VOK, 301-B31-5060. 
E-Mail: n3vok@erols.com 
Ml - MONROE - Hamfest. Monroe County 
Fairgrounds. Monroe County Radio 
Communications Assn., Fred VanDaele KABEBI, 
734-5B7-7165 days or 734-242-94B7 eves. 
OH - MACEDONIA - Hamfest. Cuyahoga ARS, 
Rich James NBFIL, 1-800404-22B2. Web: 
http://www.cars.org 
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·-~---CA· SAl'ITEE ·ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
KY • TOMPKlrtSVlu.E • Hamfest. The National 
Guard Armory, Hwy. 163 N. Talk-in: 146.775 
repeater. Monroe County ARC, David Welch K4PL, 
502-678-5784. J . Bunch, 502-678-5784. 
E-Mail: dwelch@glasgow-ky.com 
Web: http://monroearc.hypermart.net 
rtC - SALISBURY - Hamfest. Firecracker 

Hamfest. Civic Center. Rowan ARS, Ralph Brown 
WB4AQK, 704636-5902. 
E-Mail: rbrown@salisbury.net 
Web: http://home.interpath.net/kk41h/hamfest 
PA - LEHMArt - Wilkes-Barre Hamfest. Luzerne 
County Fairgrounds, Rte. 118 (1-81 Exit 47B to Rt. 
309 to Rt. 415 to Rt. 118). Barn. FCC Exams. 
Talk-in: 146.52 & 146.61. Murgas ARC, Stan Perry 
KE3TC, 570-735-2385; E-Mail: slperry@epix.net 
Bob N3FA, 570-288-3532 

Ballla .... ll\lllBIJ 
PA • BRESSLER • Firecracker Hamfest. Emerick 
Cibort Park, Penn St. Barn. VE Exams. Talk-in: 
146.16/76 & 146.52 simplex. Harrisburg RAC, 
Richard Bordner W3NJB, 717-9394825. 

E-Mail: n3njb@aol.com 

CAl'IADA - MAl'IITOBA - BRArtDOl'I • Hamfest. . 
International Peace Garden, Dave Snydal VE4XN, 
204-728-2463. E-Mail: dsnydal@mb.sympatico.ca .. .,. ........ 
CA· FOrtTAl'IA • Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Mlller High 
School. Bill 909-822-4138 eves 
CAl'IADA • OrtTARIO • JllllLTOrt • Hamfest. 
Burlington ARC, Alan Montgomery VE3FCJ, 905-
332-5282. E-Mail: ontariohamfest@canada.com 
Web: http:/ /www.bigwave.ca/--ve3coj/barc/flyer 
GA • GAlrtESVlu.E • Hamfest. Lanierland ARC, 
Ken Parrish KN4UO, 77-0-867-9833. 
E-Mail: kn4uo®mindspring.com 

Web: http://www.qsl.net/kc4oxp/index.htm 
IN • lrtDIArtAPOUS • ARRL Central Division 
Convention, Rick Ogan N9LRR, 317-251-4407. 
E-Mail: oganr@in.net 
Web: http://www.indyhamfest.com 
JlllD • BROl'ISWICK • Hamfest. Mld-Atlantic DX & 
Repeater ASsn., Roy Bates N2CSQ, 301-834-9351. 
E-Mail: MADRA@qsl.net 
ME • OrtlOrt • Hamfest. Fairgrounds. Pen-Bay 
ARC, Will Chadwick WCJW, 207-785-2739. 
E-Mail: wilchad@tidewater.net 
MI • PETOSKEY • Swap & Shop. Emmet County 
Fairgrounds, <JS 31, 2 blks W of 131. Barn- I pm. 
VE Exams. Talk-in: 146.68 (-). Straits Area ARC, 
Tom W81ZS, 616-539-8459; Dirk KG8JK, 616-348-
5043. E-Mail: kg8jk@qsl.net 
MO • KANSAS CITY • Mldwest Division 

Convention, Bob Roske WAOCLR, 
816-436-0069. 

~omponent Kits 

From Edlie The Each Kit comes complete with an 
educational explanation of the 
circuit. Build these useful kits and 
have! Fun Too! Each Kit comes 
with its own PC Board. 

E-Mail: waOclr@worldnet~att.net 
Web: http:/ /members.tripod.com/ 
-PHDARA/ 
rtY ·BATAVIA. Hamfest. Genesee 
fairgrounds. 6am-3pm. Talk-in: 
W2RCX 147.285+. "Gram," Harold 
Hay, 716-343-2844. 
E-Mail: wa2abq@aol.com 
TX • TEXAS CITY • Hamfest. 
Tidelands ARS, Joe Wileman AA50P, 

Kit King 
112 and //4 Watt Resistor Kit 
200 for $2.95 
5% +10% 
All Standard ohmages 
All top Grade material 

Precision Resistor Kit 
100 for $1.95 

All 1 % Resistors, 

(NV5801) 

RN.'i.'i. RN60. RNo.'i etc. <NVSR03) 

Fuse Kit 
25 for $1.95 

Primarily from 
Little Fuse, & Buss 
Various types included. Various amps, slow 
blow, standard, pigtails etc. (NV 4040) 

Crystal Kit 
15 for$1.95 ~· 
Can be CB, Transmitting, ·~ = 
Ham. business. marine etc . (NVS815) 

Volume Control Kit ~. . 
20 for $2.95 y-
v arious ohmages to lOMeg ~. : '. · .)~ 
Some with switches. (NVS805) ~ 

Miniature Bulb Kit 
10 for $1.95 
Can include such types as 
PR6, 12,219,24-0,222, 
1847 Grain of wheat etc. 

IC Grab Bag 
15 for$2.50 
Including 7400 Series, CMOS, 
Linears, etc. All Prime All 
Guaranteed (MV5808) 

Miniature 
Electrolytic 

Caps 
25for$2.95 

Axial, Radial 
Leads, Mixed 
Capaacitances, and Voltages (NV5804) 

Switch.Kit • . 
15 for $2.95 • 

Can be slide switches, ' * .. Rotary; Rockers, toggle ' 
Switches. SPST, ·. . . 
DPDT,TPDT f 
All prime (NV5818) · 

#22 stranded 
Wire Kit. ;::; ==--1" 
4 rolls 50' ea. 
For $3.95 

4 assorted colors an exceptional value 
(NV2736) 

Also Available in 4 Rolls oflOO' for $7.95 
(NV2737) 

Disc Capacitor Kit ~? 
60 for $2.95 l . 

Various Capacitance's, \*·~ 
Various Voltages. NPO, \\ \ 
N750 etc. (NV2737) \ 

Hardware Kit Q 
A mixture of screws, washers, ..._, 
Nuts, Bolts, and all sorts of good l'f) I 
Things (approximately 300-600) "·~ 
(MV5813) 

This radio is a unique educationally 
oriented, radio kit designed to ei.pand your 
understanding of basic radio theory. It is 
capable of receiving both AM and FM The 
circuits are laid out in systematic order on an 
oversized PC Board so that the student can 
easily understand the flow of the radio signals 
from antenna to speaker The radio kit PC has 
been so designed that no cabinet is necessary A 
special bracket provides the necessary support 
to use the radio in any location. . A manual 
providing theory, construction, testing, and 
alignment is included. After completing this 
course you will have a better understanding of 
AM/FM radio theorv and operations. $27.95 

Voice Changer (80-IOSV) 
Your voice can be changed to add a vibrato, 
like those used to disguise secret witnesses. Or 
you may change your voice upward or 
downward: Women sound like men and vice 
versa. Includes a very RobotVoice As well. A 
microphone & speaker are included on the PC 
board; all that you need is a 9V-transistor 
battery. This is a very novel and entertaining 
circuit $12.95 

4 Train Sound Effects (89·910V 
This Cob project will produce 4 very realistic 
user selectable sound effects that are ideal for 
model railroad. Throw any of the switches to 
produce a train whistle blowing 3 times, a train 
chugging along, a level crossing bell & the 
."clickety clock" of a train crossing a bridge .. 

Semi Conductor Kit Kit includes all parts including speaker. Easy to 

LED Kit \'\ F, This kit contains an as_ so_ rtment ~\ _$_7_.9_5 _____________ --I 
25 for $3.50 ~ ti· . assemble. Operates on 2.4 to 6VDC 

20 ior $2.50 !._\,
1
, ~,' (./ Of f th & II I ~. . any 0 e 10 o~mg. ff , , Telephone Bug (EK-35) 

Different colors, Red, Green Tnacs, SCRs. Rectifiers ·~ 0 b . nl th . f di 
Y II Di# ha "''"'5811) I T . (MV9561) l~ .' ur ug IS 0 y e size 0 a me, yet 

e ow. uerent s oes uu Y rans1stors · both 'd f 1 h 
1--------------------"---------------....;;~ transrruts s1 es o a te ep one 

* Buy Any 5 Kits and receive A Free Resistor Kit * 
Mail your orders to 

Edlie Electronics Inc. 2700 
Hempstead Tpke 

Levittown, N.Y. 11756 
Order Tool Free 
1-800-645-4722 

In NYS 516-735-3330 
. . 

conversation to any FM radio. No battery 

needed. $7.95 

Checks or Money order are accepted by mail. No 
C.O.D. Shipping & Handling charge $5.00 For the 
continental United States All others including Canada. 
Hawaii, Alaska, & P .. R must pay full shipping charges. 

We Accept MC, Visa, & AE 

To order by Fax Call 516-731-5125 
For~onnation C'.all 516-735-3330 

Write In 107 on Reader Service Card. 

409-945-6794 -
WI • EAU CLAIRE • Hamfest. Eau 
Oaire ARC, Jim Staatz KG9MV, 715-
838-9108. E-Mail: kg9mv@arrl.net 
Web: http://www.ecarc.org 
WI • OAK CREEK • Swapfest. 
American Legion Post 434, 9327 S. 
Shepard Ave. 6:30arn-2pm+ CDT. 
Talk-in: 146.52 (WA9TXE). South 
Milwaukee ARC, Inc., 414-762-3235 

~,< .. 
IL • PEOTOrtE • Hamfest. Will County 
Fairgrounds. Talk-in: 146.94. 
Kankakee Area Radio Society, Billie · 
Kerouac KF91F, 815-939-7548. E-Mail: 
dkbk@megsinet.net Web: 
http:/ /www.geocitles.com/capecana 
vera/hanger/5711 
rtY • PATCHOGUE • Hamfest: Mld­
lsland ARC, Mlke Grant N20X, 516-
736-9126. 
E-Mail: globalcm@erols.com Web: 
http://www.qsl.net/mid-islandarc 
jhamfest.html 
OH • BOWUrtG GREEl'I • Hamfest. 
Wood County ARC, Bob Boughton 
NlRB, 419-354-1811. E-Mail: 
boughton@bgnet.bgsu.edu Web: 
http:/ /bravais.bgsu.edu/-boughton 
/wcarc.html 
PA • KIMBERTOl't • Valley Forge 
Hamfest. Fire Co. Fairgrounds, Rt. 
113 (S of Rt. 23) . Barn. Mid-Atlantic 
ARC, Bill Owen W3KRB, 610-325-
3995. E-Mail: hamfest-info@marc­
radio.org Web: http://www.marc 
·radio.org/hamfest.html 
PA· PITTSBURGH· Hamfest. 
Northland Public Library, 300 
Cumberland Rd. 8am·3pm. Talk-in: 
149.09 W3EXW. North Hills ARC, H. 
Rey Whanger W3BIS, 412-826-3694 
(ph & fax). E-Mail: w3bis® 
freewwweb.com Web: 
http:/ /nharc.pgh.pa.us/ .... ,.} ... 
MT • EAST GLACIER • Montana 

· State Convention, Darrell Thomas 
N7KOR, 406-453-8574. E-Mail: 
n7kor@mcn.net 
Web: http://www.tlatech.comjham 
fest/ .......... 
CA • SANTEE • ARC of El Cajon 
Ham, Computer & Electronic · 
Swapmeet. Santee Drive-in. 
619-561-0052 
CO • LOVELAl'ID • Superfest. 
Larimer County Fairgrounds, 700 
Railroad Ave. 8arn-2pm. Talk-in: 
145.115- or 146.85-. Northern CO 
ARC, 970-352-5304 
LA • SLIDELL • Hamfest. Ozone 
ARC, Ronald Riviere WB5CXJ, 504-
882-5067 
l'IC • CARY • Mld-Summer Swapfest. 
Cary Community Center, 404 
Academy St., Chapel Hill Rd. & 
Academy St. VE Testing. Talk-in: 
147.15+.6. Cary ARC, POB 53, Cary, 
NC 27512; include SASE. 
rtY • FRAl'IKFORT • Hamfest. Utica 
ARC, Bob Decker AA2C<J, 315-797-
6614. 
E-Mail: ktrnd@borg.com 



OH • WEWNGTON • Hamfest Lorain County 
Fairgrounds. 8am-2pm. VE Exams. Talk-in: 
146.1 0/70. Northern Ohio ARS, John Shaaf 
KC8AOX, 216-696-5709. E-Mail: kc8aox@qsl.net 
PA • SALEM TOWNSHJP • Hamfest. Beach 
Haven Carnival Grounds (l-80 Exit 36 or 38 N to 
US.11). 8am. VE Exams. Talk-in: 145.130 (PL 
77.0) & 146.52 simplex. Jonestown Mountain 
Repeater Assn, Charlie Hooker AD3L, 570-864-
2571 or fax 717-864-2377; Rich N3YGL, 570.784-
0488; Mike K3EVQ, 57().752-1334; Walter 
N3(JAU, 570-822-0180. E-Mail: chooker@epix.net 
TX· DENISON· North Texas Hamfest '99, 
Wilmer 0 . Kinsey WB5DCU, 90:>893-5872. 
E-Mail: wb5dcu@gte.net 
Web: http://homel.gte.net/wb5dcu/nortex99.html 

IL • S<IGAR GROVE • Hamfest Waubonsee 
Community College, Rt 47 at Harter Rd. (5 mi 
NW of Aurora). 8am. VE Exams. Talk-in: W9CEQ 
• 147.210 (+) PL 103.5/107.2. AFAR repeater. 
Fox River Radio League, James Von Olnhausen 
N9UZC, 630-879-3042. E-Mail: n9uzc@amsat.org 
Web: http://www.fn1.org/harnfest.html 
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 
MO· WASHINGTON · Hamfest. Zero Beaters 
ARC, Dave Neal NOPNG, 314-532-2477 days, 314-
458-3254 eves. E-Mail: Dave Neal@msn.com 
Web: http://zbarc.ustno.com/ 
NJ· AUG<JSTA • Hamfest Sussex County ARC, 
Dan Carter N2ERH, 973-948-0999. 
E-Mail: n2erh@email.com 
Web: http://www.scarcnj.org 
OH ·VAN WERT· Hamfest. Van Wert County 
Fairgrounds, US Rt. 127 S. 8am-3pm. VE Exams. 
Talk-in: 146.85 (·).Van Wert ARC, Bob Barnes 
WD8l.PY, 419-238-1877, Bob KA81AF, 419-795-
5763. E-Mail: barnesrl@brighlnet 
Web: http://www.brightnet/-barnesrl/w8fy.html 

FL · MILTON • Hamfest. Milton ARC, Dean Clark 
WB6UKF, 850-626-9752. 
E-Mail: acordc@worldnet.att.net 
OK • OKLAHOMA CITY • Ham Holiday '99. 
Oklahoma State Fair Park (Hobbies, Arts & Crafts 
Bldg.), intersection 1-40 & 1-44. 5-Bpm Fri., 8am-
5pm Sat Talk-in: 146.82. Central Oklahoma 
Radio Amateurs, Thomas Wel>b WA9AFM. 
E-Mail: n 1 pn@swbeU.net or tmwebb@telepath.net 
Web: http://www.geocities.com/heartland/7332 

AZ.· FLAGSTAFF· Hamfest & ARRL AZ State 
Convention. Norm Martin KC7FNK, 520.297-
9562. E-Mail: arcathill@aol.com 
Web: http://www.hamsrus.com 

NH· NASHUA· Hamfesl Res Ctr Church. NE 
Antique RC 617-923-2665 
OH· CINCINNATI · Hamfest OH-KV"-IN ARS, 
Dana Laurie WA8M, 513-761-7388. 
E-Mail: wa8m@arrl.net 
Web: http://www.qsl.net/k8sch 

SD • CLEAR LAKE • Hamfesl Deuel County 
ARC, Don Clifford N7 AXW, 605-876-2671. 
E-Mail: drc@itctel.com 

CA· SANTA ANA· Swapmeet. ACP parking lot. 
Mary Russo 714-5~13 
MD • TIMONIUM • Hamfest. Timonium 
Fairgrounds, York Rd. off 1-695, 1-83. 8am. VE 
Exams. Talk-in: 147.030 (+) & 224.960 (·) & 
448.325 (·). Baltimore Radio Amateur TV Society, 
410-461-0086. E-Mail: brats@smart.net 
Web: http://www.smart.net/-brats 

OR • POR11..Al'ID • Pacific Northwest DX 
Convention. Willamette Valley DX Club, Al Rovner 
K7AR, 360-256-7437 E-Mail: alanr@pacifier.com 
Web: http://www.qsl.net/wvdxc 

IN • HUNTINGTON • Hamfest Huntington County 
440 Repeater Group, Ray Tackett KC9DZ, 219-
786-0029 or 219-786-0057. 
E-Mail: rtackett@ctlnet.com 
KY • BOWUl"IG GREEN • Hamfest Kentucky 
Colonels ARC, Fred Painter, KA4CFW, 502-842-
3193. Web: http:/ fkcarc.premiemet.net 
NC ·WAYNESVILLE· Hamfest. Haywood County 
Fairground. Western Carolina ARS, Carl Smith 
N4AA, 828-683-4251. E-Mail: wcars@dxpub.com 
NV • RENO • Hamfest. Sierra Nevada ARS, Bill 
Massie K7NHP, 775-246-3756. ' 
E-Mail: macm.yncsmassie®juno.com 
OR • BANDON • Hamfest. Coos County ARC, 
Brian Howard W7MLT, 541-572-5623. 
E-Mail: w7mlt@usa.net 

AUGUST1999 

IN - ANGOLA • Hamfest. Land of Lakes ARC, Bill 
Brown WD9DSN, 219-475-5897. 
E-Mail: sharon.l.brown@gte.net 
OH • RANDOLPH • Hamfest. Portage ARC, 
Joanne Solak KJ30, 33().274-8240. E-Mail: ljs 
olak@apk.net Web: http://parc.portage.oh.us 
VA • BERRYVILLE • Winchester Hamfest. Clarke 
County Ruritan Fairgrounds. 6am. VE Exams. 
Talk-in: 146.82 (·) W4RKC repeater. Shenandoah 
Valley ARC, Guy Avey W31NT, 540-678-9970; 
Jane Barb KD41ET, 54().955-1745. 

Mire Muqiby-Senice Qda- -VmNuys CA· 
81S-78S-711l5" 

E-Mail: ibarb@visuallink.com. Web: 
http://www.Vvalley.com/svarc/hamfest or 
http://www.visuallink.net/shenvalleyarc 

TX • AUSTIN • Texas State ARRL Convention. 
Austin ARC, Austin Repeater Org & Texas VHF­
FM Society, Joe Makeever W5HS, 512-345-0800. 
E-Mail: jomak@ibm.net 
Web: http://www.repeater.org/summerfest/ 

SD· WATERTOWN • Dakota Division 
Convention. Lake Area Radio Klub, Jerry Hegg 
NOJH, 605-886-7151. E-Mail: nOjh@dailypost.com 

CA • CHICO • Hamfest. Golden Empire ARS, 

The sinltle best investment of repair equipment we've 
made. Ii outperfonns all other desoldering tools we've used. 
Easier to use and least expensive. 

DidtMamq - Di:llsElednms • Hardand WI 414-36'7-833'J 
The ease & speed of component removal greatly increases productive time. 
The SMD kit makes SM D 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 also comes with excellent 
company support. I am very satisfied and highly recommend it to anyone in 
the serncing field. 

(.;e(qeBefnel- -Hefner-Elednms-~ NE 402-m4333 
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%. 
DmCre!llin • QrtiliedElednmsSenice -Doottatv MD301461-30! 
We have obtained excellent results with the SC7000 including repairing high 
density UN tuners. It is one of the best purchases we have made. 

Dw2Peait - I..uRayEednDcs - LuRay VA "M-74>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 

Muriel Pope K6GSK, 530-342-4765. 
E-Mail: k6gsk@w6rhc.org 
CA • SAl'ITEE • ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
IL • CARLINVlLLE • Hamfest. Macoupin County 
Fairgrounds, Rt. 4, 1-55 exit 60. 7am-12pm. Talk· 
in: 146.82- or 443.400+ 103.5PL Macoupin 
County ARC, Tim Jones 217-627-2355. KA9VIV 
E-Mail: jester25@ctnet.net. Jim Pitchford N9LQF, 
E-Mail: esda@ctnet.net 
IL • QUINCY - Hamfest. Western Illinois ARC, Jim 
Funk N9JF, 217-336-4191. E-Mail: 
jfunk@adams.net Web: http://www.qsl.net/s9awe 
ME • ST. ALBANS • Hamfest. Snow Mobile Club. 
Howard WAlSBI, 207-876-3702 

Continued on page 65 

'Imllby Kraft • MDknA Inc. 
CJimyHil NJ ~751-3252 
We replaced all our existing 
desolclering stations with the SC7000. 
Our technicians are vecy pli=ed with 
the il!iP.roved perfonnance, 
portability, and reliability ovec our 
previous higher priced equipment 

M Wanm CETICSM • 
WlllTlDAudio & Video • 
KnoxvA! 'IN -234-546-1128 
We have been extremely satisfied 
with the quality and durability of 
the DEN-ON SC7000 as well as 
with after the sale support. 

Keith Sahs • J & M Electronics 
Omaha NE 402-291-7100 
It's a must tool for ID)' 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-onlsc7000zb.html 

New Features 
+ Totally Self Contained diaphragm vacuum pump and AC motor for 

high vacuum suction or reversible hot air blow for SMD removal. 

+ 100 Watt Ceramic heater with zenxrossover 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 

New Specifications 
+ Voltag'e-------.AC lOOv, 120V, 230V, 50/60 HZ 

+Power Consumption-120W 

+ Pum Diaphragm Type 

+Motor Output-----12W 

+Vacuum Attained 650mm Hg 

+Temperature Range---300" C-500° C (572" F-932° F) 

+Air Flow Rate,__----15 Liter/Minute (Open) 

+Heater lOOW (Ceramic) 

+ Control System Feed Back Z.ero Cross-over Type 

+Net Weight 20 Grams 

\"isa - " IC - Disconr - .\mcrican E\press - Terms to Qualif~ ing Com pan~ s 
JO Da~ "oney Back Total Satisfaction Cuarantee - One \'car Parts and Lahor \\arrant~ 

HOWARD · 

E)ETRONIC ......._ 
INSTRUMENTS ... , T 

your .2)no1Aerin9 -Speei•li•r•.m.NC 

Toll Free U.S. and Canada 

1-800· 3 94-1984· 
Write In 11 O on Reader Service Cerd. 

www.howardelectronics.com 
sales@howardelectronics.com 
lntemational(316) 744-1993 

orFu (316) 744-1994 



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

Orders 800-538-1493 

2701 Westland Court, Unit B, Cheyenne, Wyoming 82001 

KEITHLEY 228 Programmable ....... .......... ......................................... $2,500.00 SORENSON OCR 600-1 .5B 0-600 V 0-1.5 A CV/CC Power Supply .... $700.00 
Voltage/Current Source SORENSON SAL 20-12 0-20 V 0-12 A CV/CC Power Supply .............. $400.00 

OSCILLOSCOPES 
TEK 2247A 100 MHz 4-<:h. Oscilloscope, .......................................... $1 ,600.00 

w/voltmeter & counter-timer 

CURRENT METERS & SOURCES 
HP 4140B Picoammeter I DC Voltage ................................................ $2,000.00 

Source, without last fixture 
HP 6177C DC Current Source, to 50 V, 500 mA ............................... .... $500.00 

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

2 mV ras., 400 mA, TM500 series 

MULITPLE OUTPUT 
TEK 2465 300 MHz 4-<:hannel Oscilloscope ..................................... $2,250.00 HP 6181C DC Current Source, to 100 V, 250 mA ................................. $500.00 HP 6228B Dual 0-50 V 0-1 A CV/CC Power Supply .............................. $450.00 
TEK 7104 1 GHz Oscilloscope, ........................................ ...... ............ $3,500.00 

with 7A29, 7A29-04, 7B10, 7B15 
HP 61868 DC Current Source, to 300 V, 100 mA .................... .... ..... ..... $300.00 
HP 6186C DC Current Source, to 300 V, 100 mA .. ....... ......... .. ............. $750.00 

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 

TEK 7844 400 MHz Dual Beam Oscilloscope ............. .......................... $900.00 KEITHLEY 225 Current Source, ..... ............... ........................................ $500.00 HP 6253A Dual 0-20 V 0-3 A CV/CC Power Supply ................... ........... $450.00 
with 7A24,7A26,7B80,7B85 0.1 uA-100 mA, 10-100V compliance HP 6255A Dual 0-40 V 0-1.5 A CV/CC Power Supply ............ ............... $450.00 

TEK 7904 500 MHz Oscilloscope, ........................................•................ $900.00 KEITHLEY 227 Current Source, ............................... ...................... ....... $800.00 KEPCO MPS-620M Triple Output .......................................................... $250.00 
with 7A24, 7A26, 7880, 7885 1 uA-1 A, 0-50 V compliance Supply, dual 0-20V 1 A tracking & 0-6V SA 

TEK SC502 15 MHz Dual Trace ............................................................. $375.00 KEITHLEY 261 Picoampera Source .......................................... ........... . $375.00 LAMBDA LPD-422-FM Dual ................ ............. ...................................... $300.00 
OsciUoscope, TM500 series KEITHLEY 614 Electrometer .......................................... ............... ........ $650.00 0-40 V 0-1 A CV/CC Power Supply 

TEK SC503 1 O MHz Dual Trace Storage ... ............... .......... ................... $375.00 TEK A8303 AC/DC Current Probe, 500 Amps peak ···'····· ·········· ··········· $850.00 LAMBDA LPT-7202-FM Triple Output Power Supply ............................. $450.00 
Oscilloscope, TM500 series TEK AM503/A6302/TM501 AC/DC Current Probe System ............... $1 ,000.00 TEK PS5010 Programmable Triple ........................................................ $650.00 

PROBES 
HP 1122A Probe Power Supply .......... ....................... ......................... ... $150.00 
TEK 1101 A Acce88ory Power Supply, for FET probes .......................... $200.00 
TEK P6046 100 MHz Differential Probe ................................................. $500.00 
TEK P6150 9 GHz 1 OX/ 3 GHz 1X ................ ........................................ $400.00 

50 Ohm Probe, SMA(m) output 

TEK CT-5 High Current Transformer for ............................................ ..... $375.00 
P6021/A8302, to 1000A 

TEK P6022 AC Current Probe w/termination, ............ ......... .............. ..... $275.00 
935 Hz-120 MHz, 6 A pk 

TEK P6303 Current Probe, DC-15 MHz, ................................... ............ $700.00 
10 mA-50 A/div., for AM503 

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

MISCELLANEOUS 
ACME PS2L-500 Programmable ........................................... ..... ...... ..... $350.00 

Load, 0-75 V I 0-75 A I 500 Watts max. 
ELGAR 501 C/400SD AC Pow.er ..... ................ : ... ........................... ..... $1 , 150.00 

TEK P6201 900 MHz 1X/10X/100X FET Probe .................................... $450.00 Source, 45 Hz-5 kHz, 500 VA, 0-135 VAC 
TEK P6202A 500 MHz 10X FET Probe ·· ··········· ···-················ " ············· $250.00 HP 59501 B HPIB Isolated DAC/Power Supply Programmer ................. $175.00 
TEK P6701-opt.02 O/E Converter, ......................................................... $175.00 HP 6825A Bipolar Power Supply/ Amplifier, +/- 20 V 2 A ..... ...... ..... ...... $800.00 

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

CALIBRATION 
TEK SG503 Level Generator, ......... ....... .............. ................................... $600.00 

250 kHz-250 MHz, TM500 series 

FUNCTION 
HP 3310B 5 MHz Function Generator, variable phase trigger .............. $350.00 
HP 3312A 13 MHz Function Generator ................................................. $500.00 
HP 3314A 20 MHz Function Generator, HPIB ................ ................... $1,500.00 
HP 3325A 21 MHz Synthesized Function Generator, HPIB ........... ... $1,000.00 
HP 8165A-002 Prog. Signal Source, ................ .................................. $1,750.00 

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

Syntheaizer, DC-600 kHz 
TEKAWG5102 Arb.Waveform Gen., ..................................................... $900.00 

20 MS/s,12 blts,50ppm synthesis <1MH2 
TEK AWG5105-opt.02 Arbitrary ............................................. ...... : ..... $1 ,250.00 

Waveform 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 20 MHz Synthesized ..................................................... $750.00 

Function Generator, GPIB 

PULSE 

LC.R. 
BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH ......... ............... $550.00 
BOONTON 72BD 1 MHz Capacitance ................. .. ................................ $650.00 

Meter, 3-1/2 digit display 
HP 4262A-101 3-1/2 digit LCR Meter, ........ ........... ............................ $1,750.00 

120Hz/1 kHz/ 10 kHz test, HPIB 
HP 4280A-001 1 MHz C Meter I .................................................... .... $3,000.00 

C-V Plotter; 5-1/2 digit res. C 

STANDARDS 
E.S.I. SR· 1 Standard Resistor, various values ................................ ....... $125.00 
E.S.I. SR1010 Resistance Transfer Standards, ..................................... $550.00 

1 Ohm-100 K/step 
• E.S.I. SR10S0-1M Resistance ............... ......................... .................... $2,000.00 

Transfer 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-Decede Resistor, .......................................... ........... ........ $100.00 

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

0-11,110 Ohms, 1 Ohm resolution 
GR 1433-K 4-Decede Resistor, ................................... ................ ........... $150.00 

0-1 ,110 Ohms, 0.1 Ohm resolution 
GR 1433-L4-Decede Resistor, ......... .. ..... ... ...... ...................... .......... .. ... $150.00 

0-111 , 100 Ohms, 1 o Ohms rasolution 
GR 1433-N 5-Decade Resistor, n ........... ............................................... $200.00 

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

to 111 ,111 .0 Ohms, 0.1 Ohm res. 
VALHALLA 2724A Programmable ..................................................... $1 ,250.00 

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

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

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

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

UNIVERSAL COUNTERS 
HP 5314A-001100 MHz/100 nS Universal ............................. ............... $275.00 

Counter; TCXO reference option 
. HP 5315A·001100 MHz/100 nS Universal ............................. ............... $450.00 

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

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

1 GHz C<:hannel option 
HP 5315B 100MHz/100 nS Universal Counter ......................... ....... .... $500.00 
HP 5316A 100 MHz/100 nS Universal Counter, HPIB ....... .................... $600.00 
HP 5316A-001 ,003 100 MHz/ $750.00 

100 nS Univ. Counter, HPIB, TCXO, 1 GHz C-<:h .................................. ...... . 
HP 5316B 100 MHz/ 100 nS Universal, Counter, HPIB ........ ... ............... $750.00 
HP 5364A Microwave Mixer I .................................................... ...... ... $3,000.00 

Detector, for modulation domain an. 
TEK DC5004 Programmable 100 MHz/ .. ...................... .... .................... , $250.00 

100nS Countermmer, TM5000 series 
TEK DC5009 Programmable .................................... ... ........ ....... ... ......... $400.00 

BERKELEY NUCLEONICS 7085B .... ..... ...... ...... ....... ... ......................... $750.00 Resistance Standard, 0-11 Gigaohms, GPIB 135 MHz Univ. Countermmer, TM5000 series 
Digltal Delay Generator. 0-100 mS, 1 nS res.,5 Hz-5 MHz 

HP 8007B 100 MHz Pulse Generator ................................ .................... $650.00 
HP 8012B 50 MHz Pulse Generator, variable transition time ........... ..... $600.00 
HP 8015A-002 50 MHz Dual Output ...................................................... $750.00 

Pulse Generator, gated burst option 

HI & LO RESISTANCE 
HP 4328A Milliohmeter ..... ....................... ...................... ..................... $1,200.00 

T.D.R. 
TEK 1502-opt.04 Time Domain Refiectometer, ................................. $1 ,400.00 

TEK DC5010 350 MHz/ 3.125 nS ..... ..................... ............................... $950.00 
Universal Counter, TM5000 series 

TEK DC503A 125 MHz/100 nS ......... .... .......... .................................... ... $275.00 
Universal Counter, TM500 series -

TEK DC509135MHz/ 10 nS Universal Counter, TM500 series ........... $275.00 
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 8082A 250 MHz Dual Output Pulse Generator ............ ................ $1 ,250.00 
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 IF ... ................................. ................... $3,900.00 

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

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

80 V peak, TM500 series 
TEK PG508 50 MHz Pulse Generator, TM500 series ........................... $500.00 

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

0-50,000 ft., chart racorder & battery power 
TEK 1503-opt.04 Time Domain ......... ..................... ......... ........... ..... ... $1 ,400.00 

Reflectometer, 0-50,000 feet,chart recorder 

S/NGLEOUPUT 
GLASSMAN PS/WH-03R150XE2 ............................... ....... .................... $800.00 

0-3000 V 0-150 mA CV/CC Power Supply 
HP 6011 A Autoranglng 0-20 V 0-120 ................................................. $1 ,400.00 

FREQUENCY COUNTERS 
EIP 545A 18 GHz Fraquency Counter .................................... ............... $750.00 
EIP 575 18 GHz Source Locking Counter, GPIB ............................... $1,250.00 
FLUKE 7220A-010,131 ,351 ............................................ ....................... $500.00 

1.3 GHz Counter; battery power, OCXO, and res. mutt. • 
HP 5340A 18 GHz Frequency Counter .... ......... .......... .... ..... .... .. .... ........ $450.00 
HP 5343A-001 26.5 GHz Frequency : ............... ..... ............................ $3,500.00 

Counter, OCXO raference 
HP 5345A/5355A/5356B 26.5 GHz ......................... ............... ............ $3,500.00 

CW/Putse Frequency Counter 
TEK DP501 1.3 GHz Prescaler, divide by 16, TM500 series .... ............. $225.00 

STANDARDS 
WAVETEK 802 50 MHz Pulse Generator .............................. .. ..... .... ..... $300.00 A Power Supply, 1000 W max. 

HP 6200B Dual Range Supply, .......................... ....................... ......... .... $200.00 
HP 1056 Quartz Oscillator, 0.1/ 1.0/ 5.0 MHz, battery power ..... ..... . $1 ,500.00 
HP 5061 A Cesium Frequency ............................................. ............... $6,500.00 

0-20 V 0-1 .5 Al 0-40 V 0-750 mA CVCC Standard, 0.1/1 .0/5.0/10.0 MHz outputs 
HP 62016 0-20V0-1.5ACV/CC Power Supply .................................. . $175.00 HP 5065A-002 Rubidium Frequency ....... ................... ................ . : ...... $3,500.00 

VOLTMETERS 
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 

Standard, 0.1/1.0/5.0/10.0 MHz out 
HP 5087A Distribution AmplHier, 12 outputs at 1 MHz ...................... $1 ,500.00 

FLUKE 845AR High Impedance Voltmeter I Null Detector .................... $400.00 
HP 3456A 6-112 Digit Voltmeter, HPIB ............................................ ....... $500.00 

HP 62608-027 0-10 V 0-100 .................................................................. $675.00 
A CV/CC Power Supply; 208 VAC line 

HP 5087A-opt.032 Distribution AmplHier, 12 outputs at 5 MHz ......... $1 ,750.00 
HP 5087A-opt.033 Distribution Ampl~ier; 12 outputs at 10 MHz ....... $1 ,750.00 

HP 3478A 5-112 digit Multimeter, HPIB .................................................. $600.00 HP 6266B 0-40 V 0-5 A CV/CC Power Supply ... ............................ .. ..... $400.00 
KEITHLEY 181 6-1/2 digit Nanovoltmeter, ........ ..................... ..... ........... $900.00 HP 62696:028 Q-40 v 0-50 .................................................................... $900.00 

10 nV sensitivity, GPIB A CV/CC Power Supply; 230 VAC line 
SOLARTRON.7081 8-112 digit Voltmeter ................ ........................... $3,250.00 
TEK OM5010 4-112 digit Multimeter, TM5000 series plug-in ................. $300.00 

HP 6281A 0-7.5 V 0-5 A CV/CC Power Supply .... .. .... .................... ....... $150.00 
HP 6289A Q-40 V 0-1.5 A CV/CC Power Supply ........... ......... ........... .... $200.00 SPECTRUM ANALYSIS 

TEK DM501A 4-112 digit Multimeter, TM500 series plug~n ................... $225.00 HP 6299A 0-100 V 0-750 mA CV/CC Power Supply ... : ......................... $200.00 HP 3586C Selective Level Meter, .................... ................................ ... $1 ,500.00 

CALIBRATION 
FLUKE 510A AC Reference Standard, 10VRMS, 0-10 mA .................. $450.00 
FLUKE 51 SA Portable Calibrator, ........... ........... ..................... ............ .... $900.00 

DC/AC/Ohms, line & battery power 
FLUKE 5220A Transconductance Amplifier, DC-5 kHz, 0-20 A ......... $3,000.00 
FLUKE 731 B DC Reference Standard .... ........... .................................... $400.00 
VALHALLA 2703 AC Volt.Std.,0-120V/ ............................................... $1 ,750.00 

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

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 6672A System DC Power .: ........................... ............... .. ............... $2,750.00 

Supply, 0-20 V 0-100 A CV/CC, HPIB 
KEPCOABC-1500M 0-1500V 10 mACV/CL Power Supply ............ .... $125.00 
KEPCO ATE 36-30M 0-36 V 0-30 A CV/CC Power Supply ............ ....... $900.00 
KEPCO ATE 36-8M Q-36 V 0-8 A CV/CC .Power Supply ....................... $375.00 
LAMBDA LK-352-FM 0-60 V 0-15 A CV/CC Power Supply .... ............... $600.00 
SORENSEN OCR 20-2582 0-20 V ... ............ .............. ..... ............. ......... $550.00 

50 Hz-32.5 MHz, 50 & 75 ohms 
TEK 7L5/L3/R7603 Spectrum .......... .................................................. $1,500.00 

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

DISTORTION ANALyzERS 
HP 339A Distortion Analyzer, buih-in low distortion osc ........ ................ $750.00 
HP 8903A-001 Audio Analyzer, .....•....... .................. : ........ .................. $1,500.00 

20 Hz-100 kHz; raar panel input 
TEK DA4084 Programmable Distortion Analyzer ..... ....... ...................... $750.00 

VOLTAGE SOURCES 0-25 A CV/CC Power Supply RMS VOLTMETERS 
HP 8115A Precision Dual Range ............. ....... ................... .................... $850.00 SORENSON OCR 600-0.75B2 ............................. ......... ........... ......... ... $550.00 FLUKE 8922A True RMS Voltmeter, ................................................ ... .... $450.00 

Power Supply, 50V 0.8A / 1 OOV 0.4A 0-600 V 0-750 mA CV/CC Power Supply 180uV-700V,2Hz-11 MHz 

20 Write In 54 on Reader Service Card. 



VISA 
90 DAY WARRANTY PARTS AND LABOR • 

TEST EQUIPMENT WANTED CALL OR FAX LIST 

10 DAY INSPECTION 

• OPEN ACCOUNTS 

OSCILLATORS 
HP 209A Sine/Square Wave Generator, ................................................ $225.00 

4 Hz-2 MHz, 5 VRMS max. 
HP 3336C Synthesizer/ Level Generator, 10 Hz-21 MHz ................. $1 ,400.00 
TEK SG5010 Programmable Oscillator, 10 Hz-163.8 kHz ..........•..... $2,750.00 
TEK SG502 Sine/Square Osc. , ...........•................•.....................•......••... $200.00 

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

MISCELLANEOUS 
KROHN-HITE 3103 High/Low Pass ..............•........................................ $350.00 

Fiiter, 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 3342A Dual HP/LP Filter, ................................................ $900.00 

0.001 Hz-99.9 kHz, 48 dB/octave 
KROHN-HITE 3750 LP/HP/BP/BR Filter, ............................................... $600.00 

0.02 Hz-20 kHz, 6/12118124 dB/oct. 
KROHN-HITE OCA-1 OR 10 Watt Amplifier, Ohms ....................•........... $450.00 

20 dB gain, OC-1 MHz, 600-1000 
ROCKLAND 852 Dual Highpass/ ......... .................................................. $900.00 

Lowpass Filter, 0.1 Hz-111 kHz 
TEK AM502 Differential Amplifier, ...•. .............. ....................................... $475.00 

0.1 Hz-1 MHz, TM500 series 

SPECTRUM ANALyzERS 
HP 11517A/18A/19A/20A Mixer .••......................................................... . $600.00 

Set, 12.4-40.0 GHz, for HP 8555A/8569A 
HP 11970A WA28 Harmonic Mixer, 26.5-40 GHz ............................. $1 ,100.00 
HP 11970KWR42 Harmonic Mixer, 18.0-26.5 GHz ...............•.......... $1 ,1 00.00 
HP 119700 WA22 Harmonic Mixer, 33-50 GHz ...........................•.... $1,400.00 
HP 3585A Spectrum Analyzer, ................................................•.......... $4,500.00 

20 Hz-40 MHz, 3 Hz min. res. bw. 
HP 8559A/853A-001 Spectrum An., frame .•........................•.••.•........ $3,750.00 

0.01-21GHz,1 kHz res.,w/rackmount 
HP 8565A-100 Spectrum Analyzer, ................................................... $3,500.00 

10 MHz-22 GHz, 100 Hz min. res. 
HP 8569B Spectrum Analyzer, ......................... .................................. $7,500.00 

10 MHz-22 GHz, 100 Hz min.res.bw. 
TEKTR502Tracking Generator, 0.1-1800 MHz, for7L13/7L14 ............ $950.00 
TEK WM782V WR15 Harmonic Mixer, 50-75 GHz .........•.................. $1 ,500.00 

NETWORKANALyzERS 
HP 11850A Network Analyzer Accessory Kil, APC7 ............................. $600_00 
HP 35676A Reflection/Transmission Test Kit, 5 Hz-200 MHz ............ $1 ,000.00 
HP 8405A Vector Voltmeter, 1-1000 MHz .................•...•................••...... $450.00 
HP 85020A Directional Bridge, ................................ .............................. $650.00 

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

0.01 -1 8 GHz, N(f) test port 
HP 85044A ReflectlonfTransmission .................................................. $1 ,500.00 

Test Set, 300 kHz.,'3 GHz 
HP 8756A Scalar Network Analyzer ...........•...............................•.....• $2,500.00 
HP A85026A WR28 Detector, ............................................................ $1 ,200.00 
• 26.5-40 GHz, for HP 8757 series 

WILTRON 560-98KF50 SWR Autotester, ........................................... $1 ,800.00 
1 o MHz-40 GHz, for Wiltron 560 series 

SIGNAL GENERATORS 
FLUKE 6060A Synthesized Signal Gen., ........................................... $1,900.00 

0 .1-1 050 MHz, 10 Hz res. , GPIB 
FLUKE 6060A/AN Synthesized Signal •.............................................. $1 ,500.00 

Gen.,1 0 kHz-520 MHz, 10 Hz res.,GPIB 
FLUKE 60608/AK Synthesized ...................•...................................... $2,250.00 

Signal Gen., 0.1-1 050 MHz, 10 Hz res. 
GIGATRONICS 1018 Synthesized Signal .......................................... $4,500.00 

Gen., 50 MHz-1 8 GHz, 1 MHz res. 
GIGATRONICS 600/6-12 Synthesized ............................................... $2,500.00 

Source, 6-12 GHz, 1 kHz res., GPIB 
GIGATRONICS 875/50 Levelled Multiplier, ........................................ $2,500.00 

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

26.5-40.0 & 50.0-75.0 GHz outputs 
GIGATRONICS 900/2-8 Synthesized ........................•........................ $2,500.00 

SignaVSweep Gen., 2-8 GHz, 1 MHz res.,GPIB 
HP 11720A Pulse Modulator, 2-1 8 GHz, 80 dB on/off ratio ..... ............. $450.00 
HP 3335A Synthesizer / level Generator, 200 Hz-81 MHz ..............• $4,500.00 
HP 85100V Frequency Mutt., ............................................................. $3,750.00 

10-15 GHz in/ 50-75 GHz out >O dBm 
HP 8640B Signal Generator, ............................... ............................... $1 ,000.00 

0.5-512 MHz, AM, FM, pulse modulation 
HP 8656B-001 Synth. Signal Gen., .................................................... $2,500.00 

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

0.1-1040 MHz, 10 Hz res. , HPIB . 
HP 8660C/86602B-002 Synth. Sig. Gen., .......................................... $2,750.00 

1-1300 MHz, FM I Phase mod. w/86635A 
HP 8660C/86603A Synthesizer, .........................•... ............................ $3,250.00 

1-2600 MHz, AM I FM, w/86833B 
HP 6672A Synthesized Signal Generator, ..............•.........•................ $6,000.00 

2-1 8 GHz, +3 dBm output 
HP 8673G-004,008 Synth. CW Signal ............................................. $12,500.00 

Generator, 2-26 GHz, >+8 dBm output 
HP 8684B Signal Generator, ......••.......................................•.........•.... $3,500.00 

5.4-12.5 GHz, AM/ WBFM/ Pulse 

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

5 .9-12.4 GHz, 70 dB step attenuator 
HP 8350A/83570A Sweep Oscillator, ..... ................................•........... $5,500.00 

18.0-26.5 GHz, +10 dBm l8Y9lled 
HP 8601A Generator/Sweeper, ........... ................................................... $400.00 

0.1-110 MHz, +20 dBm levelled 
HP 6620C Sweep Oscillator Frame ....................................................... $550.00 
HP 66222B-002 RF Plug-In, ............................................................... $1,250.00 

10-2400 MHz, + 13 dBm levelled, 70 dB atten. 
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-004,008 RF Plug-In, 5.9-9.0 GHz, + 10 dBm levelled ......... $300.00 
HP 86250D RF Plug-in, 8.0-12.4 GHz, +10 dBm l8Y9lled ..................... $500.00 
HP 86260A RF Plug-in, 12.0-18.0 GHz, +1 0 dBm unlevelled ............... $500.00 

HP 86260A-H04 RF Plug-in, 10.0-15.0 GHz, +10 dBm unlevelled ....... $500.00 
HP 86290A RF Plug-in, 2.0-18.0 GHz, +7 dBm levelled ................... $1 ,750.00 
WAVETEK 962 Sweep Generator, ..•........ ..... ............ ......................... $1 ,250.00 

1.0-4 .0 GHz, markers, +12 dBm unMd. 
WILTRON 6647M Sweep Generator, .......•......................................... $4,500.00 

10 MHz-20 GHz, +10 dBm levelled 

POWER METERS 
ANRITSU MP-81B/ML-83A Power Meter, dBm ......... ... ....... ......... .... $2,500.00 

75-110 GHz (WR10), -20 to +20 
BOOITTON 4200-01A,03/&-4A x2 .......................... ........... ..................... $950.00 

Dual Channel Microwattmeter, w/(2) 1 MHz-7 GHz sensors 
BOOITTON 42B/41-4B Analog .............................................•................. $375.00 

Power Meter, with 1 MHz-12 GHz sensor 
BOOITTON 42B/41-4E Analog ........................... .. .......... ........................ $500.00 

Power Meter, with 1 MHz-18 GHz sensor 
GENERAL MICROWAVE 47614240A ..................... ................................ $300.00 

Power Meter & Sensor, 0.01 -18 GHz, -35 to + 10 dBm 
HP 435B/8481A Power Meter, ....•.......... ................. .................. ............. $900.00 

-30 to +20 dBm, 10 MHz-18 GHz 
HP 435B/8482H Power Meter, .........................•..................................... $900.00 

-1 Oto +34 dBm, 100 kHz-4.2 GHz 
HP 436A/8481A Power Meter, ................. ... ........... ..... ....................... $1 ,400.00 

-30 to +20 dBm, 10 MHz-18 GHz 
HP 8477A Power Meter Calibrator, for HP 432 series ........................... $500.00 
HP K486A WR42 Thermistor Mount, ..................................................... $350.00 

18.0-26.5 GHz, for 432 series 
HP Q8486A Power Sensor, .............•.................................................. $1,500.00 

33.0-50.0 GHz, WA22, for 435/617/8 
HP R486A WA28 Thermistor .•............................................................... $350.00 

Mount, 26.5-40 GHz, for 432 series 
HP A6486A WR28 Power Sensor, ..................................................... $1 ,500.00 

26.5-40 GHz, for HP 435/617/8 

RF MILLIVOLTMETERS 
BOOITTON 928-opt.05 RF Millivoltmeter, ....... ....................................... $500.00 

10 kHz-1.2 GHz, 75 Ohms scale 
RACAL 9303 TAMS Level Meter, •.......................•....•............................. $875.00 

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

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RES. 1W1000 Amplifier, .......................... ... ....... ................. $650.00 

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

Meter, AM, FM, 10-1200 MHz, GPIB 
HP415ESWRMeter ............. ..........................•..................................... $200.00 
HP 465A Amplifier. 20/40 dB, ............ .............•.. ............................... ...... $125.00 

5 Hz-1 MHz, 1/2 Walt/50 Ohms 
HP 8447A Amplifier. 20 dB, 0.1-400 MHz, ..•..................••...................... $375.00 

5 dB NF, +6 dBm output 
HP 8447E Amplifier, 22 dB, 0.1-1300 MHz, +13 dBm output ................ $750.00 
HP 8901A Modulation Analyzer, 150 kHz-1300 MHz ............. ...... ..... $2,500.00 
HP 8901B-1,2,3 Modulation An., ...•...............•.................................... $3,000.00 

0.15-1 300 MHz, rear input, OCXO, ext.LO 
HP 8970A Noise Figura Meter ............. ......................... ................. .... $4,000.00 
HUGHES 1177H02FOOO TWT ............................................................ $1,500.00 

Amplifier. 4.0-8.0 GHz, 10 Watts output 
ROHDE & SCHWARTZ ESH2 ............... .. .................................. ......... $5,000.00 

Test Receiver, 9 kHz-30 MHz 

AMERICAN NUCLEONICS AM-432 ........................................................ $95.00 
Cavily Backed Spiral Antenna,LHC, 2-18 GHz,TNC(f) •New• 

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

BAYTRON 3-28-300/10 WR28 ............................ ........... ........... ............. $300.00 
Directional Coupler. 1 O dB, 26.5-40 GHz · 

BIRD 6735-300 1 kW Load, ...................................................... .. ........... $650.00 
25-1000 MHz, LC(!), with wattmeter • 

CONTINENTAL MW. RAE28-K-M WR28 x K(m) Endfire Adapter ......... $225.00 
FXR/MICROLAB S3-02N Triple ................................... ... .. ...................... $125.00 

Stub Tuner, 200-1000 MHz, 100 Watts max., N(mlf) 
GR 874-LTL Constant Impedance ..•........................... .......................... . $400.00 

Trombone Line, 0-44 cm, DC-2 GHz 
HP 11590A-001 Bias Network, 1.0-18.0 GHz, APC7 ............................ $450.00 
HP 11636A 2-Way Power Divider, DC-18 GHz, N(m/111) ........ ........ .......• $300.00 
HP 11692D Dual Directional Coupler, 22 dB, 2-18 GHz ........................ $800.00 
HP 33321 K Programmable Step ........................ ........... .......•...... ........... $475.00 

Allen., 0-70 dB, DC-26.5 GHz, 3.5mm 
HP 33327L-006 Programmable Step ................. ......................•......... $1,200.00 

Attenuator. 0-70 dB, DC-40 GHz, 2 .9mm 
HP 774D Dual Directional Coupler, 20 dB, 215-450 MHz ..................... $275.00 
HP 777D Dual Directional Coupler, 20 dB, 1.9-4.1 GHz ........ ...............• $275.00 
HP 778D-011 Dual Dir. Coupler, 20 dB, ............................................ ..... $450.00 

100-2000 MHz, APC7 test port 
HP 8431A 2-4 GHz Band Pass Filter, N(mlf) ......................... ................ $150.00 
HP 8494G-002 Programmable Step ....................... ........... .. ....•............. $350.00 

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

Attenuator, 0-70 dB, DC-18 GHz, SMA 
HP 8497K-004 Programmable Step .....•................... .................. ............ $750.00 

Attenuator, 0-90 dB, DC-26.5 GHz 
HP K281C-012 WR42 x APC3.5(m) Adapter .......... .......... .................. ... $300.00 
HP K382A WR42 Direct Reading .•..................................................... $2,900.00 

Attenuator, 0-50 dB, 18-26.5 GHz 
HP K422A WR42 Flat Broadband Detector, 18.0-26.5 GHz ......... ........ $350.00 
HP K532A WR42 Frequency Meter, 18.0-26.5 GHz .............................. $450.00 
HP 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 WA22 Directional Coupler, 20 dB, 33-50 GHz ..... ............... $650.00 
HP R382A WR28 Direct Reading ....................................................... $2,000.00 

Attenuator, 0-50 dB, 26.5-40 GHz 
HP R422A WR28 Crystal Detector, 26.5-40 GHz .......................... ........ $400.00 
HP R532A WR28 Frequency Mater, 26.5-40 GHz ................................. $500.00 
HP R752A WR28 Directional Coupler, 3 dB, 26.5-40 GHz .................... $450.00 
HP R752C WR28 Directional Coupler, 10 dB, 26.5-40 GHz ................ . $450.00 
HP R7520 WR28 Directional Coupler, 20 dB, 26.5-40 GHz ................. $450.00 
HP A914B WR28 Moving Load, 26.5-40 GHz ....................................... $250.00 
HP V365A WR15 Isolator, 25 dB, 50-75 GHz ................... .... .........•....... $750.00 
HPV752D WR15 Directional Coupler, 20 dB, 50-75 GHz ..................... $650.00 
HP X870A WR90 Slide Screw Tuner ...................................................... $150.00 

Write In 54 on Reader Service Card. 

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 WR10 Frequency Meter. 75-110 GHz ............ $900.00 
HUGHES 45721 H-1000 WR28 Direct ................... ..........•...................... $900.00 

Reading Attenuator, 0·50 dB, 26.5-40 GHz 
HUGHES 45724H-1000 WR15 Direct ......................................... ....... $1,000.00 

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

Attenuator, 0-25 dB, 33-50 GHz 
HUGHES 45772H-1100 WR22 Thermistor Mount, ............ .................... $400.00 

-20 to + 1 O dBm, 33-50 GHz 
HUGHES 45775H-1100WA12 .•................................ .................... ........ $800.00 

Th9rmistor Mount, -20 to +10 dBm, 60-90 GHz 
HUGHES 47316H-1111 WR10 Tuneable ........... ........ ............. ..............• $600.00 

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

Locked Gunn Osc., 32.000 GHz, + 18 dBm 
HUGHES 47742H-1210 WA22 Phase ............................ ....... ............ $2,750.00 

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

PIN Swilch, 250 MHz speed, 60-62 GHz response 
KRYTAR 26165 Directional Detector, ............................. .................... ... $200.00 

1.7-26.5 GHz, K(f/m)/SMC 
M/A-COM 3-19.,'300/10 WR19 ....•............................ ............................... $450.00 

Directional Coupler, 1 O dB, 40-60 GHz 
MIDWEST MICROWAVE 3537 DC ............. ............................................. $40.00 

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(f) 
NARDA3000-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, ~180 degJGHz, 1-5 GHz 
NARDA 3753B C~ial Phase ........... .. .......... ...... .................. ............ $1 ,000.00 

Shifter, 0-55 deg./GHz, 3.5-12.4 GHz -
NARDA 4000-SERIES SMA Miniature Directional Couplers ................... $75.00 
NARDA 4226-1 0 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) 
NARDA 4242-20 Directional Coupler, ........... .......................... ...........•... $100.00 

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

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

10 dB, 6.0-26.5 GHz, 3 .5mm(f) 
NA RDA 4 799 Level Set Attenuator, ................................................... .... $135.00 

0-15 dB, 4-18 GHz, SMA(f) 
NARDA 5070-SERIES Precision ........... ................. ............... ............ ..... $300.00 

Reftectorneter Couplers 
NARDA 765-10 10 dB Attenuator, 50 Watts, ...•...................................... $165.00 

OC-5 GHz, N(mll) 
NARDA 769-30 30 dB Attenuator, 150 Watts, ....................•................... $275.00 

OC-8GHz, N 
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 

Detector, 1-18 GHz, negative polarity, SMA(mlf) 
PAMTECH KYG1014 WR42 Junction ....................•............................... $250.00 

Circulator, 16.0-26.5 GHz 
SONOMA SCIENTIFIC 21 A3 WR42 .....................................•.................. $75.00 

Circulator, 20 dB, 20.6-24.8 GHz 
SPACEK LABS K-2X Frequency ............... ........................................... .. $350.00 

Doubler. 9.0· 13.25 GHz in/ 18.0-26.5 GHz out 
TAG B510 WR22 Direct Reading ................................................... .... $1,000.00 

Attenuator, 0-50 dB, 33-50 GHz 
TAG B528 WA22 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 
WAVELINE 100080 WR28 Terminated .......................................•.......... $200.00 

Crossguide Coupler, 30 dB 
WEINSCHEL DS109 Double Stub Tuner, 1-13 GHz, N(m/I) .................. $150.00 
WEINSCHEL DS109LL Double Stub Tuner, 0.2-2.0 GHz, N(mlf) ......... $150.00 

HP 4935A-001 Transmission Test ............ .... ........•.........•........ .... ... ........ $700.00 
Set, 20 Hz-11 O kHz, battery option 

HP 59401A HPIB Bus Analyzer .. ........... ................. ....................•. ..... .... $700.00 
TEK 1410A NTSC Gen., w/SPG2 ..... ............... ...................................... $800.00 

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

TSG11 color bars;TSG13 linearity 
TEK 1411R PAL Test Gen., ..•.......................... ................... ................ $1 ,000.00 

w/SPG12,TSG11,TSG13,TSG15,TSG16 
TEK 1411R PAL Test Gen., ..............•................................................. $1,100.00 

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

w/SPG12,TSG11,TSP11 ,TSG13,TSG15,TSG16 
TEK 147A NTSCTest Signal Generator, •...........................................•.. $800.00 

with noise test signal 
TEK 148 PAL Insertion Test Signal Generator ....................................... $700.00 
TEK 520A NTSC Vectorscope ................. : .............. ..... ........................ ... $750.00 
TEK 521 A PAL Vectorscope ................................................................... $750.00 

FLUKE 2180A RTD Digltal Thermometer .................... .......................... $500.00 
HP 7090A Measurement Plotting System ................................. ......... $1 ,500.00 
P.A.R. 5208-95,98 Two-Phase ........... ..... ............ ................................ $1,500.00 

Lock-in Amp., 2 Hz-100 kHz, GPIB 
TEK TM5006 5000-series 6-8101 ......................... ....... .............•........ ...... . $600.00 

. Programmable Power Module 
TEK TM504 500·series 4-slol Power Module ......................................... $175.00 
TEK TM506 500-series 6·slot Power Module .................•.. ..................... $250.00 
TEK TM515 500-series 5-slot Traveller Power Module ........•............ ..•.. $275.00 



by D. P. Roberts 

Pro~ides Sa( e, 

Steadu 5 Volts 

From Vehicle's 

12-Volt Sustem 

owering a 5-volt circuit (like a 
single-board computer or 
BASIC Stamp project) off a 
car or truck's 12-volt electri­
cal system is not as straight­
forward as you might think. A 
poorly designed 5-volt power 
supply can be the death of 
your automotive project. 

In this article, I describe vehicular power­
supply problems and present a simple solution: 
a modular switching regulator plus a few exter­
nal components that yield a safe, efficient 5-
volt supply at up to 1 ampere. 

If you don't need high-current output, you 
can use a variation on the same circuit to 
armor an inexpensive linear voltage regulator 
against vehicular power gremlins. 

Let's look at the problems that make a 
vehicle's 12-volt system so hostile to 5-volt reg­
ulators. 

Manufacturers of power semiconductors and 
heatsinks publish "thermal resistance" figures 
for their components. To determine the temper­
ature rise inside the component (at the semi­
conductor junction, where the heat originates), 
you add up all the thermal resistances between 
the junction and free air and multiply by the 
power. Add the temperature rise to the ambient 
temperature, and you 've got the actual temper­
ature inside the component. 

For a 7805 in the T0-220 package, thermal 
resistance is 4 °C/W (read "degrees Celsius per 
watt") from the junction to the heatsink tab. A 
fairly typical T0-220 heatsink has a thermal 
resistance of about 19°C/W to free air. There's 
also about a 0.5°C/W thermal resistance 
between the T0-220 tab and the heatsink . 

Multiplying the total thermal resistance (4 + 
19 + 0.5 = 23.5) by the power dissipation (9W) 

. gives the temperature rise in ·c. 23.5 x 9 = 
211.5°C. Actual temperature at the junction is 

FIGURE I. Linear Voltage 
Regulators Get Hot 

When I need to drop some 

Standard, unprotected 7805 
regulator circuit. 

higher voltage down to 5 Vdc, I automatical­
ly reach for a three-terminal linear regulator 
IC like the 7805. These are cheap and easy 
to use, often requiring nothing more than a 
couple of capacitors to work (Figure 1). 

In the process of reducing the input 
voltage, 78xx-type regulators convert 
excess energy to heat. When the input voltage 
is close to the output voltage or the current 
draw is low, this heating may not even be 
noticeable. But when the voltage and/or current 
is high, the regulator can get very hot. 

An example: With 14 volts input and 5 
volts output, there's a 9-volt drop across the 
7805 regulator. If you draw 1 ampere (1A) from 
the circuit, the 7805 converts 9 watts (9W) of 
electrical energy to heat (watts= volts x 
amperes). This is no good; the 7805 specs say 
that without a heatsink, the max power (heat) 
dissipation for this guy is less than 2W (at an 
ambient temperature of 50°C/122°F, less at 
higher temperatures). 

How much would a heatsink help? Finding 
out requires a little math, but it's 
not painful. 

V input 
(35V max) 

Regulated 
+5Voutput 

that figure, plus ambient tem­
perature; 211.5 + 50°C = 261.5°C (502.7 °F) . 

Now the bad news. The max junction tem­
perature for the 7805 is 150°C. The heatsink 
isn't enough to make our automotive 7805 
application work. 

You can recalculate these figures with larg­
er heatsinks until you find one that will work, 
but it's often a losing proposition. 

Should we forget about the 7805 altogeth­
er? Not necessarily. Remember the role that 

current plays in the generation of 
heat. Less current means fewer 

watts means cooler com­
ponents. 

If the current drawn 
from the 7805 averages 
0.4A (400 milliamperes; 

mA) or less, the power dissipa­
tion becomes 3.6W or less. 
Multiply that by the small • 
heatsink thermal resistance of 

23.5 and you get a temperature rise 
of 84.6°C. At an ambient temp of 50°C, the 
junction would be 134.6 °C, just within the max 
of 150°C. 



Switching Voltage 
Regulators Stay Cool 

Linear voltage regulators like the 7805 get 
hot because they are obliged to do something 
with the electrical energy that's drawn from the 
input but not delivered to the output. What they 
do is convert that energy to heat. 

Switching regulators attack the problem dif­
ferently. As the name implies, they switch on 
and off, applying the input voltage to an induc­
tor, which stores the energy in its magnetic 
field. Control electronics vary the proportion of 
switch on and off time to regulate the output 
voltage to a desired level. An output capacitor 
smooths out the ripple caused by the switching. 

The advantage of this approach is that 
there's very little voltage drop across the switch­
ing element. Since power (watts)= volts x 
amperes, low voltage drop means very little 
power converted to heat. 

Hobbyists tend to avoid switching supplies. 
The math required to design them, the parts 
required to build them, and the careful con­
struction required to make them work properly 
are all a little intimidating. As we'll see later, a 
neat little module solves all of these problems 
and allows us to use a professionally designed 
switcher in our vehicular application. 

Before we get to the circuit, let's look at the 
other problem with vehicle power systems. 

The circuit is designed so that you can use 
either a 7805 linear regulator or the Power 
Trends 78ST105HC integrated 
switching regulator. Note that 
I've provided two parts lists, 
since slightly different compo-

Vp 

nent values are required depend- 36V 

ing on which way you go. 
Most of the components in 

my circuit are simply insurance 
against various kinds of misbe-
havior of the vehicle electrical 

14V 

system and/or regulator components. Diode D1 
blocks negative spikes, while D2 (a zener 
diode) clips off positive spikes exceeding 36 
volts. Capacitor C2 is the only one required for 
proper operation of the 78ST105HC, but Power 
Trends recommends the input capacitor (Cl) to 
prevent switching noise from being coupled 
back into the vehicle's electri-
cal system (possibly fouling up 
radio reception, etc.). 

I added the small-value cap 
C3 after a little poking around 
with an oscilloscope. I wasn't 
happy with the amount of rip-
ple on the output (about 400 
millivolts; mV), so I added a 
0.1 µF ceramic cap across the 

14V 

-80V 

output. The ripple dropped to less than 100mV. 
Power Trends says that higher-value ceramic 
caps (1µF or more) can further reduce ripple, 

U1 
Vehicular Electrical Spikes 
and Surges +12-14VDC in fuse 

D1 
6A,100V 

3 7805 
Take a look at Figures 2, 3, and 4. 

These graphs (based on illustrations 
from the excellent book The Circuit 
Designer's Companion, by Tim 
Williams, Newnes/Butterworth 
Heinenman) ate a rogues' gallery of 

J1 
auto 
accessory 
plug 

o-~-11*-~>---.~--I or 

D2 
36V 
5W 

zener 

+ 
78ST105HC 

C1 
100µF 
SOV 

2 *D3 
6V 

SW 
zener 

Inductive switching: turning 
motors/solenoids on/off 

(Vp varies) 

20µs 

Sms 10ms 

FIGURE 3. 

30µs 

Inductive 
switching 
transient. 

FIGURE 4. 
Alternator fieJO 

decay, 

1Sms 

Alternator field decay: negative 
voltage spike generated when 

ignition is turned off 

+ 
C2 
100µF 
sov 

C3 
0.1µF 
SOV 

*R1 I son 
1W -

regulated SVdc 
at up to 1A 
(78ST1 OSHC) 
or400mA 
(780S w/ small 
heatsink) 

surge and spike conditions that routinely 
occur in a car's electrical system. 

Any electronic device that draws 
Note: components marked with • omitted 
in 7805-based circuit. 

power from the car battery must be pro-
tected against these nasties. I've shaded 
portions of each graph to indicate the condi­
tions that violate the operating conditions for 
the 7805 (and most other voltage regulators). If 
the voltage regulator isn't protected, it will even­
tually fail, possibly subjecting the 5-volt devices 
downstream to 14 volts, and probably incinerat­
ing them faster than a fuse can blow. 

From the graphs, we can see that there are 
basically two problems: reversed polarity (from 
inductive switching and field decay), and over­
voltage (load dump) . Fortunately, neither of 
these conditions last very long; less than a 
tenth of a second, worst case. 

Application-Note Inspired Circuit 

When I set out to design my power-supply 
circuit, I knew I wanted to use a switching regu­
lator to avoid having a sizzling-hot heatsink 
somewhere under the dashboard. I also knew 
that I didn't want to design a switcher. 
Consulting the Digi-Key catalog, I found that a 
company called Power Trends makes a series of 
switching regulator modules designed to 
replace linear 7805s in many applications. 
Perfect! 

Even better, at the Power Trends web site 
(www.powertrends.com), I found an application 
note called "Vehicular Power Adapter Using 
ISRs (integrated switching regulators)." I took 
their design suggestions, made a couple of 
minor improvements, and built the circuit 
shown in Figure 5. 

FIGURE 5. 
Vehicular power supply dfcilit. 

but such caps are not common, and 100mV rip­
ple is acceptable for digital applications. 

I added zener diode D3 to clip off any 
spikes that might exceed 6 volts on the output. 
This diode is shown in the Digi-Key application 
diagrams for the 78ST105HC, but not in the 
Power Trends documentation. Either way, if the 
regulator were to somehow fail with a short-cir­
cuit from input to output, the 6-volt zener diode 
would conduct and help to blow the fuse. A dol­
lar well spent. 

My last added component is R1. Typical of 
many switching regulators, the 78ST105HC 
requires a certain minimum current draw in 
order to remain in regulation. Otherwise, its out­
put voltage could rise beyond the specified 5 
volts . That minimum is 100 mA. R1 draws 
1 OOmA at 5 volts so, even with the load discon­
nected, the output will remain in regulation. If 
the load is such that it never draws less than 
1 OOmA, R 1 can be omitted. 

To connect my creation to the vehicle elec­
trical system, I opted for a cigarette-lighter plug. 
It came with a 5A fuse, but I substituted a 2A 
unit. Changing the fuse is just a matter of 
unscrewing the knurled nose cone of the plug. 
A nice feature of the plug specified in the parts 
list is that it has a built-in power LED. If the igni­
tion is off, the fuse is blown, or the plug isn't 
properly seated in the lighter jack, the LED 
remains dark. 

Linear '1olta9e re9ulators 

like. the 7805 9et hot 

because thelJ. are ohli9ed to 

do somethin9 with the elec-

trical ener91J. that1s drawn 

from the input hut not 

delii'ered to the output. 
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, . Building -.nd Using tile Supply . 
Circuit 

Construction of the circuit is completely 
non-critical; you can assemble the parts on a 
piece of perf board and just solder the appropri­
ate wires together. 
· You may use either a 7805 plus heatsink 
(400mA max output) or the Power Trends 
78ST105HC (lA max out). Make sure to use 
the parts from the appropriate parts list. If you · 
use the 7805, make sure to use a heatsink, and 
position the supply in a location where there's 
free air circulation. 

I strongly recommend that you use a fuse 
in series with the +12V input to the supply. 
Depending on which ~ircuit you tap for the 
input, the vehicle's fuses are probably rated too 
high (lOA or more) to provide any meaningful 
protection for your circuit. 

That's all there is to it. For me, building this 
power supply was an important stepping stone. 

7805 

~(front) 
3-m 

2 

78ST105HC 

3 2 1 

FIGURE 6. 

· Parts List 1: Switching Supply '(1 A output) 
All part numbers refer to Digi-Key (1..SOO-digfkey or www.digikey.com) 

C1,C2-100µF, 50V electrolytic capacitor (part no. P1353~ND) 
C3-0.1 µF; SOV monolithic ceramic capacitor (part no. P4923-ND) 
01--silicon rectifier diode, 6A, 100V (part no. 6A1MSCT}. Note: it's permissible 
to use a smaller diode, 2A or more. 
02-zener diode, 36V :t5%, SW (part no. 1 N5365BMSCT) 
03-zener diode, 6V ±5%, 5W (part no.1N5340BMSCT) 
J1-Auto accessory (cigarette lighter) plug (part no. ZA5073-ND) 
R1-50-ohm, 1W resistor (part no. ALSRff-50-ND) 
U1-5V, 1.5A integrated switching regulator (part no. 78ST105HC) 
fuse-2A, 250V normal-blow fuse (part no. F119-ND) 

Parts List 2: Linear Supply (400mA output} 
All part numbers refer to Oigi-Key (1-800-digikey or www.digikey.com) 

C1 ,C2-100µF, 50V electrolytic capacitor (part no. P1353-NO) 
C3-0.1 µF, 50V monolithic ceramic capacitor (part no. P4923-ND) 
01-silicon rectifier diode, 6A, 100V (part no. 6A1MSCT) 
02-zener diode, 36V ±5%, SW (part no. 1 N5365BMSCT) 
03--zener diode, 6V ±5%, 5W (part no. 1 N5340BMSCT) 
J1-Auto accessory (cigarette lighter) plug (part no. ZA5073-ND) 
A 1--not used 
U1-5V, 1.0A linear voltage regulator (part no. NJM7805FA-NO) 
Heatsink-alumil'}um heatsink, bolt to U1 (part no. HS191-ND) 
tuse-1A, 250V normal~blow fuse (part no. F115-ND) 

I have a bunch of projects in mind that involve 
using a Parallax BASIC Stamp II to collect data 

and display it on a Seetron 
serial vacuum-fluorescent dis­
play (VFD) module. The VFD 

Pinouts for U 1, 5-volt regulators. is gorgeous, but it draws a lot 
of current (500mA peak), and 

it's fairly expensive ($159.00; 
www.seetron.com). Rather than risk destroying 
the module with a crummy power supply, I 
decided to build this project. I'm happy to 
report that the module has been running for 
weeks off the switching (78ST105HC) version 
of this project without a hiccup. NV 

• 
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PowerMac 7200 
75 Mhz PPC 601 
4 168 pin DIMM slots 
Build your own Mac! 
$99 Brand New! 

Peltier Junction 
with heat sink 
1 3/16" x 1 3/16" 
$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 

SS New 

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 $99 
Q660 Av Logic 
Q650 Logic 
Q800 Logic No 
Q840 Logic Processor 

Power Suppl es 
Apple llE . $59 
Apple llGS $69 
Mac llCX, Ci $99 
Mac II, X, FX $49 
Mac llSi $49 
Q610,660AV,6100 $149 

$99 
---4 Claris Works 

• i 3.0 For 
1

1 PC/Mac 
• EDOCS $29 

.. Cl~i.,\!t~-: . 

Miscellaneous 
...._ __________ :;::;==:::;::=:::;:;;:;::::=:=:=:==:::: Apple 8 bit Video Card $19 

Newton 130 $ gg LaserWriter llNT $299 

MacAlly ADB Keyboard 

$10 

PDAGenuine 
Leather Carry 
Case 
Let your palm 
pilot lead the life 
of luxury! 

Without Lid 1 Apple ADB Keyboard $19 
Newton Carry Bags $19 1.44 Super Drive $49 
Newton Fax Modems $19 Clone ADB Mousell $19 
16 MB Flash Cards $79 Quicktake 100 Camera $149 
20 MB Flash Cards $99 Bernouli 90 MB EXT $10 
24 MB Flash Cards $129 

RAM 
1MB30 Pin 
4 MB 72 Pin 

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 

Write In 37 on Reader Service Card. 



by Ray Marston 

The first three episodes of this 
mini-series described the basic 
nature, behavior and applica­

tions of light and light-beam manipu­
lators such as mirrors, prisms, lenses, 
and fiber optic cables, with particular 
regard to their use in modem opto­
electronic systems. This month's con­
cluding episode describes the basic 
(atomic level) operating principles of 
LEDs and lasers, with particular 
emphasis on modem laser diodes. 

LEDs and LASERs 

INTRODUCTION 

The two basic types of light­
generating devices most widely 
used in modern optoelectronics are 
the LED and the laser. (The word 
LASER is an acronym for Light 
Amplification by Stimulated 
Emission of Radiation.) 

LEDs and lasers differ in two 
major respects. First, the LED is a 
semiconductor device that emits 
light as a consequence of a current­
in, photons-out power conversion 
process, whereas the laser is a 
tuned-cavity resonator device that 
may use a gas, liquid, or solid sub­
stance as its active medium and 
emits light as a result of a photon 
multiplication process. 

The second major difference 
between the two types of devices is 
that the LED emits broad-band light 
in which its photons are randomly­
generated and are not directly 
phase-related, whereas the laser 
emits a stimulated narrow-band 
coherent type of light in which its 
emitted photons are - - at the 
moment of their birth - of the 
same wavelength and phase as 
their parent photons. 

Because of its coherence, the 
laser light can be focused into a far 
smaller spot than that of a LED, 
thus enabling it to generate very 
high local power densities. A perfect 
0.5mW IR laser 'beam can, for 
example, be focused into a minute 
spot measuring only 1.6µm in width 
(roughly equal to I/30th of the 
width of a human hair), in which the 
IR power density has a value of 
about 12kW/cm2 within the focused 
area. 

To begin t~ understand the 
basic light-generating principles of 
LEDs and lasers, it is necessary to 
first learn some basic facts about 
the nature of atoms and about pho­
ton generation, as follows. 

ATOM AND PHOTON 
BASICS -

All solids, liquids, and gases are 

composed of chemieal elements, of 
which there are 109 different known 
kinds. Each of these elements are 
made up from clusters, chains, or 
lattices · of atoms, and the atom is 
thus the basic building block of all 
matter. 

All atoms take the basic form 
illustrated in Figure 1 and consist of 
a positively-charged central nucleus 
(made up of protons and neutrons) 
that is surrounded by a number of 
bands of orbiting negatively­
charged electrons. Normally, the 
positive nucleus charge and the 
negative electron charge balance 
one another, thus giving the atom a 
neutral overall charge; the atom is 
said to be stable under this condi­
tion. 

Within the atom, each orbiting 
electron has a .finite kinetic energy 
value, which determines the dis­
tance of its band's orbit from the 
central nucleus; the individual elec­
tron bands are thus known as ener­
gy bands; their energy is measured 
in electron-Volt (eV) units. Electrons 
orbiting in energy bands close to 
the central nucleus have lower ener­
gy values than those in the outer 
bands. The atom's outer electron­
occupied energy band is known as 
the valence band. 

Beyond the atom's valence 
band lays a normally-empty high­
energy conduction band. If an elec­
tron that is orbiting in the valence 

band gains enough extra energy, it 
moves upward into the conduction 
band but, as it does so, it leaves 
behind a positively-charged hole in 
the valence band; the energy-gain 
process thus creates an electron­
hole pair. The atom is said to be in 
a quisi-stable or excited state 
under this condition. When the 
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final episode of the serle 

atom is in this excited state, an elec­
tron will readily move downward 
from the conduction band into the 
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(bandgaps), between~;:::_...____ ,, ,,,,. .... , 

the electron bands ~ ~ - - - ' 
• "-: - • , ', Bands of orbiting 
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I , I .. - .... I I Valance band 
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\ ' -· I I , ' ' - , / 1 Conduction band 
, ' '... " ' / ..._(normally unoccupied 
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''.... ... - -- - - " , "" Figure 1. Basic form of 
- - - ___ - - "' an atom. 
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(a) (b) 
Figure 2. Energy-level diagrams relating to a conductor such as copper. 

(a) An electron can easily move upwards from the valence band, 
- but (b) leaves a positively-charged hole behind. 
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{a) {b) 

Figure 3. Energy-level diagrams relating to (a) a typical electrical 
Insulator and (b) a typical semiconductor. 

Condudlon= band ~na 
Valence free electrons 

bend (donors) 

Conduction = Contains band free holes 
{acceptors) 

Valence .,_.) 
band 

{•) {b) 

Figure 4. Energy-level diagrams for (a) n-type and (b) p-type 
semiconductors. 

(a) {b) {c) 

Figure 6. Energy·level diagrams of a silicon junction diode under (a) 
unbiased, (b) reverse biased, and (c) forward biased conditions. 

valence band if it loses sufficient 
energy, and anihilates the valance 
band's positively-charged hole in 
the process. 

In a piece of matter composed 
of many atoms, the atoms may be 

COMPUTER 

linked together in a matrix-like way 
via their individual conduction 
bands. In this case, electrons that 
are not tied to specific atoms (free 
electrons) may travel freely through 
the material via the linked conduc-

•-M-k Symbol and tenrinal 
notations 

·m k Basic construction 

t__ Junction {depletion region) 

Figure 5. Symbol and basic 
construction of a silicon 

junction diode. 

a -i4-k LED symbol 

•mk Basic LED construction 

t__ Junction (depletion region) 

Figure 7. Symbol and basic 
construction of a 

conventional LED. 

tion bands. 
The spaces between the atom's 

energy bands are known as forbid­
den zones or bandgaps. Electrons 
can not exist in forbidden zones, but 
can - if subjected to sufficient ener­
gy change - jump through them to 
reach an adjacent energy band. 
When an electron jumps down­
wards through a bandgap (from the 
conduction band to the valence 
band), it loses an amount of energy 
equal to the difference between the 
two energy band eV values, and this 
loss is accompanied by the emis­
sion of a sub-atomic particle (such 
as a phonon or photon) with an 
identical energy value. 

From the optoelectronics point 
of view, all useful photon and elec­
tron activity takes place in the vicin­
ity of the atom's valence and con­
duction bands, and all such activity 
can thus be represented by simple 
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energy-level diagrams such as 
those shown in Figures 2 and 3, 
each of which depicts a narrow 
'slice' section taken through the two 
bands. 

Figure 2(a) shows the basic 
energy-level diagram of an atom of 
a conductive material such as cop­
per. Here, the forbidden zone is so 
narrow that the valence and con­
duction bands almost merge into 
one another, and electrons can -
under the influence of an external 
potential - easily move into the 
conduction band from the valence 
band, in which case, the vacated 
valence position is filled by a posi­
tively-charged hole, as shown in 
Figure 2(b). 

Once the electron enters the 
conduction band, it is no longer 
bound to the atom, and is free to 
travel through the conductive mate­
rial (via the linked outer bands of 
adjacent atoms) as an electric cur­
rent. 

Figure J(a) shows the energy­
level diagram of an atom of a typi­
cal insulation material. Here, the for­
bidden zone is very wide, thus 
blocking the flow of electrons into 
the conduction band and prevent­
ing the flow of current through the 
material. Finally, Figure 3(b) shows 
the energy-level diagram of an 
intrinsic (naturally-occurring) semi­
conductor material such as silicon, 
which has a narrow forbidden zone 
and thus has conduction character­
istics mid-way between. those of a 
conductor and an insulator. Unlike a 
normal conductor, however, the 
semiconductor's resistance ·has a 
negative (rather than positive) tem­
perature coefficient. 

LED OPERATING 
PRINCIPLES 

Conventional LEDs work in the 
same basic way as normal silicon 
junction diodes, but use special 
semiconductor materials to pro­
duce the light-emitting diode's pho­
ton-generating characteristics. 

Silicon junction diodes are 
based on two different extrinsic 
(artificially modified) types of crys~ 
talline silicon; one type is very light­
ly doped with a material such as 
phosphorus, which has the effect of 
adding a number of spare electrons 
(donors) to the conduction band of 
the silicon's crystal lattice, as shown 
in the material's energy-level dia­
gram of Figure 4(a); this material is 
known as an n-type semiconductor, 
since it carries an excess negative 
charge. The other type of silicon is 
lightly doped with boron, which has 
the effect of adding a number of 
spare holes (acceptors) to the 
valence band of the silicon lattice, 
as shown in the energy-level dia­
gram of Figure 4(b ); this material is 
known as a p-type semiconductor, 
since it carries an excess positive 
charge. 

In a junction diode, the n-type 
and p-type materials are fused 
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together in the manner 
indicated in the greatly 
simplified diagram of 
Figure 5, which also 
shows the diode's circuit 
symbol. Since both 
halves of the diode are 
made from the same 
basic material {silicon}, 
the device is often called 

Direct 
electron-hole 
recombination 

Main electron now 

Main hole flow 

Semiconductor material LED 
color 

Wavelength 
A(nm) 

Band gap 
energy (eV) 

Gallium Nitrogen (GaN) Blue 430 2.88 
Silicon Carbide (SiC) Blue 480 2.58 
Gallium Phosphide (GaP) Green 565 2.19 
Aluminum Gallium Phosphide (AlGaP) Yellow 595 2.08 
Aluminum Gallium Phosphide (AlGaP) Orar:ige 620 2.00 
Aluminum Gallium Arsenide (AlGaAs) Red 645 1.92 
Gallium Aluminum Arsenide (GaAIAs) Infrared 880 1.41 
Gallium Arsenide (GaAs) Infrared 950 1.31 

a homojunction diode. 
Figure 6 shows the 
diode's energy-level dia· 

Figure 8. Energy-level diagram of a 
conventional LED under forward biased 

operating conditions. 

Figure 9. Table of LED wavelength/bandgap-energy relationships. 

grams under (a) unbi-
ased, (b) reverse biased, and (c) for­
ward biased conditions. In these dia­
grams, the junction between the n­
type and p-type materials is named 
the depletion region. · 

The energy level of the junction 
diode's positively-charged p-type 
material is inherently higher than 
that of the negatively-charged n­
type material, as shown in Figure 
6(a). Consequently, if the diode is 
reverse biased as shown in Figure 
6(b), the energy level difference 
between the p-type and n-type 
material becomes even greater, 
inhibiting any significant flow of 
electrons or holes between the two 
materials via the depletion region. 

Under this reverse-biased condi­
tion, the only currents that flow 
through the diode are small temper­
ature-sensitive leakage ones and (if 
the junction is directly exposed to 
an external light source) small pho­
ton-induced currents. 

Alternatively, if the diode is for­
ward biased as shown in Figure 
6(c), the energy level difference 
between the p-type and n-type 
material falls to near-zero at a for­
ward bias value of about 0.6V, 
enabling electrons and holes to flow 
freely between the two materials via 
the depletion region. An electric 
current thus flows through the for­
ward biased junction; it actually 
flows through the covalence bands 
(valence bands that are linked in 
adjacent atoms) within the silicon 
matrix, and often generates a 
phonon particle at the moment of 
exchange; the phonon energy is dis­
sipated within the crystal lattice as 
vibrant heat. 

Conventional LEDs use the 
same basic homojunction form of 
construction and work in the same 
basic way as normal junction 
diodes, but use special semicon­
ductor materials (rather than sili­
con) that emit photons {rather than 
phonons) when forward current 
flows through the material's lattice. 
Figure 7 shows the circuit symbol 
and the basic construction of a con­
ventional LED, and Figure 8 shows 
the LED's energy-level diagram 
under forward biased operating con­
ditions. 

In Figure 8, when current is 
flowing through the forward biased 
junction, most free electrons and 
free holes travel through the deple­
tion (junction) area in the normal 
way, but some electrons don't have 
enough energy to stay in the con-

.. 

duction band and drop down {via . 
the forbidden· bandgap zones of 
individual atoms) into the valence 
band and annihilate a hole. 

The electron energy lost in this 
process is converted into a photon, 
which is radiated from the LED as a 
light particle. LED electrical power­
in to optical power-out conversion 
efficiency is low, typically in the 
range 0.01% to 1.5%, and is greatly 
influenced by the photon's wave­
length. 

Photon 
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Note: • = relative positions of photons 
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3.1 light 
units The LED's photon wavelength, 

I.. {in nm) is dictated by the 
bandgap energy (eV, = the differ­
ence between the valence and con­
duction band energy values) of the 
LED's semiconductor material, and 
these two parameters are related by 
the easily-remembered formula I.. = 

1240/eV, and eV = 1240/1... Thus, a 
LED that generates a red output at 
a wavelength of 645nm has a 
bandgap energy value of 1.92 eV. 

.. ~--- Tme Interval"' 10pS (= 0.000 01 µS) ---.i.,I 
Figure 10. Six typical random (spontaneous) photon waveforms 

emitted by a 850nm JR LED, together with their composite 
'light' waveform. 

Figure 9 shows some practical 
LED wavelength/bandga p-energy 
relationships values, together with 
basic details of the types of semi­
conductor material used to make 
various LEDs. The basic semicon­
ductor material determines the 

approximate energy value of the 
bandgap; the actual value is fine­
tuned by suitably doping the mater­
ial. 

to moment, depending on the 
instantaneous depths of individual 
electrons within its valence-conduc­
tion bands. These energy variations 
are fairly small (usually within ± 2% 
of mean), but (since a photon's 
wavelength is directly related to 
bandgap energy) cause the LED's 
output to have a finite 'minimum 

Note that the bandgap values 
quoted in Figure 9 are 'mean' 
(rather than absolt1te) ones. In real­
ity, the bandgap energy of an atom 
is not fixed, but varies from moment 
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Figure 12. Basic atomic operation of the lasing 
process. 

another and (in 
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1 Resonant 1 
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Translucent 

case) have a com­
bined value of 3.1 light units. 
In practice, the pattern of the 
six photon waveforms 
changes continuously as new 

lasing -----• 

photons enter the time frame 
from the left and others leave 
the frame on the right, and 
this causes the instantaneous 
phase and amplitude of the 
composite output waveform 

Note: • = relative positions of photons 
medium 

li.i41----- Time interval= 10pS (= 0.000 01 ~S) .. I Fully-silvered 
mirror 
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Figure 11. Six typical coherent (In-phase) photon waveforms emitted 
by a 850nm IR laser, together with their composite 'light' waveform. 

spectral bandwidth' value. 
The simple LED described ear­

lier in this section is a surface-emit­
ting homojunction type that uses 
the same basic material on both 
sides of its junction. In practice, 
many modern LEDs use different 
materials on the two junction sides, 
and are thus known as heterojunc­
tion LEDs; most such LEDs have 
two-stage internal junctions, and are 
known as double-heterojunction 
LEDs. Some special LEDs 
(designed to easily interface with 
fiber optic cables) are 'edge-emit­
ting' types that emit a narrow beam 
of light from the side of the semi­
conductor material, rather than a 

broad beam from its' face. 

LASER BASICS . 

LEDs emit individual photons 
in a quite random or spontaneous 
fashion, whereas lasers emit pho­
tons in a stimulated fashion in 
·which the birth of each new photon 
occurs on the arrival of a parent 
photon. In a laser, each new photon 
is - at the moment of its birth - a 
duplicate of its parent photon, with 
the same basic wavelength and 
(more importantly) an identical 
phase. Light" composed of in-phase 
photons is known as coherent light, 
and can be focused far more 

mirror 

Figure 13. Basic elements of a 
complete laser unit. 

sharply than other types of light. 
Figure 10 shows six typical 

'random' photon waveforms emit­
ted by a LED, together with their 
composite light output waveform 
(equal to the sum of the six photon 
waveforms), and Figure 11 shows 
a similar set of coherent waveforms 
emitted by a laser. Each diagram 
spans a 1 OpS ( 10 picosecond) time 
interval ( 1 pS = 1 millionth of a µS) 
and depicts six newly-generated IR 
photons with wavelengths of 
850nm (= a frequency of 
353,000MHz) and an amplitude 
value of '1 light unit.' The typical 
relative position of each photon is 
indicated by a small black dot. 
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to vary over a wide range. As 
a consequence of these rapid 
phase and amplitude varia­
tions (intermodulation), the 

LED's light output is very impure 
and has a fairly wide spectral band­
width. 

By contrast, the six laser-gener­
ated photon waveforms shown in 
Figure 11 are all exactly in-phase, 
and the composite output wave­
form thus has a fixed phase rela­
tionship and has a constant ampli­
tude of 6 light units. The laser's light 
output is thus very pure, with a very 
narrow spectral bandwidth. 
Typically, a modern 850nm IR LED 
has a half-power spectral bandwidth 
(i.e., the bandwidth at which the 
light power output falls to half of its 
maximum value) of about 80nm. 
Modern 850nm laser diodes, on the 
other hand, have typical half-power 
spectral bandwidths of 0.5nm to 
5nm, and their light outputs are 
thus far purer than those of LEDs. 

LASER OPERATING 
PRINCIPLES 

The basic atomic operating 
principle of the laser is in some 
ways similar to that of the LED. In 
both cases, a photon is generated in 
an excited atom when an electron 
in its conduction band loses energy 
and drops down into the atom's 
valence band, annihilating a hole 
and generating a photon in the 
process. In the LED, this process 
occurs randomly, when the elec­
tron's energy decays below a criti­
cal value. 

- In the laser, however, the 
process is initiated by photonic 
stimulation, in which an external 
photon with an energy value 
equal to that of the atom's 
bandgap enters ·the atom's 
bandgap and, by a quantum 
process known as negative absorp­
tion, makes the electron lose ener­
gy and drop down into the atom's 
valence band, thereby annihilating 
a hole and generating an identical 
photon. 



' 

OPTOELECTRONICS + OPTOELECTRONICS + OPTOELECTRONICS + OPTOELECTRONICS + OPTOELECTRONICS 

Figure 12 illustrates the basic 
atomic operation of the 'lasing' 
process. Here, the incident (arriv­
ing) photon, which has an energy 
value identical to that of the atom's 
conduction-valence bandgap (= hf) , 
enters the bandgap from the left 
side of the diagram and makes the 
electron drop down and annihilate 
the hole, thereby generating a new 
'laser' photon, which also has an 
energy value of hf. The incident and 
laser photons, which have identical 
phase and frequency-wavelength 
values, then emerge together on the 
right side of the diagram. 

Note from the above descrip­
tions that lasing action can only 
occur if the atom is in an excited 
state at the moment that the inci­
dent photon arrives, and if the inci­
dent photon's energy value equals 
that of the atom's bandgap. Also 
note that, if lasing action does 
occur, the excited atom gives an 
effective· 2: I overall photonic power 
gain, but drops out of the vital 
'excited' state after generating a sin-
gle photon. , 

In a practical laser, the actual 
lasing medium (which contains vast 
numbers of atoms capable of giving 
lasing action) may take the form of 
a gas, a liquid, or a solid material, in 
which the lasing atoms may be 
raised into an excited state by elec­
trical, chemical, or optical means. 

In laser jargon, the process of 
feeding energy into the medium to 
hold its atoms in an excited state is 
known as pumping, and the situa­
tion in which most of the medium's · 
atoms are in the excited state is 
known as a situation of population 
inversion. Thus, the medium must 
be pumped to create population 
inversion, which is a prerequisite of 
laser action. Lasing action can only 
begin if the medium's energy input 
exceeds a certain pumping thresh­
old value; to give continuous lasing, 
the medium must be continuously 
pumped. 

Figure 13 shows the basic ele­
ments of a complete laser unit. One 
of these is the actual lasing medi­
um, which must be reasonably 
translucent. Another is a power sup­
ply that is used to pump the medi­
um into a state of population inver­
sion and initiate the lasing action. 
The final unit is a resonant optical 
cavity, made of two mirrors set at 
opposite ends of the lasing medium 
so that photons can repeatedly 
bounce back and forth through the 
medium; one mirror is fully reflec­
tive; the other has a small (equal to 
about 1 % of the mirror's surface 
area) translucent hole in its center. 

In Figure 13, lasing begins 
when - with the medium pumped 
up to its threshold value - a suit­
able internally- or externally-gener­
ated incident photon hits an excited 
atom and initiates the birth of an 
identical photon. This pair of pho­
tons then travel to the right, hit the 
end of the cavity, then reflect back 
and forth through the cavity, repeat-

edly passing through the lasing 
medium and initiating the genera­
tion of more photons in each 
pass, so that the photon flow 
rapidly builds up into a flood that 
can easily be controlled via the 
power supply. 

Photons that strike the 
translucent hole at the center of 
the cavity's right-hand mirror 
emerge (bleed off) from the laser 
unit in a narrow and coherent 
beam that can be focused into a 
minute and intense spot by an 
external lens. 

The optically-resonant cavity is 
a vital part of the laser system. It is 
highly ·wavelength-selective and 
gives high optical gain (resonance) 
only to signals with an integer num­
ber of half-wavelengths that fit 
exactly into the cavity's optical 
length (equal to the product of its 
physical length and refractive index 
value). 

The cavity's length is inevitably 
many times longer than the (rough­
ly 1000nm) optical wavelength of 
the basic laser beam, and it thus 
has a huge number of optical oper­
ating modes (wavelengths at which 
resonance may occur). In a cavity 
with an optical length of 2mm, for 
example, the first mode occurs at a 
wavelength of 4mm, the 10th at 
0.4mm, the 1 OOth at 40µm, the 
I OOOth at 4000nm, the 4 705th at 
850.16nm, the 4706th at 850nm (a 
commonly-used IR wavelength), 
and the 4707th at 849.8nm. 

The optical cavity's frequency 
response thus consists of a series of 
sharp comb-like peaks (known as 
mode lines in laser jargon), as 
shown in Figure 14(a). In the above 
example, at wavelengths around 
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• Quick quotes 

' 
Light 

output 

-Wavelength 
(a) 

0.5 

Light 
output 

Wavelength 
(b) 

Light 
output 

wavelength 
(c) 

Figure 14. Typical frequency response of (a) a laser's optically-resonant 
cavity, (b) the unfiltered output of a lasing medium, and (c) the res.ultlng 

laser-beam output of the cavity. 

850nm, these peaks 
are spaced roughly 
0.2nm apart. In some 
practical lasers 
(including many laser 
diodes), the lasing 
medium's basic (unfil­
tered) output has the 
type of frequency 
response shown in 
Figure 14(b}, and 
spans dozens of these 
peaks; in such cases, 
the cavity's laser­
beam output thus has 
the type of frequency 
response shown in 
Figure 14(c). 

In laser jargon, 
the half-power spectral 
bandwidth. of a laser 
output is called its 
linewidth. Lasers with 
linewidths that fit into 
a single mode line are 
known as single 

HeUcal Hash tube 
(pumps the ruby rod) 

Fully-!!ilvered \ 
mirror ~ 

\_I 

Ruby rod 
(lasing medium) 

99%-sllvered 
mirror 

Note: Opposing mirrors form an optical cavity 
(a) 

'High-volage power supply 
(drives the gas tube) mirror 

Note: Opposing mirrors form an optical cavity 
(b) 

Figure 15. Basic functional diagrams of (a) 
ruby and (b) helium-neon lasers. 

mode lasers; ones with linewidths 
that span more than one mode line 
(as in the case of Figure 14(c)) are 
known as multi mode lasers. 

spectrum of frequencies) their 
beams can remain fully coherent 
(in-phase) for only a limited number 
of wavelengths after their initial cre­
ation. This dimension is known as 
the beam's coherence length, and 

All practical lasers have finite 
linewidths and (since they contain a 
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Figure 16. Typical supply-current to optical-output-power graphs 
of (a) a normal LED and (b) a laser diode. 

RV1 

R1 

equals the square of the beam's 
mid-value wavelength divided by its 
linewidth. Thus, an 850nm beam 
with a linewidth of 2nm has a coher­
ence length of only 0.36mm. 

LASER TYPES 

The world's first working optical 
laser was demonstrated by an 
American, Theodore Maiman, in 
mid-1960. Known as a ruby laser, it 
has the basic form shown in Figure 
15(a) and consists of a small rod of 
synthetic ruby crystal (the lasing 
medium), with mirrored ends that 
form the optical cavity; the rod is 
surrounded by an electrically pow­
ered helical flash tube, which acts as 
the medium's energy pump. When 
the flash tube is operated, its white 
light pumps the rod's atoms into an 
excited state, and a brief burst of las­
ing action commences a few mil­
liseconds later, causing a brief pulse 
of red laser light to emerge from one 
end of the tube. 

The ruby laser provides only 
brief pulses of laser light. The first 
laser to give continuous-wave (cw) 
operation was the helium-neon (He­
Ne) gas laser, which was first 
demonstrated in late 1960 and has 
the basic form shown in Figure 
15(b ). Here, the high-voltage supply 
pumps the gas molecules into an 
excited conductive state in which 
sustained lasing action takes place 
(typical supply voltages are 8kV for 
starting, 1.5kV when running); las­
ing takes place ,primarily at a wave­
length of 632nm and the device thus 
generates a bright red laser beam. 

He-Ne lasers are still widely 
used; most have maximum optical 
output powers in the range 0.5 to 
lOmW; the outputs have typical 
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linewidths of a mere 0.002nm and 
beam coherence lengths of 200mm. 
Some modern He-Ne lasers have 
outputs that can be electronically 
modulated (but not pulsed) at fre­
quencies up to lMHz. 

Many other types of laser have 
_appeared since 1960. Most have 
severe practical disadvantages 
(such as very brief working lives, 
excessive cost, fragility, or bulkiness, 
or severe thermal operating require­
ments) or are meant only for labora· 
tory or military use. Some are 
designed specifically for use in opti­
cal welding or cutting operations, 
and are not suitable for use in gener­
al 'electronic' applications. Most 
have input-to-output power conver­
sion efficiencies of only 0.001 to 0.5 
percent (a lmW He-Ne laser, for 
example, typically needs an input 
power of 20W). , 

The laser best suited to use in 
general electronic applications is the 
so-called 'laser diode,' which (in 
most low-power types) acts like a 
laser version of the double hetero­
junction side-emitting LED, with a 
built-in resonant optical cavity. It is 
compact, robust, has a typical work­
ing life of 50,000+ hours, and is rea­
sonably easy to use. 

A laser diode produces a cw 
laser beam that can be pulse or ana­
log modulated at frequencies up to 
many hundreds of MHz, has a typical 
input-to-output power conversion effi­
ciency of 1.5%, and is commercially 
available in versions giving maxi­
mum optical power outputs ranging 
from O. lmW to several watts, at a 
variety of red and infrared wave­
lengths. Single mode tYpes have typ­
ical linewidths of less than 0.5nm; 
multi mode types have typical 
linewidths in the range 2nm to 5nm. 

4-pin combined 
laser dlode/photodlode 

+ 

C1 
10µ 
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monitoring photodiode is con­
verted into a DC offset voltage 
via an integrating amplifier, is 
combined with an RVl-derived 
pre-set DC bias voltage via. an 
adder, and is fed to one input of 
the laser-driving pulsing and 
biasing circuit, which has its 
other input driven by external 
pulse-coded waveforms. The 
RVl-derived DC bias voltage is 
set so that - in the absence of 
input pulses - the laser diode 
is biased at its lasing threshold 
value (rather than fully off), 
thus giving a very fast switch­
ing action. 

Figure 17. Simple way of using a 
four-pin combined laser diode/photo­
diode unit In a cw laser transmitter. 

Figure 16(a) shows the typical 
supply-current to optical-output­
power graph of a normal LED, and 
Figure 16(b) shows that of a laser 
diode. The LED's graph is quite lin­
ear, and the optical output power is 
directly proportional to the LED's 
supply current value. The laser 
diode has a more complex perfor­
mance graph; at supply currents 
well below the lasing threshold 
value, it acts like a. normal LED and 
generates random photons, but at 
currents well above the lasing 
threshold, it gives true lasing action 
and generates coherent photons. 
When operating at the actual lasing 
threshold level, it generates both ran­
dom and coherent photons. 

Note in Figure 16(b) that, at 
any fixed lasing current values, the 
optical output power is very sensitive 
to variations in the laser diode's tem­
perature. Most practical laser diode 
units (modules) incorporate sensing 
and control circuitry that stabilizes 
the optical output power by auto­
adjusting the lasing drive current. 
Most modem units of this type use 
special laser diodes that have an 
integral monitoring photodiode; 
Figure 17 shows a four-pin version 
of such a unit, together with a simple 
way of using it as a cw laser trans­
mitter. 

In Figure 17, the photodiode's 
reverse current (and thus the voltage 
on Ql base) is proportional to the 
laser beam's intensity. Ql acts as a 
voltage-controlled constant-current 
generator that supplies base drive to 
Q2 which, in turn, provides drive cur­
rent to the laser diode. 

The overall acti<;>n is such that,.if 
the laser intensity falls below a value 
preset via RVl, the photodiode­
derived Ql-base voltage also falls, 
thereby increasing Ql 's current 
drive to Q2 base and causing Q2 to 
increase the drive current ,to the 
laser diode, which responds by 
increasing its laser intensity. 

The reverse process occurs if 
the laser intensity rises above the 
preset value. The circuit thus auto­
regulates the laser beam intensity. 

Figure 18 shows a basic way of 
using the four-pin combined laser 
diode/photodiode unit in a pulse 
modulated cw laser transmitter. 
Here, the pulsed output of the laser-

LASER APPLICATIONS 

WARNING. Sensible safety pre­
cautions must always be taken when 
using lasers; the output beam of 
even a 0.5mW type can cause 
severe optical damage if aimed 
(deliberately or accidentally) at a 
human eye. 

Low-power (up to 5mW) lasers 
are readily available in 'module' 
form, comprising the actual laser 
plus its drive circuitry and optics. 
They have a multitude of practical 
applications. Simple cw types, using 
the basic typ~ of circuit shown in 
Figure 1 7, can - if generating a vis­
ible red beam - be used as laser 
pointers, spirit levels, or alignment 
aids, or as the basis of bar-code 
readers. Alternatively, infrared types 
can be used in a wide range of secu­
rity applications, activating an alarm 
or initiating some other action when 
a person, animal, object, vehicle, 
smoke, or fog breaks or reflects the . 
beam. When reflected from a solid 
surface, the cw beam can also be 
used to detect minute vibrations of 
the surface. 

All CD and CD-ROM players 
incorporate a small cw laser module 
that (aided by various lenses and 
servo-drivers) automatically scans 
the spinning CD and picks out the 
information contained in the tracks 
(which are spaced only l.6µm 
apart) of its coded sub-surface data 
pi~, which are each a mere O.lµm 
deep and 0.8µm to 3.5µm long, 
retrieving the data at a rate of over 
4,000,000 bits per second. 

Laser modules that are 
designed for use as modulated cw 
types can be used in all of the types 
of 'security' applications already 
mentioned, plus various speed- and 
distance-measuring applications. 
They are particularly useful in long­
haul fiber optic communication and 
data-transfer systems, in which 
(because of their very small spectral 
bandwidths) they can greatly outper­
form LEDs. 

· Single mode IR laser diodes, for 
example, have spectral linewidths of 
only 0.5nm, compared to 80nm for 
LEDs, and their signals thus suffer 
far less material dispersion than 
those of LEDs when traveling 
through long lengths of fiber optic 
cable. NV 



Perfect for most 
soldering applications 
including SMD. 
Overheat 
protection with 
closed loop 
temperature 
control provides 
precise heat. 
Includes 
replaceable iron 
clad conical %..' tip. 
Linear LED display shows 
operating temperature. 
Regular price $79.95 

Portable DMM 

TENMA® 
Affordable hand held 
meter features 3'h digit 
LCD display, DC volt­
age measurement to 
600V. transistor and 
battery test. Input 
impedance lOMohm. 
Includes holster and 
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Provides the items you need to 
safely remove and replace surface 
mount devices without the need for 
costly rework equipment. Includes 
special removal alloy. desoldering 
braid and flux. The only additional 
items needed are a soldering iron 
and dental pick. Contains 
enough material for 
8-lOSMDs. 
Regular price $1 7 .95 

Prototype Boards 

Small PC 
This prototype 
board features 

· 25 rows of 
connections. 
The center two 
rows are one 
connection the 
length of the board. The outside 2 holes 
are common connection on both sides 
of the board and all rows. Each row also 
features 2 separate holes. 
3 separate holes with 2 sets 
of 3 holes with common 
connections. Board 
measures 2'116 x l 1'110' x %.' 

Medium 
Size 
This board 
was 
designed 
for medium 
sized circuits 
with room for several ICs and lots of 
components. The outside traces are all 
connected while the center was 
designed to accept multiple ICs with 45 
traces available for multiple 
connections. Board 
dimensions are 511.' x FA." x ~2 

Small IC 
Board was 
designed for 
ICs to straddle 
center of board. 
There are 26 
rows designated for IC pin connections 
w ith 2 additional connections for IC 
with added connections 
toward outer edges of 
board. Board measures 
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Replacement Automotive Speakers 

All models feature paper cones with 
weather resistant foam surround. and a "wizzer" cone for extended high frequency 
response. Intended for direct replacement. these models include no mounting 
hardware, grills or speaker wire . Sold individually. Specifications: •Power capacity: 
lOW RMS (#60-9244 15W RMS) • Impedance: 4ohm 
Fig. Order # Size Response SPL Magnet 
A 60-9240 4' round 80Hz-20KHz 78.6dB 4oz. 

5.3 oz. 
5.3 oz. 
5.3 oz. 

B 60-9241 5' round 80Hz-20KHz 84.2 dB 
C 60-9242 6Y.!' round65Hz-16KHz 82.8 dB 
D 6().9243 4' x 6' 80Hz-16KHz 77.0dB 
E 60-9244 6' x 9' 50Hz- l6KHz 84.odB Boz. 

1.85 
2.29 
2.29 
3.59 

Prices effective 
May 21 , through 
June 30, 1999. 

To take advantage of special pricing on 
the items listed, please provide this 
code: mm 

Micro PC Board Camera 
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®l~m 
B/W CCD camera measures 
only 11'' x 114' x 1 '. Provides NTSC 
composite video output. Built-in 3.6mm 
lens provides viewing angle of 92°. 
Requires 12VDC. 300mA. (#5B-3330 AC 
adaptor). Regular price $64.95 

Colalr PC Board Canera 

®l~m 
Ideal for any observation. multimedia or 
security application. Provides NTSC 
composite video output. Features 
automatic white balance. 330 lines of 
horizontal resolution and 
AGC. Requires 12VDC. 
240mA. Regular 
price $199.00. 

· B" Rubber Surround 
Polypropylene Woofer 

Popular woofer design 
is the foundation of 
many home and auto 
speaker systems. 
70W/100W RMS/peak 
capacity, frequency 
response 30Hz-3.5KHz. 
Bohm. Other sizes 
available. Regular 
price $13.50 

30 Piece Security Taal Kit 
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' .--· . Kit includes security torx bits, tri-wing 
bits. security hex bits. Nintendo type bits 
and more. Ideal when 
servicing Sego and 
Nintendo games. PS/2 
monitors and more. 

Multi-Voltage Power Supply 

Fully regulated suppiy provides up to 
two amps. at the following selectable 
voltages: • 3 • 4'h • 6V •7 'hV • 9V • 12V. 
Regular price 16.95. · 

Mylar' Cane Speakers 

Clear mylar cone speakers are popular 
for all weather proof applications. 
Small round size is also popular as 
replacements in portable electronics. All 
models ore Bohm. 

Rated 
Order# Size Power (ea.) 
Frequency response 350Hz-7KHz 
SROOl 86 50mm lW $1 .69 
Frequency response 350Hz-4.5KHz 
SROOl 87 66mm l .5W 1.79 
Frequency response 450Hz ... 4KHz 
SR0018885mm 6W 2.19 

Dental Type Precision Taal Kit 

Stainless steel probe set is 
and invaluable aid to 
anyone doing board level 
soldering repair. Includes 
straight. curved and 
angled tip probes. 
Regular price 
$1Q.25 

Aluminum Taal/ Equipment Case 

.. ......... Includes one tool pallet 
· • Ii • and pre-cut foam 

bottom. Ideal for 
carrying test equipment with small 
hand tools and accessories. Black finish, 
measures approximately 19" x 14" x 6'. 
Regular price $51.50. 

Write In 58 on Reader Service Card. 



The dealers listed below carry the latest issue of Nuts & Volts, for your convenience. 
ALABAMA HSC Electronic Supply Video Electronics Bloorningdale 60108 NEW YORK 425 South St. 
uttle Professor Book Center 4837 Amber Ln. 3829 University Ave. 2301 N. Clark St. #2.00 All Phase Video Philadelphia 19147 
2717 s. 18th St Sacramento 95841 Son Diego 92105 Chicago 60614 Security, Inc. Tower Records 
Birmingham 35209 1209 E. Golf Rd. 70CainDr. 340 W. Dekalb Pike 3500 Ryder St. CANADA 

Schaumburg 60173 Brenlwood 11717 King of Prussia 19406 RT Systems Sonta Clara 95051 Com-West Radio Ham Central SOUTH CAROLINA Amateur Radio Supply 
5681 Redwood Dr. SystemsUd. INDIANA 3 Neptune Rd. 

555 Electronics 
8207 Stephanie Dr. 

Rohnert Park 94928 8206 Ontario St. # 100 Harbourtown Sales Poughkeepsie 12601 Huntsville 35802 
108 Park 32 W. Dr. 5646 Farrow Rd. Hyatt Electronic Surplus Vancower, BC VSX 3E3 Hirsch Sales Corporation ARIZONA Muir Communications Ltd. Noblesville 46060 219 California Dr. Columbia 29203 371 N. Johnson Ave. 

Batteries Plus #330 El Cajon 92020 3214 Douglas St. KANSAS Williamsville 14221 TENNESSEE 3014 N. Dobson JK Electronics Victoria, BC V8Z 3K6 Hollywood At Home Tower Records/Video Tower Books Chandler 85224 6395 Westminster Ave. COLORADO 9063 Metcalf Ave. 105 Old Country Rd. 2404 W. End Ave. Batteries Plus #334 Westminster 92683 TH Electronics Overland Park 66212 Carle Place 11514 Nashville 37203 1155 S. Power Rd. #108 Laurel Park News 216 Commerce Dr .. Unit2 Uoyd's Radio & 350-370 Route 110 TEXAS Mesa85206 4346 Laurel Canyon Blvd. Ft. Collins 80524 Electronic, Inc. Huntington 117 46 Batteries Plus #331 Studlo Clty91604 Tower Records/Video 220 W. Harry St. 1961 BroadWay BDL News, Inc. 2404 E. Bell Rd. 
Uon Electronic Labs 2500 E. 1st Ave. Wichita 67213 New York 10023 809Pierce Phoenix 85032 

Houston 77002 Batteries Plus #332 4948 E. Townsend Ave. Denver 80206 LOUISIANA 383 Lafayette St. Electronic Parts Outlet Fresno 93727 3415 W. Glendale Ave. Ste. 4 
Netseller CONNECTICUT Lakeside News New York 10003 3753-B Fondren Rd. Phoenix 85051 
7207 Arlington Ave. Ste. G Archway News 3323 Severn Ave. OHIO Houston 77063 Batteries Plus 1333 
Riverside 92503 64 Bonk St. Metalrle 70002 

Compustuff Mouser Electronics 1829 E. Southern Ave. 
Op Amp Technical Books New Miiford 06776 MARYLAND 241 Great Ooks Tri. 958 N. Main St. Tempe85282 
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Los Angeles 90038 437 Washington Ave. 2014-A Industrial Dr. Digital One Tanner Electronics 1251 S. Tyndall Ave. 
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Newark 19711 1601 Rockville Pike #210 Toledo 43613 Austin 78705 AUSTRALIA 20655Soledad Cyn. Rd. #15 
DISTRICT OF Rockville 20852 Hosten Electronics, Inc. 

VIRGINIA DonTronics Santa Clarlta 91351 
MASSACHUSETTS 2700 Sunset Blvd. P.O.Box595 Sav-On Electronics COLUMBIA 

Steubenville 43952 American Computer 
29 Ellesmere Cres. 13225 Harbor Blvd. Tower Records Newsbreak, Inc. 

Keyways, Inc. Clearance 
Tullamarlne 3043 Garden Grove 92643 2000 Pennsylvania Ave. 579 G.A.R. Hwy. Rt. 6 

204 S. 3rd St. 1609 Rhoadmiller St. www.dOntronics.com SIERRA MADRE NEWSSTAND Washington 2CXXl6 SWonsea 02777 
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FLORIDA Tower Records 1172 
Leo's Book Shop Tower Records/Video/Book 
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Sierra Madre 91024 

Alfa Electronlc Supply 360 Newbury St. 
330 N. Superior St. 4110W. OxRd.#12124 

9155 Archibald Ave. Unit E 
TheRectBam Boston 02115 

Toledo 43604 Fairfax 22033 Hwy.299 1502 s. St. Rd. #7 
Cucomango91730 

Bieber 9f£:1F Hollywood 33023 MICHIGAll Powermaxx. Inc. 1601 Willow Lawn Dr. Advanced Computer 
Tower Books Al's News utne Professors Book Center 1587 U.S. Route68 N. Richmond 23230 Products, Inc. 
211 Main St. 8219 S.W. 124th St. 22174 Michigan Ave. Xenia45385 8389 E. Leesburg Pike 1310 ·a· E. Edinger Ave. 
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steve's Books & Magazines WASHINGTON AD Electronics 
1515S. Andrew Ave. 327 E. Hoover Ave. 
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Clarks Out of Town News Tower Records 
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2295 W. Main st. 1125 Fir Ave. Altronlcs 

5900 Florin Rd. Fort Lauderdale 33309 Mounds View 55112 
Medford 97001 Blaine 98230 2300-0 Zonker Rd. 

Sacramento 95823 Skycraft Parts & Surplus, Inc. MISSOURI News & Smokes #8 · Service Request San Jose 95131 
2245 W. Fairbanks Accurate Instruments 259-C Barnett Rd. 3304 W. Rowan Ave. Brand Newsstand 2538 Watt Ave. 
Winter Park 32789 11201 E. 24 Hwy. Medford 97001 234-1/2 N. Brand Blvd. Sacramento 95821 Spokane 99205 Sunny's At Sunset, Inc. Independence 64054 Norvac Electronics Supertronlx Glendale 91203 

Tower Records/Video 8260 Sunset Strip Electronics Exchange 7940 S.W. Nimbus Ave. Bldg. 8 16550 W. Valley Hwy. Centerfold International 
220 N. Beach Blvd. Sunrise 33322 8644 St. Charles Rock Rd. Beaverton 97005 Seattle 98188 716 N. Fairfax Ave. 
Anaheim 92801 GEORGIA St. Louis63114 960Conger Tower Books 

Los Angeles 90046 
Del Amo Books & News 2520Durant Tower Records NEVADA Eugene97402 10635 N.E. 8th St. 3758 Sepulveda Blvd. Berkeley 94704 3400 Around Lenox Dr. N.E. Amateur Electronic Supply 1545 N. Commercial N.E. Bellevue 98004 Torrance 90505 212 F st. Atlanta 30326 1072 N. Rancho Dr. Salem97303 20 Mercer St. DSS Satelllte Comm. DaviS95616 HAWAII Las Vegas 89106 Powell's Technical Bookstore Seatt1e98109 411-E 18th St. #C 5703 Christie Ave. SolarWOfks! Less Buster's Electronics 33N.W. Park 

WISCONSIN Ookland 94606 Emeryville 94608 525 Lotus Blossom Ln. 2930 N. Las Vegas Blvd. Portland 97209 
Amateur Electronic Electro Mavln 

Ocean View 96737 VSTG-22 Tower Books 
2985 E. Harcourt St. 2052 Redwood Hwv. North Las Vegas 89030 1307 N.E. 102nd Ave. Supply, Inc. 
Rancho Dominguez 90221 Greenbrae 94904 Tower Records 

Radio World Portland 97220 5710 w. Good Hope Rd. 4211 Waialae Ave. 
Miiwaukee 53223 Ford Electronics 6310E. Pacific Coast Hwy. Honolulu 96816 1656 Nevada Hwy. PENNSYLVANIA 
Greenfield News & Hobby 8431 Commonwealth Ave. Long Beach 90803 Boulder City 89005 Bedford St News Buena Park 90621 611 Keeaumoku Tower RecordsNtdeo 308 Bedford St. 6815 W. Layton Ave. 

Harding Way News 2280 Market St. Honolulu 96814 4580 W. Sohara Ave. Johnstown 15901 Greenfield 53220 113 W. Harding Way San Francisco 94114 
IDAHO LasVegas89102 Genes Books, Inc. CUdahy News & Hobby Ctr. 

Stockton 95204 3205 20th Ave. The Cunent Source 6450 S. Virginia King of Prussia Plaza 4758 Packard Ave. 
Harold's Newsstand Son Francisco 94132 5159 Glenwood Reno89511 Kfng of Prussia 19406 Cudahy 53110 524 Geary St 2525 Jones St. Boise 83714 NEW .JERSEY Lehmall'Scientiflc WYOMING San Francisco 94102 San Francisco 94133 ILLINOIS JR Tech Systems 85 Surrey Dr. Western Test Systems HI-Fi Doctor 

871 Blossom Hill Rd. Tower Records/Video/Books 1309Hwy. 71 Wrightsville 17368 2701 Westland Ct. #8 1814E. BallRd. 
Son Jose 95123 383 W. Army Trail Rd. Belmar 07719 Tower Books Cheyenne 82001 Anaheim 92805 



PRECISE, KENSINGTON LABS, XY STAGE. 
Model 8500-6X. 6 'X6 • of high performance travel. One of the best linear 
stages available. Highly repeatable. ultra-precise. Precision ground surfaces 
result in unmatched laboratory-grade performance. Linear gloss scale. 
internally attached to the table. eliminates all drivetroin errors not 
measurable when on encoder is attached 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 capacity 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 2.75"H 
Regular price> $4Kea. X&Y stage with motors no drivers. USED. Very good 
condition. 8500-6, XY LINEAR STAGE •••••••••• $1795 

BAYSIDE, RIGHT ANGLE, GEARHEAD DRIVE 
PERFORMANCE SPECS: 
Georheod Torque Peak Torque Input Speed Backlash 
Model in-lb INml in-lb (Nml RPM orcmin 
NR 23 50 (61 100 llll 4,000 30 
Moment Mox. li?adlol Axial 
of lnterla Weight- Load Load 
kg-m2 loz-in-sec2) lb kg lb N lb N 
8xl0-5 16xl0-7l 3 11.4) 150 1670) 100 1440) 
SPECIAL. ............ $89ea. or 2 for $169 

ULTRA MINI and WEATHERPROOF, "LIPSTICK" CAMERA 
Sleek block anodized, alum. housing, O·Ring sealed 
& RAINPROOF. Adj. tilting mount. 1/3" CCD, 380 Lines. 
0.3 Lux. AGC. Auto Shutter. 9-12VDC @lOOmA, 4mm. 
11 .8. 78° FOV real gloss lens. NTSC video. <lounce! IR 
SENSITIVE. 23mmdX50mm. 36. coble with BNC video 
& DC barrel jock. GM-200K-STD ........... $99 
PINHOLE Model. So tiny you con install it directly into a 
door. Only a 0. 9" diameter hole! Specs as above. 90° 
FOV Pinhole lens. 1/2 once! Size only 23mm d.x35mm 
long. Think of the places you could put this little jewel. 

GM-200K-PH lens ••••• $99 

NEW, KEITHLEY/ACCULEX, DP-2000, 4 112 DIGIT, 

••••••••••• LCD, Digital Panel Meter 
J O B B 8 Industrial quality 5VDC powered. - ,, Cl U 19,999 counl DPM wilh 112' digils. 

• •••••••••• Requires only 15mW and only 0.73. 
space behind panel. Perfecl for 

any application requiring precision ond portability. User selectable 
range control provides +/-200mVDC and +/-2VDC option. Auto polarity, 
overnnge. selectable decimal point and display hold functions. Full 
differenliol inputs. lOOM Ohm input imped. on 200mV range. lM ohm on 
2V range. Snap in mounting. Stability lOOppm/deg C. 

Regular prlce ... .S99ea. SPECIAL.. .... .$39.00ea. 2 for $69 

MAXON, Rare Earth Magnet, PRECISION DC 
GEARMOTOR, 35: 1, 2- stage, Planetary gearbox. 

Maxon P/N: RE035-071-34EAC200A. All melal construction with 
mounting ears. Approximately lOORPM at the gearbox output and 
4000RPM al the direct output. I dual shait design! Direct shait is 3. 9mm 
diam. X 18mm Long. Geared Shaft size: 6mm diam. x 18mm long. 
Overall size:35mm0 D. x 109.l not induding shafts. Ball bearing outputs. 
Torque 2.25Nm continuous. Nominal operating voltage: 24VDC@ 40W. 
No load currenl 45.lmA. Max. Cont Curren!: l.5A. A lan1as1ic malor and 
alwa a sellout! Maxon S ecial.. •• $39ea. 

NEW! DAYLIGHT to LOW LIGHT MINI CAM, w All LENS 
For those applications Jhat musl work from dawn 'till 
dusk. this is it. Rugged aluminum housing wilh dual 
mounting sockels. Specs: 113· CCD, 420 lines 
resolution. 0.1 Lux sens .• AGC. Auto shutter. 12VDC 
@l20mA. Take full advanlage of camera sensilivity 
with the super. 4mm, 0.4. 78° FOY Auto Iris lens 
included. Video out an BNC. Size: 50mm sq. X 65mm 
long. Power adapter included. Ready to go1 

GM-510-A/l.. .. $199ea. or 2 for $369 

HIGH RESOLUTION OPTICAL ENCODERS 
2500ppr, l 0,000ppr Quadrature! DRC MODEL 25-5351-Bl7-

r- 2500. amp. shaper oulput. Size: 2.5'd, 114· ball bearing with shait 
• seal. Continous rola1ion., 3000 RPM max. Alum. housing. 5V 

powered wrth zero reference out. la· cable. USED ........ $39ea. 

CHECK THIS! ULTRA MINI, WEATHERPROOF & COLOR!­
NEW 'COLOR LIPSTICK' camera. For those 
applications that must be color, this is it. Block 
anodized. aluminum. housing is 0-Ring sealed & 
RAINPROOF. Adjustable tilting mount included. 
Specs: 1/3" CCD, 400 Lines resolution, <1 Lux 
sensitivity, AGC, Auto Shutter. 12VDC @lBOmA, 
4.3mm, 78° FOV lens. A real glass lens. Std. video 
out. Size: 32mm diam. X 65mm long. 24" leads 

with RCA jack and DC jock. With pwr. adopter. Ready to go! 
SPECIAL this MONTH, GM-4001C •••••••••••••• $219ea. 

NOW YOU CAN SEE WHAT THE "FISHES ARE DOIN' 
GO UNDERWATER (down to 60 It. 

Waterproof B&W CAMERA with 

INTERNAL, INFRA-RED ILLUMINATOR! 
Sleek block anodized, BRASS. housing is 0-Ring 
sealed & WATERPROOF. Adjustobe mount 

included. Specs: 1/3" CCD, 400 lines resolution, 0.05 Lux sensitivity, AGC, 
Auto Shutter. Operates on 12VDC @225mA, 4mm, 78° FOV lens. A real 
gloss lens. NTSC video out. Superior construction. SENSITIVE to IR. Ultra 
small Size only: 1.25"diom. X 2" long. With 60 ft. coble. Great for _general 
outdoor use also. SPECIAL. GM-300KIR ................. $199ea. 

DOVER AIR BEARING XIY TABLES, ULTRA PRECISE, 
Like New, The ultimate in 
precision motion control. These 
are leadscrew operated air 
bearing tables with 1-20 
Microns typical repeatability. 
Straightness, less than l micron 
each axis. angular error, less 
than 1 ore/sec. Squareness. less 
than 5 ore/sec. Three models 
available. Model "A" hos 6·x6 • 
travel with 2 type 23BLS-02l-02, 4.85A 24V Rapidsyn stepper/ 
encoders. Type ·B· is as above without motors. Type ·c hos 4·x5· 
travel with two Compumotor LE57-51-MTR steppers. No controllers. 
TYPE "A" ••• $1200, TYPE "B" ... $949, TYPE "C" ••• $849 

nNY, PRECISE, PORTESCAP, SWISS, GEARMOTOR 
State of the art "ironless· type, mini motor. Model B: Mll-210-54-0 
with approx: 40:1 spur gearbox. Size: 16mm d. x 43mm L with 
2mm diam. x 6mm L, flatted shaft. solder terminals. 

Vt1 ltt. RPM 
B: 6V BmA 141 

12V 12mA 290 

LIMITED QUANTITY TYPE B: $15ea. or 2 for $27 
NEW, LASER DIODE MODULES 
SPECIFICATIONS: DC Power: 4.5 - 9V, @65mA ••• P"W',.,..,,.. 

Power out: 4.5mw max. 
Range: 400-800 Meiers 
Glass Collimator 
Size: 0.4l'diam.x0.7'L Shown Actual Size 

The best value for commercial. Subminiature. laser modules. Glass 
collimaling lens provides l.5mRad performance. (divergence 
comparable Jo HeNe losers.I Wide input. internal surface mount, 4.5 to 
9VDC power supply. Excellent thermal charac1eris1ics. Machined brass. 

650nm SX Brighter ••• $29, 635nm l OX Brighter •.. $69, 
*635F with adustable focus .. .$89 

TEK 475, 200 MHz portable, 
Dual trace, Delayed sweep ............. $649ea. 

All POli?TABLE SCOPES INQUDE Pli?OBE, MANUAL and COVER. 
TEST EQUIPMENT RECONDmONEO & CALIBRATED, 6 MONTH 

WARRANTY 

Brand New, Video Motion Sensor. Model VMlO. Attach 

"" . - _-_ ~i!o ~== ..:· ._ -
- !,.•.r-_t 

to any standard video 
signal and you've got on 
electronic ·watchman· 

dfligently watching the entire scene. Or any adjustable sized area 
within the scene. Such as a doorway or even a drawer or cabinet. 
A state of the ort security aid. The unit will close a contact when it 
senses a change. Use it to turn on a VCR or coll the hounds. Auto 
or manual reset. Compact. oc powered. Adjustable sensitivity. 
Video loop through jock. NEW VM-10 •••••••• $189. 

low-cost MICRO CAMERA, w/audio 
1/3" CCD, 410 Lines Res., 0.3 Lux sens .. AGC, 
Auto Shutter. Pwr. from 9to12VDC@lOOmA, 
250k PIXELS, Std. model. 4mm, 78° FOV lehs, 
Pinhole, 90° FOV. A real gloss lens. Both focus 
from lOmm to infinity. Std. NTSC video out. 112 
ounce! SENSITIVE to IR. Size Std: l.25"sq. x l"d. . . , 
PH is 0.6.d, 1.6M long wiring harness with conneciors include 
WARNING: Don't confuse these models with LOW RESOLUTION, 
HIGH LUX C-MOS CAMERAS. Six different models. 
GM-1 OOOA-STD ...... $60 GM-1 OOOA-STD/ Aud •••• .$65 
GM-1 OOOA-PH •••••••• $60 GM-1 OOOA-PH/ Aud ••••••• $65 
GM-1 OOOA-CMNT •• $60 GM-1 OOOA-CMNT I Aud.$65 

Micro Lenses for GMlOOO 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 5mm, 70'PH ............ $22 

C-MOUNT LENSES 
LOW LIGHT STANDARD 

16mm, fl.6, 15° FOV .... - • .$39 4mm, 80' FOV ........ $24 
Bmm, fl.3, 40' FOV ·---·.$49 8mm, 40° FOV •••••••• $24 
4mm, fl.4, 78' FOV ··-.. -.$49 12mm, 28' FOV _ •••••• .$24 

6V@12AH SEALED, RECHARGEABLE, BATTERY 
New Panasonic, LCR6V12PI. Tough to get 
at a discount. Very compact. Two top 
mounted 114· foston connectors. Perfect 

;,..;j~fr for high drain projects. Size: 5. 9"L x 3. ?'H 
~ xl.9'D 2 for $20, or 10 for $89 

Write In 59 on Reeder Service Card. 

For Secure Y2K Communications 
like new, direct from depot storage in original boxes. 
The portable & lightweight handset phone is sound 
powered. has a built in push ta Jalk ring generator, 
buzzer volume. and visual indicator for silent call 
signal. NO BAITTRIES or EXTERNAL POWER REQUIRED. 

•i•illlilt- Any two conductor wire is all that is needed for 
interconnection and communication between two 
phones. Voice transmission range is up 10 4 Miles. 

""' _ _.._ Freq. Response: 300 Hz lo 4000Hz. Operating temp. -
40 10 + 131F. Complete with hard field case and 
corl}plete manual. An excellent collectors item. 

Special... •••• $49eo. or 2 for $89 

TEKTRONIX 335, MINI SCOPE, 

Can be AC or DC Powered. 
The 35MHz bandwidth and lmv/Division vertical 
sensitivity combine la make this compact dual trace 
scape a true field service performer. Size: 13.6'Lx9.3. 

H:.iim&iliiil!!l:!::'!!~'liiiiirt W x4.4.H Weight: 10.5 lbs. Can be operated from 90 
to 264VAC, 48 ta 440Hz or 11to28VDC. External iack for DC input. Package includes 
probe, manual, calibration and 6 month warranty. New •• $3K Now .... $54 9 

FAIRLY LARGE CAPs, New, SPRAGUE, 36DX Series 
Three values. Aluminum electrolytic. available. All.include mounting clamp: 

Type A, 3500uf @ 450VDC $20eo. 2 for $39 
Type B, 1400uf@ 450VDC $18ea. 2 for $39 
Type C, 7400uf@ 200VDC $15ea. 2 for $29 

Concord Elect., Type D, 2500uf @ 450VDC $ l 5ea. 2 for $29 

END FIELD ol VIEW GUESSWOflK! 

1 : ' .. 

I 
3.5 to Bmm VARI-FOCAL LENS 

Brand New, super 0.8 lens allows you ta smoothly 
adjust from a 97 'FOV@ 3.5mm lo a 44° FOV@ 8mm. 
Now you can frame your area of interest jusl the way 
you want i1! Standard CS-Mount with adjustable focus 
and iris. SPECIAL .... .$99eo. or 2 for $189 

-~,~.---,~ 

NEW, "STEALTH CAM", MICRO, with AUDIO! 
The sleek aluminum housing fits like a 
glove' Removeable mounling bracket 
and a 1.3M cable with BNC vid., RCA 
aud., !internal micl & DC barrel iack for, 
no sweat hook up. Why foal around wilh 
an open P.C. board? Now you can have 
the 'STEALTH CAM'. 113· CCD. 410 lines, 
0.3 Lux, AGC, Auto Shutter. Pwr. from 9 to 
12VDC @llOmA, 250k pixels. Std. model. 
4mm, 78° FOV lens. Pinhole model, 9("f' 

FOV. A real glass lens. Focus from lOmm 
ta infinity. NTSC video out. Only 1.7 ounce! 
SENSITIVE to JR. Size Std: 30mm sq. x 
29mm d. PH is 16mm d. WARNING: Don't confuse these models with 
LOW RESOLUTION, HIGH LUX C-MOS CAMERAS. ' 
GM-2000S-STD, w I aud ............. $79 .00 
GM-2000S-PH, w I oud •••••••••••••••• $79 .00 

4 HEAD TIME LAPSE VCR, Records 24 HOURS! 

.: _..,.._....-,.__ 
- ~$~~ .. ~~ ~ ... _ __:._:---·- -

Used, refurbished. Joie model VICON model 424's at only 213 off the 
regular price. On screen programming, time/dale stamp, audio, index 
search. power lass recovery and alarm inputs. Excellent. with manual. 

VICON 424, SpeciaL ........... $399ea. 

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

Originally sold for $5001 Now available · · 
for a fraction of that price. Great 
looking styling. Camero hos a very 
stable, adjustable tiliting base, Iran! 
panel LED pwr. indicotor and sensitive 
built in electret mic, providing excellent 
audio and video performance from one compact package. Simply connect 
camera to the completely self contained 2.4GHz transmitter. All cables 
supplied. You con transmit up to 700 feet clear line of sight! Companion 
matching receiver works with any TV or VCR. Internal patch antennas. Camero 
hos adjustable focus 6mm lens. 11' to infnity, macro copoblel Auto power off 

Q when the privacy shutter is closed. Power is 
l'r:i ,.,,,_ 7-13VDC. loll pwr. adopters and cables 
If"'' l , ~; included) 113· CCD, 330Lines res. 35% better 

bx ..I than standard VHS' Con ols be used to 
transmit VCR oputput to another TV for 
remote viewing. 

SPECIAL, 2.4GHz SONY-ASTROVIEW •••• $189ea. or 2 for $339 
addtl. 2.4GHz TRANSMITIER/RCVR. less Camera ••• $129ea. 

MOTORIZED ZOOM LENS SPECIAL, 6X mag. and auto iris! 
New, fabulous hi-res. optics with std. C-Mount. Superior Fujinon 
and Vican lenses. Normally cost from $600 to $1500. There is no 
substitute for a good lens! All drive motors will operate from 6-
12VDC. The Auto iris hos 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 

1 OV@ 2.5 AH SEALED, LEAD ACID, PACK Each pock consists of 
five. 2 Volt cells. Each cell the size of a std. 'D' battery. 
They ore arroinged as 1X5 cells. Enclosed in on ABS 
outer shell. (removed for photol Mint condition. Perfect 
for robotics ond.Pther high droin applications. Buy several, make custom 
pocks of any roting. Size: 7SL x 2.B"H x l.5"D 

5-five acks for $20 30 for $99 



ELECTRONICS 

In this column, I answer 

questions about all 

aspects of electronics, 

including computer 

hardware, software, cir­

cuits, electronic theory, 

troubleshooting, and 

anything else of interest 

to the hobbyist. 

Feel free to participate 

with your questions, as 
well as comments and 

suggestions. 

You can reach me at: 

TJBYERS@aotcom 

TJBYERS@juno.com 

or by snail mail at 

Nuts & Volts Magazine, 

430 Princeland Ct., 

Corona, CA 91719. 

Wha-e:•s Up: 
•Our continuing look at 

switching power supplies: 

two flyback converters this 

time and an efficient 

benchtop power supply. 

• Tips on the Variac, and 

• relays galore, including a 

• driveway announcer and 

• semiconductor-less 

timers/latches. Plus the 

usual search for unusal 

items, like a • NASA appli­

ance controller and a 

• cordless modem for 

notebooks, and more. 
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With TJ Byers 

Robot On The Run 

Q . I'm looking for a low-cost RF transceiver for 
use in a mobile robot project. The transceiver 

must be able to handle video, audio, and digital data. In 
addition, it should have a range of I 000' or more. Can 
you suggest products that might fit the bill? 

K.A. Delahoussaye 
via lntemet 

Al . What you're looking for is commonly used in 
~wireless security systems, where both video and 

sound are transmitted from one or more remote sites 
to a central control area. They usually operate in the 
2.4 GHz range, and typically have a range of IOOO'. 
Because you want to put this into a robot, I suggest a 
board version of this setup. It'll save you weight and 
money over a cabinet version. You can buy 2.4 GHz 
wireless transmitter and receiver boards from Mateo, 
Inc. (800-440-0299; http://www/mat-co.com), 
model number ASK2000TR (page 73). They boast four­
channel auto-scan video and two audio inputs which 
may be used for digital data. The cost is $129 for the 
pair. 

Cordless Modem 

9.-Do you know of a nifty way to hook-up a 
laptop computer to a cordless phone so that it 

co e used "no strings attached" while outdoors? 
Andy Gerkman 

via Internet 

Al . Yep, a very nifty solution from Panasonic called 
~the KX-TCL I 00 Data Link. Basically, it's a 900-

MHz link between your notebook PC and any RS- I I 
phone jack, in other words, a cordless phone all by 
itself. The Data Link consists of two pieces. Simply plug 
the rechargeable, battery-operated portable (sending) 
unit into your computer's modem Rj-1 I port, then plug 
in the base receiver into a landline phone jack ... and 
you're home free. When fully charged, the Data Link 
battery provides 2.5 days of stand-by service (it 
receives, too) and up to 2.5 hours of on-line time. The 
rub is that it sells for about $200, depending on where 
you shop (I've seen it as low as $169).Actually, there's 
nothing to stop you from plugging your cordless hand­
set into the laptop and doing the same thing. The prob­
lem is finding the wires· that equal the red and green 
connections of the base receiver. Here I can't help, 
because each wireless handset is different. However, if 
you can locate the handset microphone wires, I believe 
you can interface those wires to your modem's output 
connector (red/green wires) with a I: I telephone inter­
face transformer. Of course, you'll have to obtain the 
dial tone manually by pressing the Talk button before 
beginning transmission. Like I said, I think this will work, 
but don't quote me. I'd try it myself, but my girlfriend 
won't let me saw the handset in half to test my theory. 
jeeze, and after all the things I do for her. 

Variac Basics 

Q . I recently acquired a General Radio model 
VBT-10 Variac. It is 5" in diameter by 2-3/4" 

high and weighs a "ton." I'd like to enclose it in some 
type of housing with a meter to indicate the output 
voltage and need your opinion on this project. There is 
a diagram on the unit showing a winding in a 270° cir­
cle with connections at both ends of the winding and 
four taps in between. Of course, there's also a connec­
tion for the wiper. I wired one of these about 20 years 
ago, but have since forgot how I did it. Do you know 
how? (P.S. Do you know what happened to General 
Radio?) 

Roy E. Kneale 
via lntemet 

Al . The Variac is what's called an autotransformer, 
~that is, it has only a primary, not a secondary, 

winding. The AC line connects to the bottom of the 
winding and one of the taps, as shown. 

llOVAC 
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13sv Which tap depends on 
your line input voltage. 
The Variac output voltage 

120v is a ratio of the input 
WIPER voltage. In the drawing 

above, the output voltage 
will be I I 5VAC. Moving 
the wiper up increases 
the output voltage and 
moving the wiper down 
decreases it. Your Variac 
has a rating of I 0 amps 

vARIAc - about 135 watts. just 
OUT 

remember that the out-
put isn't isolated from the AC line, and you must treat 
it accordingly. 

Now for some history. In 1915, Melville Eastham 
and four investors founded the General Radio 
Company in Cambridge, MA to manufacture radio mea­
suring instruments and parts. During WWI, the compa­
ny expanded its manufacturing capacity to meet the 
needs of the war effort. One of their products - a 
precision variable condenser - was used by Major 
Edwin H.Armstrong to tune his first superheterodyne 
receiver.After the war, GR intensified its focus on the 
development of precision measuring instruments, 
including the first commercially available oscilloscope 
and the Variac - both of which found major uses in 
WWII. In the 1950s, GR built a new manufacturing 
plant in West Concord, MA, and closed the Cambridge 
facility. The company later moved to Lexington, MA. 
where they remain today as GenRad Corporation. 

Sensitive Magnetometer 

Q -Attached is an interesting circuit that appears 
to sense changes in magnetic fields with a high 

degree of sensitivity. Any thoughts about where one 
would locate the mu-metal rod that is the key element 
of the circuitl The circuit is about 30 years old. 

David LaBorde 
Fort Walton Beach, FL 

A . I have both good news and bad news for you. 
Good news: Mu-metal, also known as Permalloy, 

is readily available.A nickel-iron alloy (77% nickel, 15% 
iron, with traces of copper, magnesium, and molybde­
num), mu-metal has extremely high magnetic permeabil­
ity at very low field strengths (i.e., the earth's magnetic 
field). Because of this property, it's often used as a mag­
netic shield for sensitive instruments like superconduc­
tor sensors and can be found to some extent in many 
CRT monitors. Bad news: the piece of mu-metal you 
need for this project is about the size of a toothpick -
about 2-1/4" long by .004" thick.Trying to buy this tiny 
bit of wire from a vendor or jobber isn't easy because 
they sell the stuff by. the pound. Here are three con­
tacts that may be willing to give you a piece if you ask 
nicely, but don't hold your breath. 

Eagle Alloys Corp. 
1-800-237-9012 

http://www.eaglealloys.com/index.shtml 



Electronics Q & A 

Reade Advanced Mai:erials 
East Coast 401-433-7000 West Coast: 775-352-1000 

http://www.reade.com/Products/Categories/alloys.html 

Magnei:ic Shield Corporai:ion 
1-888-7 66-7800 

http://magnetic-shield.com/index.html 

But like I said, mu-metal is plentiful, especially in 
monitors and oscilloscopes. So what I suggest is can­
vassing your local TV repair shops and see if one of 
them has an old monitor or scope destined for the 
dumpster, and ask if you can salvage the mu-metal 
shield first. What you'll need to do now is find a seam 
or edge that's readily available and, using metal shears 
or hacksaw, cut it to the length you need. The actual 
size isn't that critical, though, and you may want to 
experiment with different pieces for best performance. 
What is important is the coil itself, which has to be 
wound on a phenolic or plastic tube 3/ 16-inches in 
diameter and 2 I /4-inch in length. 

Now for those readers who are dying to see the 
circuit David is talking about, here it is. 
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As shown, two NPN 
transistors form a simple 
astable multivibrator that 
oscillates at a center fre-
quency of I I kHz. It works 

01 
on the principle of magnetic 

2llZ222A core saturation.At power­
on, QI turns on and begins 
to "charge" the LI core. 

When the core saturates, QI turns off and Q2 turns on. 
The magnetic field now collapses, turning Q2 off and QI 
on, causing the cycle to repeat itself. The oscillation fre­
quency is determined by the saturation point of LI 's 
core.As it turns out, mu-metal is a very easily saturated 
material that's susceptible to external magnetic influence. 
When a magnet is brought near the mu-metal, the satu­
ration point changes, depending on the magnet's polarity. 
In one direction the saturation point is reduced, and the 
output frequency is lowered. In the other direction, the 
saturation point is strengthened and the output frequen­
cy increases. To demonstrate the sensitivity of this design, 
let me say that the force of the earth's magnetic field will 
change the frequency from 8 kHz to 14 kHz by simply 
rotating the coil horiiontally from N-S to W-E. Here are 
the details of the coil. 
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LAYER-WOUND COIL FORM 

Makita, Alive And Well 

9.. As a long-time subscriber of Nuts & Volts, I'm 
sending you a plea for help. I need to replace a 

bu out transformer that's part of my "Workshop" 
7.2-volt Makita battery charger (Model 07303). It was 
made in Taiwan and distributed by Atlas Group Co., 
Fairfield, CT. I cannot find any listing for this company. I 
also can't cross-reference the case markings stamped 
on the case. Does such a beast really exist? Any help in 
identifying the voltage output and how to breakdown 
the cryptic markings on the charger would be very 
much appreciated. My belief is that they are dead and 
long gone. 

George K. Coyne 
via Internet 

Ja. . Nope, Makita is quite alive and well (I have 
~ome of their tools). They can be reached at 

800-462-5482; http://www.makita.com/, ·and have a 
repair shop in San Jose, CA Moreover, I called the San 

Jose number and got a real live person who knew what 
I was talking about - Brownie points for Makita! While 
your particular model is no longer listed among the liv­
ing, they'll be happy to sell you an upgraded version of 
the same. 

NASA Chills Out • 

Q . This is in response to a reader who, a few 
months ago, asked about a circuit that reduces 

the amount of power consumed by appliances like a 
refrigerator or freezer. I'm sorry, my hard disk ate your 
name and address, but I hope you'll know who you are 
when you read the following answer. 

Name lost 
mia culpa 

A . The device you're looking for is a NASA inven­
tion that was designed to minimize the amount of 

energy used aboard the Space Shuttle for refrigeration 
and other cooling devices - way before the Shuttle was 
but a gleen in its daddy's eye. Basically, it's a power-factor 
controller that controls the phase angle of the voltage 
and current supplied to an AC motor for maximum effi­
ciency. I've heard of savings up to 20%, but don't quote 
me because it depends on the age of your appliance. 
Bottom line is that you can now check it out for yourself 
at a very low $3.98 from Electronic Goldmine (800-
445-0697; http://www.goldmine-elec.com), page 
56. The part number is G9946, and it works best with 
appliances made before 1992. 

Benchtop Power Supply Improved 

Q . I've constructed a variable-voltage DC power 
supply using an LM350 and a 24-volt, 2.5-amp 

power transformer. The LM350 is attached to a finned 
heatsink which is additionally cooled with a small CPU 
fan. One day, I hooked the power supply to a Variac (a 
continuously variable AC transformer) and reduced the 
line voltage from I I 0 down to 80 volts, and discovered 
that the power transformer and LM350 ran much cool­
er - even at full load. I have since tried to duplicate 
this using voltage dropping resistors, but unsuccessfully. 
Is there any way to reduce the input voltage without 
having to haul this monsterous Variac around? Perhaps 
putting a 60W bulb in series with the AC line? 

· Pete Haas 
Kent, OH 

A . What you're experiencing is what engineers 
call "power dissipation." Simply put, it's a way of 

converting unwanted electricity into heat - the way an 
electric stove does. Let's say that the input voltage to 
the LM350 is 33.6 volts ( 1.4 x 24V for full-wave rectifi­
cation) and the output voltage is 24 volts, then the volt­
age drop across the LM350 is about I 0 volts. If the load 
draws I amp, the LM350 has to dissipate I 0 watts of 
power (P =El= 10 x I = 10 watts). Now let's reduce 
the output voltage to 5 volts, which means the voltage 
drop across the LM350 is now 29 volts. If the load 
draws I amp, the regulator must dissipate 29 watts of 
heat - three times more than before. 

What you inadvertently discovered is that by 
reducing the input voltage, the chip runs cooler. Let's 
see why. By reducing the input to 80 volts, you've low­
ered the input voltage to the LM350 from 33.6 volts to 
24 volts. This decreases the voltage drop across the 
LM350 from 29 volts to 19 volts when powering a 5-
volt load at I amp. That's a 33% reduction in heat gen­
erated! Moreover, the efficiency of the power supply is 
now improved because less power is wasted as heat. 
Need proof? Just comparing watts in to watts out, for a 
110-volt input, the total power drawn from the AC line 
at 5 volts, I amp (5 watts) to the load is 33.6 watts (I 
amp x 33.6 volts), for an overall efficiency (no other 
losses) of 15%. Compare that to an efficiency of 21% (I 
amp x 24 volts = 24 watts) for an _SO-volt input. 
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by D. M CCO MB S 

Capture and analyze speed, tempera· 
lure, force, pressure, voltage, amperage, 
and resistance with cost-effective 
PC-based systems. Includes C++ Code 
operable under Windows 95 or DOS. 
36opp, disk Included 

ISBN 0·87930-559·2 I hlt·95 

' ... ~· ....... "' ..... . 
Programming 
the Parallel Port 
blterfecinQlllePCforO..tu;:qallitlon --"-"" .. . 
.. .. r-······ ... 

: .. : .... : .~·;,:.... {t; 
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by D. v. GADRE 

Key topics include; the Enhanced 

Parallel Port, Extended Communications 
Port, Analog/Digital Converters. adding 
bits, hosting an EPROM emulator, 
connecting to an external microproces­

sor, and digital waveforms. 
316pp, disk Included 

ISBN 0·87930·513·'1 I $"·95 
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CALL 800-500-6875 I FAX 408-848-5784 

MINI-PC $27 
Of::C~hWCE, EVAL (1) $95 
-3 S PARALL bit) 

-REAL 
-LCD AND KEYBO 
-ON-BOARD LED DISPLAY 
.sTANDARD PC ISA BUS 

V.rf«t when 1 ftlll.5iu PC is too~. eipaosM, cw po...,. 

hungry. z...il\tlly,.~ ~ =. i:""A ~only 
~ ~. AU utilitits to do this included. 386 .. n1oas 
awllabot startlq at SSS. Learn embeddtd technology! 

UNIVERSAL PROGRAMMER 

$95 !Er 
~~J?~~ 
(27880). ADAl'l'ERS FOR 
MICROS. PLCC...!>THERS. 
PARALLtl. l'OKI VERSION. 

SINGLE CHIP~i: 
COMPUTER $1.99 
20MIPS-16BIT-10X FASIER THAN 16c54 1X1 l'llB 

BUILT-INBASIC!!! ~~~ 
2K FLASH-64EE-REPROGRAMMABLE >o:> m; 
ZEROEXTERNALCOMPONFNJ"S ~ ra: 
32M.(111REGS-ANALOGCOMPAIL«OR 1lC2 PB2 
lSllQ{6SEIUAL,8PAllALLEL,lANALO) RO PB1 
RS!32DOWNLOAD-NODEVKl'fNED>ED no FBI 
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$21 PC SOLID 
STATE DISK 
OEM {lk) EVAL 75.00. 
FLASB/llAM/EPROM 
.2S-16M/ PCM CIA/DIPS 

NO MORE HANGUPS... VGA 640>:480 Cl\RD 

PC WATCHDOG! LCD FORSBCORPC 
REBOOTS PC IK $21 I 595 IK 527 I $9S 

llVS BOX ll50 ~ I 5y /Im- wanamy 
llERR.,NH 113054 F- Shlppl"fl 
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1. Wo~d's Smallest Video Camera* ........ 11u. .3oz. $59.95 

2. Pinhole Video Camera ..... 410 lines, o.s 1u. S11arp ~~ S.1Ul5 
3. Color Video Camera ... ... 350 liaes, 21ax, Remote bead $89.95 

4. Live Aertal Video R/C Videotape ... ... How to & mon $24.115 

5. Wireless Covert Tape Cam .... ... 300' 11qe, FCC DK $349.95 

6. Super liny Color Pinhole .... 350 liaes, less tllan 1" sq. $89.95 

7. Micro Video Transmitter ... ..... 1000· 11111, ATV band s1u 
8. Complete Wireless ATV Video Set .. 3 Miles Haage $419.!15 

9. Wo~d's Smallest Wireless Video Cam ...... .. .. ,_ 1:111 

10. Video Goggles ......... ... Dual hi-res LCD's, 30 capa~le S5ll9.S5 

Buy your microvideo equipment where NASA, The Air 
Force, JPL, Lawrence Livermore Labs and the FBI does. 

Call .us today. 
For the best in high performance microvideo equipment, call the experts at Supercircuits. We've grown to 
be America's microvideo leader by consistently offering the best equipment at the lowest 
prices, wi th unbeatable se_rvice ... compare our plug ' n play ease of use, warranties 
and return policies. Of course, Supercircuits microvideo is used by some of 
the biggest names in science, industry and national defense. But with prices 
starting at under $40 for tiny high resolution video cameras, it is technol­
ogy that is as affordable as it is amazing. Call us today, and gel our free ~ 

72 page Microvideo Catalog, loaded with photos, specs and more. 

1-800-335-9777 ext NV 
Or f a x u a at 5 1 2: - 260- 0444 

One Supercircuit & Plaz a L e ander. TX 78641 

vvvvvv.su pa re ire u its. com 
'Superelrcu/ts PC-21XP and PC-51XS are listed as world's smallest pinhole and spy video cameras 
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Quallty Computer Towers 
AT Style Cases (Not ATX) 
Full (260 Watt)(11 bays) $35.00 

Mid Size (230 Watt) (7 bays) $20.00 

SCSI Hard Drives 
New 2. f Gig Seagate 

sao.oo 
New Mlcropolls t .53 gig 

sso.oo 
IBM 4 Gig WIDE Different/al 

S 'I oo.oo ea. 
Dealer Speclal 
Designer Mouse 

3 button Serlal Mice 
s120.oo per case of ao 

' \_, 
.. , 

Color CCD CB1nera Pro/eel $10.00 

Lots of Microwave Goodies In Stock 

Btaad 11er1 waretek 9ITIAF Frequenq Senetato11 
Range 7-12.4 GHz $900.00 

HP Direct Reading Frequency Meter 
#R532A 26.5-40 GHz New 9450.00 

SMA Attenuators - Stepper Motors 

Electro Mavin 
800-421-2442 or FAX 310-632-9867 

E·Mall John@mal(ln.com 
Visit Our Web Site for More Info and Specials 

http://WWW.mavin.com/mavin.html 
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Now for a solution to your heat problem. You mentioned adding a 60W 
bulb in series with the AC input to reduce heat (actually, I'd use a 25W bulb). 
Well, it'll reduce the heat generated by the LM350, but what about the heat 
the light bulb generates? Here's a better answer. The way you describe the 
power transformer, I'm sure it has a center tap, and I'm positive you're using a 
bridge rectifier, which means the center tap is unused. Simply break one of the 
AC secondary connections from the transformer to the bridge rectifier, and 
insert a HI/LO switch, as shown below. 

VOLTAGE 
SI OUT 

HI J0019U..l:i'i 
LO losotban l:i'i 

uoso 

VOLTA.OE 
OUT ADJ 

VOLTAGE 
OUT 

For the convenience of our readers, I've included the rest of the schematic 
for the variable-voltage power supply, which can provide up to 3 amps at 30 
volts.Anyway, when the switch is connected to the full secondary (HI position), 
the input voltage to the LM350 is 33.6 volts. In the LO position (center tap), 
the LM350 input voltage is 16.8 volts. If we run this voltage through our power 
and efficiency equations for 5 yolts at I amp, we get a 12-volt drop across the 
regulator for a 12-watt power dissipation and an efficiency of 30%. Impressive, 
huh? All that for the cost of a switch. Shift the switch in the HI position for 
output voltages above 15 volts, and in the LO position for anything under 15 
volts. 

However, there are other solutions, specifically using a switching inverter 
in place of the transformer tap then inputting that voltage to the LM350, an 
arrangement that can push the efficiency to over 80%. Check out the 
"Switching Voltage Regulator Basics" series on page 76 for more details. 

Low-Power Off-Line Regulator 

Q . I built a signaling device which uses four 12V. I A bulbs and requires 
a large power transformer. I recendy bought some low-voltage 60W 

halogen lights for my den that run off a very small wall transformer - or so I 
thought. Curiosity got the best of me, and I just had to open it up. Inside I 
found a small switching power supply that does everything my bulky transform­
ers do! Can you show me how to build a simple switching power supply for 
my device? It uses solid-state relays to switch I 2VAC. 

Paul Frankie WD4UQ 
\lia Internet 

A. Like the question above, what you need is a switching voltage regula­
tor. When working off an AC line, this type of converter is called an off­

line regulator, and you'll find one in every desktop PC or workstation. Basically, 
what it does is convert the I 15 VAC into DC, run it through a pulse-width 
modulator driving an isolation transformer, then rectify it into low-voltage, 
high-current DC. You.r situation is unique in that you want low-voltage, high 
current AC because you're using incandescent lamps and triac-operated solid­
state relays. That by itself puts some restrictions on the regulator because the 
frequency has to be within the switching range of the relay. In other words, the 
traditional 150 kHz off-line regulator moves too fast for your relays to react. 
What I'd do rather than switching the low-voltage is to make four I 5W 
switching power supplies and turn them on and off as needed. Here's how it's 
done. 

llSVAC 
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The circuit is based on a TOP20 I switching regulator, a three-terminal 
device that needs just one external capacitor for flyback operation. The switcl)­
ing frequency is I 00 kHz, and the transformer weighs just ounces. Oh, the 
transformer. Here it is. 

Core Type: 
Siemens N67 
Part # 66208A 
1110-TI 
Primary 
I 2V secondary 
Bias secondary 

Number Wire 
of turns size 

6ST AWG #32 
6T AWG #26 
6T AWG#24 

Comments 
Triple insulated 

Bifilar 
Bifilar 

For more information on winding off-line switching transformers, access 
Power Integration's website (http://www.powerint.com} and download 
the very informative "FlybackTransformer Design forTOPSwitch Power 
Supplies" and "TOPSwitch Flyback Transformer Construction Guide" applica­
tion notes. You can buy the TOPSwitch regulators and transformer cores from 
Component Distributors, Inc. (800-777-7334; E-Mail: sanjose@com 
pdist.com}. 

You· Say Good-Bye, And I Say Hello 

Q. I am disabled and can no longer use my hands for such things as 
-working with tiny parts, circuit boards; etc., but can still work with 14 

gauge wires, with cerain limitations. Therefore, I'm looking for an easy-to-con­
nect pre-assembled switching unit to satisfy my needs. 

I have a very simple driveway announcer system that sounds a car horn 
when a vehicle passes over a tape switch and closes the circuit. At present, the 
horn honks upon entering or exiting. I want a system to play one tape for I 0 
seconds upon entering and a different tape when exiting - kind of a "Hello" 
and "Good-bye" message. I want to expand my existing system such that there 
will be two tape switches (one at the very entrance and one 20' closer in), two 
audio tape players, and a switching unit, so that when a car pulls IN, the first 
tape plyer will be activated for about I 0 seconds, and when the car pulls OUT, 
the other tape player would activate for about I 0 seconds. Can you help? 

Lane D. Honn 
Alamosa, CO 

A . This design was challenging and quite refreshing because I had to use 
relays, which you can probably handle, instead of integrated circuit logic. 

Here's my answer. 
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The circuit consists of four relays wired in a set-reset flip-flop configura­
tion. When switch SI is closed, relay KI pulls in and closes contacts SW I a and 
SW I b. This activates K3, which latches so that the relay won't drop out when 
SI opens.This applies power to SW2a.When it is tripped, relay K4 pulls in and 
momentarily closes the contacts to the "HELLO" recording.At the same time, 
another set of K4 contacts breaks the power to K3, which now releases and 
resets the circuit for the next car. Relays KS and K6 are wired identically, with 
the switches reversed so that SW2b activates the set relay (KS) and SW I b 
activates the reset relay (K6), which triggers the "GOOD-BYE'.' recording. To 
prevent the rear wheels from triggering SW I again and starting the "HELLO" 
circuit, a capacitor is placed across K4 and K6. You'll need to measure the time 
it takes for a car to completely pass over the trip switch, then select the capac­
itor value using the formula C = t I RI, where RI is the DC resistance of the 
relay. If it takes one-half second for the car to pass and the resistance of the 

relay is I SO ohms (RadioShack 27S-206), then the value of C is 3300uF. The I 0-
ohm resistor limits the surge current to the capacitor, which slowly discharges 
through the relay and temporarily holds it closed.As for the tape player, I rec­
ommend the Digital Voice Record and Playback Kit from RadioShack (276-
1326). This prewired kit records and plays up to 20 seconds of sound -
speech, music, sound effects, etc. - at the touch of a button or, in this case, a 
relay contact. 

Flyback Switching Regulator 

Q. I read with great interest your replies to the two DC-to-DC conver­
sion querys in the Feb. '99 column. I would be interested to know 

what you'd recommend when the input voltage swings from 4 volts to 30 volts, 
yet the output has to be regulated at 7 volts ± I 0%. How can I do this with 
some margin of safety in an automotive environment? 

Will Byers 
via lntemet 

. AL • The answer is a switching voltage regulator configured in the flyback 
~ode. I direct your attention to the companion article "Switching 

Voltage Regulator Basics - Part 2" on page 76. The flyback transformer does 
two things: It allows the input voltage to be either above or below the output 
voltage, plus it isolates the load from the power source - just what you need 
for an automotive environment. You didn't specify the current requirements, so 
(given the voltage) I suspect it's about I amp, in which case, I'd use the LM2S8x 
series of switching regulators from National Semiconductor (http://www 
.national.com). They are available from Digi-K,ey (800-344-4539; 
http://www.digikey.com) and Questlink (http://www.questlink.com), 
and cost less then $10. For this design, I've selected the LM2S88, which has an 
input range of 4 to 40 volts and can switch up to S amps. 
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I chose this chip because it has a built-in NPN power transistor and 
requires a minimum number of external components.Also inside the chip is a 
I 00-kHz oscillator that's used to turn the power transistor on and off. When 
the transistor is on, current flows through the primary winding, which builds up 
a magnetic field. When the transistor turns off, current flow ceases and the 
magnetic field collapses and transforms its energy to the secondary winding. 
The output is then rectified by a Schottky diode and filtered. The output volt­
age is held constant at 7 volts to within ±4% via the feedback input (pin 3) and 
external divider resistors. 
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---- The RF Connection iJ)i! 213 North Frederick Ave. 
~ Suite 11NV 
T 

~ Gaithersburg, MD USA 
____ " .. 20877 

http://www.therfc.com/ 

Complete Selection of MIL.Spec Coax, RF 
Connectors and Relays 

UG-218/U N Male for RG-2131214 ........ $5.00 
UG-21DllJ N Male for RG-213/214 ........ $3.25 

N Connectors for 9913/Flexl4XLJ9096 

UG-21B/9913 ..... $6.00 Pins Only ...... $1.50 
UG-21D/9913 ..... $4.00 Extra Gasket ..... 75 

Amphenol 83-1SP-1050 PL-259 .......... $0.90 
UG-17611.J Reducer RG-59/SX . . 25 or 51$1.00 
UG-175/U Reducer RG-58/58A .25 or 5/$1.00 
Silver Teflon PL-259/Gold Pin .... .. .. ........... . 
.......... ................................. $1 .00 or 10/$9.00 

•L..Spec Coax Available (Teflon, PVC llA) 

New Product: Belden 9913F. 9913 with 
High Density PE Foam dielectric, stranded 
center c:ond. and Duobond Ill Jacket... ......... . 
...................................... 80/ft or $76.00/100ft 

Also New: 9092, RG8X 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 

800/783-2666 
301/840-54n 
3011869-3680 

Write In 93 on Reader Service Card. 

Tecllno Lab: PRocoN-1 
IEEE to Centronl~ Converter 

more products: TECHNO-LAB.com · 

For IEEE sources: 
-Logic Analyzer 
-Spectrum Analyzer 
-Oscilloscope and more 
Print your measurement results 
on your PC Printer with never 
seen quality! Enjoy possibilities 
you have with your PC printer now 
also for your measurement print­
outs! Use up to 50 feet long cable 
or print on plastic sheets I 
See status messages about data 
transmission: DAV/NRFD/NDAC 
and STROBE/ACK/PE. 
Don't waste money on special 
IEEE high price printers! 
No special cables needed, no 
installation- just plug and print ! 

only $19.00 

TECHNO LAB DIGITAL SYSTEMS 
1628 E Amar Rd Ste. L 
West Covina. CA 91792 
Phone: 626 964 1122 
Fax: 626 964 7962 

38 Writ• In 94 on Reeder Service Card. 

Eh.~ctronics Q & A 

When building this circuit, you must attach the I uf filter capacitor as close to pin 7 as possible, otherwise you risk 
damage to the regulator. The flyback transformer has a I: I truns ratio with a 22 uH primary, and is available from a 
number of vendors. 

More Relays 

Manufacturer 
Coile raft 
Coilcraft 
Pulse 
Renco 
Schott 

LM2588 Flyback Transformer 
Part Number Comments 
Q4434-B 
Q4435-B 
PE-68411 
RL-5530 
67141450 

Surface mount 
Surface mount 

Since Mr. Honn's question, I got into a relay mode for a couple days while playing with them again for the first 
time. I thought I'd pass on some other relay configurations that I've collected over the years that you might find 
useful. 

+V +V 

J~ =OUT 
ON l ~ l-5 (LATCHED) 

The first circuit is an RS flip-flop. When 
the set button is pressed, the top relay pulls 
in and latches. Pressing the reset button 
engages the bottom relay, causing the top 
relay to drop out. The latching circuit next 
to it is somewhat similar, but only has a sin­
gle relay and a single output. Pressing the 

OFF 

RSFUP-FLOP 

l~ 
~ 
~ICXXluF I t = coil resistance x Capacitor 

I 

LATCH 

+V 
9 
l 

• "on" switch engages the relay and latches it; 
pressing "off' breaks the current flow and 
disengages the relay. The one-shot relay is 
identical to a monostable multivibrator or 
timer IC, like the 555. When the switch is 
turned on, current flows through the relay 
coil and capacitor, charging the capacitor. As 
the capacitor reaches full charge, the current 
isn't enough to sustain the relay, and the 
relay drops out. The delayed-off relay does 
the opposite: It holds the relay on for a 
short time after the switch is opened. When 
the switch is opened, the capacitor dis­
charges through the relay coil and holds it 
closed. When the capacitor is fully dis­
charged, the relay opens. The times for these 
two circuits are determined by the formula 
t = RC, where R is the resistance of the 

relay coil in ohms and C is the size of the 
capacitor in farads (I OOOuF = .00 I farads). 

ONE-SHOT DELAYED OFF TJ Byers 
Q & A Editor 

A •A~'JZ/NO Pll.lllll!lifll INFORMATION VIS/TOUR "ACTION':WEBSITE@ 
~LYL~-.:-- -: ~ -- ·-sox 7l6AMHERST. NH. 03031 UNLIMITED deptadnv 599e http://www.amazing1.com 

High Energy Pulsers 
Experiment with and. Construct Rail Guns, 
Magnetic Launchers, Coil and Sleeve Guns, 
Super High Gravity Pulses, Explode Wires 
and Water. Antigravity, Levitation, Mass 
Warping, Magnetic Can Crushin~, Plasma 

~~tsu~~~~~~tp~~~~~~~PJ~~;ency 
and all Types of Electrical 
Pyrotechnics, Plus Much Morell 
Features: 
Lossless Induction Charging 12vdc/115vac Input 
Programmable Energy Charging to 16 KJ 1 to 10KV Output• 
Triggered Sparlc Switt:h Optional Designs Available 

HEP3 Plans for 1 to 2KV @1 KJ .................. , .. , .................................... , ...... $15.00 
HEP3K K~ w~h SOOJ .. ... $349.95 HEP30 Assbled Above ...................... . ... $449.95 

Write In 98 on RHder Service Card. 

Burning Laser Ray~n 
Blasts thru the 
Hardest of Metals 

lnd/vldual Parts 

................ $20.00 

Poor Mans C02 Burni':l, laser 
~~~~~J:~::is~~~rJ:~8g1!~~~owing and 
complicated machining. shOINS many k>w cost 
alternatives and approaches. Generates over 10 
watts of burning energy. Great science project. 
Build for less than $100.00. 
LC3 Plans ................ ............... ...... .... $15.00 

Electronic Hypnosis/Mind 
Machines! TAKE CONTROLll 
~=~~~~7:CS~:;. ~c:t~:~~U."J~~H~ 
"Your Control. Enhances Hidden PSYCHIC Ability in 
Many People!! 

MIND2 Plans ....................................... '.$15.oo 
MIND2K KiUPlans .... ............................ $49.95 
MIND20 Read}' to Use.............. . ..... $79.95 

Intended For Hypnosis 
HYP2 Plans. .................................. ..$10.00 
HYP2K Kit/Plans .. ................ ... .............. $49.95 
HYP20 Ready to Use .......... ........ .. , ....... $69.95 



HAM GEAR 
FOR SALE 

HAM EQUIPMENT repair or overhaul 
Collins, Drake, Swan, Astro, Yaesu, 
Kenwood, etc. 20 years experience with 
former Slep Electronics Co. Same excel­
lent service, same reasonable rates, sat­
isfaction guaranteed. Brooks Electronics, 
828-349-3503. E-Mail: rwbrooks@ 
dnet.net 

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 

NEW 1999 cataloi;i: Inductors, toroids, 
TC ceramic and Mica capacitors, semi­
conductors, wire and cable, hardware, 
more. Two stamps please. Johnson Shop 
Products, Box 2843, Cupertino, CA 
95015. 

THE SMART BATTERY CHARGER for 
lead acid or gel cell batteries. Can be left 
connected to the battery INDEFINITELY, 
will not overcharge! Standard kit is 12V 
@ 1 amp. This kit is 100% complete. For 
the kit order #150-KIT at $59.95. For an 
assembled and tested unit, order #150-
ASY at $79.95. CA residents add 7.75% 
sales tax. Add $6.50 per unit shipping. 
MCNISA accepted. A&A Engineering, 
2521 W. La Palma #K, Anaheim, CA 
92801. 714-952-2114, FAX 714-952-
3280. 

MIKEMASTER: A microphone preampli­
fier with noise gating & compression. 
Created by Marv Gonsior W6FR, March 
1998 OST. Got noise get MikeMaster! 
For kit order #210-KIT at $69.95. 
Assembled & tested (specify Kenwood, 
ICOM, or Yaesu wiring) order #210-ASY 
at $89.95. Shipping for US. & Canada is 
$6.50, others add 15%. CA residents add 
7.75% sales tax. For info send legal size 
SASE to A&A Engineering, 2521 W. 
LaPalma #K, Anaheim, CA 92801. P 
714-952-2114, Fax 714-952-3280. 

LML RADIO & electronic. Let us be your 
one stop shop. Let us be your one stop 
shop for all brand's of commercial & CB 
radio equipment, test equipment & other 
surplus. Free catalog 909-873-1319. Fax 
on demand 24 hr. 909-820-1885. Web 
catalog Http://members.aol.com/hrh6 
Write: 424 E. Shamrock, Rialto, CA 
92376. 

NEW PRODUCTS FROM S & S: 
UPGRADE YOUR OLD RIGS! Digital 
dial (counter) has 10Hz resolution HF, 
1 OOHz VHF and frequency range 50KHz 
to 230MHz; kit $99.95; assembled 
$149.95. NEW Digital VFO with 1 Hz res­
olution to 54MHz; kit $169.95; assem­
bled $219.95. S&H $7 (Continental US). 
GUARANTEED TO WORK. For info send 
SASE. Call/write to order: S & S 
Engineering, 14102 Brown Rd., 
Smithsburg, MD 21783. 301-416-0661, 
E-Mail: N3SAD@aol.com or see 
http://www.xmetric.com/sseng 

2.4 GHz/1.2 GHz VIDEO 
TRANSMITTER & RECEIVER designed 
exclusively for HAM ATV bands. 8 switch­
able frequencies; F/SMA type connec­
tors with two 1/4 wave rubber-duck 
antennas included; 100 mw output 
power. Receiver has greater than -80 dB 
sensitivity. Price $119. Related camera, 
video, and security systems also avail­
able. Two additional audio channels can 
be used for digital data applications. Due 
to high response, please contact by E­
Mail: info@4atv.com Website: 
www.4atv.com 

HAM GEAR 
WANTED 

CB - SCANNERS 

FREE CATALOG: hobby radio books; 
frequencies, modifications, repairs, 
upgrades, maintenance & more! Largest 
source of monitoring books available in 
one catalog! CAB, PO Box 56-NV, 
Commack, NY US 11725. Phone: 516-
543-9169, 9-3, M-F. Fax: 516-543-7486. 
E-Mail: catalog@crbbooks.com 

ABC ELECTRONICS 315 7TII A VEN. MPLS .. MN. 55401 
(612)332-2378 FAX (612)332-8481 E-MAILSURPl@VISI.COM 
WE BUY TEST EQUIPMENT AND COMPONENTS. 
VISIT US ON THE WEB AT WWW.ABCTEST.COM 
HP S4501A IOOMHZ DIGITIZINO SCOPE Sll00.00 
HP SllOID lOOMHZ DIGrliaNO SCOPE SI000.00 
HP S4201A 300MHZ DIGn1ZING SCOPE SI000.00 
HP $4200A ~SCOPE/WAVEFORM ANAL VZER $700.00 
HP3312A 13MHZFUNCTIONGENERATOR. Sll0.00 
HP S370A IOOMHZ U.T.I COON'll!R $400.00 
HP 3516C LEVEL MaER S7SO.OO 
HP .t1'A POWER METER WIO SENSOR.tCABU! $500.00 
HP 8"08 SWEEP OSCILLA 'IOR MAINFRAMB Sl000.00 
HP 3437 ... 3.SOIOIT SYSTE~I VOLT METER $250.00 
HP '4SSA DIGITAL MULTIMETER S2SO 00 
HP 34..~ DlOrTAL MIJLTJMETE!l $400.00 
HP )3l6C SYNllfESIZE!UUVEL GTh'l!RATOR $800.00 
HP lJ25A SYNll!ESIZl!R/1-1.JNCTION GENERAIDk $1000.00 
HP lIDA :ZOOMHZCOUNTER $600.00 
HP 8165A PROGRAMMABLE SIGNAi. SOURCE SI 100.00 
HP JS.,181 JOOK·ISOOMHZ SPEC'JllUM ANAL VZER $1000.00 
HP 8559111183 IOMHZ-llGHZ SPECTRUM ANALYZER $3000.00 
HP 1740A lOOMHZOSC'lLWSCOPE ruo.oo 
HP6034A60VDC·IOAPOWERSUPPL"/ $7'0.00 
HY6M9B 40VDC-"1A POWER SUPPLY $800.00 
HP6$'3A 40VDC·l2'A.POWERSUPPLYOPl'J01 $1200.00 
HP6032A20VDC·SAPOWERSUPPLY · s..~.00 
HP 66-ClA .SVDC-4.lA POWtt SUPPLY OPT .J03 $710.00 

HP4935A TRANS.IMPAIRMENTTESTSET , $900.00 
HP 5006A SIGNmJRE ANAL VZER $150.00 
HP86602B IMffZ.1300MHZllFPLUG $400.00 
EIPS7S MICROWAVECOUNn:R SIS00.00 
FLUKE 95 50MHZ SCOPBMETI:R "50.00 
LECROY 7lOO 400MHZ ().SCOPE $1000.00 
TEJC 47.S 200MHZ O.SCOPE $500.00 
TEK ~ IOOMHZ O.SCOPE $400.00 
TEK 49dP 1 KHZ·l .8GllZ SPEC.ANALYZER SJS00.00 
TEK 12«! UJOIC ANALVZER $7'0.00 
TEK 1DS320 IOOMHZ DIGITAL O.SCOPE $1400.00 
TF.K I l«llA SOOMHZ PROG.().SCOPE FRAME $750.00 
TEK 71154 .tQOMllZ OSCILLOSCOPE FRAME $500.00 
TEK 790-4 400MHZ OSCILWSCOPE FRAME $250.00 
TEK 71126 200MHZ VERTICAL PLUG S7S.00 
TEK 7A24 400MHZ VERTICAL PLUG $150.00 
TU 7880 400MHZTIME BASE S7l00 
TEK 7B92A SOOMHZ DUAL TIME BASE $125.00 
TEK 7812 SAMPLING PUJO S250.00 
TEK 7Ll410KJIZ.1.IKnlZSPEC.ANALVZl!R Sl000.00 
TEK AM103 CURR£NT PROBE AMPLIFER $250.00 
WAVETEK 14S20MHZPULSElFUNCTION GEN. $400.00 
WA VFJ'EK 182A 4MHZ FUNCTION GEN. Sl10.00 
WAVETEK9SS 7.S.12.4GHZMICROSOURCE $1100.00 
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Surveillance· 
Only Japanese Color Cameras 

~ ·" "" .- "\;;.;~ ·: . . 

BC-985 Color Board camera 
BC-985P Pinhole Lens camera 
BX-985 Black Box Camera 
SD-985 Smoke Detector cam 
EX-985 Exit Sign cam 
EL-985 Emergency Light cam 
PS-985 Pencil Sharpener cam 
CL-985 .carriage Clock cam 
VB-985 Video Bag w/12 hour 

Battery Pack and Charger 
· VP-400 Video Pen w/ 2 hour 

Battery Pack and Charger 

Color Camera Spec1f1cat1ons 

$125 
$145 
$155 
$195 
$195 
$225 
$225 
$250 
$295 

$1500 

Mahogany Clock Cam $250 

Sale Ends 7 /15/99 

High Resolution -- Over 380 TV lines 
Low Light Sensitivity -- Only 2 Lux 
Built-In Backlight Compensation 

Amer ican Innovations, Inc. 
383 West Route 59 
Spring Valley, NY 10977 

1 Year Limited Warranty 

M-F 11:00 - 8:00 P.M. 
Sat. 12:00 - 6:00 P.M. 
Tel (1) 914-371-3333 
Fax (1) 914-371-3885 

www.spysite.com 
Write in 64 on Reader Service Card. 

JUST ABOUT EVERYTHING YOU 
NEED FOR FAXES & PRINTERS IS 
AT ONE CONVENIENT ADDRESS: 

www.faxrepair.com 
lot service, palls & sales, Cyber-Test is 
America's largest Fax Suppotl Center. 

• CIRCUIT BOARD REPAIR Component level repair on boards and 
power supplies for all brands & all models. 

• ENTIRE MACHINE REPAIR We fix any thermal, ink jet or laser fax. 
Low flat rates available! 

• PARTS We have a huge inventory of new & refurbished fax and 
printer parts ready to ship. Easy ordering with no part number 
necessary. H-P laser parts available! 

• SALES Great deals on commercial grade plain paper faxes. 

• SUPPLIES Drums, toner & developer for laser faxes or printers. 
Lowest prices anywhere for Okidata, AT&T, DEX and Samsung! 

• SUPPORT Why go anywhere else? Check our Web Site or call today! 

press 116'' for repair & sales 
INCORPORATED 448 Commerce Way . Bldg. 100 . Longwood, FL 32750 

Write In 63 on Reader Service Card. 



KONNEX DISTRIBUTING. Call 1-888-
777-7874. PO Box 451372, Los Angeles, 
CA 90045. CBs, antennas, meters, tran­
sistors. Best prices. Credit card accept­
abl.e. 

MESSENGER, RED Devil, Shooting 
Star, Palomar, Superstar, Uniden, CB 
radios, microphones, exports, Galaxy, 
etc., more!! 5 page picture price sheets 
$1 (refundable) scanners too!! Galaxy, 
Box 1202, Akron, OH 44309. Over 15 
yrs. in business! 

HALCON COMMUNICATIONS 
Wholesale only: Cobra, Uniden, Midland, 
Galaxy, CTE, Super Star, Kenwood, 
Yaesu, lcom. Free catalog, Free call 1-
800-683-6999. 

27pc• kit 

~1r1;1 
1<2637 
MINIATURE AUDIO AMPLIFIER KIT 
Big sound from a small unit ! 
Small PCB with both pre- and power amp 
Short circuit protected 
Input sensitivity : 20mV 
Max. output power : 2.5W 
Power supply : 4.5 to 15VDC 

1 

19pc•kit 

Stage effects at home 
Adjustable flash role: 2-20 
flashes/second 
Powerful flash tube 
Supply voltage : l l 0- 2 

18pc•kit 

41IB1 
K6700 
2-WIRE REMOTE 
CONTROL TRANSMITTER 
Transmitter For K6701 Kit 
Control up to 16 devices*, with 
only 2 wires ! Remotely control 8 
(* 16 with 2 units) devices up to 
160 feet away. Transmitter is powered 
over the data wires. Simple operation by 
means of switches (not included) 
J ransmitter can drive multiple receivers 

240+ CHANNEL CB/HAM/COMMER­
CIAL radios: AM/FM/SSB/CW 
exporVdomestic: 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. 

CB MODIFICATIONS! Frequencies, 
books, kits, high-performance acces­
sories, plans, repairs, amplifiers, 10-
meter conversions. The best since 
19761 Catalog $3. CBCI, Box 1898NV, 
Monterey, CA 93942. www.cbcintl.com 

SCANNING USA: monthly magazine 
100% scanning. All the news and prod­
uct reviews from the writers you trust. 
Get more from your scanner. 
Subscriptions $24.95, samples $3. Call 
1-800-651-0922 your Visa or . 
MasterCard, or write 2054 Hawthorne, 
Joliet, IL 60435 

SALES, SERVICE: CB equipment, 
radios, modifications, power mice, echo­
reverb boxes, kits, meters, filters, anten­
nas, noise toys, mounts, hard-to-find 
items. Partial list $1, complete list $4. 
D&R Electronics, 10 Park St., 
Thomaston, CT 06787. 860-283-9492. 

See Us On The Web www.nut:svolt:s.com 

28pc•kit 

Use for home broadcasts, 
baby monitoring, security 
Frequency range : l 00-108MHz 
Microphone input 
No coils to wind 
Power supply : 9- l 2VDC 

36pc•kit 

01 
2-WIRE REMOTE CONTROL 
RECEIVER For K6700 Kit 
8 open collector outputs (max 200mA) 
LED output status indication 
Daisy chain 2 units for 16 outputs 
Power supply : 6- l 6V DC 

17pc•kit ca;., 
Kl803 

UNIVERSAL MONO 
PRE-AMPLIFIER KIT 
Boost any audio signal 

up to 40dB {xlOO) 
Max input signal : 40mV 

Frequency range : 20Hz to 20KHz 
Power supply : 10-30VDC/1 OmA 

0-15 Minutes Adjustable Delay 
3A changeover relay contact 
Start and Stop button included 
LED function indicator 
Can be modified for longer delays 
Power supply : l 2V /55mA 

7 415 Whitehall Street Suite 119 
Fort Worth, TX 7 6118 
(817) 284-7785 F: (817) 284-7712 
www.velleman.be email : velleman@earthlink.net 

Questions ? Contact us for a list of US distributors or to get your FREE catalogtJe 

Write In 68 on Reader Service Card. 

MUSIC & 
ACCESSORIES 

WANTED: OLD guitars/tube amps. 
Fender, Gibson Vox, Gretsch, 
Rickenbacker, Martin, etc. 405-737-3312 
fax 405-737-3355. E-Mail~ 
SonnySound@aol.com 

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. 

CRTs' CHEAP. Buy direct from the 
manufacturer. Save money. Mfg. all CRT 
types since 1950. 3 year warranty. Reg­
Res 19" 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. 

~:~ 
,{! 

19" RACKMOUNT PC chassis: Heavy 
duty, 4U, for standard 7 slots ATX moth­
erboard. Four (three hidden) 3.5"/two 
5.25" drive bays, power supply not 
included, $169 with this ad! Add $6 for 7 
slots AT conversion kits. Monitor chassis 
$229, keyboard chassis $129. 8255-
8253 1/0 card with prototyping area $69, 
12-bit ADDA card $89. Computronics 
Technology, 972-242-8087, www.cti 
-texas.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. 

333MHz MMX CPU w/fan & TX-Pro II 
motherboard, 4 megabyte AGP video, 
30 32 voice sound, 2 PCI Ultra OMA IDE 
ports, 4 72 pin EDO/FP & 2 168 pin 
DIMM/SDIMM sockets, 2 serial, 1 paral­
lel, 2 USB, PS/2, infrared ports, ATX or 
normal power, 2 year warranty, combo 
deal only $129. Similar as above, but 
with 366MHz Intel CELERON/A 128K 
cache Pentium II CPU, Intel jumperless 
i440LX/EX AGP chipset, 30 8MB video, 
56K modem/fax/voicemail $209. 847-
657-1160 or www.saveware.com 

SONY PLAYSTATION GAME­
ENHANCER, Play backups/imports. 
No messy soldering of mod-chip and 
breaking the warranty, simply plug the 
enhancer into your playstation! Skips 
both Sony Logos on bootup! The power 
to bust your games wide open!! Just 
imagine, infinite lives, unlimited energy, 
extra levels, hidden levels! Optional com­
munications package to connect to your 
PC! View any file on CD, copy memory 
cards and much, much more! $35. 847-
657-1160 or www.saveware.com 



LASERS & ACCESSORIES 
HELIUM NEON LASERS 
IB' Complete Systlms 
IB' Plum• Tubes 
IB' Power Supplies ~ 

DIODE LASERS 
IB' Vlslble / IR 
IB' Complete Modules 
IB' Colllm1tlng Optics 
IB' Drive Circuits 

ACCESSORIES 
IB' Optics 
IB' Electro-Optics 
IB' IR Vfewers 

~"'~ \ \,.~ FREE CATALOG 
WEB SITE: 

IB' Books & More 
iilciU:iJi'LH__. www. 
lnS'LitUmcn'LS mi-lasers.com 

Phone: 602-934-9387 • Fax: 602-934-9482 
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333MHz MMX system w/4.3 gigabyte 
hard driv~, 44X CD-ROM, 1.44 floppy, 
32 megabytes SDIMM memory, AGP 4 
megabyte video, 56K modem/voice/fax, 
3D 32 voice sound, 200 watt speakers, 
enhanced multimedia keyboard, Internet 
scroll mouse, mini-mid sliding door case, 
2 year parts and labor warranty. Only 
$459! Same as above, but with 366MHz 
Intel CELERON/A 128K cache Pentium 
II CPU and Intel jumperless i440LX/EX 
AGP chipset motherboard with 3D 8MB 
video, mid ATX case $599. Installed 
FULL versions WIN95B $59, WIN98 
$119, 847-657-1160 or www.sav 
eware.com 

CABLE READY TV card with capture 
and remote $89. use cables: ATX 
form card 18 pin header, 2 use, 1 
PS/2, 11F $15. 16 pin 2 use $17. 10 pin 
(2 5 pin) $19. 847-657-1160 or 
www.saveware.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 

BUILD YOUR own Pentium Computer 
and save money or start a small busi­
ness with a 79 min video tape. Ifs easy 
when you know how! Limited supplies. 
$29 (reg. $59.95) Call: 1-800-754-5096 
for details! 

COMPUTER 
SOFTWARE 

GAME WIZARD cartridge for 
PlayStation. Works like a mod chip and 
the best cheat cartridge all in one. It will 
use all the same cheat codes the others 
use. Only $29.95 free shipping. Toll Free 
1-888-467-6150 all credit cards accept­
ed. www.computerconnectionusa.com 

MICROSOFT OFFICE97 Professional 
Edition. New factory sealed, unopened. 
CD only. The STANDARD word proces­
sor, database, spreadsheet, much more. 
Only $49.95! While they las_t. FREE 
SHIPPING. brucesullivan@msn.com 

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 

CAM & MOTION SW/HW: Z-trace, PCB 
toolpath. Plotcam motion control, step 
drivers. cmheater@juno.com MSG/FAX 
407-452-7197, 407-459-2729. www.me 
gabits.net/ddt 

LINUX & FREEBSD & LINUX & 
FREEBSD Linux and FreeBSD distribu­
tions on CD-ROM for as low as $1.99. 
See our full range of Linux products and 
books at incredible prices. Use our 
secured shopping cart system at 
www.cheapbytes.com Visa and 
MasterCard gladly accepted. E-Mail : 
sales@cheapbytes.com fax: 209-367-
8518. CheapBytes, PO Box 2714, Lodi, 
CA 95241 . 

STEALTH MOD chips for Sony 
PlayStation. Now even your anti-mod 
games will work. Only $9.95 ea. + $3.35 
shipping. Call Toll Free 1-888-467-6150. 
All credit cards accepted. www. 
computerconnectionusa.com 

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. 

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. 

HOBBYIST SEEKS Altair 680, 8800, or 
lmsai 8080 computer, any condition. Call 
Shawn, 650-846-8208. maxweb@pac 
bell.net 

HP CALCULATORS wanted: models 10, 
70, calculator watch, others for private 
collection. Cash paid. Bob Morrow, 765-
855-2348, rkmorrow@aol.com 

Sell Nuts & Volts in your store! 
Contact us for complete details. 

phone 909-371-8497 
fax 909-371-3052 

E-Mail distributors@nutsvolts.com 

I 

Go Wireless With Our Modulu 
SILRX/TXM 

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

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

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

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

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

The TX2 and RX2 radio transmitter and receiver pair 
enable the simple implementation of a data llnli at up to 
40kbit/s at distances up to 75m IJ>.buildlng and 300m open 
ground. Both modules combine fuU screening with extensive 
internal filtering to ensuno EMC compliance by minimizing 
spurious radiations and susceptibilities. The TX2 and RX2 
modules wiU suit oneto-One and multlnode wireless links In 
applications Including car and building security, EPOS and 
Inventory tracking, nomote lnduSlrlal process monitoring, and 
computer networking. ._.._, ··· 
Because of their small size 
and low power requirements, 
both modules ano ideal for 
use In portable, battery­
powered applications such as 

hand-held 

RPC 
900 MM1 

AVAILABLE JAN '99 

tennl­
nals. 

BiM 
RPC - $99.00 ea. 

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

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

DIM - $69.00 ea. 
The BIM module integrates a low-power 

UHF FM transmitter and matching superhet 
receiver together with data recovery and 
TX/RX change over circuits to provide a 
low-cost 
solution to 
imple­
menting a 
bi-direc­
tional 
short-

Wrlta In 66 on Reader Servlca Card. 
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Features 

• Over 300 formulas 
• Ability to rotate equations. 
• Solve for any variable. 
• Help for each equation. 
• Win95, Win98, NT compatible 

Formula Categories: 
(A) Fundamental DC Formulas 

(B) Fundamental AC Formulas 

(C) RL and RC Circuits 

(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.0 
$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 

Write In 67 on Reader Service Card. 



TEST EQUIPMENT 

FEITEK PROVIDES repair, calibration 
and traceable certifications of test equip­
ment. Free estimates. We buy, sell and 
trade all makes of test equipment. Visa 
and MasterCard accepted. Check out our 
inventory and specials at WWW.FEiT­
EK.COM 2752 Walton Road, St. Louis, 
MO 63114, 314-423-1770. 

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 

HP 481 SA Z-meter: Sandford 
Associates. TOTAL service specialist. 
Repairs warranted to HP/QA factory 
specs. Former HP tech/supv with exper­
tise, parts, and tooling. Tel/fax: 908-852-
7989, E-Mail: GeoSA4815@co 
mpuserve.com 

POOR MAN'S Spectrum 
Analyzer/Monitor Receiver Kit. 2 to 1 , 700 
MHz. Basic kit only $78. 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 

SPECTRUM ANALYZER in a probe. 
$249. View thru your inexpensive scope. 
www.spectrumprobe.com 

AFFORDABLE HP power sensor repair! 
Most 8481As 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. 

TEST EQUIPMENT FOR SALE: · 
HTTP:/IWWw.A-COMM.COM 

r--------------------, 
~ ltty Bitty Phone 
,\1~1~ $29.95 
\i~-j Did you ever wish for an incredibly 

NO TAN UNESlll 
AMAZING 

MINI MICRO ...,,_... 
small hands-free telephone that FM RADIO! $7. 50 

keeps your computer desk clear. Gateway's 
Got It! This little touch-tone phone can sit on 
your desk, counter top, or even be stuck to 

your computer monitor! Measuring only 
about 61 mm ~ 48mm, it is even small enough 
to fit in your pocket! The detachable earset 
features a single earbud and a mini boom 

Much lighter than a heavy jam box 
with really good sound! This tiny 

radio (1.5"xl.06"x0.38") has a seek 
button, reset control, and an on/off 
switch. Personal listening has never 

sounded better! Ideal for ballgames, 
· studyhall, and workouts. Battery and 

nugget style earphones included. mic for lightweight hands-free operation. 
Handy redial and flash buttons too! Mini 

phone includes detachable ear piece/boom 
mic, modular phone cord, plastic hang tab, 

and instructions. 
L--------------------~ 

Perfect for listening on the 
beach ... compact to fit easily on even 
the skimpiest swimsuit, and no bulky 
headset means no tan lines around 

your ears! 

RF LINEAR POWER BOOSTER 
AMPLIFIER KIT $39.95 

A quick and simple boost for signal 
generators, transmitters, and other 

low power devices, this kit can 
boost power up to 1 watt over a 

frequency range of 100 KHz to over 
1000 MHz. Operates on 12 to 15 

vdc@ 250 mA, via a 2.1 mm male 
power jack. 38 dB gain at 10 MHz, 

lOdB at 1000 MHz. 
Optional case $14.95 

mini keyboard 
$10.00 

A very i:;mall computer keyboard (mea­
i:;urei:; lei:;i:; than 5-3/4" x 9-3/4") that 
takei:; up minimal dei:;k i:;pace. U6e6 a 

P52 connector, and keyboard enclo5ure 
ii:; black. Great for application5 requ iring 

a complete keyboard in a limited i:;pace, 
and an ideal i:;olution for thoi:;e wanting 
5omething lightweight and compact for 

tran5porting. 

Great fo! !:!o!!l~ o_i:: ~oc.k ~P.Dl~ationi:;! 

11111111111111111111111111111111111111111111111111111111111111111 

Solar Panel 12v 100mA 
$19.9S 

Perfect for charging batteries, powering projects, light­
duty emergency back-up, and other solar fun applications. 
These panels are framed and feature red and black alliga­
tor clip leads for easy attachment of most applications. 

approximate dimensions: S.S" x 12.2S11 x 0.7S 11 

LIGHTED HEADSET MAGNIFIER $J4.9~ 
You ASkEd foR hill Now wE: liAvE OUR populAR liqliTEd 

liEAdsa MAGNifiER whit 4 cliANGEAblE MAGNifyiNG 
lENsESI Tliis is A liANds.-fREE WAY TO SEE lirrlE TiNy pARTS 

AS you WORk ON ThEM whhouT hAviNG TO bE A CONTORTiON ARTiST whh A 
soldrniNG iRoNI ThE hEAdbANd sryLE MAGNifiER FEATURES A SEMi--Adjus1.-
AblE CENTER liqhT ( 4 AAA bArrERiES NOT iNcludEd) so you CAN Add A 

lirrlE liqliT TO TliE AREA whliouT cluTcliiNG A FIAsliliqliT uNdER youR cliiNI 
ThE AdjusTAblE JiEAdbANd firs COMfoRTAbly AROUNd youR liEAd, ANd TliE 

"GOGGLES" pull dowN OVER youR EYES foR EASY visibiliry. FEATURiNG 
1 .2X, 1 .8X, 2. ~X, ANd } . ~X MAGNifyiNG LENSES plus A Flip.-dowN 

MAGNifiER LENS slm AllowiNG you TO LoAd TWO LENSES iNTO ThE hEAdsa 
foR AddEd MAGNifiCATiON. (ONE REMAiNS iN plAcE, TliE mhER CAN bE 

FlippEd up OR dowN AS NEEdEd.) 
TNE FINE PRINT: PRICES SUIJECT TO CHANGE WITHOUT 
NOTICE• GATEWAY IS NOT RESPONSIBLE FOR PRINTING 

OP-tional keyboard ada ~ter: ~a a a u l"V"'lbAr"l\Jlele1Vcam ERRORS• MASTERCARD, VISA AND DISCOVER ACCEnU • 

P52 to 5 pin DIN $3.95 YYYYYY.~ll'VH'""J' ii\. n:i~m~~:EE:.':1~~~E~~-A~~~D~~~·~:PPL~J;0 ___________ ...______ SOME ITEMS IS LIMITED• PRICES DO NOT INCLUDE 

8123 PAGE BLVD • ST LOUIS MO 63130 * (314)427 "116 SNIPPING. UPS GROUND SNIPPINClllANPUNC WITHIN TME 
· , .., CONTINENTAL U.S. (ITEMS REQUIRINC ADDITIONAL 

9222 CHESAPEAKE DR .• SAN DIEGO, CA 92123 * (619)2791802 AMOUNTS ARE NOTEDJ ••• fS.00 FOR THE FIRST ITEM, $0.SO 
2525 FEDERAL BLVD • DENVER co 80211 * (303)458-5444 FOR EACH ADDITIONAL ITEM. RESTOCKINC CHARCE llAY IE 
MAIL ORDERS CALL 

0

TOLL-FREE . 1-800169-5810 ASSESSED ON RETURNED ITEMS. • ~~A::::A~::1~mo 
FAXORDERS(314)427-314Y Iii -Jil THROUOHG? 

P'g~•~ 
ELECTRONICS, INC 

Write In 69 on Reader Service Card. 

BRUEL & KJAER BU~ SELL, BEST 
PRICES. EXCALIBUR ENGINEERING, 
3198-C AIRPORT LOOP DRIVE, 
COSTA MESA, CA 92626. 714-540-
0169, FAX 714-540-5417. 

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:/ITECH-SER 
VICES.COM 831-385-7519. 

DEC EQUIPMENT WANTED!!! We are 
buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific 
Micro Systems (SMS), DSD, Datability, 
Dilog, other DEC compatibles, and 
Computer Output Microfilm (COM) units. 
Please call for a quote or fax us your 
equipment list. We buy, sell, and trade. 
KEYWAYS, INC., 937-847-2300 OR fax 
937-847-2350. 

POCKET TESTBENCH, tiny, portable, 
RS7232 instrument. Scope, logic, 
counter, generator modes. Oricom 
Technologies, 303-449-6428 
www.sni.net/-oricom 

TEST EQUIPMENT for sale/wanted: RF, 
Microwave, video and fiber optic. Cable 
TV, Broadcast TV, satellite and related 
industries. Wavetek, Tektronix, Hewlett 
Packard and other manufacturers. 
Spectrum analyzers, signal level meters, 
sweep systems, TDRs, OTDRs, and 
much more. PTL Test Equipment, Inc. 
Phone 561-747-3647 FAX 561-575-
4635. 

WAVETEK 5080.1 3 decade step attenu­
~tors, 0-81 dB 50 ohms, DC 1GHz .1dB 
steps, $150 ea.; HP 8170A pulse gen., 
$1,000; HP 8165A programmable func­
tion gen., 10MHz-50MHz, $850; 
Tektronix 2230 1 OOMHz digital storage 
scope, $1,200; Tektronix 2235 1 OOMHz 
scope, $600; Bafco 916AXH, sweep 
audio ana., $400; HP 3586C selective 
level meter, $1,000; HP 3586B selective 
level meter, $800; Krohn-Hite 3323 dual 
variable tunable filter, 1 OHz-1 OOKHz, 
variable band pass, low pass, high pass, 
band reject, $500; HP 3400A RMS 
meter, $250. A-COMM ELECTRONICS 
303-341-2283, FAX 303-341-2293. 

HP 4288 current meter, $300; HP 3310A 
5MHz function gen., $200; HP 203A, 
variable phase function gen., $300; HP 
86408 sig. gen., $1,000; HP 8640B opt 
02, $1,500; HP 5335A 1.2 counter, 
$1,200; HP 5334A, $600; HP 83638 2.3-
6.5 GHz sig. gen., $1,500; HP 3581 C 
selective level meter, $800; HP 5423A 
structural dynamics analyzer, $1,500; HP 
8901 A modulation ana., $1,000; HP 
3312A, sweeping function gen., $500; 
HP 4944A TIMS, $300; HP 334A, distor­
tion ana., $500. A-COMM ELECTRON­
ICS 303-341-2283, FAX 303-341-2293. 

LOGIC ANALYZER, TEKTRONIX 
PRISM 3002C/P. Like new condition. 
2GHz timing, 300MHz synchronous 
acquisition, in a 2-slot system. Contains 
2 30HSM High-Speed Modules, 4 P6487 
10-bit pods, 4 2GHz pods, manual, car­
rying case. Includes built-in LCD monitOr, 
keyboard, hard drive, and 3.5" floppy. 
New price was $20,600, asking $2,995. 
303-533-7355. 

ELECTROMAGNETIC/X-RAY radiation 
meters & probes: Ailtech NM-25T $50; 
International Light IL-730A '$60; MOH 
Corp. 2025 set, $70; Narda 8310, 8611 
$30; 8616 $45; 8621 B, 8623B $35; 8631, 
8633, 8652, 8662B $30; 8696 $35; 8716 
$50; 8722 $35. G&G 210-674-8771, fax 
210-67 4-8775. 



TEST EQUIPMENT: Scopes: Tek 485 
350MHz with factory service manual 
$500; Leader LB0-516 100MHz $450; 
Leader LB0-5158 100MHz $400; Philips 
PM 3320 200MHz digital storage scope 
$500; Philips PM 3217 50MHz $225; 
B&K 1570 100MHz $400; Sencore SC61 
1 OOMHz $650; Vector scopes: Leader 
5850C $500; 5850 $350; AC power con­
trol: Sencore PR57 {have 10) $250. 
Video analyzer: Sencore VA62 with 
NT64 & VC63 $800. Computer monitor 
analyzer: Sencore CM 2125 $1,900; CM 
2000 $1,400; camera video analyzer: 
Sencore CVA 94 $900. All equipment 
excellent condition. 623-561-0400, fax 
623-561-2225. 

AS NEW Oscilloscopes: Tektronix 2440 
500MS/s 300MHz digital scope $3,000; 
24458, 150MHz $1,000; 7104 1GHz 
$1,200; 2235 1 OOMHz $425; 30 HSN 
W/Doc 2GHz high speed analyzer new 
in factory box $300. All with money back 
warranty. Psitech Plus 707-745-4804, 
www.psitech-plus.com 

HEWLETT PACKARD spectrum anayz­
er 141T, 85528, 8554A 1.4GHz RF sec­
tion $875; 5517B laser head accepting 
offers; Fluke, as new 1921A true RMS 
voltmeter $300; Philips PM 6654 high 
resolution programmable timer counter 
$200; Wavetek 3001 signal generator 
$300. Psitech Plus 707-745-4804, 
www.psitech-plus.com 

SECURITY 

ALARM PANELS, motion detectors, 
contacts, CCTV, and more. Equipment 
that only the professionals can buy. Visit 
www.heselectronics.com or E-Mail 
alarms@heselectronics.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 /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/W 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 

QUAD MULTIPLEXER BLOW-OUT. 
JUST IN big load of color + B/W quads 
from American Dynamic+ Robot. AD-
1473 real-time B/W quad reg. $400, 
NOW $100. AD-1474 4 cam B/W multi­
plexer $150. AD-1480SL16 16 cam B/W 
multiplexer reg. $600, NOW $250. AD-
1584SL 16 16 cam COLOR multiplexer 
call for price. Robot video telephone 
transmitters 50-80% OFF. Robot quads + 
multiplexers 50-75% OFF. Burle water­
proof metal camera housings reg. $85, 
NOW $25. Burle steel high security 
inside corner housings reg. $250, NOW 
$50. Burle auto-iris lenses TC-9908 8mm 
1.2 reg $70, NOW $40. Burle 12 mm 1.4 
auto-iris reg $75, NOW $40. TONS of 
Panasonic auto-iris lenses NEW=USED. 
Pan + tilts, receiver drivers, fiber optic 
equipment. WE'LL BEAT ANY PRICE! "I 
must be outta my mind." PRO-VID SYS­
TEMS Co., Woburn, MA, 781-933-0827. 
E-Mail: RicksVideo@Medial.NET 

MB-650PA ·$139.95 MB·750U ·$119.95 
2.8mm Pinhole Len.. 4.3mm Micro. Lens 2.amm Pinhole Len.. 4.3mm Mlcro. Lens 

~::i~J~ :~~~ ~ ~ ~1~i~~os~~ries ~ ~ 
• 1.18" sq. • 420 TV Line 
• 380 TV Line 

~ 14 •- ~I ~ 14 C.:.. Ill 

The Best, Smallest, Micro Cameras on the Market Today! 
Call and Compare! We Match or Beat All Prices/ 

..channel sfW & 
Wireless 4 s ""a\\at>\el 

0 ., camera 
COL " 

Wlreless Observation System's 
GFS-1001 (900MHz) -$499.95 
GFS-1001c (900MHz) -$599.95 
(900, 1.2 & 2.4 Ghz 
systems available.) 

GFT-1001 $189.95 
Gives any camera the 
ability to be Wireless. 

',ff;,~ 100 WATT PA AMP 
!'_' · -

. . ' ~ \ 

GROMMES-PRECISION ST100E AUDIO AMPLIFIER, solid . 
state 100 watt public address amp; response 35 to 20000 
Hz 4 ohm output, 0.3% distortion. Volume controls for 

MIC-1 & -2, AUX input, MUSIC and MASTER plus BASS andTREBLE controls. Also 
slide switches: Loudness and Lo Filter plus Peak Power/Over-load indicator. Back 
page, two Lo or HI Z mic select, uses discrete transistors, and two XLR 3-pln male mic 
connections, with instructions and schematic. 4.3x15x12.8, 25 lbs sh. NEW, $199.50 

1950's CAR TESTER 
HEYER MODEL 337 TACH I VOLTMETER with 4.5" chrome-rimmed meter. 
ranges 0-1000 & 0-5000 RPM and+/- 0-18 VDC, Amplifier button plus socket 
for timing light. With tubes OA2 & 2D21; 6 or 12 voe use. Nice addition to a 
car collector's display! 13x5x5, 9 lbs sh. UNUSED, not tested, $24.95 

1 to 1400 MHz Sweeper 
WAVETEK 2001A SWEEP GENERATOR, covers 1 to 1400 MHz 
sweep and CW in bands 1-500, 450-950, and 950-1400 MHz. 
Sweep width 50 KHz to 500 MHz. Sweep time: 100 to 0.01 Sin 

~~.::!:.~~N 4 decade steps. Markers at 0.2, 1.5 and 20 MHz harmonics and 
single frequencies 63 MHz, +/-0.35 and +/-0.9 MHz. Marker 

width 15-400 KHz in 4 steps. RF output cootinuously adjusta-ble +9 to -81 dBm into 50 
ohms. Requires 1151230 VAC 50-60 Hz; 5.3x 11x14.2, 25 lbs sh. USED-reparable 
w/book, $395.00 

30 FT ANTENNA MAST 
AB-1244/GRC MAST KIT, twelve aluminum alloy on steel sec­
tions form sturdy, yet lightweight 30 foot 1.T' dia mast. Kit 
in-eludes five each lower and upper sections, one ea lower c=···;· 
and upper adapter sections, gin pole swivel bsse, four ea 36 ... 
and 42 ft guy ropes, four guy stakes, two guy rings plus a 2.5 pound sledge hammer. 
Part of OE-254/GRC antenna set; 30 lbs. NEW, $139.50 

Prices F.O.B. Lima, Ohio. VISA, MASTERCARD accepted. 
Allow for shipping charges. Write for latest Catalog. 

Address Dept. NV + Phone 419/227-6573 + FAX 4191227-1313 
E-mail: fairadioOwcoll.com Home Page: http://www2.wcoil.com/ -fairadlo 

FAIR RADIO SALES CO. 
1016 E. Eureka + Box 1105 + Lima, Ohio 45802 

Write In 71 on Reader Service Cerd. 

Panasonic Color camera Sale 

Size: 1. 

Our Smallest 
Video Camera 

PinHole Camera: 

CMOS Camera 
CM-550u -$69.95 

CM-550p -$69.95 '---..........,L..._-~ 

Micro Color MB-45c8: $99.95 
•Wide Voltage Range, 5-14 Volts! 
• Small Footprint! 
• Self contained ultra small package 
design for various applications. 

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

Soecifications: MB-45c8 Color Camera 
Pick-up device .. ... . .. . 1/4" Interline transfer 
Effective Pixels . . . . ..... 512 (H) x 496 (V) 
Scanning System .. .. . .. 2:1 Interlace 

525 lines - 60 fields 
Frame per second ... .... 30 frames 
Synchronization ... .. ... Internal 
Video output. . . . .. .. . .. VBS. 1vpp 75 Ohms 
Horizontal Res. . ....... More than 330 lines 
AGC .. .. .. ... . . . .. . . On fixed 
White Balance ....... . . ATW fixed 
Operating Temperature .. 32°F to 104°F 
Ambient conditions . ..... Indoors 
Lens: ............ F2.8 Hor. Angle 45° - Ver. Angle 34° 

These cameras are supplied with a PCM-1 
Video/Power cable. The BNC connection is for 
standard video connection to a 
Monitor or VCR. 

1·800·752·3571 [§ .. ~~ ~;!ii£:~5) Diameter:.91 " 

Polaris Industries 470 Armour Drive NE• Atlanta GA 30324 •Tech Info: 404-872-0722 •FAX 404-872-1038 ==~i:1~~'Z!%;'::':m'r!.~~hprice 
Write In 70 on Reader Service Card. ~ I 1',q., ~/JI/IE 1111 43 



SPECIAL! IC 113: PIA motion detector 
with audio! W/ NO/NC alarm outout. 
CCD camera with audio can be turned 
on by detector. 5-1/4" (L) x 2-3/4" (W) x 2" 
(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 

NEW! AS-1004, 2.4GHz transmitter & 
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 @ 10 pcs. Mateo, Inc. 1-
800-719-9605 Fax: 630-350-9546. E­
Mail : nsales@mat-co.com Web site 
www.mat-co.com 

NEW PRICING! QVS 104: Quad video 
system. Near real-time. 8.5" (W) x 2" (H) 
x 5.5" (L). $149@ 5 pcs., $145 @10 pcs. 
Also available: 8-2 video auto-switcher, 
$65@ 5 pcs., $59 @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 

Tired of Expensive Inkjet Cartridges ? 

Save 90% on Inkjet Inks ! 
Printer #of Refills Cost I Refill Kit Price 

Black I Color Black I Color Black I Color 
HP 500 Series. 400, Officeiet 300. 350, Fox 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, Cooier 120, 210 6 10 6.67 4.00 39.95 39.95 
HP 720C. 722C, 712C, 880C, 890C, 895C·l120C, 1170C 6 10 6.67 4.50 39.95 44.95 
C.OOOn BJ-10, 200, 210, 240, 250 Apple SWriter 1200, 1500 14 20 2.15 2.00 29.95 39.95 
Canon B..IC-4000 Series, C2500, C3000, C3500, C5000 60 60 0.50 0.67 29.95 39.95 

Apple StyleWriter 2400, 2500 

Cmon BJC-600. 610, 620 Aoole SWriter Pro 20 13 1.50 3.07 29.95 39.95 
Eoson Stvlus Color. Color Pro. Pro XL 12 12 2.50 3.33 29.95 39.95 
Eoson Stvlus Color II, lls, 1500 !Blade 15 15 2.00 2.66 29.95 39.95 
Eoson Stvlus Color 500, 200 20 17 1.50 2.35 29.95 . 39.95 
Eoson Stvlus Color 400, 600, 800, 850, Photo 20 17 1.50 2.65 29.95 44.95 
Lexmcrk JP 1000. 1020, 1100, Exec.Jet II, lie, ~Y 4C 10 17 3.00 2.35 29.95 39.95 
Lexmcrk 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 - so% on New Compatible Cartridges! 

Printer 

Cmon BJC-4000 Series, C2500, C3000, C3500, C5000 

Canon BJC-70, BJC-80 

Epson Stylus Color 440, 640, 7 40 

• BULK Inks, RellD Acceuorles 
• Glossy cud stock 8 Coated Paper 
• Scbool 8 Government PO'• Welcome 
• z • ~ Day Sldppla& 

BLACK COLOR 
CARTRIDGE CARTRIDGE 

Quality Inks fo·r: 
BP • Epson • Lexmark 
Canon • Apple • DEC 

lnklef • ii. 
Call or see us online! 

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

www.inkietsw.com 1 ·800·44 7 ·3469 
' (480) 668·1069 Fax (480) 668-0959 

Write In 72 on Reader Service Card. 

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. 

8 CAMERA DUO-QUAD DISPLAY 
BLOW-OUT. 8 camera B+W 2 page hi­
res. real-time quad w/2 video outputs. 
Selectable display quad/sequencer or 
both. These units are brand new discon­
tinued American Dynamics AD1475A. 
Similar units in this magazine are twice 
the price. Not a China imitation. Industrial 
unit. Our reg. price $350, NOW $175 EA. 
While they last! Pro-Vid Sys. 781-933-
0827. E-Mail: RicksVideo@ MSN.COM 

SALE! PS 102: Built-in pin hole CCD, 
lens size: 3.6mm. 5-1/2" (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 

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 voe, 0.08 lux, IR sensitive; 
1.27" x 1.27" x 0.5"D pinhole or 1" deep 
standard. Price @ 10 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 

SATELLITE 
EQUIPMENT 

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+ ADDITIONAL 
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 352-429-5496. 

DSS TEST CARD information. Call toll 
free, 1-888-416-7296. 



FREE BIG dish catalog. Low pricesl 
Systems, upgrades, parts, and "4DTV." 
Skyvision, 1010 Frontier Dr., Fergus 
Falls, MN 56537. www.skyvision.com 
Call 1-800-543-3025. 

FREE FLYER on DBS files, hacking, 
hardware info. Bill 1-800-879-9657. 

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. 

DEALERS WANTED: Sell Digital 
Satellite Systems to receive free ethnic 
programming. Excellent profit margin 
http://www.dmsiusa.com 1-888-591-
4416. 

MILITARY SURPLUS 
ELECTRONICS 

MILITARY FLUORESCENT lamp power 
reducers. Reduce any 40 watt lamp's 
power use by 50%, $6 each ppd. E.P., 
41-11 150th St., Flushing, NY 11355. 

WANTED: ARC-5 & SCR-274N 
receivers and manuals. John Broussard, 
312 Guilbeau, Breaux Bridge, LA 70517. 

AUDIO - VIDEO 
- LASERS 

ANTIQUE VIDEO TRANSFER SER­
VICE: transfer of any 2" quadruplex video 
tapes. Quad TV spots, features, medical, 
corporate, military, government, and uni­
versity tape libraries TRANSFERRED 
TO VHS. Affordable. Phone/fax 415-821-
7500. If no answer call 415-821-3359 or 
pager 415-245-8700. 

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 BN.J 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 

STEALTH MOD chips for Sony 
PlayStation. Now even your anti-mod 
games will work. Only $9.95 ea. + $3.35 
shipping. Call Toll Free 1-888-467-6150. 
All credit cards accepted. www. 
computerconnectionusa.com 

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. 

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 

WANTED: PRO video equipment, VCRs, 
switchers, cameras, etc. Advanced 
Media 702-87 4-1911. 

GAME WIZARD cartridge for 
PlayStation. Works like a mod chip and 
the best cheat cartridge all in one. It will 
use all the same cheat codes the others 
use. Only $29.95 free shipping. Toll Free 
1-888-467-6150 all credit cards accept­
ed. www.computerconnectionusa.com 

ATV 2.2GHz to 2. 7GHz wireless video 
data link module tuner & transmitter 
1 OOmW. Picotronic, web: http://mem 
bers.aol.corn/picotronic/atv. htm 

SONY PLAYSTATION MODCHIPS. 
Allows playing of CDR backups & 
imports. $10 + $3 shipping. 619-590-
9320. 

VIDEO PROJECTORS, GE Tularin up to-. 
2,000 watt. Projects to 20' wide screen, 
will accept smaller lamps. With spare 
parts and lens. $5,000 ea. or best. 3 
available. 760-736-4411 . 

BROADCAST VIDEO equipment want­
ed: all types, new or old. Please call, Jon 
with info. 1-800-539-2859. 

INDUCTANCE 
METER 
This is the kit 
everyone has 
been asking for. 
Turn your digital 
volt ohm meter 

into an inductance meter. It wilt read inductors 
3uH to 7MH. Power requirement 9v DC. 
SIZE: 1.75' x 2.5' 
IA-1 
IA-1CABINET 

KIT $14.95 
$8.95 

DIGITAL 
THERMOMETER 
The DT·3 kit will 
tum your digital volt 
ohm meter into an 
accurate digital ther­

mometer with .1 degree resolution. Measure 
temperatures from -40° to 250F0 The remote 
sensor is .25' sq. and can be mounted many 
feet from the meter.Power requirement 9V DC 1---------------t SIZE: 2' x 1.35" 

channe~ (2 thru 22) only. 

NOTE: All TV Filter Kits are 
sold for educational purposes ooly. 

You must obtain permission from your 
local cable company before using these fillers 

on your cable system. 

TONE 
DECODER 

DT-3 KIT $8.95 

CA-1 KIT $12.95 

• 

VOICE ACTIVATED 
SWITCH 

or scanners. 
• One relay & driver circu~ on board. 
• 9v battery powered.Size: 2 314' x 21/ff 

This VOX circuit can be 
used to operate a tape 
recorder. ham radio, CB 
radio, or turn on an alarm. 

The VOX-1 kit has 100MA of output that oper­
ates a relay, light. motor, ? What could you do 
with a sound activated switch? Power require­
ment 7.5 TO 1 Bv DC. SIZE: 1.5' x 1.3' 

If you want to switch more power see our 
Triac (TP-1) or Relay (RP-1)Power kit. 

FM STEREO TRANSMITTER Have your own FM radio station. My stereo signal you plug 
into the FMST-100 transmitter kit will be tymsmitted to any FM radio tuneable from 76 to 108MHz FM. 
Plug in your CD player, tape deck and have a wireless link to any FM radio. wfthin 200 fl Listen to your 
CD whie mowing the lawn. Transmft from your car to your camper. or through an audftorium. Transmft 
music on ooe channel sing on the other. Compatible wfth any audio system. Clarity is excellent, aprox. TI-16 KIT $34.95 VOX-1 KIT $6.95 
;;;~~~-Ill'!!~!:!:~ 40dB stereo separation. Length of antenna determines dis- !------------=-=------+--------------~• 

I'! . ······· - .. -- lance of transmission. Comes complete wfth left & right input WIRB.ESS ~ PHONE RECORDING 
• ~·:}~ ~~l=N:.w~~;~N~~':ri1~::a~~~-:separa- • FM MICROPHONE " : SWITCH 

· Small but mighty this little ~: This phone line powered 
FMST-100 SIZE: 1.5' x 1.6' KIT $29.95 jewel will out perform most v sw~ch is small enough to be 
Cabinet SIZE: 1.5·x 2.5 •• 3• $8.95 units many times its price. installed anywhere . Every 

._ ____ _.;;:::::;_ __________________ --t It really stomps out a sig- time the phone is picked up the reccrder will record 
nal. The WM-2 kit is a bothsidesoftheconversationautomatically. Useft 

RAINBOW MINI-LIGHT Super Bright Flashlight buffered wireless mike that operates from in your office to record all phone calls so you doni 
BOMHz to 120MHz FM, the frequency of any loose important information. SIZE:1'x .6' 
broadcast FM radio. Includes a mini-electret If you want 10 switch more power see our 
mike. 6 to 12v DC.SIZE:1.25'x1' 

• LED"s don't 
bumoutl 

Ughts up 

• Battery lasts 
foryearsl 

a complete bedroom 
at night 

• lfyouhave 
yolX keys, vou'll 
have a flashligll 

• Replaceable battery! 
• Bett..- buy 2, your 

wife is going to tal<e 
yo<.rs! 

~=:...... ~t~ $99
!.ch 

Blue MLB 

:;:9,..i ~tr' $129~ach 

LIE 
DETECTOR 
This kit can be 
great fun at par· 
ties. When you lie. 
generally your 
hands will sweat 
and the more you I--.,,""""~ 
sweat the louder 
the tone. This kit 

allows you to measure these changes, only a 
slight amount of change will cause· the tone to 
increase in frequency. Power rll(JJirement 6 to 
12v DC. Sill:: .8" x 1..2" 

LD-1 KIT $9.95 

$ 4 
Triac(TP-1) orRetay(RP-1)Powerkit. 

1--------Kl_T_
1_·9_5-1TEL:SW1 KIT $12.95 

DC VOLTAGE 
MONITOR 
If battery status is 
important, you 
need this kit. This 
kit uses 7 LEDs 
to monitor 12v 
DC in 1v, 1/2v. or 

1/4v steps. Monitor av or 5v in 1/4v steps. 
Great for boats, motor homes, model planes or 
race car ni-cads. All parts and instructions are 
included. SIZE: 1.3' ·x 2. 7°. If you want to 
switch more power see our T riac (TP-1 ). 

VM-1 KIT $7 .95 
For110AC VM110 KIT$10.95 

WATER ALARM 
Don't ever get stuck with 
a flooded basement or 
over fill your water buck­
et \Mien the liquid level 
reaches the sensor it 
automatically turns the 

pump on or off. The Water Alarm supplies you 
with 100 mA of output that activates a relay ( that 
you supply ). This relay can tum on a sump 
pump, or in applications where you are filling a 
area with liquid it tums off the pump. Sensor 
included. Size 1.4" x 2" 

WA-2 KIT 17.95 

This Maooal contains schematics, 
parts ists & P.C. board layrus for 
many ci the Rainbow Kits. Use 
yoor own parts to construct ~ 

Please add sullident JJOStage Rm lb $5.50 Canada $7.50 Addiaonal LB. Add $1.00 
US FUNDS ONLY We llill accept teiepllone orders fol \Ilsa or Mastercard 

Electronic Rainbow Ind., Inc. BE 

6227 Coffman Rd. lndlanapolls, IN 46268 • our kits. 
KIT BOOK 

s149s •IACTRONK 
RAINBOW 

CALL 317·291·7262 FAX 317·291·7269 ~ 
INTERNET: www.ralnbowklts.com ~ 

Write In 73 on Reader Service Card. 



4 Inch Video NTSC $150 
Sharp PIN 4LU4E 
Compostte NTSC & AGB 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 
Only9.9'W x 7.T'H x 1.5'D 
Ideal For Factory Automation 
Fully Artirulating Ball Mount 
Only $1095 With Touch 

CHARACTER LCD 

OPTREX DMF-SOOSSN-EW 
240 x 64 Graphic EL Backltt STN $30 
OPTREX DMF-5005N 
240 x 64 Graphic Reflective STN $30 
SANYO DM2023-7G1 
2 x 20 Character Reftective STN $8 
SHARP LM20A21 
2 x 20 Character Reftective STN $8 
VIKAY 2035TNLD NOlW-0 
2 X 16 Character LED Baddit STN $8 

LCD DISPLAYS 

6.3' Mono STN $60 
9.4' Mono Reflective $60 
8.4' TFT $250 
9.4' DSTN $150 
10.4'TFT $350 
10.4' DSTN $240 

NoteBook Screens 
340 Models In Stock 

Obsolete Screens Stocked 
Hard To Find LCD? Call! 

~ EJf !!IJ:!ochnolo~" 

LCD MONITOR 

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! 

CONTROLLERS 

ISA 
PCI 
PC/104 
NTSC 
Analog VGA 
Complete LCD Kits with LCD, 
Controller & Cable Starting 
under $200 

'7he World Leader In LCD Recycling" 

Ph: (949) 361-2333 Fax: (949) 361-2121 
http://www.flat-panel.com 

Write In 74 on Reader Service Card. 

Available Adapters 
EP·PIC(16C5x.61,62x.71,S4) $49.95 

Fast- Programs 27C010 in 23 seconds EP-PIC64 (16C62-5.12~> $39.95 

Portable - Connects to PC Parallel Port EP-Plc12 <12csox) 539·95 
EP-PIC17 (1704x) $49.95 
EP-51 (8751 ,C51) $39.95 

·versatile -Programs 2716-080 plus EE ep.11e (eaHc11 EJA) 

and flash (28, 29) to 32 pins EP-110 (66HC1110J) 

Inexpensive - Best for less than $200 EP-16 
<
16

bit EPROMs> '4
9·95 

EP-ZS (Z86E02,3,4,8,7,8) $39.95 
EP-SEE2 (93x.24x.25x.85x) $39.95 

• Correct implementation of manufacturer EP-750 (e1c1so.1.2) $59.95 
. . . EP-PEEL (ICT22v10,18v8) $59.95 

specified algonthms for fast, reliable ep.1051 (egc1051.2051> $39.95 
programming. EP-PLCC (PLCC EPROMs) $49.95 

• Easy to use menu based software has 
binary editor, read, verify, copy, etc. 
Free updates via bbs or web. 

EP-SOIC (SOIC EPROMs) $49.95 
EP-TSOP (TSOP EPROMs) $59.95 

Many Other Adapters Availa~ 

•Full over current detection on all 
device power supplies protects against 
bad chips and reverse insertion. 

M2L Electronics 
970/259..0555 

Fax:970/259--0777 
250 CR 218 

Durango, CO 81301 
CO orders please add 7% 

sales tax 
• Broad support for additional devices 

using adapters listed below. 
htt :lwww.m21.com 

Write In 75 on Reader Service Card. 

LASER SHOW SYSTEMS AND COM­
PONENTS. Hobby and professional pro­
jectors. www.redline-lasers.com 

LASER POINTERS. 645nm wavelength, 
67mm x 13.S&nm dia. Beam up to 500 
meters. Special price @ $14.99 + $4 
S&H. 10 for $100 + $10 S&H. Batteries 
included with 1 year limited warranty. 
Catalog available for two 33-cent 
stamps. Bulk quantity discount available. 
SoCal (Nevada) Inc., 403 N. Freeman 
St., Oceanside, CA 92054. 
E-Mail: phcesq@pe.net 

SYNC-A-LINK UNIVERSAL video sync 
generators. For more details phone or 
fax 918-749-6451 or write to Sync-A­
Link, PO Box 4, Locust Grove, OK 
74352. 

CABLE TV 

UNMODIFIED CABLE CONVERTERS. 
Zenith ST1600, ST1086, 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. 

TOCOM UNMODIFIED 5503 CABLE 
CONVERTERS UNTOUCHED. $6 
EACH. 10 LOT MIN. CALL 706-657-
4445. 

CABLE PARTS & EVERYTHING. Best 
prices & quantity discounts. WE DON'T 
SELL BOXES. 1-800-MODULE-O. 

CABLE CONVERTERS. Original equip­
ment with remote. Like new, ready to go. 
Lowest prices guaranteed. Limited mod­
els.Tele-Pix Electronics, 412-833-0n3. 

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. 

NOTCH FILTERS 110, 108.5, 106.5, 
97.5 75dB deep notch. $19.95 ea., 1-5 
qty. $15.95 ea., 6-10 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. 

Network Service Tool Set PC Service Tool Set 
ATTENTION: YOU'VE tried the rest, 
now go with the best. UNICORN 
ELECTRONICS where our valued 
customers ALWAYS come first. 
CABLE CONVERTERS AND 
ACCESSORIES. We will beat all com­
petitors prices GUARANTEED. All 
UNITS in STOCK FOR IMMEDIATE 
SHIPMENT. FREE batteries and coax 
cable. FREE bullet protection with 
every unit purchased. FREE shipping 
with a $500 purchase or more. NO 
COD charges. ALL products come 
with a 1 year warranty and a 30 day 
money back guarantee. Please give 
us a call TOLL FREE 1-888-738-8181 
9am to 6:30pm EST. VISA, M/CARD, 
DISCOVER, COD. UNICORN 
Electronics does not advocate unau­
thorized use or theft of cable services. 

Popular installation and service tools for networks, modems and 
telephones. All hand tools are professional heavy duty type. 

Contains all tools needed to troubleshoot & service 
IBM-compatible PCs. Set includes: 

Use the compact tester on 10BASE-T (UTP & STP), thin 
Ethernet (BNC), 8-position Token Ring, AT&T 258A and 
EIA!TIA 568A/B. Automatically scans cables for continuity, 
wiring sequence and polarization. Tests STP cable ground. 
Testing installed cables is easy with Remote Terminator 
and gender changers (UTP and BNC). 9V battery included. 

• AMI Diagnostic Software 
•POST Card 
• Logic Probe 
• Digital Multi-Meter 
• AC Receptacle Tester 
• Serial Adapter 

• Serial & Parallel 
Loopback Connectors 

• DIP IC Puller 
• PLCC IC Puller 
•Grounding Wrist Strap 
• Key Top Puller 

• Coax Stripping Tool, RG-58 & RG-59 PC Diagnostic Tool Set Order No. 55000 $198.00 
• BNC Crimping Tool, RG-58 & RG-59 
• Modular Cutting/Stripping/Crimping 

Tool (4, 6 & 8-Position) 
• Multi-Network Cable Tester 
• AC Receptacle Tester 
• Cable Cutter 

Order No. 55625 $197.00 

46 JI/KE 1111/?fttu ~ 1'1fU ~ 

• AMI Diagnostic Software 
• POSTCard 

Order No. 55555 $89.00 
Network Installation 
Tool Set 

• Network Tool Set 55625 
without the Multi-Network 
Cable Tester. 

Order No. 55600 $99.00 . .......... 
Call for your FREE Catalog CALL TODAY! 
Grayrnark® 800-854-7393 

P.O. Rox 2015 Tustin, CA 92781 
http ://www.labvolt.com =c•~il 

Write In 76 on Reader Service Card. 

THE BEST is back to stay. Master code 
recovery. 16c5x, 16c62x, PALS, GALS, 
other m1crocontrollers, 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-
7 41-0338 to place an order. 

GENUINE UNMODIFIED JERROLD 
DPBB7312 FOR SALE 10 LOT MIN. 
CALL 708-715-6118. 

Continued on page 55 



f you've experimented 
with BASIC Stamps, 
you know how easy 
they are to use. Just 
plug them into a 9V 
battery, a PC cable, 
and you are off and 
running. However. as 
your projects grow, 
the Stamp can't 
always keep up. Maybe 
you need interrupts, 
or faster processing. 
You might want to use 

onboard ADCs or DACs. At this 
point, most people turn to the PIC 
microprocessor family from 
Microchip. 

The PIC is certainly not as easy 
to use as the Stamp. However, it is 
a lot more powerful. Depending on 
the type of PIC you get, you'll also 

gain access to onboard peripherals. 
Some PICs have onboard EEPROM. 
UARTs, ADCs, 12C interfaces, and 
other useful devices. The result is 
that many Stamp users eventually 
migrate to PICs - at least for the 
more taxing projects. 

In this article, I'll show you a 
new microprocessor from a compa­
ny named Scenix. Their Scenix SX 
chip is compatible with a PIC, but 
has even more features. Not to 
mention that it can run about as 
fast as a PIC with a 200MHz clock! 

Interested? You can get start­
ed with the SX for very little money, 
and you can own the top-of-the-line 
development system that includes 
real-time debugging and emulation 
for just a few hundred dollars. 
While you examine the chip, you'll 
also see a PC data acquisition cir­
cuit that does analog-to-digital con­
version and high-speed serial output 
all in software. 

When Does 50=200? 

If you read the SX data sheet, 
you'll find that the current parts 
operate at 50MHz. How does this 

equal to 200MHz? The secret lies 
in how the PIG handles its internal 
clock. Suppose you have a 16F84 (a 
common PIG chip) connected to a 
4MHz crystal. True, the clock speed 
is 4MHz, but the chip only executes 
most instructions every four cycles, 
which reduces your true clock 
speed to 1 MHz. 

The SX can operate in compati­
bility mode, where it also uses four 
clock cycles for most instructions. 
However. it also has a turbo mode 
that executes most instructions in 
one cycle. Combined with a 50MHz 
clock, this works out to be roughly 
equivalent to a 200MHz PIG! I say 
roughly because some instructions 
take eight real clock cycles on a PIC, 
but only require three cycles on the 
SX in turbo mode, so the actual 
throughput is even higher. Not satis-

fied with 50MHz? A 1 OOMHz 
device is on its way and may even 
be available by the time you read 
this. 

Differences and Similarities 

The SX resembles a 
PIC16C5x processor. The instruc­
tion set is a superset of the 
16C5x. If you are used to using 
the 16F84 processor. you will see 
there are a few slight differences 
since the 16F84 uses a slightly 
different core than the 16C5x. 
The SX has several new instruc­
tions, and all of the old 16C5x 
instructions. The chips are pin­
compatible (in both 18- and 28-
pin variants). Besides that, the SX 
has 136 bytes of RAM and 2K of 
program storage - more than 
most of the 16C5x family. 

Unlike a 16C5x, however, the 
SX has EEPROM memory - no 
UV eraser required. There are 
new instructions that let you take 
advantage of new features, a larg­
er hardware stack, and enhanced 
VO capabilities. Interrupts are sig­
nificantly easier to handle, too. 

The SX automatically saves anct 
restores its own context. If this isn't 
enough. you can also enable an 
internal RC oscillator that runs up to 
4MHz with no external components. 
Remember, in turbo mode, that's 
like a 16MHz PIG. 

The Virtual Peripheral 
Concept 

The key to Scenix's game plan is 
virtual peripherals (VPsJ. What this 
means is that the SX doesn't have 
fancy onboard 1/0 - no UARTs. no 
SPI interface, no ADCs. Instead, 
Scenix concentrates on making the 
processor ultra-fast. The only unusu­
al 1/0 device on the chip is an ana­
log comparator. 

Does this mean you can't use all 
these 1/0 capabilities? Not at all. 

Scenix supplies software modules 
that implement popular 1/0 devices 
in software (VPs). Present VPs 
include UARTs, ADCs, touch-tone 
generation and recognition, PWM 
output, and more. 

Is this better? That depends on 
your point of view. Software routines 
mean a bit more work for you as a 
developer. They also take away pro­
cessing time from your application. 
However. the flexibility is enormous. 
If you don't like the way a piece of 
hardware works, you can't easily 
change it. You certainly can't swap 
out, for example, a UART for an 
ADC. Changing a VP is as easy as 
altering the code. 

As for speed concerns, the SX 
is fast enough to do quite a few 
things at once. If you were planning 
on using, for example, a 20MHz PIC, 

Figure 41 . The Data Acquisition 
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/ SX Key - sxdas. src liJ(iJ £J 
.Eie f dit fita'l Help 

c l :r fs:r ;:reset 1 

:loop s etb fs:r. 4 
cl:r i nd 
ijnz f s:r ,:loop 

mov 'option,#%10011111 ;enabl e 

t op ; ma.in l oop 
bank anal og 

: wa. i t jnb complete . l, : wai t 
mov vO , adcO 
mov vl, adcl 
c l:r compl ete ; s t a.:r t new conv 
mov w, #ze:ro_ off set 
mov w, vO- w 
call send hex 
mov w,#ze:ro_ off s e t 
mov w, v l - w 
call send hex 
mov lJ ' #13 ; s end c1 
call send_byte 
j mp top 

~ 

Figure 2. The BX-Key Editor 

the SX (in turbo mode) is 1 0 times 
faster so, in theory, it should be able 
to handle your program. plus do 
nine more tasks of the same com­
plexity. I 

Development Tools 

One thing that makes the PIC a 
popular choice is that there are 
many cheap programmers for the 

Listing L The Data Acquisition System 

; Device 

device 
device 
id 
reset 

pins28,pages1 ,banks8,oschs 
turbo,stackx,optionx 
'DAS2' 
reset_ entry 

; Equates 

tx_pin 
adcO_out_pin 
adcO_in_pin 
adc1 _out_pin 
adc1 _in_pin 
zero_offset 

;variables 

ra.3 
rc.4 
rc.5 
rc.6 
rc.7 
8 

org 8 

temp ds 
number_low ds 
complete ds 1 
; holding for voltages 
vO ds 
v1 ds 1 

watch v0,8,uhex 
watch v1 ,8,uhex 

org 10h 
analog $ 

port_buff ds 

adcO ds 
adcO_accds 1 

adc1 ds 
adc1_accds 1 

adc_count ds 

org 30h 

serial $ 

; subtracted from raw counts 

; bit O = 1 when complete 

;bankO variables 

;buffer - used t:iy all 

;adcO 

;adc1 

; count for both ADCs 

;bank1 variables 
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PIC. In fact, you can find plans on 
many web sites to build your own 
programmer for a few dollars. 
Although there aren't as many free 
and cheap programmers for the SX 
yet, they do exist (see the resource 
box accompanying this article). I built 
the fluffy programmer (which uses a 
PIC to program the SX) in about a 
half-hour from parts I had around 
the lab. 

The official development tool is 
from Parallax (the company that 
makes BASIC Stamps). They sell sev­
eral versions of the SX Key and also 
an inexpensive SX Blitz. The Blitz is 
very serviceable as a programmer, 
but the Key is what you really want. 

The SX Key plugs into your PC 
serial port and programs the SX 
chip in circuit. It also can generate 
clock pulses to run the system in 
real time. Better still, it can debug 
the software in the chip at full 
speed. You can start and stop the 
target system, examine registers, 
and even set breakpoints. This is full­
speed hardware emulation. 

Of course, you can get this type 
of emulation for the PIC, too. It 
requires special bondout chips and 
hardware that costs between 
$600.00 and $1,500.00. The basic 
SX Key hardware is around 
$240.00. The full-blown top-of-t.he­
line system is around $335.00. The 

I 
only catch is that you must let the 
Key supply your clock, you must 
have the watchdog timer off, and 
you have to have around 138 free 
program instructions in the device. 

tx_high ds 
tx_low ds 
tx_count ds 1 
tx_divide ds 1 

org 0 

; Interrupt routine - virtual peripherals 

interrupt 
bank analog · 

;tx 

Getting Started 

Just to try things out. I decided 
to build a simple data acquisition 
system with the Scenix SX. I wanted 
the board to read voltages on four 
different pins and send the results 
to a PC at 19.2K baud. To simplify 
the PC software, I wanted to avoid 
sending binary data. The output for 
each channel is two hex digits repre­
senting about 20mV per count. 
Each packet ends with a caniage 
return. This allows the PC to syn­
chronize with the system. Since 
each packet is five bytes long, the 
system should be able to send 380 
conversions-per-second which is 
quite fast for many purposes. 

Some versions of the SX Key 
also contain an SX Demo board. 
This board has an RS232 level 
translator, and four pins that are 
suitable for analog input (remember, 
the analog-to-digital will all happen in 
software). I decided to make my cir­
cuit compatible with the board so 
it'd be easy to build the circuit, or 
just use the board a&fs. 

You'll find the complete code in 
Listing 1. If you are famiHar with 
Microchip's assembler, you may find 
the syntax confusing. The SX-Key 
uses an assembler that resembles 
8051 assembly. However. the basic 
machine code is identical (except. of 
course, for the SX's unique instruc­
tions ). It is possible to use the 
Microchip assembler. However. 
you'll want to use the Key's debug­
ging capabilities, so you might as 

; shifting the input bits aligns them with the output bits 
mov w,>>rc 
not w 
and w,#%01010000 
mov port_buff, w 
mov rc,w 

sb port_buff.4 
incsz adcO_acc 
inc adcO_acc 
dee adcO_acc 
sb port_buff.6 
incsz adc1 _acc 
inc adc1 _acc 
dee adc1 _acc 
inc adc_count 
jnz adc_out 

; Done so store results 
mov adcO,adcO_ace 
mov adc1 ,adc1 _ace 
setb complete.1 

; clear for next pass 
cir adcO_acc 
cir adc1 _acc 

adc_out 
; Begin UART VP 

bank serial 

clrb tx_divide.4 
inc tx_divide 
mov w,tx_divide 
and w,#$10 
sz 
test tx_count 
clc 
sz 
rr tx_high 

read capacitor voltage 
invert 
write to output 
store it 
and update pins 

;adcO 
;if it was was high, inc ace 

; incline/dee prevents roll 
;adc1 
;if it was high, inc ace 

;done (8 bits)? 

;set complete flag 

;serial transmit 
;only execute every 16th time 

;busy? 
;ready stop bit 
;if busy, shift bits 



well get used to using the Key's 
assembler. 

The UART VP 

The Scenix web site shows sev­
eral UART VPs. Actually, one of 
these VPs implements eight 19.2K 
UARTs! That's a bit of overkill for 
this application. There is another 
VP, however, that you can configure 
to operate between 2400 and 
230.4K baud. 

Nearly all VPs operate as an 
interrupt routine (usually from a 
timer interrupt). That means you'll 
often need to tweak them to work 
together. There are several things 
you must consider when integrating 
VPs with your program: 

• How often must an interrupt 
occur for this VP to work? 

• Does this VP require a con­
stant time between interrupts? 

• Does this VP use any 
resources already in use? 

065- 72C A65 : '!Jai t 
067- 211 02D 
069- 213 02E 

FFF 
FFF 
FFF 

CALL 
MDV loJ,#OB 
MDV loJ,OE-loJ 
CALL 03C 
MDV loJ,#OD 
CALL 04B 
JMP 064 
(unus ed) 
(unus ed) 
(unused) 
(unused) 
(unus ed) 

jnb 

mov 
mov 

complete.l,:'!Jait 
vO,adcO 
vl,adcl 

DO 00 00 00 00 00 00 

00 00 00 00 00 00 DO 00 

00 00 00 00 00 00 00 00 

oo . 00 00 OD 00 00 00 00 

00 00 00 no 00 00 00 00 

00 00 00 00 00 00 00 00 

00 00 00 00 00 00 00 00 

06B:.· 06C~~3~ci"V?F :-::' complete ' · ; ·- start new "conv - · . · ' -·. - -
06C- C08 mov w,#zero offaet 
06D- OSD mov w, vO-'!J 
06E- 93C call send_hex 
06F- COB mov '!J,#zero_offset 
070- QBE mov TJ, V l-tJ 

071- 93C call send_hex 
072- COD mov TJ, #13 ;send er 
073- 948 call send_byte 
074- A64 jmp top 

Figure 3. Debugging the System 

A UART. for example, requires a 
certain interrupt period to operate 
correctly. The typical VP interrupt 
handler does what it needs to do 
and then adds a negative number to 
the real-time clock counter. This 
forces the next interrupt to occur 
exactly when the interrupt routine 
wishes, even if the interrupt routine 
doesn't always take the same 
amount of time to execute. Of 
course, for this to work, the longest 
path through the interrupt handler 
must take less time than the inter- I 

rupt period. 
Consider this example: Suppose 

your real-time clock increments 
every 20nS [as it will if you have a 
50MHz turbo clock with no I 

prescale ). If you do nothing, you'll get I 
an interrupt every 5.12uS [256 
counts]. But what if you want an 
interrupt every microsecond? That 
should be easy - all you need to do 

is to preload the counter with -50. 
Then when the clock generates 50 
counts [1 uS], the counter will go to 
0 and the interrupt will trip again. 

There are two ways you could 

; Data 

sz 
rr 
sz 
dee 
mo vb 

mov 
retiw 

tx_low 

tx count 
tx::::pin,/tx_low.6 

w,#-163 

; required to output HEX numbers 

;if busy, dee counter 

;output next bit 

;interrupt every 163 clocks 

_hex dw '0123456789ABCDEF' 

' 
' ·*************** 
;• Subroutines • 

; Send hex byte (2 digits) 

send_hex 

:digit and 

; fall into send byte 

•*************** 
' 
' 

mov 
mov 
call 

mov 

w,#$F 

number_low,w 
w,<>number _low 
:digit 

w,number_low 

mov temp,w 
mov w,#_hex 
clc 
add w,temp 
mov m,#0 
iread 
mov m,#$F 

; Send byte via serial port 

send_byte bank serial 

:wait test tx_count 
jnz :wait 

not w 

; save W 
;send first digit 

;send second digit 

;read hex chr 

; read from program mem! 

;wait for not busy 

;ready bits 

;* Main * 
·******** 
' 

; Reset entry 

reset_ entry 

:loop 

rupt 

top 

:wait 

mov 
setb 

mov 

ret 

mov 
mov 
cir 
mov 
mov 
mov 
mov 

cir 
setb 
cir 
ijnz 

mov 

bank 
jnb 
mov 
mov 
cir 
mov 
mov 
call 
mov 
mov 
call 
mov 
call 
jmp 

tx_high,w 
tx_low.7 

tx_count,#10 

ra,#%1000 
!ra,#%0111 
re 
!rc,#%10101010 
m,#$0 
!rc,#0 
m,#$F 

fsr 
fsr.4 
ind 
fsr,:loop 

;1 start+ 8data+1 stop bit 

;init ra 

;init re 

;set cmos input levels 

;reset all ram banks 

!option,#% 100111 11 ;enable rtcc inter-

analog 
complete.1 ,:wait 
vO,adcO 
v1 ,adc1 

complete 
w,#zero_offset 
w,vO-w 
send hex 
w,#zero_offset 
w,v1-w 
send hex 
w,#13 
send_byte 
top 

; main loop 

; wait for data ready 
; capture it 

; start new conv 
; sub zero offset 

; write out 

;send er 
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do this. One is to load -50 into the 
counter at the start of your inter­
rupt routine. The other is to use a 
special instruction to retum from 
the interrupt. This instruction -
RETIW - adds the W register to 
the real-time clock and performs a 
retum from interrupt 

So if you loaded W with -50 
and executed RETIW. you'll return 
and the counter will be poised to 
interrupt again in a microsecond. 
Because the number is added to 
the current counter contents, it 
doesn't matter how long the inter­
rupt code takes to process (as long 
as it is less than a microsecond). 

A Software ADC? 

It is easy to understand how 
you can implement a UART in soft­
ware. But how can you make an 
analog-to-digital converter? The 
trick relies on some clever software 
and the SX's CMOS input threshold 
(you can select TTL or CMOS input 
thresholds in software). 

When you select the CMOS 
input threshold on an input pin, that 
pin will respond to a 2.5V or higher 
level as a logic 1. Notice in Figure 1 
that each analog input connects 
through a resistor to a capacitor. 
The capacitor also connects to an 
SX input and, through another 
resistor. to an SX output. 

The ADC virtual peripheral sets 
up a periodic timer interrupt. On 

each interrupt, the VP reads the 
logic level at the capacitor. inverts 
the bit, and writes it to the output. If 
the output is 0, the VP increments 
an accumulator. After repeating this 
255 times, the VP stores the accu­
mulator. which will be proportional 
to the voltage on the input. 

The effect of all this is to gener­
ate a PWM voltage that will keep 
the capacitor's voltage hovering 
above and below 2.5V. The amount 
of time the SX is not pumping cur­
rent into the capacitor is propor­
tional to the amount of t ime the 
input is supplying current, and this 
must also be proport ional to the 
input voltage. 

This method is simple and 
allows you to calculate as many bits 
as you want. By cycling 256 t imes, 
for example, you can perform an 
eight-bit conversion. Of course, the 
least-significant bit will vary because 
of noise and other factors, but this 
is common in many types of ADCs. 

With the 50MHz clock and an 
interrupt time of -1 63, the ADC can 
work with signals at about 600Hz 
and below. Above t his frequency, 
accuracy will suffer. 

Another consideration is that 
the input impedance of the ADC is 
relatively low (1 OK with the compo­
nents used here). That means you 
must either account for the 1 OK 
resistor, or you'll need to use an op­
amp to isolate the input. The op 
amp's high input impedance will 

RF Data Modules 

• I I I l 

• SmaU size : 17.78 x I l.43mm 
• CMOS!ITL input 
• No adjustable components 
• Low Current. 4mA typical. 
•418MHz or433.92MHz OOK 
• Simple to integrate -simply 
add antenna, data and power 

• Range up to 250ft. 
• Wide supply range, 2- 14Vdc 
• SAW controlled - stability 
• Also available in DIL package 

• Compact size: 38. I x 13.7mm 
• On-board data recovery. CMOS 
• Low current. 2.4mA typical 
• 2kHz data rate. CMOSfITL output 
• 5Vdc operation 
• On 418MHz or 433.92MHz (4xx) 
• No adjustable components 
• Patented Laser Trimmed component 
• High stability 
• Sensitivity: - I 05dBm 
• Available also in 0.8mA version 

•Up to 500ft. range 
• 5 v operation 
• 0.25mW into 50 
•418 or 433MHz fM 
• Fast !ms enable 
• Direct interface to 5V CMOS 
•Auto TX/RX changeover 

AM-RTS •...•......•.. $12.10 AM-HRR3-4xx ............ Slo.95 BIM-4xx-F .•••.••..••. $87.36 

• µController with user EEPROM 
• RS232 interface protected to ±15kV 
• Data packetizing performed 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, 20mA 

BIM-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 
• 114 wave wire antenna on board 
• Available in a Simplex Tx/Rx 

70 x 65 x 15nun pair.(RTcomTX & RTcomRx) 
• 7.5V-15Vdc operation 

Transceiver.......... RTcom4xx. ••••••.•••••••• $247.90 
Transmitter.......... RTcomTx4xx. ........... S 87.15 
Receiver........... ... RTcomRx4xx. •••. ·- ···· $105.52 

~~m ABACOM ~' TEC HNO LO GIES 

Tel: (416)236-3858 
Fax: (416)236-8866 

www.abacom-tech.com 
~:;...;;.;;~OJl'il abacomtech @compuserve.com 
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minimize loading on the circuit while 
the low output impedance will pre­
vent the ADC's resistance from 
affect ing measurements much. 

Making it Work 

You can find the entire system 
schematically in Figure 1. This con­
figuration is compatible with the 
Parallax SX demo board so you can 
use it instead of building the hard­
ware yourself. 

You can see the SX develop­
ment environment in Figure 2. This 
is a simple text editor with few frills. 
The real treat is when you want to 
t roubleshoot your program. You can 
run t he SX program directly from 
the development environment. The 
software programs the SX through 
a four-pin connector that connects 
to t he SX clock pins. After program­
ming, the SX hardware generates a 
clock at your choice of frequencies. 

In addit ion to running the pro­
gram directly, you can also initiate a 
debugging session (see Figure 3) . 

From here you can set a break­
point, and examine or change regis­
ters. You can also single step code 
line-by-line. 

Other Ideas 

Although Scenix has a plethora 
of VPs available on their web site, 
there is nothing to stop you from 
writing your own. Scenix even has a 
program where independent com­
panies can sell their own VPs. 

Having a 50 or 100 MIPs 
microprocessor opens up a lot of 
new territory for designers. OSP­
style software becomes possible at 
these speeds, and the SX is much 
less expensive than the typical OSP 
chip. 

Of course, you can simply use 
the SX as a replacement for the 
PIC, and that's good, too. However. 
extra computing power is like extra 
cash; you can always find something 
to do with it! NV 



by Gordon West 

n a few more months, 
the Federal 
Communications 
Commission will take 
action on their pro­
posed Docket 98-143 
to restructure the 

amateur radio service 
and allow worldwide 
high-frequency General 
class privileges at a slow­
er Morse Code test speed. 

The General class code test will probably 
be 5 wpm, and any Technician-Plus ham oper­
ator may be instantly grandfathered to the new 
worldwide high-frequency General class band 
privileges. Technician no-code operators would I simply learn the code at 5 wpm and, they too, 

would fall into those new world­
wide General class privileges. 

Or maybe there might be 
one additional General class the­
ory test involved - Element 3B. 
This is a relatively easy multiple­
choice test to pass, so everyone 
in the industry is anticipating a 
major influx of Technician class 
operators to worldwide high-fre­
quency band privileges. 

High-frequency equipment 
manufacturers like Yaesu with 
their new FT100, JCOM with 
their new JC-706G, Kenwood 
with their 50, and Alinco with 
their 70 are ready with equip­
ment for immediate dealer sales. 
In fact, most manufacturers 
agree that high-frequency radio 
sales are up to Technician class 
operators anticipating their new 
General class privileges. 

THOSE ANTENNAS 

Getting onto the high­
frequency bands 

requires big antennas. The 
simple dipole is easy to con­
struct and, for 10 meters, the 
end-to-end length is 16 feet. 
But for 40 meters, the 
unloaded dipole is now 64 
feet tip-to-tip, and you can dou­
ble that for the popular night­
time 75-meter band. 

pensive way to get onto all worldwide General 
class bands with a terrific signal, but they do 
require a sizeable amount of open space for 
big attic runs and, because of their length, 
they put RF everywhere in the household. 

The long dipole will also pick up house­
hold noises, too. This would include the FAX 
machine, "smart" telephone systems, the 
computer, electronic thermostat, florescent 
lights, and a variety of other household appli­
ances that may now incorporate a micro-com­
puter chip on the inside. There is no easy way 
to minimize this noise pick-up, other than to 
isolate your antenna away from the attic area. 

WORKS BEST 

If you live in a house and there are no 
city restrictions on big ham antennas, go 

ahead and put up a compact three- or four­
element beam. This could give you 10 through 
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40 meters, and your 75- and 160-meter dipole 
would give you the two additional lower bands. 
The big beams from leading manufacturers 
are not difficult to construct, just as long as 
you follow the assembly instructions. We 
recently put together a Cushcraft A4 with the 
40-meter add-on dipole kit, and we had every­
thing up in the air and playing by late after­
noon with an 8:00 a.m. morning start. Three 
of us were working on the project, so if you do 
it by yourself, it's going to take you a couple 
of days to get the big beam operational on 
high frequency. 

MAGNIFICENT MOBILE 
ANTENNAS 

A m ateur radio operators love to experi­
ment with mobile high-frequency 

antennas operated in the attic or their back­
yard. Mobile antennas are traditionally helical 
or center-loaded to minimize their length; and 
when configured end-to-end as a dipole, they 
work well for single-band operation. You can 
also take that mobile whip, counterpoise it off 
of a metal ladder, tripod, or iron railing, and 
achieve fantastic transmission and reception, 
especially if you are near water or in an area 
with good ground conductivity. 

Amateur radio operator Don Wilson 
N9ZGE (2908 Dartmoor Court, Springfield, IL 
62704-6469), has achieved fabulous results 
from mobile antennas in his backyard; some 
of the photos appeared in this publication 

Super-Small-Low Power 
The NEW UNI-MICRO series of modules provides a complete 
ready to use single board computer on a 1.75" X 1.5" module 
with large amount of non-volatile flash based memory. 
Expanded capabilities, multiple serial busses, In-circuit 
programming, including first time programming and a 
very low power consumption of 58 mA, makes this series 
of modules perfect for instrumentation, monitoring 
and control applications. 

about a year ago. We received so many letters 
about "How well did it work?" I thought we 
would take some of his best experiments and 
review the potential results. 

LADDER ELEVATED DIPOLE 
(PHOTO A) 

" Here's how I use a six-foot stepladder to 
mount a variety of mobile antennas, fed 

end to end as a dipole, in a temporary back­
yard set-up. Note that the ladder is chained 

Microcontroller Design Made Simple 
Small• 80C51 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· 
3 16 bit timers• One 8 channel 10 bit ND converter• Two 8 bit PWM outputs• One full 
duplex UART• 16 Mhz speed• 3000 gates flash CPLD • llC serial bus• JTAG bus• 
54 configurable 110 pons• RS232 driver on board• Voltage regulator on board • PO"Ner-on reset• 
Program security• Very low development costs• Asembly, C , Basic programmable. 

770-955-6101 http://www.ossystems.net 
OS Systems 2600 Bentley Rd. #1806 Marietta, GA 30067 
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down to a screw anchor," comments Wilson. 
Since the ladder is used just for support, a 
wooden ladder would work fine, and this 
arrangement will lead to good single-band 
operation on 10, 12, 15, and 20 meters. For 
40 and 75 meters, I would think that the 
dipole would need to be raised a lot higher. 

VERTICAL WITH GROUND COUN­
TERPOISE (PHOTO B) 

H ere is a classic stealth antenna set­
up that will drive a shortened HF 
quarterwave whip into a perfect 50-

ohm match against one-quarter wavelength, or 
greater, counterpoise. Here we see an alu­
minum ladder with two quarter wavelength 
metal ribbons for each band of desired opera­
tion. The natural downslope of the aluminum 
ladder helps improve that 50-ohm match. The 
whip could also be mounted on a metal bar 
across a picnic table (Photo C) or even on a 
railing (Photo D) with terrific results. 

"I use the RADIO WORKS line isolator to 
keep RF from coming back into the shack on 
the outside of the coax shield," comments 
Don Wilson. "In the stepladder set-up, I use a 
Kenwood TS50S, a Kenwood AT50 tuner, and 
an 80-meter ham stick that I retune for differ­
ent bands," adds Wilson. Although automatic 
antenna tuners, as well as manual antenna 
tuners, can do wonders for fooling a radio 
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AUTO-TUNED WHIP 

I 
I 

into full output, I always recommend using 
the right whip for the specific band of 
operation. 

Alpha Delta Communications 
(Manchester, KY; 606-598-2029) produces 
an excellent metal tripod specifically for 
mounting their Outbacker antenna where 
the tripod acts as the active ground 

SGC produces an automatic 
antenna tuner that covers 160 meters 

through six meters, and allows their Model 303 
whip to be automatically tuned from a ground- I 

mounted counterpoised installation. Don 
Wilson sends along several photos showing 
how this set-up works in his backyard, and 

plane counterpoise. The tripod can 
quickly be deployed, and Don Wilson 
indicates it is a good solid performer. 

FOLD-DOWN 

A lpha Delta Communications 
also has a unique fold-down 
antenna system specifically 

designed for permanent installation of an 
all-band, high-frequency vertical. 

It will raise and lower a vertical, up to 
29 feet and 25 pounds in weight, and 
includes a hydraulic dampener to prevent 
the antenna from coming down too fast. 
But keep in mind that this is a perma­
nent installation, and you won't be able 
to easily move it from one home to 
another without digging another big hole! 
(See Photo D.) 

TED CIRCUIT BOARDS 

~'£.'f 
y~o-v lJcn 

I* UL approved i yRO 

• 

1

~ ~Jg~~er~biel=~~d I PULSAR, INC 
! LPI mask I 9901 W. Pacific Ave. 
j *Through hole or SMT 1 Franklin Park IL 60131 
i* Nick~l & Gold ~lating I Phone 847.233.0012 
I * Routmg or sconng 
i * Electrial Testing I Fax 847.233.0013 
* Artwork or CAD data I Modem 84 7 .233.0014 

I 
*Fast quotes I yogii@flash.net • flash.net/-yogii 
~~~~~~~~~~-~,~~~~~~~~~~~~~~~-
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Alpha Delta fald-daUJn 
antenna system. 

SATELLITE TV - HACKERS 'BIBLE'! 

The SECRETS are REVEALED! 
• The principles of security 
• Descrambler building blocks 
• Smart cards, information wars & stupid mistakes 
• Cracking codes (includes DirecTV source code) 
• Installing and hooking up descramblers 
• Video manipulative systems ... and much more ... 

www.baylin.com 
or ... call 800-483-2423 

ORDER via Internet or Send $60 plus $5 s/h to: 
Baylin Publications, 1905 Mariposa, Boulder, CO 80302 

MASTER, VISA & AMEX /COD orders accepted 

576 pages, 6" x 8-1/2" 

NEW! 
5th Edition 

Telephone: 303-449-4551 
FAX: 303-939-8720 

FREE CATALOG - Satellite TV books, videos and software 
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r--------------, restrictions in our sub­
division, but with all of 
these great antennas in 
my backyard, no anten­
nas are visible," adds 
Wilson. 

the beauty of the SGC installation is instant 
band changes without needing to go out and 
re-adjust the whip or change resonators. 

"My home base station consists of a 
Kenwood TS870S, Henry 2K classic amplifier, 
MFJ 960 tuner feeding a MPD-2-105 dipole 
from W91NN Antennas, with ladder line," com­
ments Wilson. 

"As you might guess, we have antenna 

The ladder 
eleuated HF leap 

system. 
Wilson has also 

experimented with high-frequency loop 
antennas, and these he mounts on that 
fiberglass stepladder, and concedes that 
the higher up the loop is off the ground, 
the better it performs. 

"The W91NN multi-band dipoles are 
another good way to go for a stealth 
antenna, maybe placed in an attic," com­
ments Bill Alber WA6CAX. Bill recom­
mends that all radio experimenters send 
a couple of bucks for postage to W91NN , 
P.O. Box 393, Mount Prospect, IL 60056 
(708-394-3414) for his many informative 
sheets on multi-band dipoles . Bill also 
indicates that www.radioworks.com/ 
nbgnd.html#counterpoise is another 
great source of information from Radio 
Works, Inc. I have ordered a lot of prod­

ucts from Radio Works, and they really know 
their antenna business from the importance 
of a ground on up. 

Some of the most popular whips are 
those you see at the hamfest that are helical 
center-loaded, with a stainless steel stinger. 
Valor, Ham Sticks, and Hustler traditional 
white center-loaded mobile antennas are pop­
ular choices among backyard experimenters. 

I like the Outbacker from Alpha Delta 
because all bands are on a single whip, and 
you simply re-adjust the fly-lead for a specific 
band of operation. 

More good hints for portable mobile-whip 
operation in the backyard is to keep dipoles 
as high off the ground as possible, and as far 
away from the side of your dwelling as possi­
ble. 

For single whips off of a ground counter­
poise, dry soil usually won 't do the trick -
you must have metal, or quarter wavelength 
wire strips. If you have aluminum or wrought 
iron railings, your ground plane is all set, and 
you can angle your mobile antenna off of the 
ground plane almost any way you want. 

The bigger the antenna, the better the 
performance. The Alpha Delta Australian 
Outreach puts in about an S-unit better signal 
to a distant station than its smaller brother, 
the Alpha Delta Outbacker. And when you 
compare all of these expensive mobile anten­
nas to a simple dipole you can make yourself 
with just # 16 stranded wire, the dipole will 
usually do the best job of them all. 

So have fun in the backyard, always wear 
protective glasses when working around 
antennas, and caution everyone to stay well 
away from the antenna when you are trans­
mitting. 

Think safety, and have fun on 
the high-frequency bands. NV 
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Continued from page 46 

TOCOM UNMODIFIED 5503 CABLE 
CONVERTERS UNTOUCHED. $6 
EACH. 10 LOT MIN. CALL 706-657-
4445. 

WANTED: GENUINE RAW UNMODl-­
FIED CABLE TV CONVERTERS. TOP 
CASH PAID. CALL 708-715-6118. 

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.gofi 
Hers.com lots to see. Open Sam to Spm 
Central Standard Time, Monday-Friday. 
All sales must comply with FCC 1996 
cable act. 

PICS, GALS READ if you've lost your 
masters. Programming service available. 
Call for info. Network Sales, 616-683-
0500. 

CABLE BROKERS is representing 2 
cable companies that have filed bank­
ruptcy and we are liquidating their 
assets. We have on hand 4,000 Tocom 
5503 VIPs. These .units are unmodified 
and are in good condition. We also have 
the complete headends. Also we are rep­
resenting a· Zenith system with various 
levels of good, unmodified units mostly 
ST1600 starting at $22. We would like an 
offer on the VIPs 550 and 450MHz 
mixed. However, we will sell 100 lots at 
$14 each. We can fax you a detailed list. 
Call Jesse at Cable Brokers, Inc. 1-888-
757-1757. 

CABLE BOX repairs and upgrade. Most 
models, warranty lowest prices. Call 214-
695-5982. 

DTV & DISH NETWORK INFORMA­
TION (33 PAGES) only $15. Mainline 
Electronic, Inc. Free cable information 
included. Playstation & Nintendo 64 
games at wholesale prices. Visa & 
MasterCard accepted. Call toll-free 1-
877-539-9896. 

CABLE TV. Panasonic TZPC 175DG2, 
brand new, $80 w/volume, 1 year war­
ranty, minimum 10 pcs. any qty., plus 
all major brands available. Lowest 
price new/field pulls. E-Mail: 
OCALA@BELLSOUTH.NET phone: 1-
800-929-1549 fax: 305-220-9396 

CABLE CONVERTERS, DBS, remotes, 
schematics, etc., free flyer. Jake 419-
385-3100. 

~
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~" 
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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! 
VISA/MC/AM EX/CO D/M 0/ 
CHECKS. ONLY $10 (SPECIAL: 3/$20 
plus FREE DESCRAMBLER PLANS!). 
SUPER ZAPPER MODULES ONLY 
$16! (3/$33)1 Use SUPER ZAPPERS if 
you have COX, TCI, V't'ARNER in: CA, 
TX, FL, NV, PA, Ml. DESCRAMBLER 
PLANS (4=$5, 20=$15) 130+ 
DESCRAMBLER SOURCES ($5). 
FREE SHIPPING. OPEN 24 HOURS! 
352-429-5496. BRINKER ENGINEER­
ING LABS, USA. 

ATTN. DEALERS: Are you a current 
dealer or just getting started? Buy 
factory direct & save $. New 181 and 
125 channel converters, major brand 
name cable converters & all other 
accessories not listed, no more 
delayed shipments. All products 6 
month warranty, 30 day money back. 
A & S Wholesale, 1-800-370-0801. 

PLANS: DESCRAMBLE CABLE FOR 
UNDER $12. PLUS TWO FREE 
BONUSES. TOLL FREE 1-888-588-
3715. 

CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTP://WWW.CB-Electronics.cam or 
call 1-800-436-8630. 

TOCOM UNMODIFIED ~503 CABLE 
CONVERTERS UNTOUCHED. $6 
EACH. 10 LOT MIN. CALL 706-657-
4445. . 

TUNERS TOCOM 5503 tested $4. 75 ea., 
bargain, 10 lot min. Call 706-657-4445. 

CABLE BOX COVERS TOCOM 5503, 
good condition $3.75 ea. 20 lot min. 
Call 706-657-4445. 

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. 

SONY PLAVSTATION MODCHIPS. 
Allows playing of CDR backups & 
imports. $10 + $3 shipping. 619-590-
9320. 

GENUINE UNMODIFIED JERROLD 
DPBB 7312. 1-800-804-8655. E-MAIL: 
CLEWIS7298@AOL.COM 

DESCRAMBLE CABLE TV! Learn ah 
the cable hacker secrets and every­
thing the cable company has to hide! 
Send $10 and SASE: CATV Secrets, PO 
Box 327, Hutchinson, KS 67504. 
(Check/MO payable: Mr. Adam Henson.) 
Visit Ghettomart on the web: 
http://www.cyberweb.org/adamsghe 
ttomart/ 

Rogers Systems Specialists 

CC-USB-6 

CC-USB-AB6 

CC-USB-PP 

CC-USB-6 

CC-USB-8 

CC-USB-9 

USB-PCI 

• 
24895 Avenue Rockefeller 
Valencia California 91355 

• Computer• Telecommunications 
11----..J Network• Audio• Video 

Category 5 Patch Cables 
TE-068-LSX 7 ft. Crossover • 

TE-068-LS 7 ft. Straight Patch $2 
TE-508-LS 50 ft. Straight Patch $}()00 TM-290 
TE-108-LS 100 ft. Straight Patch $2000 TM-290-2 

• 

• 

USB Cables 
TM-290-Mic 
TM-290-Net 

6ft USB ''A" to ''A" M/M TM-290-PS 
6ft. USB ''A" to "B" M/M 

6ft. USB to IEEE Printer Cable 

6ft. USB ''A" to "A" MIF 
Call for 10 & 15 foot lengths! 

USB Accessories 
USB (2) to 2x8 pin w/ Bracket $500 

USB (2) to 2x5 pin w/ Bracket $500 

USB x2 PC! Add on Card $2700 

Mice 
3-Button Serial DB9 $600 
2-Button Serial DB9 $600 
PS/2 MS Mouse OEM $2900 

Designer Netrnouse PS/2 $500 
PS/2 2-Button 6-pin Din $600 

USB-KB-104 

USB-MOUSE 

USB-CAM 

USB 104-Key Kybrd Win98/PS2 $39"1 
3-Button USB Mouse 4200dpi $1200 

C-IT USB Cam w/ Software $109"' 

Clip/Stick-on 
Lapel Microphone 

) Hinged Brackets 
HBl 19"wide/l.75"tall $700 • 
HB2 19" wide/ 3.5" tall $900 

HB3 19" wide/ 5.25" tall $1000 
HB4 19" wide/ 7.00" tall $11 00 

HB6 19" wide/ 10.5'' tall $1400 

NT-TBT-10 
NT-TBT-100 
NT-TBT-200 
NT-TBT-3C905B 

TM-MIC-2 • 

Network Cards 

10-Base 16Bit ISA Slot Card . $1400 

PCI NE-2000 Comp 10/100 $21 00 

PCI NE-2000 Comp. Ethernet $1400 

3COM3C905B-TX 10/IOOPCI $7250 

External SCSI Case 
TM-CASE-HOS $1500 

Limited to slOCk on hand 
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HB8 19" wide/ 14" tall $1700, 

PP-24P-5 
PP-48P-5 

Patch Panels 

24 Port Cat5 Patch Panel 
48 Port Cat5 Patch Panel 

Transceivers 
AUI/DB15 - BNC/10 Base2 $1000 

AUI/DB15 - RJ45/10 Base T $1000 



RAW CONVERTERS: We have the best 
quality to your cable needs. Pl-5135 $45 
ea.; Zenith ST-1600 $75; S/A 8590 (11-
B) $85 ea.; S/A 8590 (10-B) $75 ea. 
Please call for others not listed. 405-634-
1535. 

UNBELIEVABLE PRICES. We carry a 
full line of cable tools and equipment for 
all your cable needs. Also a wide variety 
of electronic parts & accessories, tools, 
diagrams, converters, step-by-step . 
instructions, no raw parts, full technical 
support. 12pm-7:30pm EST 1-800-562-
8442. 

CABLE DESCRAMBLER plans!!! Plus 
two free bonuses: radar jammer plans & 
cable manual, $14. 1-888-367-9972. 

' 
I 

I 

I 
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TELEPHONE/FAX 

TELEPHONE CATALOG - 160 pages 
including office automation, voice mail, 
and all phone accessories. Send $10 to 
HES Electronics, POB 183, Brick, NJ 
08723. A 10% off certificate will be 
included! Visit www.heselectronics.com 

PHONE SYSTEMS WANTEDlll We buy 
AT&T MERLIN, SYSTEM 25n5/85 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, WOW!! (SAVE $22). FOR 
EDUCATIONAL/TECHNICIAN TEST­
ING USE ONLY. 
(VISA/MC/AMEX/COD). OPEN 24 
HOURS! 352-429-5496. BRINKER 
ENGINEERING LABS, USA. 

COMPONENTS 

2.4 GHz/1.2 GHz VIDEO 
TRANSMITTER & RECEIVER designed 
exclusively for HAM ATV bands. S switch­
able frequencies; F/SMA type connec­
tors with two 1 /4 wave rubber-duck 
antennas included; 100 mw output 
power. Receiver has greater than -80 dB 
sensitivity. Price $119. Related camera, 
video, and security systems also avail­
able. Two additional audio channels can 
be used for digital data applications. Due 
to high response, please contact by E­
Mail: info@4atv.com Website: 
www.4atv.com 

SEE OUR ad on 4-channel 2.4GHz wire­
less system in the AdMart section on 
page 73. Mateo, Inc. 

NEW 1999 catalog: Inductors, toroids, 
TC ceramic and Mica capacitors, semi­
conductors, wire and cable, hardware, 
more. Two stamps please. Johnson Shop 
Products, Box 2843, Cupertino, CA 
95015. 

Now your 
subscription to 

Nuts & Volts 
pays y--ou with 
· discounts .on 
popular elec­

tronics books. 
Se1ei pa)ge1 fl 
110 1r ' d 'e:&'a:i!1s·t1 

Any waveform you want! 
• Synthesized Signal Generator 

Clean sinewaves DC-21.5 MHz with .001 % accuracy! 
• O l Hz steps. DC Offset. RS232 remote control. 

• Arbitrary Waveform Generator 
40 Megasamples/Second. 32,768 points. 12 bit DAC 

• 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 

Telulex Inc. model SG-1 OOA DC to 21.5 MHz linear 
and log sweeps 

Int/Ext AM, SSB, 
Dualtone Gen. 

Int/Ext FM, PM, 
BPSK, Burst 

Ramps, Triangles, 
Exponentials 

New 
Features: 

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

phaselock 

Telulex Inc. · 
rn~~~ 
Pulse Generator Noise Arbitrary Waveforms Unlimited Possibilities! 

2455 Old Middlefield Way S Tel (650) 938-0240 bttp:/Jwww.Telulex.com 
Mountain View, CA 94043 Fax (650) 938-0241 Email: sales@Telulex.com 
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OLD ICs & TRANSISTORS WANTED: 
HIGHEST PRICES PAID please FAX 
your list with part number, quantity & 
condition of any semiconductors to 
Rick @ ESI, 5363 Broadway Ave., 
Cleveland, OH 44127. 216-441-8500 
FAX 216-441-8503. Since 1946! 
www.electronicsurplus.com · 

RF TRANSISTORS, TUBES, 2SC2879, 
SD1446, MRF455, MRF454, 3SC1969, 
2SC2166, 2SB754, TA7222AP, 
2SC1419, 2SC1947, 2SB688, 2SD880. 
MRF422, MRF448, MRF247, MRF317, 
SAV7, SAV17, 3-500ZG 4CX250B, 
572B, 3CX3000A7, 4CX400A silver mica 
caps, resistors, electrolytics, etc. 
Westgate 1-800-213-4563. 

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. 

RESISTOR SACRIFICE: 10,000 quar­
ter-watt metal and carbon film. One, two, 
and five %. 1 ohm to 22 megohms. 
FIFTY each of TWO HUNDRED different 
values. $45 (less than one-half cent 
each). Hyatt Surplus, 371 N. Johnson 
Ave., El Cajon, CA 92020. Tel: 619-444-
2434 fax: 619-444-1987. 

SMD MICRO inductors. Wire wound on 
ceramic core. Values from 5 to 90 
Nhenries tolerances from 5 to 20%. 
Types 0603, 0805, 1008 SMD. Bulk and 
reel. 40 million open to offers! 760•736-
4411 . 

AMAZING! 35¢ ALL TOGGLE SWITCH­
ES. Brand new. Rated 6A/125V. 
Hardware included. 1/4" panel hole. 
SPOT or DPDT on-on, or on-off-on. Min­
imum 1 OOpcs./package. Add $6 freight. 
Gateway Products Corporation, PO Box 
936397, Margate, FL 33093, 954-974-
6864, Fax: 954-974-6818, VISA/MC, no 
COD. 

• 
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 VOC, 0.08 lux, IR sensitive; 
1.27" x 1.27" x 0.5"0 pinhole or 1" deep 
standard. Price @ 10 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 

MICROCONTROLLERS 

68HC11, 80C552 and 8031 microcon­
troller boards. Uploader, assembler and 
compiler software included. See our 
products at: www.tecel.com 

I 

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. P16PRO shareware must 
be downloaded from the web. Amazon 
Electronics, tel 1-888-549-37 49. Lots 
of other products. www.electro 
nics123.com 

ANTIQUE 
ELECTRONICS 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and 
sales literature. Floyd, VA 24091-0341 
(540-763-3311/540-382-2935). 

CRYSTAL SETS. Parts, plans, books, 
kits. Largest source in the world. Catalog 
$2. MIDCO, PO Box 222288, Hollywood, 
FL 33022. 

WANTED: STOCK TICKERS, WEST­
ERN UNION, EDISON, WITH OR WITH­
OUT GLASS DOMES, 217-345-6n1. 

RADIO TUBES and phono. needles. 
870-34 7 -2281 . 

ANTIQUE ELECTRONICS: Wanted 
RCA 45RPM record changer with ampli­
fier and schematic, in working order. 504-
834-5010. 

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 

OCEAN STATE ELECTRONICS 
CALL, WRITE OR FAX FOR OUR FREE 104 PAGE CATALOG 1-800-866-6626 

Step back into the past and build a Vintage tube type receiver or transmitter. Each kit 
comes with all the necessary components to get you on the air vintage radio style. A great 
opportunity to learn to build, troubleshoot and operate vintage tube type equipment. 

THE CAKEPANION RECEIVER KIT 
2 TUBES GENERAL COVERAGE REGEN 

• Receives Am. SSB. and CW 
• Regenerative Receiver Design 
• Uses 1wo 6A05 T lbes 
• Continuous coverage 500 KC · 1 OMHz using pre-wound plug in coils 

as in old fashioned regenerative receivers (Coils sold below) 
• Smooth Vernier Dial Tuning (No Logging Scale) 
• J fet front end isotates the antenna end adds RF gain. 
• Solid frequency stability. 
• Ultra sensitive reception. 
• Hi Fl quality audio into 8 ohms. Enough to drive a smell 

speak ... (no! ""''udedl • Headphone Jack 
• Audio clipper circuit eliminates key clicks and heavy sta!K::. 
• Solid slate ~wer Slq>ty. 
• Complete punched and driUed chassis 

(tuning caps and solder lugs are P<e-instafled) 
• Well written detailed essembty instructions 

include cok>r piciorals. Manual included. 
... Assembty time approx. 6 hours 
• Measures 9~ Wide x 9" Deep x 2~ High •Weight approx. 5 lbs 

ASSEMBLE A COMPLETE OAP STATION. THE CAKEPANION RECEIVER 
MATES PERFECTLY WITH OUR CPCW·5 TUB~ TRANSMITIER 

QRP CW TRANSMITTER KIT 
2 TUBES, 3 BANDS 

• 3 B~nd CW Coverage - 160. 80. 40, meters using prewound plug in coils 
(soid below) 

• .:;_rystal Cootrof 
• 5 Walls Output inlo 50 OHMS 
• Single Antenna operation with built in TR Switch 
• LEO Output Power Indicator 
• Cathode Keying Circuit 
• Solid Slate Power Supply 
• Tut>e Line Up 6C4 Cry5tal OSC. 6A05 Final 
• Complele with Pre Wound 80 Meter Coil Included 
• Compiele lnstnx:tioo and Cobr Pictorials 
• Use with any Aecefver or Transceiver 
• Includes 2 Crystals for 80 Meters- 3.64MHz & 3.70MHz 
• Complete Punched and Drilled Chassis 
• Measures 9'W x 9•0. Weight approx. 5 lbs. 
• Asserrbly time approx. 6 hours 

BE UNIQUE! GO OAP VINTAGE RADIO STYLE! 
Part No. Description Price 

CPCW-5 2 Tube Transmitter $109.95 
CPC-160 160 Meter Coil $9.95 

VERNIER DIALS 
1-112" Oiameter0-10 Marking . $11.95 
1-112" Diameter ~100 Marking $12.95 
2" Diameter 0-100 Marking .. .... $13.2S 

VERNIER DRIVE 
American made 6.1 vernier drive. Has dual 
plate mounting flange with two tapped holes 
(2-56) for dial mounbng Input & outpul male 
with t /4" shaft. 

$9.95 

MINI-CIRCUITS SBL-1 
DIODE RING MIXER 

Double Balance Mixer 
LO/RF-1-500 MHz 
RF DC - 500 MHz 

$7.95 

AM RADIO 
RECEIVER on a CHIP 

(TYPE ZN414) 
In a tiny (T0-92) transistor size case. a ten 
transistor tuned AF circuit that requires no 
setup or alignment. Nearly a complete cir­
cuit; add battery (1.1 to 1.6 volts). tuning 
coil and capacitor and crystal earphone 
Data sheets with circuit examples included . 
ZN414 •••••••••••••• $7.95 

, 
FERRITE "LOOP-STIK" ANTENNA 

p rt N Desert Uon Prt CPC-80 BO Meter Coil (included) $9.95 
• 

0
- ca CPC-40 40MeterCoil $7.95 ~ Hardtolindloop·S.tikAntenna 

CPA-1 2 Tube Receiver Kit $119.95 CY1812 160 Meter Crystal 1.812MHz $9.65 ~ / . NOW IN STOCK! 
CPR-8 Broadcast Band Coil 500KHz-1800KHz $14.95 CV3560 so Meter Crystal 3.560MHz $9.65 For radio receivers 
CPR-160 160 Meler Coil 1.5 MHz-3.0MHz $9.95 cv7040 40 Meler Cryslal 7.040MHz $9.65 Tunes the broadcast band. 
CPR-80 80 Meler Coif 2.9MHz-7.5MHz $9.95 540KHz-1600KHz. 

l--C~P..:;R:;:·4~0 _ _;::40;..:M:::el::,:e::._;r eo;=·' ;:_.4.00=M~H~z-~10:::M::.:H~z ----:!.$7"'.7"'5-~ __ o_r._H_ER_c_R...;Y_sr._A_L _FR_E_au_E_N_c_1E_s_1N ... s_c_oc_K_. _PL_E_As_E_1N_o_u_1R_E_. --1 ~~~~~=~~~~I~~ b~:c~~~- ~~~~- L=7BBµH 
DIGITAL LCR METER - ALSO MEASURES DELUX SIGNATLRAINCJEERCTOR/ LA-540 ••••••••••••••.•••...••.••. $2.25 

r;;:::J At lastl An LCR meter that everyone can aftO<d. Now you Adjustable. heavy duly Th;s handy lester ;5 both a s;gnal PLUG IN COIL FORMS 
VOLTS, AMPS & FREQUENCY ' CODE KEY 

~ can measure coils, transformers. chokes from 1µH to 40H. be br~ss ~as~ WI~ ~a/led ~~~~~a~~~ ~~1or~::ro~a~ r:;: Wind your own coils with these plug 
- Capacitors from 1 pfd to 400 mfd and resistors from 1 ohmto anng pivo 5 sign 1 in coil fonns. Made from Grade XX 

40 megohms. for hard usage. 3/16~ plifier. stag
1
Fe bndy sRlaFge. A so IAests Phenolic. Equipped with rim, making OCVto1000V.ACVto750V ptatedcontacts. AMradio a stages. sa 

F H 4MH $
1
S 

95 
receiveryoucanpinpointwherea iteasytoinser1andpulloul.Coils 

Gr;"lea·t ~~~or thi: instrument • defective par1 exists Will lransmit measure 1 1/4~ Dia by 2 114· H. •·- 1-------------i d · · 11 1y Exclusive of the pins. These are like 
LCM-1950 •••••••••••••••••••••• $79.95 CODE PRACTICE an rece1ves1mu aneous . ~~~~~~~~~~r~~~~i~!:'~~~~~o 

OSCILLATOR & ~ find;1em.w;11mountina4.5or6 
VARIABLE CAPACITORS I M0

3
_NSpelTakOer.RHea"'-"one ~O • '------'---'p""in.;;;tub;..;..e;;..;.soc;..;.ke;..;.1 -----1 

BROADCAST TYPE -1/4" SHAFT ..,,,. ~ PART NO. PINS PRICE Terminal. Volume & Tone 
1 GANG 14-365PF ..•.•..•...•......••..... $10.95 Conrrols. Uses 1 9V Battery g~:~ : :: 
2 GANG 10-400/10-400/PF ....•..•...... 19.95 Kit .................... Sl9.95 Kit ............................. Sle.95 CF-B ss.90 
3 GANG 15-500PF/SEC .•...•..•....••••. 12.95 Wired ............... $24.95 Assembled ............... $24.95 

ManymoretypesavaitabfefromsmaUairtrimmerstolarge4KVtunertypes. NEW! PCDATAK™ SOFTWARE 
FOR MAKING PRINTED CIRCUIT BOARDS ON ANY 
WINDOWS 95 OR MS-DOS IBM COMPATIBLE PC! 6146W POWER TUBE 

Rugged version of popular 
61468 used in many 
transmitters. MFG. GE 

$17.95 EA. or $37.00 MP 
12BY7A Driver ......... $15.95 
CALL US FOR ALL YOUR TUBE NEEDS. 

LEARN COMPUTER THEOR't' BY 
BUILDING THIS KIT 

DIGITAL TRAINER MODEL MM-8000 
Starting from scratch you build a ~ele oorrputer system. Our Micro­
Master trainer teaches you to write into RAMs. AOMs and run a 8085 mK::ro­
processor. You wit! write lhe initial instructions to tell the 8085 processor to 
get started and store these inslructions in permanent memory in a 2816 
E'PAOM. Teaches you all about Jnput and output ports. oo"l>Ufer limers. 
Buikt your own keyboard and ~am how to scan keyboard and display. No 
prevK>us computer knowledge required. Simple easy to understand instruc­
tion teaches you to write in machiie language. Upon completion of this course 
you will be proficient ii computer .technology. 

• Uses the 8085 Microprocessor 
• Uses !he 2816 P PROM. electricalty 

erasable programmable ROM 
• Uses the 8156C. 2048 Bit static MOS RAM 
· with VO ports and timer 
• Mem<;>ry expandabkt option 
• Built in 5V power supply 
• 211 key keyboard 
• Comp~te with lesson manual. 

instruc:lions and experiments 
All this for only ........................... $79.95 

• Make single or doubCe sided PC Board artwork. up to 30w x 30~ . 
• Print your artwori< on any PostScripl:""' Laser Printer. 
• Produces a 1 X positive. ready to use with precoated board. No other artwork 

required. 
• Produce industry standard sokter mask and component layout lor sifkscreen art. 

PCDATAK'11 is supplied on one 3S diskette with a quick start manual. The full 
user's manual is larger and must be printed by the user (dol malrix printer ok): 
approximately 75 pages in length. 

The NEW PCDATAK™ software lets you create PC boards ranging from proto­
types to hobby protects. and on a par wilh the pro's. You may do the complete 
printed circlit board layout artwork on your own PC; at a fraction of the cost of 
olher programs. Print the layout on any PostScripl™ compatible printer. either on 
regular paper to be photographed for a positive or negative. or on clear film to be 
used directty a~ a positive with other Dalak products. 
ALL THIS FOR ONLY •••••••••••••••••••••. $29.95 

TO ORDER CALL 
1-800-866-6626 

Ocean State Electronics 
P.O. Box 1458 6 Industrial Drive 

Westerly, RI 02891 
Phone: 401-596-3080 Fax: 401-596-3590 

Mail in orders please include $5.00 shipping. 
CANADA $10.50 OVERSEAS $16.00 

Minimum order $10.00 (before shipping) 
A.I. Residents add 7% Sales Tax 

VISA & MASTERCARD ACCEPTED 

Write In 80 on Reader Service Card. 

#14 .... $4 .00 
#16 ······ 4 .00 #18 ..... 4 .00 
#20 ...... 4 .00 

. #22 ······ 4.25 

IRON 

MAGNET WIRE 
Enamel coaled solid copper. For 
winding ·coils. transformers and 
toroids. Prices for 1/4 lb. spools. 

#24 $4.25 #34 ... $6.25 
#26 ........ 4.25 #36 ..... 6.45 
#28 ......... 4 .85 #38 ..... 6.95 
#30 ········· 4 .85 #40 ..... 7.85 #32 ......... 4.85 

TOROIDS 
FERRITE 

T-25-2 ................... $ .40 FT37-43 ........... $ .70 
T-25-6 .......................... 40 FT37·61 .................. 70 
T-37-2 ....................... 55 FT37·77 ............... 70 
T-37-6 ................... 55 FT50-43 .. .. .. .85 
T-50-2 ... . ................. 65 FT50-61 ................ 85 
T-50·3 .. . ..... 65 FT50-77 .................. 85 
T50·6 ........................... 65 FT82-43 ............... 1.30 
T68-0 ..... 90 FT82-67 ............... 1.30 
T68-2 . ..... ... . ............ 90 FT82-68 . . . .......... 1.30 
T68-6 .. . ......... 90 FT114-61 ............. 2.30 
TB0-2 . . ..... 1.20 FT140·43 ............. 3.50 
T200·2 .................... 6.00 FT240-61 ............ B. 75 

WE STOCK A COMPLETE LINE OF 
TOROIDS AND BEADS. 

FM RADIO IC 
TOA 7000 

Ideal for small mono FM 
recefvers. Features an RF 
irput stage, rnixerl0.1Fa!T1"'limiterstage.phasedemodu­
lator and muting circuitry. Also useful in LAN. data and 
SCA receivers. 
Data Sheet Included. 

TDA7000 ........................ $9.95 



~andU 
Lowes• Dealer Pr~ce AwaHaltle 

V n SALES COMPANY 
2176 E. Colorado Blvd. • Pasadena, CA 91107 

TOLL FREE: 
1 -800-325-9465 

••••• 
FREE 
148 PAGE 
CATALOG! 

••••• 

Refurb. Panasonic 145 
Regal w/Remote 
BC4535 86 Channel 
Oak Sigma 99 Channel 
75 Channel Converter 
Zenith ST1600 w/Remote 

5+ 10+ 20+ 
$45 $40 $35 
$38 $35 $30 
$30 $28 $25 
$45 $40 $35 
$18 $18 $18 
$75 $70 $65 

C & H SALES COMPANY HAS BEEN IN BUSINESS FOR OVER FIFTY YEARS. 
Panasonic Converters Model-175 $65 $55 $45 

WE'RE THE BEST SOURCE FOR GREAT BUYS ON ITEMS LIKE THESE • AND MOREi (550MHz) Six month's warranty on this model only 

ELECTRONIC COUNTER 
HEWLETI PACKARD, 
Model 5328A. Universal 
counter. Usable to 100 

MILLIOHMETER . 
HEWLETT PACKARD, 
Model 4328A. -
Designed to measure 
very low resistances. 
Measurement range 

Call us today to satisfy all your cable equipment needs/ 

SAll9 S E·LECTROlllCS 
MHz, 100 ns single shot resolu­
tion. Has frequency, period, period average, ratio, total­
ize, scale functions. A built-in digital voltmeter allows 
measurements of input voltages. Two input channels 
provide individual slope, polarity and level settings. Has 
9 digit LED readout. Input power 100-240 VAC 48-66 
Hz 100 VA max. Dimensions: 17" wide x 17-1/4" deep x 
3-1/2" high. 

I -405-6~ I -1856 
1m ohm to 100 ohms. 
Resolution 20 u ohms. All Cable Equipment is unmodified. 

Stock #TE9808 $250.00 

Analog meter readout. Ideal for 
measuring contact reststance of switches or relays. This 
unit is also useful for measuring the resistivey 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 
6-112· high. 
Stock #TE9812 $200.00 

ALTIMETER/BAROMETER 
KOLLSMAN, #MC-2 
MS28074-2. 
Scale type altime­
ter with baromet-
ric 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. Barometric 
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 
inpuVoutput voltage. A toggle switch is provided for scale setting to local altitude or barometric 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 electrical provided. Electrical input is rated 115 VAC 400 cycles. 
panel. Two standard 3-wire grounded electrical 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 #STR99DD $225.00 Stock #STOCK #IN99DO $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 & SELL.I 
Write In 81 on Reader Servi ce Card. 

PUBLICATIONS 

WEBBOOKS OFFERS discount prices 
on technical/engineering books plus free 
assistance to authors. Please visit us at 

. http://wet?_books.net 

~ --= -
~ 

UNDERGROUND, HACKING, SNEAKY 
1999 BRINKER MASTER CATALOG! 
3,300+ PRODUCTS FOUND NO­
WHERE ELSE! 95% OF PRODUCTS 
ARE $311 CATALOG (30+PAGES) $10 
(FIRST 500 CALLERS: FREE $25 GIFT 
CERTIFICATE!!) OPEN 24 HOURS! 
352-429-5496. BRINKER ENGINEER­
ING LABS, USA. 

WANTED: ELECTRONICS hobbyist 
magazines from 1970-1979. Popular 
Electronics, Radio-Electronics. Call 
Shawn, 650-846-8208, maxweb@pac 
bell.net 

osziFOX - handheld sto rage 

into a sophisticated storage scope AND spectrum humidity & light sensors, door position, etc. scop e 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 fo r display , store -to -disk , 
333kS/s versions. Great for schools, test depts, etc. 

Input to Excel! LabView/NT drivers included. 
cables and easy software. Remote audio print ing in co lor. Inputs to 
alarm. Use TC-08formostthermocouples. 100V, trigger , backl it 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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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 

68HC11, BOC552 and 8031 microcon­
troller boards. Uploader, assembler and 
compiler software included. See our 
products at: www.tecel.com 

GET STARTED in robotics with an 
ARBE-ONE kit (the "Model T" of mobile 
bases), a TCOMP tiny computer 
(68HC11 controller on a board optimized 
for robotics) . On-line ordering: 
http://www.BecTec.com 

www.futurerobots.com ROBOTS are 
coming soon to our homes. Most of the 
technology is now here, as well as the 
need. Read technical papers and con­
struction articles for active security sys­
tems. 

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 . 

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 



HOVERBOARDS, JETPACKS, LIGHT­
SABERS. Plans, schematics, and kits for 
over 100 incredible devices. $3 for cata· 
log. Future Horizons, PO Box 125, 
Marquette, Ml 49855. www.futurehor 
izons.net 

' 

PCB Milling 
"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.west.net/-wpc 

BROADCAST FARTHER! 75-11 OM Hz 
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. 

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. 

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! 352-429-5496 BRINKER 
ENGINEERING LABS, USA. 

RUNNING LIGHTS KIT. Ideal for 
Christmas decorations etc. 8 LEDs 
switch on in 1 O push button selectable 
patterns. 8 speed levels for a total of 80 
combinations. Includes PCB, parts and 
instructions. $15.95 + $4.95 shipping. 
Can operate light bulbs with 8x TRIACs 
($6 extra). Amazon Electronics Tel 1-
888-549-3749. Lots of other products. 
www.electronics123.com 

AWESOME KITS: voice changers, levi­
tators, lasers, solor robots, and more! 
Catalog $1. LNSTechnologies, PO Box 
67243, Scotts Valley, CA 95067. 
www. ncal. verio.corn/-Lnstech 

NEED LARGE, precision wound coils for 
vehicle detectors, alarms, loop antennas, 
proximity detectors, metal locators, direc­
tion finders, security gates or other pro­
jects? We also sell tubes and AM radio 
signal boosters which improve reception. 
Send $2 for details (refundable with pur­
chase). Fala Electronics-V, POB 1376, 
Milwaukee, WI 53201. 

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 

UNLIMITED UNDERGROUND ELEC­
TRONICS. Electronic weapons, EMP, 
high voltage, rail & coil guns, plasma, 
alternative energy, surveillance, ETC. 
UUE: 1839-D West Vista Way #515, 
Vista, CA 92083. Visit us at: 

LEARN HOW to: Descramble cable 
television, listen to ·phone calls, and 
make your computer 40% faster! On 
the web: http://www.cyberweb.org/ad 
amsghettomart/ 

Http://www.access1.net/ninteach or E· 
Mail: ninteach@access1.net. SASE for 
free catalog. 

PIC INSTRUMENTATION and monitor 
chips, quick protoboards, kits, telephone 
electronics, pocket testbench, Oricom 
Technologies, 303-449-6428, www.sni. 
net/-oricom 

Super Pro FM 
Stereo Transmitter 

We call them the Professional synthesized FM 
'Cubes' .... Perfect Stereo station in easy to use, .~ 
video transmission handsome cabinet. Most radio ,.,,*" It 
from a transmitter stations require a whole equip· 
you can hide under -""-----------'-'-'"~1 ment rack to hold all the fea- ·" ... ~. l .a. .. ;u 
a quarter and only as thick as a stacl< of four pennies- that's a lures we've packed into the 
nickel in the picture! Transmits color or B&W with fantastic 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. Crystal controlled for no frequency drift with perfor· swishing from cheap CD inputs!) Limiters for max 'punch' in 
mance that equals law enforcement models that cost hundreds audio - without over mod, LED meters to easily set audio 
morel Basic 20 mW model transmits 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 units include sound drive-ins, schools, colleges find the FM-100 the answer to 
using a sensttive built-in mike that will hear a whisper 15 feet their transmitting needs, you will too. Great features, great 
away! Units 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 perfectly with our We also offer a high power export version of the FM-100 
Cubes and work great. Fully assembled - just hook-up power and thafs fully assembled with one watt of RF power, for miles 
you're on the ai~ 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..:!000, 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· 1 OOWT, Fully Wired High Power FM· 100 ••••• $399.95 

Top quality Japanese Class '/Ji 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 sensttivity and draw over twice the 
current! The black & whtte models are also super IA (Infra-Red) 
sensttive. Add our invisible to the eye, IR-1 illuminator kit to see 
in the dark! 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 VDC, standard 1 volt p-p 
video. Use our transmitters for wireless transmission to TV se~ or 
add our IB-1 Interface board ktt for audio sound pick-up and super 
easy direct wire hook-up to any Video monitor, 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 
CCDCC· 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/lire depart­
ment, ham operators, or how about Radio 
Moscow or the BBC in London? Now imagine 
doing this on a little radio you built yoursett -
in just an evening! These popular little 

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 

Lower cost alternative to our high perfor­
mance transmitters. Great value, tunable 
over FM band, plenty of power and manual 
goes into great detail about antennas, range 
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
tery or power from 5 to 15 VDC. Add our matching case 
and whip antenna set for a nice 'pro' look. 
FM-1 OA, 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 VDC. 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 

X-10 CONTROLLER with easy interface 
to controllers or processors and SPI net­
works. Includes keypad interface that 
optionally emulates standard X-10 table­
top units. Get the SPl-X10 PCB (kit or 
complete & tested) or chip only. Plugs 
directly into the ModCon HC11 controller 
with sample programs. Build your own 
home automation system! 
http://ZORINco.com 206-282-6061. 

HEATHKIT COMPANY is selling photo­
copies of most Heathkit manuals. Only 
authorized source for copyright manuals. 
Phone: 616-925-5899, 8-4 ET. 

CIRCUIT BOARDS made from your art­
work. Quick turn, low rates. Atlas 
Circuits, PO Box 892, Lincolnton, NC 
28092. 704-735-3943. 

Wow, did we nab a deal on 
these first rate binoculars! 
Absolutely identical to a 
famous big name brand here 
in Rochester, NY - but without 
'lhei( name. Well made with 
fully coated optics, super nice 
rubber armored housing over 
hi-alloy aluminum, includes 
lens cleaner cloth, neck lan­
yard and carry case. 4 styles: roof prism 10x25 (10 power, 
25 mm), 1 OX25 high performance roof prism ruby coated 
objective 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 1 Ox50 porro prism ruby coats. 
First quality, yet at a close-<>ut price on the exact same 
units as the 'Trademarked' units - but at half price! 
BNO·M, 8x21 Mini Monocular .••....••...••.... $14.95 
BN0·1, 10x25 Roof Prism Binoculars •••.•••••••• $24.95 
BN0-1 EX, 1 Ox25 Ruby Coated Porro Prism .•••..• $29.95 
BN0-2, 10x25 TacGrip Ruby Coat Porro Prism ••••• $59.95 
BN0-6, 10x50 Ultra-View Ruby Coat Porro Prism ••• $69.95 

Everyone 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 crystal clear amazing sound! Thafs 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 1 

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, 

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, sensttive receiver has plenty of crystal clear 
audio to drive any speaker or earphone. Easy one evening 
assembly, run on 9 volt battery, all have squelch except for short­
wave and FM broadcast which has handy SCA output. Add our 
snazzy matching case and knob set for that smart finished look. 
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 output/inputs 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 15VDC. Our 
matching case set adds a professional look to your ktt. 
SS-70A, Speech Descrambler/Scrambler Kit .•.••• $39.95 

r-=======;;;;--;:::::::::::;:::::::;:::::;::::::::;::::::;1 CSS, Custom Matching Case and Knob Set •••..• $14.95 
FM Station 
Broadcast 
Antenna 

FR· 1, FM Broadcast Band 88-108 MHz Kil .............. $24.95 
FR-6, 6 Meter FM Ham Band Kit .....•.•.••..•.•..•... $34.95 
FR·10, 10 Meter FM Ham Band Kil .................... $34.95 
FR· 146, 2 Meter FM Ham Band Kil .................... $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 - thafs a 
quarter in the picture! Choose the unit 
that's best for you. FM-5 is the smallest 
tunable FM transmitter in the wortd, picks 
up a whisper 1 O' away and transmits up 
to 300'. Runs on tiny included watch bat­
tery, 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 crystal 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 (surface 
mount) ktts include extra parts in case you sneeze & loose a part! 
FM-4MC, High Power FM Transmitter Kit •••••••.•.••••• $17.95 
FM·S, World's Smallest FM Transmitter Kit ••••••••••••• $19.95 
FM-6, Crystal Controlled 2M FM Transmitter Kil ......... $39.95 
FM-6, Fully Wired & Tested 2M FM Transmitter •••••••••• $69.95 

For maximum perfor­
mance, a good antenna 

is needed. Property tuned and matched antenna is fully 
PVC enclosed for weather protection and rugged use. Ver­
tical or horizontal mounting, 'F' style connector, 5' long. 
TM·100, Tru·Match FM Station Antenna Kit .................. $39.95 

AM Radio 
Transmitter ---~~-J._,I band, set to clear channel in your 

area. AM-25 'pro' version is synthesized for stable, no-drift 
frequency and is setable for high power output where regu-

SS-70AWT, Fully Wired SS-70A with Case ...••..• $79.95 
AC12-S, 12 Volt DC Wall Plug Adapter ........•••. $9.95 

\#cm 1ur uur rn:1: \#illiHUg : 
See our comp lete cata log and order 

on-line with our secure server at. 

' www.ramseyelectronics.com 

RAMSEY ELECTRONICS, INC. 
793 Canning Parkway Victor. NY 14564 

Order Toll-free: 800·446·2295 

lations allow, typical range of 1-2 miles. Entry-level AM-1 1m11a11~1m11 
has tunable transmtt oscillator, runs FCC maximum 100 mw 
power, expected range 1/4 mile. Both accept line-level 

Sorry. no tech info. or order status at this number 

- · · · · -, Order Status 
: 716-924-4560 

inputs from tape decks, CD players or mike mixers, run on • 
12 volts DC. Pro AM-25 includes AC power adapter, match-

5 ing case and bottom loaded wire antenna. Entry-level AM-1 
DtJCeVER 

has an available matching case and knob set for a finished, ORDERING INFO: Satisfaction Guaranteed. Examine tor 1 o days, ff 
professional look. High level modulation for low distortion. not pleased, return in original torm tor refund. Add $6.95 for ship-
AM-25, Professional AM Transmitter Kit ••••••••• $129.95 ping, handling and insurance. Orders under $20, add $3.00. NY resi-
AM-1, Entry level AM Radio Transmitter Kit •••••• $29.95 dents add 7% sales tax. Sorry, no CODs. Foreign orders, add 20% 
CAM, Matching case Set for AM· 1 ••••• .•••••••• $14.95 tor surtace mail or use credtt card and specify shipping method. 

Write In 82 on Reader Service Card. 



MISCELLANEOUS 
ELECTRONICS FOR SALE 

NEW, USED, and "as is" Radio Shack 
items. Software, printers, computers, 
books, parts for RIC cars, etc. Free list. B 
and B Enterprises, 208 S. Pulaski St.. 
Baltimore, MD 21223. 410-566-5388. 

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 

ILL 
ILi 
c 0 R 

MINI-RIGHT ANGLE 
GEARHEAD MOTOR 

WITH CIRCUIT CONTROL 

Omron # R2DG-41 
Built-in control circuits 
allow this motor to be 
used in a continuous 
or a pulsed mode. In 
continuous mode the final drive gear 
turns at 22-45 RPM (3-6 Vdc). In the 
pulsed mode the final drive gear turns one 
revolution each time the controller is 
momentarily pulsed. The motor assembly is 
1. 75" x 1.25" x 0.5" overall. The nylon final 
gear is 0.62 diameter and has a little nipple 
slightly off-center to which a small push-rod 
could be attached. Motors are in good con­
dition, removed from equipment. Hook-up 
instructions included. 

7
SO 

CAT# DCM-110 $ -h eac I 10 for $60.00 I 
ENCLOSED SWITCHING 

POWER SUPPLY 

Voltek Corp # SPEC7188B 
Input: 100 - 240 Vac 
Outputs: + 5 Vdc @ 3.70 A, 
+12 Vdc@ 0.60A, 
-5 Vdc @ 0.05 A, 
+5 Vdc Trickle @ 

0.1 A. Metal 
encased switching 
supply. Standard three-prong IEC socket 
power input. 7 conductor, Molex-type connec­
tor output. 9• x 2.1 • x 1.36". UL recognized. 

Removed from new equipment. s35Q 
CAT # PS-27 each 

1
3000 MCD ULTRA-BRIGHT I 

_ REDLED _ 

Ever1ight # 383URC-2/TR1-C{R) 
Red, "Ultra-brighr T 1 314 LEDs 
"Tape-and-reel" parts. These are 
5 mm diameter water-clear LEDs 
that light bright red at 20 ma. 

CAT# LED-50 

2 for s 1 00 100 for $35.00 
1000 for $250.00 

DESOLDER STATIONS: OWN PUMP: 
Weller DS1000 w/readout $350, Ungar 
4024 $200, PACE MBT201, MBT210, 
MBT220, MBT250, PRC2000 bases only 
or complete with handpieces call for 
prices. HOT TWEEZER pulls SMD parts 
$75. SOLDER STATIONS: Weller: 
EC2000 digital readout $100, WTCP 
$50, EC2002M $225 new, EC1301, 1302 
pencils $50 new. Desolder handpiece 70 
watt 110VAC $50. 310-515-2058. 

HARD-TO-find parts; big screen tubes 
$135; 13", 19", 25" $25; electronic tuners 
$20; RF modulators $5; modules, knobs, 
flybacks. Call 912-272-6561. 
Scarborough TV, 1422 Old River Rd., 
East Dublin, GA 31027. 

CALL FOR a free electronics catalog 
or visit our web site at www.bgmicro 
.corn/ B.G. Micro, PO Box 280298, 
Dallas, TX 75228. Order line 1-800-276-
2206. 

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 

FREE FLYER on DBS, cable TV, phones, 
credit cards, schematics, health items. 
Bill 1-800-879-9657. 

QUALITY 
PARTS 

FAST 
SHIPPING 

Timer circuit board will 
operate 120 or 240 Vac 
devices. Originally 
designed to run a 
vibrating motor in a 
massage chair, the circuit 
automatically shuts-off a motor, amp or other 
device after approximately 30 minutes. Shut-
off time can be varied by replacing one of the 
resistors on the board with a pot or resistor of 
different value. Hook-up instructions included 

with the board explain how to 3so 
make this modification. $ -
1.9" x 2.5". CAT# TMR-5 each 

45 Amp Solid State Relay 

CrouzeVGordos # G240D45 • 
Control Voltage: 3-32 Vdc 
Load: 45 Amps, 24-280 Vac 
Back-to-back {dual) SCR out-
put tor severe induction loads. 
False tum-on immunity and positive ' 
tum-off at high dv/d1. Standard "hockey-puck" 

2 .25" x 1.75" x 0.90". UUCSA 1 gso 
CAT# SSRLY-45 $ each 

Surface Mount Momentary 
Pushbutton Switch 

Panasonic # EQV PHV03T 
S.P.S.T., normally open, • 
surface mount pushbutton. 0.25" 
square x 0.13" high. Leads on 
0.15" centers. 

CAT# PB-85 

j 100 for $25.00 • 2000 per reel $200-00 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. 300 
CAT # VCU-8 $ each 

I 

I 10 for $28.00 • 100 for $250.00 I 

Optrex # DMC 20434-CEM 

{PWB20434-CEM) ~······ · · · · · ·· 
5 x 8 dot format. 
3" x 1 • viewing area. 
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~6 $ -I 1 o for $60.00 l each 

I Microphone For Fish 
Consists of a dart-shaped underwater trans­
ducer on a 21 ' wire and a small 
amplifier. According to the man­
ufacturer, it enables 
you to hear the fish strik­
ing your bait, thus 
allowing you to 
catch more fish. We 
don't have the instruc­
tions, and you will need some head­
phones with a 3.5 mm phone plug. Also 
requires 4 AAA batteries {not included). 
Transducer is 3.3" long. Amplifier 

a~;7 :~~; 2.4" x 1 "ss~h 

NEODYMIUM MAGNET 

0.25" DIAM.0.25" LONG 
Small cylindrical magnet with metallic @ 
coating. CAT # MAG~5 
2 for 80¢ • 10 for$ 3.50 • 100 for$ 25.00 

I 12 Volt Lamp and Socke4 
A great lamp assembly 
for display or special 
effects lighting. 
Consists of a remov­
able 12 volt wedge base 
bulb# 921, 12C21CP 
wedge base lamp that draws 
1.2 Amps. Assembly is 2.6" X 
0.95" X 0. 75". 19"" pigtail leads. 
Large quantity available. 1 25 
CAT# LMP-7 $ each 

1 O for $10.00 • 100 for $70.00 

ORDER TOLL FREE 1-800-826-5432 
MAIL ORDERS TO: 

ALL ELECTRON/CS CORP. 
P.O. BOX 567 

VAN NUYS, CA 91408--0567 

FAX (818) 781-2653 •INFO (818) 904-0524 

INTERNET http://www.allcorp.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 Include Calnomia 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 • Priees Subject to change without notice. 

I MANUFACTURERS - We Purchase EXCESS INVENTORIES ... Call, Write, E-MAIL or Fax YOUR LIST. I 
Write In 83 on Reader Service Card. 

LEARN HOW to: Descramble cable 
television, listen to phone calls, and 
make your computer 40% faster! On 
the web: http://www.cyberweb.org/ad 
amsghettomart/ 

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.ari 
aheimwire.com OR E-Mail: info@an 
aheimwire.com 

HIGH QUALITY TOOLS AND STAIN­
LESS STEEL HARDWARE_ European 
and American screwdrivers, nut­
drivers, pliers, hex-keys, balldrivers, 
and morel Wiha, Bondhus, and 
Knipex. Stainless cap screws, 
machine screws, nuts, washers, U­
bolts, and eyes. Free catalog. Robert 
Mink Import-Export, Box 6437V, Fair 
Haven, NJ On04. Telephone or fax 
732-758-8388. E-Mail: w2tv@csl.com 

SOLAR-POWERED FAN HAT. Baseball 
type hat with solar powered fan. Great for 
sports fans, golfers, etc. Available in red 
or blue. $19 plus $2.00 shipping. CA res­
idents add 7.75% sales tax. 
Visa/MC/Disc/Amex OK. H.T. Orr 
Computer Supplies, 249 Juanita Way, 
Placentia, CA 92670. 7140528-9822, 1-
800-3n-2023, FAX 714-993-6216. 

' 

MISCELLANEOUS 
I 

ELECTRONICS WANTED 
I 
' 

HIGHEST PRICES PAID: I will pay the 
following prices for Western Electric 
tubes: 211A/D/E new $300, used $175; 
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: EXCESS ELECTRONIC 
COMPONENTS, BOARD-LEVEL COM­
PONENTS; ICs, MEMORY, TRANSIS­
TORS, DIODES, CAPS, RELAYS, ETC. 
CALL LA PALMA SEMICONDUCTOR, 
714-523-8892 FAX 714-523-8898. 

WANTED: AVIONICS test equipment, 
IFR, 600A, 401 L, 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 



-

Write In 84 on Reader Service Card. 

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: 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: TU~E Hi Fi/commercial amps, 
preamps, corner/horn speakers. Altec, 
Marantz, Mcintosh, Western Electric, 
etc. 405-737-3312 fax 405-737-3355. 

WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, 
relays, lamps, synchros. Hyness 
Company, 709B Delair Road, Cranbury, 
NJ 08512-4212. Phone: 609-395-1116, 
FAX 609-395-1117. 

OLD ICs & mANSISTORS WANTED: 
HIGHEST PRICES PAID please FAX 
your list with part number, quantity & 
condition of any semiconductors to 
Rick @ ESI, 5363 Broadway Ave., 
Cleveland, OH 44127. 216-441-8500 
FAX 216-441-8503. Since 19461 
www.electronicsurplus.com 

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: REMOTE for Pioneer stereo 
receiver model #VSX504S. 937-599-
2997. 

WANTED: X-BAND radar equipment. 
Military, civilian, working or not, parts, 
TMs, etc. Box 10215, Pittsburgh, PA 
15232. 

Sell Nuts & Volts in your store! 
Contact us for complete details. 

phone 909-371-8497 
fax 909-371-3052 

E-Mail distributors@nutsvolts.com 

PO Box2426, Ft. Walton eeath, FL 32549 Voice/Fax 850-863~~723 

Stackable RS-232 Kits 
Digital 1/0 - 12 VO pins Individually configurable for Input or output 
DIP swltx:h addressable; stack up to 16 modules on same port for 192 
VO points. Tum on/off relays. Sense swltx:h translstions, button presses, 
4x4 matrix decoding using aut!Xlebounce and repeat $32 

Analog Input - 8 Input pins. 12-bit plus sign self-calibrating ADC. 
Returns results In 1 mV steps from 0 to 4095. Software programmable 
alarm trip-points for each Input DIP switch addressable; stack up to 18 
modules on same portfor 128 single-ended or 84 differential inputs.$48 

Home Automation (X-10) - Connects between a TW523 and your 
serial port Receivei1ransmlt all X-10 commands with your home-brewed 
programs. Full collision detection with auto ,.....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 and 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 commands to the Horne 
Automation and/or Digital VO kits using a remote telephone. $34 

Phone Line Transponder 
7 Individual output pins are controlled 
with buttons 1·7 on your touch·tone 
phone. Automatically answers 
telephone and waits for commands. 
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 

DTMF Decoder/Logger 
Keep treck 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 directtv to radio receiver's 
speaker terminals for off-air decoding 
of repeater codes, or numbers dialed 
on a radio program. $55 

IA Remote Control Receiver Telephone Call Restrictors 
Learns and responds to the data patterns 
emitted by standard Infrared remote 
controls used by TVs, VCRa, Stereos, etc. 
Lets you control all your electronic projects 
with your TV remote. 7 Individual output 
pins can be assigned to any button on your 
remote, and can be configured for either 
ioggle" or •momentary" action. $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 •nor 
been entered into memo.ry. Use touch-tone phone to program. 

Block out selected outgoing Block out selected incoming 
calls. Bypass at any time using calls. Calls Identified using 
your password. $35 Caller ID data. $48 

HEWLETT PACKARD 
117298, Carrier Noise Test Set. ... .. . . ........ $3000 
11975A, Amplifier, 2-BGHz ................... $2000 
16500A. Logic Analyzer Mainframe ..... . ......... $750 
3312A, Function Generalor, .1Hz-13MHz . ..... ... $700 
3325A, Synthesizer/Function Generator ......... $1000 
3325A/01/02, Synthesizer/Function Generator .... $1500 
3335A, Frequency Synthesizer, 200Hz-81MHz 

w/Opl. 01. .............................. $4500 
339A, Distortion Analyzer •........... ... ..... $1000 
3456A, Digital Multimeter, 6.5 Digits .. ..• . .....•. $800 
3478A, Digital Multimeter ....... . ..... ..... . . . $700 
3488A, Switch Control ... . ... ...... . . ... .. ... $600 
3551A, Transmission Test Set . .... . ......•..... $600 
35660A, Signal Analyzer .. ...... . .............•. $5000 
3575A, Phase Gain Meter 1Hz·13MHz . ... .. .... $1000 
3577 A, Network Analyzer w/356n A Test Set ..... $9,500 
3580A, Spectrum Analyzer, SHz·SOKHz, Opt. 2 & 3. $1000 
3581C, Selective Voltmeter ............•..•.... $800 
3585A, Spectrum Analyzer, 20Hz-40.1MHz ....... $5500 

4192A, lF Impedance Analyzer w/16097A Ktt ... $10,000 
4342A, 0-Meter .. . .... ..... ....... .. .. ... . $1800 
4358, Power Meter .......................... $500 
436A, Power Meter w/Opt 022 ................ $1000 
4378, Power Meter .. ...... . . : ....... . ......... $1800 
4935A, Transmission lmpairmentTest Set 

w/Opt.003 .......... ... ............. . ... $1100 
5087 A, Distribution Amplifier ...•.•.. •..... .. .. $1000 
53168, Universal Counter .. .... .. .. . . . .. • .. .. $1000 
53288, Universal Counter .................... $1000 
5335A, Frequency Counter, Opt. 10/20 ...... .... . $850 
5340A, Frequency Counter w/Opl. 01/02/011 ...... $1000 
5342A, Microwave Frequency Counter, 

10Hz-18GHz .................. . . . ........ $900 
5355A, Frequency Converter ................. $1000 
5386A, Frequency Counter, 1 OHz-3GHz ........ . $2000 
541 OOA, Digitizing Oscilloscope . . . . .. . ... ... . .. $1700 
541000, 1 GHz Digital Oscilloscope .•. .... ...... $2700 
5411 OD, 1 GHz Color Digitizing Oscilloscope ...... $2500 
54120A, Digitizing Oscilloscope Mainframe .. ... .. $5750 
54201 D, Digitizing Oscilloscope ............... $2650 
6011A, Autoranging Power Supply, 20V/120A, 

1000 Watt ...... . ................... ... . $1200 
6012A, DC Power Supply, Q.60V/0-50A, 1000 Watt .... $1200 
6034A, DC Power Supply, Q.60V/0-10A, 200 Watt .. . : . $1000 
627 48, DC Power Supply, (}.60V, 0· 1 SA ......... $12$0 
6632A, DC Power Supply, 0-20V, 0-SA, 100 Watt ... •. $1000 
n8D, Dual Directional Coupler ........ . ... . .... $400 
80138, Pulse Generator . . .................... $750 
8082A, Dual Pulse Generator, 250MHz ....... . .. $1200 
8112A, SOMHz Pulse Generator ........•...... $4000 
8116A, SOMHz Pulse/Function Generator, Opt. 001 . $4000 
8160A, Programmable Pulse Generator, SOMHz ... $2000 
8165A/002, Programmable Signal Source w/AM ... $2200 
8347A, RF Amplifier, 100KHz-3GHz ........... . $2500 
8350A, Sweep Oscillator Mainframe ..•. ... .. . . . $1000 
83508, Sweep Oscillalor Mainframe ..•......... $1500 
83522A, Sweeper Plug·in, .01-2.4GHz, w/Opt 02 .. $4000 

83540A, RF Piug-in, 2.0-S.4GHz .•.. . .. .. ...... $2000 
83540A/002, RF Plug~n . 2·8.4GHz ... . . .. ... .. . $2500 
83545A, Oscillator Pfug·in, 5.9-12.4GHz ......... $1750 
8411 A/018, Frequency Converter .11 to 18GHz . ... . $500 
8494H, Programmable Attenuator (unused) ........ $800 
8495H, Programmable Attenuator (unused) ....... $600 
8501A, Storage Normalizer ........ . ... ... . . .. $1000 
8505A, Network Analyzer w/8501A & 8503A ...•.. $4000 

8510A, Network Analyzer w/Opt 010 ... .• . .• . . . $7500 
85106, Network Analyzer w/Opt. 010 .......... $13,000 
85548, RF Spectrum Analyzer Plug-in, 

500KHz·1250MHz ... . . . .... ..... ........ . . $800 
8559A, Spectrum Analyzer Plug-in, .01 -21GHz .... $2650 
8562A, Spectrum Analyzer, 1KHz·22GHz .. . ... . .. . $17,000 
8566A/B, Spectrum Analyzer, 100Hz-22GHz .... $16,000 
85698, Spectrum Analyzer, 10MHz·22GHz ....... $7000 
8640A, Signal Generator, 0.5-512MHz ...... .. ... $700 
86406, Signal Generator, Opt. 002, .5-1024MHz . . . $2100 
86408, Signal Generator, Opt. 1, 2 . .......... .. $2200 
8654A, Signal Generator, 10-520MHz ........... $450 
8656A, Signal Generalor, 1 OOKHz-990MHz ...... $1700 
86568, Signal Source, .01-2500MHz ............ $2500 
8660C, Synth. Signal Generator w/Opt. 1 & 100 ... $1000 
8660C, Synth. Signal Generator w/Opt 1/51100 .. . . $1200 
86600, Synthesized Signal Generator ........... $4000 
86603A, RF Plug-In, 1-2600MHz .... . . ... ....... $800 
86603A, RF Plug-In, 1 ·2600MHz w/Opl. 02 ........ $950 
.8663A, Synthesized Signal Gen., 100KHz·2560MHz 

w/Opt. 001 & 002 .... ................... $33,000 
8672A, Synth. Signal Gen., 2.0-18.0GHz . ...... . . $5000 
8748A, S.Parameter Test Set w/Opt. 026 ....•.. . . $1350 
8756A, Scalar Network Analyzer .. ....•........ $1500 
8757 A, Scalar Network Analyzer, • 

10MHz-60GHz .. . . .. ................... . $4000 

8901A, Modulation Analyzer w/Opt 10 . . .. . .... .. $700 
8901A, Modulation Analyzer w/Opt 02 & 10 ... .. .. $900 

8970A, Noise Figure Meler .... . .. . •.......... $4500 
K382A, Variable Alteraialor .......... ..... ....... $2300 

TEKTRONIX 
1503, TOR Cable Tester w/Opt. 04 Recorder .•.. . $1550 
2215, 60MHz Oscilloscope ........... .. ... . ... $500 
2236, 1 OOMHz Oscilloscope 

w/Countermmer!DMM ...•.......... . . . ... $1000 
2246, 100MHz Oscilloscope ............. . .... $1600 
2247A, 100MHz Oscilloscope w/Countermmert 

Voltmeter ..... .......................... $2500 
2337, 100MHz Oscilloscope w/DMM .. .. . . . . ... $1650 
2430A, 1 SOMHz Digital Oscilloscope ..... . .. .... $2850 
2432A, 300MHz Digital Storage Oscilloscope . . ... $3000 
2445, Four Channel 1 SOMHz OsciHoscope ....... $1500 
2445A, 150MHz Four Trace Oscilloscope ......•. $1850 
2465, Four Channel 300MHz Osciltoscope ....... $2500 
2754P, 10KHz·21GHz Specturm Analyzer ....•... SHOO 
4658, 1 OOMHz Oscilloscope ..... . ............. $450 
466, 100MHz Storage Oscilloscope w/DM44 .. .... $800 
475, 200MHz Oscilloscope ............. . . .. . .. . $650 
475A, 250MHz Oscilloscope .... • ..•..••...... $800 
576, Curve Tracer ...•....•.. . . . .. .. . . . . .•.. $2750 
5n/D2, Curve Tracer, Non-storage w/1n FDdure .• $1750 
7020, Programmable Di!jtizsr ...... ..... ...... $400 
7LS/l.3, Spectrum Analyzer, 20Hz·SMHz, 

w/Opt. 025 Tracking Generator ....•..... .. ... $1850 
7L 12, Spectrum Analyzer, 100KHz·1.8GHz ..... . $1500 

VISIT OUR WEBPAGE AT 
WWW.RSSURPLUS.COM 

7L18, Spectrum Analyzer Plug-in, 1.5-18GHz 
Capable of 60GHz with Mixers . ..... ... .... . $2500 

7S12, TOR/Sampler ... . ......•..•........•.. $450 
AFG5101, Arbitraiy Function Generalor ........• $1500 
CG5001, Programmable Calibration Generalor .. .. $4000 
DSA602, Digitizing Signal Analyzer. ............ . .. $7500 
PG506, Calibration Generator Plug-in .....•...... $600 
TM5003, Three Slot Power Mainframe .... . .. .. . . $450 
TM5006, Six Slot Power Mainframe .....•....... $550 

MISCELLANEOUS 
Acme Elect. PS2L1000, Electronic Load ...... . ... $850 
Datron 1061A, 6.5 Digit Autocaf Multimeler, DC Only ... $700 
Datron 1062, 6.5 Digit All\:x:af Multineter, OCJAC/Ohms ... $900 
EIP 545A, Microwave Frequency Counter •........ $800 
EIP 548A, Frequency Counter, 10Hz-26.5GHz .... $2000 
EIP 548B, 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 EMC 1!0 MK IV, lntelface Analyzer, 
•10KHz-1GHz .......•. . .•.. . ..•.......... $5000 

Electro-Metric NTR-51C, Receiver •......... .... $1250 
Fluke 51011W3, Calibralor ..•..•....•........ $3000 
Fluke 5200A, IC Voltage Calibralor w/5205A Amp .. .. $1850 
Fluke 8010A, Digilal Multimeter .... . ......... , ..•. $175 
Fluke 8012A, Digilal Multimeter ..... . ............. $175 
Fluke 8050A, Digital Multimeter ................... $250 
Fluke 8502A, Digital Multimeter, DC Only ... . ..•... : . $225 
Fluke 8520A, D9taJ Multineter ................... $350 
Fluke 8600A, Digital Multimeter ........... . ........ $65 
Fluke 8810A, Digilal Multimeter ................... $250 
Fluke 8840A. Digi1al Voftmeler w/Opt 059 . .. ..... . $600 
Gigatronics 910, Frequency Syn ... 05-26GHz ..•.. $7000 
Keithley 195A, Digital Multimeter .... . . . ... . •.. . . $700 
LeCroy 9424, 350MHz Oscilloscope . . ... .. .... : $3500 
Marcori 2019A, Signal Gen., 80KHz-1040MHz .••. $2200 
Polarad 11 OSE·FT, Signal Generator, 0.8-2.4GHz ... $400 
Sorensen DCS40-25, DC Power Supply, 4-0V/25A ... $750 
Trans. Devices DLR40015 3500A, Dynamic Load .. $1500 
Trans. Devices OLP 50-S0-1000A, Electronic Load .. $800 
Trans. Devices DLVP 130-110-1000 

l;:lectronic Load .. ... ...................... $950 
Valhalla 2703, AC Voltage Standard .. . ..••..... $2350 
Valhalla4150ATC, Digital Ohmmeter ..•.......... $750 
W & G DA·30, Protocol Analyzer ......•.......• $3000 
W & G SNA5, 50Hz-3.2GHz Spectrum Analyzer ... $5000 
Wavetek 178, Automatic Synthesizer ............ $1700 
Wavetek 650, Precision 2MHz Variable 

Phase Synthesizer ..........•......• . . .... $1550 
Wavetelc 2001A, Sweep Generalor, 1;1400MHz . ..... . $450 
Wavetek 300D-200, Signal Generator ...•....•.. . $900 
Wavetelc 8003, Precision Scalar Analyzer, 

10MHz-40GHz .......•...•......•.•..... . $2000 
Wavetek 8501 , Peak Power Meter ........•..... $2000 
Wlltroo 56D-7S50, RF Detector, 10MHz· 18.5GHz ...... $300 
Wiltron 56D-7S50, RF 0-, 10Mljz·26.5GHz, Opt. 2 .. $400 
Wlltron 560-97$50, SWR Autotester, 10MHz·18GHz .... $600 

- R & S Surplus 
1050 E. CYPRESS STREET, COVINA, CA 91724 

(626) 967-0846 • FAX (626) 967-1999 
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REFILL INKS FOR INKJET PRINTERS . 
Refill your old cartridge and save. All refill kits come with instructions and 
needed materials for refilling inkjet cartridges. Success guaranteed. 
Available for the following: 

CANON BC-01, BC-02 CANON BJlOe, APPLE SlYLEWRITER, BJ-200 
Single Black Refill $8.00; Triple Refill $19.00. CANON BJC-600 (BC-201) 
Single Black or Single Colors (3 refills) $8.00. CANON BcJ-130/300/330 
& IBM Exec Jet (Cart #BJl-481 & BJl-642) Black - 3-bottle kit $22.00. 
CANON BJC210/240 (BC-05 Cart) 3-color kit (3 refills each color for BC-
05) $24.00. CANON BJC-4000 and Apple Stylewriter 2400 Black 3-bOttle 

kit (3 refills BC-20, 9 refills BCl-21black,30 refills BCl-11black, 10 refills BCl-10) $19.00. CANON 
BJC-4000/8JC70 and Apple Stylewriter 2400 Tri-color kit - 6 refills each color for BC!-21or15 
refills each colcir for BC!-11 $24.00. CANON BJC-800/820/880 3-bottle kit (for BJ!-643B) $19.00. 
CANON BJC-800/820/880 3-bottle tri-color kit (Cart #BJ!-643CMY) $24.00. EPSON STYLUS 
COLOR PRINTER - (Cart 5020034) Single Triple black $19.00; Tri-color kit (Cart 5020036) 2 refills 
each color $24.00. EPSON STYLUS COLOR D - (5020047) Triple Black $19.00 (5020049). Tri-color 
(2 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. HP DESKJET 
500/550/560 (51608A, 51633A, 51626A) Black single refills $8.00. HP DESKJET 
500/550/560. Black 3-bottle kit $19.00. HP DESKJET 500C/550C/560C. Tri-color kit (5 refills 
each color) $24.00. HP DESKJET 1200C, DESIGNJET 650 (C3rt #HP 51640B) Black Three pack 
(3 refills) $19.00. HP DESKJET 1200C/1600C, DESIGNJET 650 (Cart #HP 51640 C,M,Y). Tri­
color kit (one refill each color) $24.00. HP DESKJET 600/660 (HP 51629A) Black three pack 
$19.00. HP DESK.JET 600C/660C. (HP 51649A) Tri-color (5 refills each color) $24.00. HP 
DESK.JET 855C/1600C (HP 51645A) Black three pack $19.00. HP DESK.JET 855C (HP 51641A) 
Tri-color kit (2 refills each color) $24.00. HP DESK.JET 720, 722, 890, OFFICE JET 1170 & 1175 
(C1823A) Tri-color kit (2 refills each color) $24.00. HP PAINT JET and PAINT JET XL (51606A) Black 
3-bottle kit $19.00. HP PAINT JET and PAINT JET XL (51606C) Tri-color kit $24.00. HP PAINT JET 
XL300 (C1645A & C1656A) Black 3-refill kit $19.00. HP PAINT JET XL300 Tri-color kit (1 refill 
each color) HP 51639C,M,Y $24.00. HP THlNKJET, QUIET JET, KODAK DICONIX 150 (51604A 
or 92261A) black 5 refills $9.00. IBMjl.exmarkjExecjet/4076 (1380620) black 3-refill kit $19.00. 
IBM/Lexmark ExecJet DC, WmWriter 150 C (Cart #1380619) 4 refills each color $24.00. SNAP 
AND FILL SYSTEM - Permits refilling HP 51626A (black for HP 500-series) and HP 51629A (black for 
HP 600-series) cartridges without making a hole in the cartridge. Consists of special cartridge holder, 
syringe, plastic tubing, and directions. STARTER KIT - with ink for 3 refills $28.00. EXTRA INK FOR 
SNAP & FILL SYSTEM (black only) 4-oz. bottle $18.00; 8-oz. bottle $34.00. Specify whether for HP 
51626A or HP 51629A 

~ ~:~.-~~::~$~o~~r;~$~-~~~~; 
. $6.00; Centronics 700 Zip Pack $5.00; C. ltoh Prowriter Jr., Rlteman C+/F+ 

$6.00; Rlteman lnforunner $8.00; Commodore MPS-801 $5.00; MPS-803 $7 .00; Decwrtter U\30/ 36 $4.00; 
Apple Scribe $4.00; MannJsman TaDy Spirit 80, Commodore 1526 $5.00; Epson JX-80 4-Color $14.00. 
Printronlx 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 $4.00 per order shipping. California residents add 7.75% sales tax. 
On ribbon orders over $50.00 deduct 10% discount. 

".:"::J H.T. ORR Computer Supplies o\\~~i~;·, 
249 Juanita Way, Placentia , CA 92870-2216 

714-528-9822 • 800-377-2023 • FAX 714-993-6216 
• · http://www.extremeplay.com/occomp/orr.htm ll:::I 

Write In 85 on Reader Service Card. 

Equipment Management Technology 

SELECTED SPECIALS! 
HP 16505A $250 HP E1345A Make Offer! 

We buy, rent, and sell high 
quality test and measurement 
products. We occasionaly 
offer great deals on computers 
as well. 

HP 16510A $100 HP E1347A Make Offer! 
HP 16515A $100 HP E1364A Make Offer! 
HP 16516A $400 HP E14008 Make Offer! 
HP 3314A $1400 HP E1401A Make Offer! 
HP 5335A $500 HP E1662A Make Offer! HP Omni8ook 600C color 

subnotebook weighs a mere 3.71bs 
for ultimate portability. Special Nuts 

& Volts price is only $2501 

HP 595018 $250 HP E1671A Make Offer! 
HP 6266A $250 HP E1672A Make Offer! 
HP 8016A $500 HP E1681A Make Offer! 
HP 83545A $3850 HP E1682A Make Offer! 
HP 84938 $100 HP E1693A Make Offer! Dave is test equipment! 

8igdave@emt1.com 

Kerry is computers! 
kwhite@emt1.com 

HP 8958A $5000 HP E1725A Make Offer! 

956 Bransten Road ~ 
San Carlos, CA 94070 Ll.l:SlJ 

BBS & ONLINE SERVICES 

E-MAIL TECH SUPPORT LINE for TV, 
VCR, monitor technicians. First 90 days 
free. For info E-Mail: gregboyd1@ 
ju no.com 

EDUCATION 

RF OSCILLATOR DESIGN. Learn to 
design RF oscillators from a pro. 90 page 
course presents the knowhow of oscilla­
tor analysis, simulation and design with 
breadboard experiments. Requires 
AC/DC and some calculus. $39+$6 S&H. 
RFLS, PO Box 9185, Gaithersburg, MD 
20898-9185. 

sue! 
right 
r only 
-462( 

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 AF expertise. Microcontroller 
designs for HC05xx, HC11 xx, 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 

PINBALL "MACHINES! Books, 
Magazines, Manuals, Diagrams, 
Supplies, Parts. $2 catalog, Marco 
Specialties, 5290-N Platt Springs Rd., 
Lexington, SC 29073-9252. 803-957-
5500. FAX 803-957-6974. E-Mail: 
tilt@ix.netcom.com http://pinball 
machine.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: Luze1 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. 

PCB SERVICES: Graphic design from 
schematic, thru hole and SMT. In-house 
prototype fabrication, assembly, turn key 
or kit. Small quantity specialist. In busi­
ness 16 years. Midland Technologies, 
34374 E. Frontage Rd., Bozeman, MT 
59715. 1-800-726-8871. 

Write In 88 on Reader Service Card. 
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--SubsCrlbe 
todaY!!l 

and be 
automatica//y entered each 

month in our Prize Drawing! 
~· 

See our ad on Paee 54 for more 
details' and this month's ·prize! 

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 
existinll 2-layer board. 
www.c1rcuit-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-
7 41-0338 to place an order. 

Closing Date 
For Next Issue~ 

June 5th 

DMM-19S ($179.00): true nns, AC/DC 01.A). 0. 
bar graph, freq, capac., dBm, logic, diode 

DMM-23T ($99.9S): 411 digit, true nns, high resol 
(IOµV, IOnA, IOmO}, hFE, diode, contin. 

MM-20 (S74.9S): AC/DC (V, A). Freq. conl. 
Capac, lnducl, o, hFE, diode, duly oycle 

DMM-122($59.9S): OC/A~,A). O,hFE,di 
capeciWlce, fmi, logic, continuity 

DMM-123 (S44.9S): DMM +capacitance. 
DC/ Ac,(y ,A}, 0, hFE, diode, continuity 

DMM-18 ($19.9S): 311 digit, DC/AC V, 0, hFE, 
diode, signal ou1put(+3V,.0.SVsq.,SO%duty) 

Write In 90 on Reader Service Card. 

RiskFrre 
30Days 

MmeyBack 

Write In 89 on Reader Service Card. 

CAP-15 (J,9.95): 311 digit, O.lpF-
20mF, 9 Ranges, O.lpF resolutio 
um adjusbncnl 

LCR-24 (JJI9.95): O.lµH-200H. 
O.lpF-2000µ1', 0.0I0·20MO, 
diode test N-Motld. 

LCR-131D (J119.9S): aut<nnge, 
O.lµH-IOkH_O.lpF-IOmF. lmO­
IOMO, Q Factor, seriallparalle~ 
120HzllkHz tosting mode. 
1289 ($119.95): l.2SGHz COIDI 
Handheld, 8 «¥.ts display, I 
accuracy, SC'1Sltivity SmV (!JO. 
350MHz 30mV 440MHz 

• AC Cwrcnt Pro .9 
•DC/AC Cwrcnt Probe $79.95 
•Mini AC Clamp $59.95 
•AC Clamp w/temp S89.95 
•DC/AC Clamp $109.95 
•Thennometer $69.95-S89.95 
•IR Thennometer $189.95 
• SolUld Level Meter $169.95 
•Tachometa $169.95-$219.95 
•EMF Tester $69.95 
•Pressure Meter $299.95 
•Watt Meter $129.95 
•High Voltage Probe SS9.95 
•pH Meter $79.95 
• . I Meter $79.9s.$89.95 

RF ~tor• ~160 124.9 100 -
I SOMHz llinewaves in 8 ranges 
• ~162AD(S229.9S) with 6 digit COID\ler 
A11• c-..1'lr • AG-260 I (SI 24.9S) I OHz-
1MHz,0-8Vpp sine, 0-IOYpp sqwuewave 
• AC.2683AD ($229.95} with 6 digit COIDlter 
.,_ c-ater • FG-21HA($1SUS) 
0.2Hz-2MHz,SmV-20V,. 
• FG-2103 (S329.9S) Sweop 0.5Hz·5MHz 



ECLIPSE INFRARED 
REMOTE CONTROL 
Forty-seven buttons! build a re­
mote-controlled robot ... or some-

. thing. 
97V012 4.95 each 

e 
ULTRASONIC 
TRANSDUCER 
Polaroid transducer is for use mea­
suring distance and object detec­
tion. Operating frequency 50-
60KHz. Norn bias 150VDC, Norn 
AC drive 1 SOVAC peak, max com­
bined 400V, Norn capacitance @ 
1KHz400-500pF. Documentation 
included. 
99U001 

PC BOARD 
DRILLS 
Used. Serviceable. A'Ssorted sizes. 
99Z002 50 for $19.95 

VARIACS 

2000VA 
1000VA 

$129.95 
$89.95 

REMOVABLE HARD 
DRIVE 
Syquest S0555 44MB removable 
SCSI cartridge hard drive. (Re­
moved during upgrade) 
97C024 $9.95 each 

IDE CARD 
Creative Labs #CT1870. (For in­
dividual cards, see 96C012). 
Dealer inquiries invited. 
98C007 Box of 20 

GENUINE14X 
JEWELER'S 
LOUPE 

$19.95 

High-quality glass Hastings Trip let 
flat field loupe made in the USA by 
Bausch & Lomb. If you're in the 
field searching part numbers on 
components or serial numbers on 
equipment, this little gem could pay 
for itself the first time you use it. 
98Z012 $15.95 each 

LED FLASHLIGHT 
This flashlight is the newest in por­
table lighting technology. Three 
"AA" alkaline batteries will give 60 
hours of light when you use the 
PL-W1 with one LED. There's no 
bulb to replace. This is a great light 
for cavers, backpackers, boat­
ers and anyone who doesn't want 
to carry a lot of batteries and 
wants a dependable light. Put one 
into your Y2K "survival kit." 
PL-W1 1 LED) $14.95 
PL-W2 2 LEDs 19.95 
PL-W3 3 LEDs 24.95 

12VDC 
BUEHLER 
GEARMOTOR 
No Load: 60 mA, 62 RPM. Full 
Load: 155 mA, 47 RPM. Load 
Torque: 17 oz.fin, Gear Ratio: 
106:1. Cast case, sintered bronze 
bearings. Dimensions:40x40x29 
mm. Shaft: 3 mm dia x 1 O mm long. 
Rotation: clockwise, facing shaft. 
98M005 $11.95 each 

I LOCTITE 
RE MOVEABLE 
THREADLOCKER 
Type 242 . 0.34-oz. 
(10ml) bOtle. 
99Z001 

$2.49 each 

"SPAGHElTI" 
18-Ga. teflon, for jumpers and 
component leads. 25-ft. roll . 
99W009 $4.95/roll 

ATARI1020 
COLOR PRINTER 
For all Atari 8-bit computers. (Not 
PC-compatible!) Package in­
cludes: printer, power supply, soft­
ware, pens, paper and interface 
cable. These are new units in fac­
tory sealed boxes. 
94C037 $14.95 each 

TV AUDIO 
DEMODULATOR 
Originally used in cable TV appli­
cation, this subassembly takes 
channel 3, 4 or 5 signal and de­
modulates the audio. Comes with 
documentation and schematics, 
plus additional schematics to build 
add-on video demodulator board. 
92A028 $9.95 each 

13.8 VDC BENCH 
POWER SUPPLY 
MG Electronics PS-8. Input volt­
age: 105-125 VAC 60 Hz. Output 
voltage: 13.8 VDC, SA. Brand newl 
96E001 49.95 

~ 
BATTERY HOLDER 
4AACells. 
93E018 
93E003 

'486 MOTHERBOARD 
Comes wth a 25MHz 486-SX CPU. 
Board supports SX25, SX33, 
DX25,DX33,DX40,DX50,DX2-
50, DX2-66, DX2-80. Does not 
support DX4 CPUs. All info 
silkscreened on board. Seven ISA 
slots and 2 VESA local buss ex­
tensions. Used, tested good. 
While supplies last... 
98C014 $29.95 each 

HPIB/GPIB CABLES 
Your choice for $24.95 each. 
HPIB-1 (1 Meter) 
HPIB-2 (2 Meter) 

ECOHEATTM HEAT GUN 
An economical, lightweight, multi­
use heat gun with two heat settings 
(500° and 1000°F). Has 3-position 
slide switch, built-in hand guard, 3-
wire grounded cord, thermoplastic 
case. UL listed, 120VAC. 
EC-100 $32.95 each 

• ULTRAMINIATURE . 
CAMERA 
Black and white 3.6mm camera. It 
has 430 lines of resolution, mini­
mum illumination is .03 Lux. 8-
12VDC (9V standard) at 80 ma. It 
has a built in microphone. Sensi­
tivity= -60Db, 20Hz-20KHz, audio 
out 1 V /600 ohms. It has a flatfront 
pinhole lens and metal housing. 
Dimensions are: 25mm X 25mm X 
16mm. It includes 9V AC adapter. 
99V001 89.95 

INFRA-RED 
CAMERA 
This is a 3.6mm CCD camera with 
430 lines of resolution. Minimum 
light-level is .03 Lux. 6 IR LED's 
onboard for illumination. Micro­
phone, sensitivity is -60dB, audio 
out is 1V/600 ohms. Includes AC 
adapter. 
99V002 

SOLAR BABY 
Open circuit: 18.5V. Peak power: 
15VDC at 333mA (SW). Ideal for 
recharging lead acid batteries. 
Sturdy aluminum frame on 
fiberglass-backed panel mea­
sures slightly less than 11 ·square. 
Wires included for easy hookup. 
98E024 $58.00 each 

ION PROPULSION 
MOTOR 
This amazing device demon­
strates the basic propulsion prin­
ciples used in NASA's Deep Space 
ion enginel 

The Ion Motor'creates a high volt­
age potential that generates four 
streams of "ION WIND". The ion 
streams exert a reactive force 
that spins the rotor like a top. 

This item makes a great science 
fair project or an interesting desk­
top toy. The Ion Motor also gen­
erates negative ions which can 
reduce pollen and pollution in the 
air to produce a healthier environ­
ment. 
Complete Ion Propulsion Motor 

99K001 ONLY $29.00 

LOWPASS FILTER 
TTE Bessel 10 pole filter. 3Db 
comerfrequency 350KHz. In and 
out impedance 75ohm. Min. stop 
band attenuation 60dBc. PC 
mount. Dimensions are 3.33" 
length X 1 • width X .s· diameter. 
99P003 $19.95 

·aack In Stock! 
PIEZOHORN 
TWEETER 
Frequency response 4KHz to 
40KHz @ 35V RMS. Measures 
3.375" square atthe horn flange by 
2.75"deep. 
95V010 4.95 each 

LCD 
DISPLAY 
1 Row, 8 characters, with backlit 
face 1-3/8" x 9/16". Standard 14-
pin interface with pinout sheet. 
97L001 7.95 each 

12VDC 
SOmAFAN 

- · 

Measures 2· sq. x 0.625" thick. 
These are newl 
96F003 

PENTIUM PRO' 
COOLING FAN . 
12VDC, 0.08A, with heatsink. 
Sanyo Denki #109P6612H2036. 
98F003 $15.00 each 

UNIPOLAR 
STEPPER 
MOTOR DRIVER IC 
UCN5804. Drives a unipolar step­
per in one of three operating 
modes: single phase, two phase 
or half step. Up to 1.25 Amps per 
phase. Step and direction input. 
Drive with a 555 timer, parallel 
port, etc. Build your own robot, 
anything that requires precision 
positioning . 
931002 

PULSE 
MOTOR 
42mm dia., 
22mm thick. 
Shaft: 3mm dia. 
x 12mm long, with 13-tooth gear 
approx 16.6mm dia x Smm thick. 
7.5°/step, 48s/rev., 12VDC, 500, 
6-wire. With spec sheet. 
92M010 3.95 each 

COMBO PACK! 
One 931002 IC and 92M010 motor 
(both shown above) with sche­
matics. 
931003 $7.95/set 

~ LTRONICS 
Store Hours: 9-6 M-F & 1<>-3 Sat. - Pacific 
Visa, MIC, AmEx Accepted.All Sales Final. 

California Residents Add Sales Tax. 
Shipping Additional on All Orders 

Prices Subject to Change Without Notice. 
Prices Good 60 Days from Date of Publication 

2300-D Zanker Road - San Jose, CA 95131-1114 
World Wide Web: htt ://www.alltronics.com 

(408) 943-9773 - ax (408) 943-9776 
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LMr. NiCdJ · 'llll llSJ HTillllS JUNE 99 SUPER SPECIAlS! . lllAMERICAI · 
For ICOM IC-2SAT I W2A / JSA TI 4SAT etc: Packs & Charger for YAESU FT-SOR/ 4()R I 10R: 

FNB-40xh -.- 7 .2v 650mAh $41.95 
FNB-47xh c-il 7.2v 1800mAh $49.96 
FNB-41xh , .. !M!! 9.6v 1000mAh $49.95 

For YAESU FT-51R I 41R I 11R: 
FNB-38pack15WJ 9.6v 700mAh $39.95 

For YAESU FT-53014161816176126: 
FNB-26 padl(NM-t) 7.2v 1500mAh $32.96 
FNB-27s 1swl:l!!1) 12.0v 1000mAh $45.95 

For YAESU FT-4111470173133123: 
FNB-11 pack(5w) 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for AUNCO DJ..58015821180 radios: 

EBP-20ns pack 7.2v 1500mAh $29.95 
EBP-22nh pk.(5w) 12.0v 1000mAh $36.95 
EDH-11 6-Cell AA case $14.95 

For ICOM IC-Z1A I T22-42A I W31- 32A I T7A: 
BP-180xh,. ,_ 7.2v 1000mAh $39.95 
BP-173 eack t5wl 9.6v 700mAh $49.95 

ForlCOM /C-W2fA/2GXAT IV21AT:1B1ock0<G10yJ 
BP-132s , .. ,....,., 12.0v 1500mAh $49.95 

Continued from page 19 
Ml· TAWAS· Hamfest. Iosco County AR 
Enthusiasts, John Hanley KABAIP, 517-756-2845. 
E-Mail: ka8aip@centuryinter.net 
Web: http://www.oscoda.net/icare/ . 
MO • SPRINGFIEU> • Hamfest. Southwest 
Missouri ARC, Karen Thorpe NOTDW, 417-889-
6775. E-Mail: nOtdw@juno.com 
NY • PLATTSBURGH • Hamfest. Champlain 
Valley ARC, Bernard Jakobeu KC2ALG, 
516<>43-9657 
l"IY ·WEEDSPORT· Hamfest. Auburn ARA, Joe 
KahlerWA2NGX, 315-364-5135. 
E-Mail: htx@usa.net 
OH • COWMB<JS • Hamfest. Voice of Aladdin 
ARC, Jim Morton KB8KPJ, 614-846-7790 
PA • MATAMORAS • Hamfest. Tri-State ARA, 
Dave W2DRH, 914-856-2529; Ray WY2D, 914-
856-1733; Rich K3BBC, 570-559-7401 

WA - SPOKANE • ARRL Eastern WA Section 
Convention. University High School, 10212 E . 9th 
Ave. Sat: 9am-5pm, Sun: 8am-12pm. VE Exams. 
Neil Gallup N7LVO, 509-928-7442. E-Mail: 
n71vo@cet.com Betsy Ashleman N7WRQ, 509-
448-5821. E-Mail: n7wrq@aol.com 
Web: http://www.iea.com/- n7utg 

IA • AMAl'tA • Hamfest. Cedar Valley ARC, Wayne 
Kolosik KIOFE. 319-393-4224. 
E-Mail: kiOfe@usa.net 
IL • PEOTONE • Hamfesters Harnfest. Will County 
Fairgrounds. Tom Davis KB9NUQ, 708-210-9548; 
David Bf'a¥1 NF9N, 708-448-0580. 
E-Mail: nf9n@aol.com or tdavis@internetplus.net 
OH • USBOl"I • Hamfest. Triangle ARC, Mike 
Mays KBSJNM, 330-386-6021. E-Mail: 
mike.mays@usa.net Web: http://www.qsl.net/ tarc 
OH • MARTll'IS FERRY • Hamfest. Triple States 
RAC, Ralph McDonough KBAN, 740-546-3930. 
E-Mail: k8an@aol.com 
Web: http://www.qsl.net/ tsrac 

CA· FONTANA· Inland Empire ARC Amateur 

BP-83 pack 7.2v 600mAh $23.95 
For ICOM 02A T etc & Radio Shack HTX-2021404: 
BP.Sh pack 8.4v 1400mAh $32.95 
BP-202s pock (H!X-202) 7 .2v 1400mAh $29.95 

For KENWOOD TH-79A I 42A I 22A: 
PB-32xh pad! 1NiMHJ 6.0v 1000mAh $29.95 
PB-34xh pac1c1sw .. MH1 9.6v 1000mAh $39.95 
For KENWOOD TH-78148128127: 
PB-131!!!1p!!!!1•n11 7.2v 700mAh $26.95 

For KENWOOD TH-77, 75, 55, 46, 45, 26, 25: 
B-6x tJH w/ 7. V 1200mAh 34.95 
Mail, phone, & Fax orders welcome! Pay with 

Mastercard I VISA I DISCOVER I American Express 

Call 608-831-3443 /Fax 608-831-1082 

Mr. NiCd · E. H. Yost & Compa11y 
2211-D Parview Road, Middleton, WI 53562 

CAll OR WRITE FOB OUR.FREE CATALOG! 
Celular / laplcp I Videocam I Commen:ial & AWltion packs too! 

E-mail: ehyost@midplains.net 

Radio f, Electronics Swapmeet A B Miller High 
School. Bill 909-822-4138 eves 
l"IY • WESTMORELAND • Hamfest. Rome RC, 
Jack Roux KB2TXR, 315-336-1391 
OH· NELSOl'IVIU£ • Hamfest. Sunday Creek 
AR Federation, Russell Ellis NBMWK, 740-767-
2226. E-Mail: scarf@hocking.edu 
WV· HUNTINGTON· Hamfest. Tri-State ARA~ 
Dwight Smith WBSJPJ , 304-522-7865 eves; 304-
523-6675 days. E-Mail: wb8jpj@arrl .net 
E-Mail: tara.amateur.radio@juno.com 

CO • GOLDEN • ARRL Colorado State 
Convention. Denver Radio Oub, Bob Lindell 
NOYIX, 303-422-0610. E-Mail: Bob 
Lindell@compuserve.com 
KY • LEXINGTON - Hamfest. National Guard 
Armory. 8am-4pm. VE Exams. Talk-in: 146.760-. 
John Barnes KS4GL., 60&253-1178. 
E-Mail: KS4GL@juno.com 
Web: http://www.qsl.net/k4kjq/ 
MA • CAMBRIDGE • Flea at MIT. Albany and 
Main Sts. 9am-2pm. Talk-in: 146.52 f, 
449.725/444.725 WlXM/ R PL 114.8 (2A). Nick 
Altenbernd KAlMQX, 6 17-253-3776 (9-5). Web: 
http://web.mit.edu/ w 1 mx/ www/ swapfest.html 
Ml • JACKSOl"I • Hamfest. Cascades ARS, 
Dennis Byrne KC81JZ, 5 17-522-4058. 
E-Mail: byrneda@voyager.net 
Web: http://www.qsl.net/ cars-jxn/ 
NJ ·BAYVILLE· Hamfest. Jersey Shore ARS, 
Bob Murdock WX2NJ, 732-269-6379. 
E-Mail: JARSFEST@aol.com. Web: 
http:// members.aol.com/jarsfest/jarsfest.html 
l"IY • DEPEW • Hamfest. Lancaster ARC, Luke 
Calianno N2GD<J, 7 16-634-4667. 
E-Mail: lcalianno@freewwweb.com. Web: 
http://hamgatel.sunyerie.edu/-larc/ GreaterBuffalo 
Hamfest.ht 
PA. YORK. Swapfest and Auction. York VO Tech 
School, Pauline Dr. ( 1 blk S of 1-83 Exit 6 , Rt 
74S). 7am. Talk-in: 146.865. Swap Fest, John 
Salony (Ph) 717-741-1780; Greg Towson (fax) 
717-741-0874. Gene Warner (E-Mail) 
ad3e@arrl .net 

WIDGETS 
Sensors to RS232, 422 or 485 

PRESSURE 
THERMOCOUPLE 

RTD 
VOLTAGE 

CURRENT 
MOTION 

GASES 
RH 
And more 

Suning at $199 
Each system comes complete with one 
sensor, 10, 12 or 14 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 1630' 647 8951 

PO Box 1683 POLLOCK PINES CA. 95726 
WWW.LEMONPLADD.COM 

Write In 108 on Reader Service Card. 

Unicorn Electronics 1142 State Route 18 
Aliquippa, Pa. 1 5001 

Components & More ! www.unicomelectronics.com 

Celebrat ng au 17th Yea Of Servi'e II 
DIODE/TRANSISTOR TESTER KIT FM MICROPHONE KIT 

I .. 
A thick, loaming cleaner for use Transmit your voice 
in slotic sensifive applications. on any FM radio. 
Safe for plasfics and fiberglass. ' Range up lo 1000'. 
Use on compuler coses and oll Case included 
office equipment. Also cleans r-----------1 
soft fobrics. 5 oz. aerosol can. STOClt 1-9 10-24 25+ 

This dynamic lesler allows 
checking of transistors & 
diodes in circuit. 
idenfifies NPN or PNP 
transislors. Checks all 
types, small or large 
power. ldenfifies anode ll-SlOCJ-l _____ l_-9--10-_2_4--IS+--l K30 

I _!!!!_~~~__'.o~r~co~thode~~o~f~d~iod~es~. ___j[ '-----------' 
15.9915.19 13.67 

f- SB1102 1.99 1.89 1.70 ANTl·STATIC CLEANER STOClt 1-9 10-24 25+ 

DTlOOK 24.99 23.74 21.37 

SINGLE TURN TRIMPOT 

• 1/2 Watt 

• 10% Tolerance 

• 3/8' Square 

• T0-5 Grid 

• Top Adjustment 

• Bourns 3386P or equal 

SlOCJI D!S(llPllOH 1-24 2s.99 100+ 

P0150 50 ? .59 .56 .50 
P01100 100 ? .59 .56 .50 
P01500 500 ? .59 .56 .50 
P011K l K ? .59 .56 .50 
P012K 2K ? .59 .56 .50 
P015K 5K 7 .59 .56 .50 
POl lOK lOK ? .59 .56 .50 
P0120K 20K ? .59 .56 .50 
P0150K 50K ? .59 .56 .50 
POllOOK lOOK 7 .59 .56 .50 
P01200K 200K ? .59 .56 .50 
P01500K 500K ? .59 .56 .50 
P011M 1Meg 7 .59 .56 .50 

What Do We Have ? 
• l.C.?s 
•Oscillators 
•Crystals 
• Diodes 
•Tools 
• I.Oser Diodes 
•Vises 
• Resistors 

• Capacitors 
• Connectors 
• Trimpots 
•Kits 
•Vises 
• LED?s 
• Transistors 
•And more! 

I 
General purpose 

t°...:it ~;Iii';,;~ 
fions. Safe for plasfic 
and fiberglass. 1.75 
oz. non-aerosol bottle. 

STOClt 1-9 10-24 2S+ 

581101° .99 .94 .85 

HEAT SINK 

• 
• Thermalloy # flJ73 
• TO-220 type 
• .75" square x 

'--------------' .375' high 
TELEPHONE KIT 

Build this high-tech, see-thru 

, 

plasfic !elephone. Learn theo­
ry on how lelephones worlc. 
Flashing neon lamps when 
phone rings. Redial system 
and wall mount included. 

· Comes complele with manual. 

SlOCJI 1-9 10.24 2S+ 

SlOCJI 1-24 25-99 100+ 

HS1001 .19 .18 .16 

PEAKING COIL 

• 390 µh ~ 
•TDK#HD1G.-R391 

• .375' diameler 

1-24 25-99 100+ 

K30 15.99 15.1913.67 581037 .15 .14 .13 ,__ ___________ __. 

ORDER TOLL FREE!· 1·800·824-2432 •FAX ORDERS· 724-495-7882 

NO SHIPPING CHARGES!!! 
41 WATT SWITCHING 1 1 PIECE COMPUTER TOOL KIT 

• Input - 115/230V 11 piece kit canloining: 
• 3/16' & 1/4' nut driver • Outputs - +5V@ 3.75 Amps 

+12V@ 1.5Amp 
-12V@ .4Amp 

. ' 

'JU 
I \ 

• 3 prong parts retriever 
•Tweezer 
• 3/16', 1/4', #1 & #2 phillips 

reversoble screwdriver • Size - 5.25" W x 7' l x 2.50" H 

1-9 1().2.4 25+ 

PS1003 9.99 9.4_9 8.54 

. '-

• IC extractor 
• #0 phillips screwdriver 

• T-10 & T-15 reversable screw 
driver 

• 14-16 pin IC inserter 
• 1 /8' flat screwdriver 
•Block vinyl zippered case 

.uni ctronrc STOCKI 1-9 10.2.4 25+ 

• The lolol design workslolion- including 
expanded instrumenlolion, breadboard 
and power supply 

• Ideal for analog, digital ond micro 
processor circuits 

• 8 logic probe circuits 
• Function generator with confinuously 

variable sine, square, triangle wave 
forms, plus m pulses 

• Triple power supply offers fixed 5 voe 
supply plus 2 variable outputs- +5 - 15 
voe and -5 - 15 voe 

• 8 m comp. LED indicalot's, switches 
• Pulsers 
• Polentiomelers 
• Audio experimentation speaker 
• Mulfiple features in one complele test 

instrument saves hundreds of dollars 
needed for individual units 

• Unlimited lilefime guarantee on 
breadboard sockets 

STOCKI 1-9 1().2.4 

P8503 299. 99 

SLIDE DIP SWITCHES 
• SPST 

-

• 50voe@100ma 
• Numbered switches 

' ' . .100' spacing 

STOCK# 1·24 25-99 100+ 

581108• 

' TK1100 19.99 18.99 17.09 

PADDLE SWITCH 

•PC Mount • SPOT/off-on _._ • Vertical or rt. ongle • 3 amps@ 125 VAC 

•Metal body • Solder toil 
• 9/16° x 7/8' 

1-2.4 25-99 100+ mounfing 

.19 .18 .16 STOCKI 1-2.4 25-99 100+ 

.19 .18 .16 SW1004 .39 .37 .33 

PROTOLAB 

Contains: 

A stole of the art electronics lab for your PC. 
You can build & experiment with actual circuits, 
choosing from an unlimited number<>! compo­
nents. Then, analyze your circuits with built-in 
high-tech instruments. This complele electronics 
lab simulates thousands of dollars worth of 
parts and instruments. Plus you get a unique 
experiment book. Easy II:! use, menu driven, 
mouse controlled circuits come alive on your 
screen. You can't blow up your ' lab' because 
it's foal-proof & sale on your PC! 

10.2.4 25+ 

42.74 

1-24 25-" 100+ 
• 100 ml safety solvent spray 2732A-20 5.49 5.22 4.70 
• 10 G.P. wipes 
• Slotic reducing doth 
• Disposable gloves 
• Brush 

2764-20 5.39 5.12 4.61 
2764-25 4.49 4.27 3.84 
2764A-20 3.49 3.32 2.99 
2764A-25 2.99 2.84 2.56 

1·9 10.2.4 25+ 27C64-15 2.99 2.84 2.56 
27256-15 4.79 4.55 4.10 

1. 99 1.89 1.70 27C256-15 2.99 2.84 2.56 
27512-25 3.09 2.94 2.65 

INFRA·RED COLLIMATOR PEN 27C512-25 2.99 2.84 2.56 
27C010-15 2.79 2.65 2.39 
27C020-15 3.49 3.32 2.99 
27C040-12 5.49 5.22 4.70 
27C080-12 10.99 10.44 9.40 

SW.45 
SW5S 
SW6S 
SW7S 
SW8S 
SWlOS 
SW12S 

4 Posifion 
5 Posifion 
6 Posifion 
7 Position 
8 Position 
10 Posifion 
12 Posifion 

~ 
A low power collimator ,pen 
conloining a GaAIAs laser 
diode. Pen delivers 2.5mW @ 
820nm. Operating voltage of 

.59 .56 .50 2.2-2.5V @ 90-150mA is 
CHOKE .59 .56 .50 designed for lower power 

.59 .56 .50 applications. The S!oinleSs sleel 

:;: :~ :~ eler and 2~ ::,;;.• 11 mm in diam-

• Postoge slomp type 
• .375 W x .500 H 
• 10µh@0.5A 

.69 .66 .59 STOCKI 1-9 10.2.4 25+ STOCKI 1-2.4 25-99 100+ 

.69 .66 .59 581052 49. 99 47.49 42.7 4 581070• .12 .11 .10 

Write In 109 on Reader Service Card. 



This is a READER 1D READER Column. All questions AND answers will be provided by Nut$ & Volts readers and are intended to promote the exchange of ideas 
and provide assist.ance for solving problems of a technical nature. All questions submitted are subject to editing and will be published on a space available basis if 
deemed suit.able to the publisher. All answers are submitted by readers and NO GUARANTEES WHATSOEVER are made by the publisher. The implement.ation of 
any answer printed in this column may require varying degrees of technical experience and should only be attempted by qualified individuals. Always use common 
sense and good judgement! 

QUESTIONS 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 

Editor's Note - Please check our 
web site at www.nutsvolts.com for 
more questions that were not print­
ed due to lack of space. 

I have three motion security 
lights on the outside of the house. 
When I try to use my ham transmit­
ter in the late evening. it puts all the 
lights on. 

Any ideas to keep them from 
coming on? 
6991 via Internet 

I have a "big dish" satellite sys­
tem which uses a feed horn polariza­
tion motor that rotates the antenna 
for proper polarization. The motor. 
has three leads. Black for ground, 
red for +5 volts. and white for pulses 
which cause the motor to rotate. 

1 · do not understand how the 
pulses can rotate the motor in both 
directions. and also how the receiver 
determines just what the angle is. 
When the receiver sets the polariza­
tion for maximum signal. it causes 
the motor to rotate in one direction. 
and then in the reverse direction, and 
then back to where the signal is max-

· imum. 
The angle of rotation is shown on 

the TV display in the range from -90° 
to +90°. 

I would like to be able to bench 
test the motor. It would help to know 
how the receiver determines the 
angle of rotation, since there doesn't 
seem to be any feedback from the 
motor shaft location to the receiver. 
6992 Robert Fankhauser 

Yelm, WA 

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 

• lime Series, Spectrum Phase, 
and 3-D Surface plots 

•Real-lime Recording and 
Post-Processing modes 

Ap_p_Ucatlons 

• Distortion Analysis 

• Frequency Response Testing 

• Vibration Measurements 

• Acoustic Research 

Svstem Reautrements 

• 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 

~~f:°bo~~1°9~~7o ~ Sp_ectra P US PHS Pioneer Hill Software - 1. 
a subsidiary of Sound Technology, Inc. FFT Spectral Analysis System 

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer@telebyte.com 
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Recently. I subscribed to your 
magazine and admit to being a begin­
ner with a strong interest in elec­
tronics. I committed to creating a 
buzzer and contestant identification 
light set-up for my high school debate 
club to use during competitions. I 
need help with the circuit design for 
this purpose. The requirements are: 

1 . A single buzzer to sound for 
two seconds when the first contes­
tant to press their button wants to 
answer the question. The first press 
should prevent any other contestant 
from tripping the buzzer. 

2 . A light should turn on in front 
of the contestant that was able to 
turn on the buzzer and st.ay lit for the 
time that contestant is answering 
the question. 

3 . There needs to be a total of 
eight_press/ release buttons with 
lights arranged for two teams of four. 

4 . Some way to reset the system 
for the next round of questioning is 
important. 

5 . If you can specify RadioShack 
parts that would be great. 
6993 Lloyd Harris 

. via Internet 

When replacing the 6JS6C final 
tubes in the Model 101 FT. Yaseu 
says they should be replaced with 
matched pairs. Does anyone know 
how to use unmatched pairs? Years 
ago. Yaseu came out with a modifica­
tion to do this, but I am unable to 
obtain the information. 
6994 Philip Petrus 

White Plains, NY 

I need a computer program that 
enables me to make a polar map [a 
great circle map) with any QTH being 
the center. 
6995 J. P. Dawson 

Edmond, OK 

I need an inexpensive device to 
register the frequency of a PTO dri­
ven generator. so I can adjust the 
engine speed for 60N. It should read 
from 50 CPM to 65 CPM. 
6996 John W. Coble, Jr. 

Jacksonville, AR 

ANSWERS 
ANSWER TO #49917 -APR.1999 

I hope to construct a series of 

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. 
• In most cases. only one answer per 
question will be printed. 
• Your name, city, st.ate. 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 reprint the original questions 
with the answer. The question num­
ber and the issue it appeared in are 
printed above the answer, 
• Unanswered questions frorn a past 
issue may still be responded to. 
• Comments regarding answers 
printed in this column may be print­
ed in the Reader Feedback section if 
space allows. 

QUESTION INFO 
TO BE CONSIDERED FOR 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 will be accepted that 
offer equipment for sale or equipment 
want.ad to buy. 
• Selected questions will be printed one 
time on a space available basis. 
• Questions may be subject to editing. 

HELPFUL HINTS 
• Be brief but include all pertinent infor­
mation. If no one knows what you're ask­
ing, you won't get any response (and we 
probably won't print it either). 
•Write legibly [or type]. If we can't read 
it, we'll throw it away. 
• Include your Name. Address and 
Phone Number. Only your name will be 
published with the question, but we may 
need to contact you. 

61 selective band-pass filters to be 
used with outputs of music synthesiz­
ers. 

The only practical way to do this 
is with a DSP [Digital Signal 
Processor). It won't take much horse­
power, so even the least expensive of 
the evaluation boards from Analog 
Devices or Tl would do. 

You will have to program the 
DSP. however. even if you need to 
learn how to do this it will take less 
time than designing, fabricating, and 
tuning 61 filters. Also, unlike the bank 
of analog filters, the DSP won't drift 



over time and you can change the 
bandwidth and center frequency or 
even the number of filters by simply 
changing the software. 

Finally, the DSP should be cheap­
er than all of the parts needed for 
that filter bank. It will certainly take 
less space. 

The essence of tone detection is 
the FFT [Fast Fourier Transform]. 
Your input is a voltage whose ampli­
tude varies over time. The DSP will 
digitize that signal, then compute its 
FFT. The result of that computation is 
a histogram or plot of amplitude vs. 
frequency. 

Since the computation is done 
on a digitized signal, the computation 
results in amplitudes at discrete fre­
quencies or bins. By proper selection 
of program parameters, these bins 
can be made to correspond to the 
center frequencies and bandwidths 
of the filters you desire. Now all you 
need to do is check each bin for an 
output greater than a certain thresh­
old to know if that particular frequen­
cy component was present. 

Digital signal processing can get 
extremely complicated, however, 
Analog Devices and probably some 
others publish basic textbooks with 
program code that make DSP easy 
even for a relative beginner. 

An evaluation board can be had 
for less than $100.00, and a com­
plete set-up with documentation and 
software for less than $200. 

This is comparable to many 
microprocessor development sys­
tems and is less than the cost of the 
parts for 61 analog filters. If you're 
motivated and are at all familiar with 
rudiments of computer program­
ming, then DSP should not be an 
impossible hurdle. 

Dave Sarraf 
via Internet 

ANSWER TO #4995 - APR. 1999 
Needs visual phone ring indica­

tor for office cubicle. 
Here is what I would try for a 

remote telephone ring indicator: 
Purchase a microphone [RadioShack 
#33-3019), amplifier [277-1008), 
an output phone plug [27 4-287), an 
LED (276-086], and a current limit­
ing resistor [271-1315]. 

Connect the resistor in series 
with the LED to the phone plug, with 
enough wire to reach the top of the 
cubicle. Plug the phone plug into the 
earphone jack of the amplifier and 
adjust the volume to light the LED 
when the phone rings. 

You will want an AC adapter 
[273-1455) rather than using bat­
teries. If the LED is not bright enough, 
parallel two resistors. To get 360° 
visibility, point the LED straight up 
and put a spherical reflector above it. 

Russell Kincaid 
Milford, NH 

ANSWER TO #4994 - APR. 1999 
I would like to read Caller ID infor­

mation from my modem with Visual 
Basic 4.0 or 5.0. 

I have used my Caller ID compat-

When Visitina Disney World And Sea World ... 
Come To lhe World Of Electronic Surplus! 

S~A!~f!!.!fT ~ 
ORLANDO, FLORIDA ~ 

located At The Intersection Of 1·4 
And Fairbanks Avenue. 

Self-Service Retail Outlet Featuring Commercial 
And Government Electronic Surplus Including: 

*COAX *WIRE 
*SWITCHES 
*RESISTORS 

*RELAYS 
*HARDWARE 

* TRANSISTORS * CAPACITORS * TRANSFORMERS 
* TEST EQUIPMENT * Nl·CAD BATTERIES 

* PANEL METERS * CIRCUIT BOARDS 
* INTEGRATED CIRCUITS 

HOURS: 
********* 

We Buy Surplus 
Electronic Parts -

FAX your list. 

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 

ible modem for that purpose. I have 
a U.S. Robotics 56K winmodem. You 
use the Caller ID command 
"AT#CID=" <argument>. The argu­
ments are either 0, 1 , or 2. Zero dis­
ables CID, "1" returns formatted CID 
info, and "2" returns the unformatted 
CID info. 

You send this command to the 
modem and then monitor the serial 
port where the modem is installed. 

After the first ring, the modem 
will return the Caller ID info as if it 
were coming from the serial port, all 
Basic has to do is read the com port 
input. 

You can get an explanation of 
this command at http:/ /ae.pcd.usr 
.com/techref/commands/voice 

/CID.htm 
Van Dubansky 

Terryville, CT 

ANSWER TO #49911 ·APR. 1999 
The military has been using a 

"cigarette pack size" electronic 
device to remove sulfation from car 
batteries. I am looking for the circuit. 
, This sounds a good deal like a 

battery charge controller/pulser. 
For items such as these [with 

applications both in the car collecting 
field and the home power field - pho­
tovoltaic cells charging batteries to 
run your house). I recommend read­
ing: Home Power [ISSN:1050-
2416), P.O. Box 520, Ashland, OR 
97520. http:/ /www.homepower 

.com 
Also full of ads, and great arti­

cles. They too may have run an article 
in the past with a schematic. I can't 
find my master reference at the 
moment. However, one ad that 
comes immediately to mind is: 
Abraham Solar Equipment, 124 
Creekside Pl., Pagosa Springs, CO 
81147; 1-800-222-7242, 970-
731-4675. 

They advertise a "PowerPulse" 
battery maintenance system, the pic­
tures in the ad show before and after 
the use of their device, with the sul­
fates that covered the plates in photo 
one, and gone · in photo two. Sounds 
like just the device he is looking for. 

Continued on page 82 

ADDRESSABLE STEPPER IVIOTOR 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 
includeslibrarics 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 

Part Number: JWPlX-lA 

$199.95 

PIRIMll1f\C. 
(800) 47J - 8080 

Come and visit us on the internet at: 
www.paramax.net 

Write In 100 on Reeder Service Cerd. ?k14I1°oft4 ~/JlllfE Tflf 67 



HOW 'fO PLACE A CLASSIFIED AD 
1YPE or PRINI' 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 &om 
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: 
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RATE PER WORD 
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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 
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by Robert Nansel 

I 
n April, I attended the Sixth 
Annual Fire Fighting Home 
Robot Contest at Trinity College 
in Hartford, CT. This was my 
third year at what has become 

the premiere Amateur Robotics 
event in this country - three days of 
hanging with fellow gearheads, 
attending topnotch seminars, and 
watching seriously cool robots do 
their thing . It draws from all over the 
US and Canada, and places like 
Thailand, Switzerland, and Israel. 

The contest involves an 

can be employed. 

Kids Are Welcome 

A key part in this contest has 
always been that there are separate 
Junior and· Senior classes, with equal 
cash prizes awarded to both: 
$ i ,000.00 for 1st place, $500.00 for 
2nd, $250.00 for 3rd, $125.00 for 
4th, $75.00 for 5th, and $50.00 for 
6th. The Junior class is open to all 
kids up through high schoolers, and 
even fifth graders have entered com­
petitive robots. The Senior division is 
for everyone else, from college stu­
dents to retirees. 

A great thing about this contest 
is the number of robots entered - a 
number that grows each year. 

autonomous robot finding and extin­
guishing a lit candle in a model 
house in the shortest possible time. 
All this must be done without the 
robot touching any walls, getting 
lost, or knocking the candle over. The 
model house is an eight-foot-square 
maze with four "rooms." 

This year, 73 robots were·-----------------------------. 
entered, up from 60 in '98. In the 

The contestants know the floor 
plan ahead of time, so maze-solvi(lg 
is not needed, but efficient naviga­
tion is. All walls are 13 inches high 
and are painted flat white, while the 
floor is painted flat black. Each room 
in the floor plan is equally likely to be 
selected as the room where the can­
dle will be placed. 

As for the robots, the only 
restrictions are: 1) Robots must oper­
ate autonomously (though tethers to 
stationary computers are allowed); 
2) Robots must never exceed 12.25" 
in any dimension during operation; 
3) Robots must operate in a safe 
manner as determined by the judges; 
4) Robots are not allowed to peer 
over the tops of the walls. There are 
no weight or materials limits, and no 
limits on the kinds of sensors that 

Senior division, there were 41 robots 
this year, up from 36 robots in '98. 
Moreover, there were 32 Junior divi­
sion robots, up a full third from last 
year's 24 robots. 

To achieve a more accurate and 
just ranking system, the contest orga­
nizers have tinkered with the rules 
over the years. This year, they made 
a few changes - such as running 
three mazes at once to make the 
contest run faster - but they also 
altered the scoring formula . The 
scores are still based on the adjusted 
times for the best two out of three 
runs, but some score adjustment fac­
tors are different this year, so I can't 
directly compare last year's scores 
with this year's. 

However, at this year's contest, I 
did get the impression that the cal-
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iber of robots competing was higher. 
Not only were there more robots, 
they were faster and more reliable in 
both divisions. The 1st place Junior 
robot was still slower than the sixth 
place Senior robot - but not by as 
much as last year. After pouring over 
the scores of the last two years, 
some interesting patterns emerged: 

Junior Robots Rock 

The time ratio between 1st and 
6th place has narrowed in both divi­
sions. In '98, the Senior 1st place 
entry was 3.1 times faster than the 
Senior 6th place. This year, the ratio 
was 3.0, a small change, but clearly 
there's still room for improvement in .. 
the top. In the Junior division, the 
ratio was 7.8:1 in '98, but this year it 
had plummeted to 1.9, meaning the 
Juniors have proportionally improved 
much more than the Seniors. 

FIGURE 1. 
Quadrature 

encoder 
schematic. 

nc 

nc 

Junior robots are also doing 
much better relative to the Seniors 
this year. Last year, the Senior divi­
sion champ, "Phoenix," was six times 
faster than the Junior divisions 1st 
place "Loser's Revenge." This year, 
the Senior.1st place, "Alexi," was only 
4.4 times faster than the Junior 1st 
place, "Fluffy." 

I added up and compared the 
scores for the top six Senior and 
Junior division robots for 1998 and 
1999. In '98, this aggregate time 
ratio was 8.9, meaning that the 
Senior division times were about 
nine times faster than the Junior; this 
year, the ratio had dropped to 3.5. 
Are the kids closing the gap? You bet 
they are, and in a big way. 

Experience Counts 

One thing that jumped out was 
how important experience was in 



both divisions. Three of the top six 
teams had placed in the top six in 
their divisions in '98. In the Senior 
division, "Tornado '98" - the product 
of a team from the Swiss Federal 
Institute of Technology - placed 2nd 
both years, while "L.c." by Gary 
Teachout of the Seattle Robotics 
Society climbed from 6th last year to 
3rd this year. The Trinity College 
team - always tough competitors -
placed 5th this year instead of first as 
they did last year. 

The Junior division had a similar 
story, but with a twist. In both '98 
and '99, three of the top six robots 
came from one school: Grand River 
Collegiate in Kichener, Ontario. The 
Kichener crowd has shown up at 
Trinity year after year and their work 
is paying off. Both years, they've 
taken 2nd and 4th. Last year, they 
took five out of the top nine places. 
This year, they fielded six teams and 
took four of the top 10 places. I 
might speculate about the beginning 
of a dynasty here, but many of them 
will no doubt soon graduate from 

high school and compete at the 
Senior level. 

TAR Rover, Come Over 

Some of the coolest machines 
were there only for show. Check out 
the photo of the TAR Mars Rover, for 
instance. This is a full-size mockup of 
Mars Sojourner built by Ken Boone 
of the Triangle Area Robotics club in 
Raleigh, NC. The TAR Rover features 
six-wheel drive and independent 
four-wheel steering, just like the real 
thing. 

Although it's a radio-controlled 
machine, it does use a couple micro­
processors onboard to translate the 
radio control signals into separate 
pulse commands for each of the 10 
hobby servos used. Ken has been 
crafting robots for 35 years and it 
shows. Be sure to check out his 
website at http://users.aol.com/ 
kensrobots/kensrobots. html. 

·Another big crowd pleaser was 
"Stampy," a bipedal robot built by 
Mark Whitney from Cary, NC. 

Stampy walked with a slow, 

Back to Breadbot 

Change gears. Last month, I got 
started on a long-promised project -
upgrading Breadbot with shaft 
encoders for its drive wheels to pro­
vide speed and odometry informa­
tion. I talked a bit about the theory 
of optical shaft encoders and 
showed how to make low-cost 
encoder wheels of various resolu­
tions that work with either Breadbot 
or the Parallax GrowBot. This month, 
I'll continue with the project and 
show how to build the electronics to 
go along with those encoder disks. 

But first, I need to correct an 
embarrassing error I made last 
month, 

Egg on My Encoder 

FIGURE 2. Making the 
encoder disk. 

deliberate gait into the 
maze, found the candle, and 
put it out, not once but sev-

The 32-segment encoder disk 
shown in Figure 2 last month will not 
give you 128 counts per revolution 
with quadrature decoding as I stat­
€d; the correct number is 64 counts 
per revolution. That encoder disk has 
16 black and 16 white segments, 
which give an equal number of posi­
tive and negative transitions - 32 
altogether. Combine this with 32 
transitions from a second sensor 
channel in quadrature, and you get 
64 transitions per disk revolution. 
Not 128. 

Align disk blanks 
and secure top 
edges with tape 

Bond with spray adhesive and 
press flat in book between 
sheets of wax paper 

eral times. Mark got a special 
award for this achievement 
even though Stampy wasn't 
there to compete. Stampy is 
not a fast walker and so can't 
go head-to-head with the 
other bots. Some folks com­
plained about a lack of inno-
vation in this year's event, 
but Stampy is ample proof 
'taint so. 

Then, too, there was 
Gary Teachout's other robot, 
T-Cubed, the Table Top 
Terror. T-Cubed is a 2" by 3" 
Bot Board with a couple 
motors and sensors strapped 
on. It skittered across the 
table avoiding obstacles and 
edges. T-Cubed only fell off 
the table once the whole 
time of the competition, and 
only minor damage was 
done (one of the bumper 
whiskers got bent) . 

This error also throws off the 
maximum frequency the encoder 
disk will produce when used with a 
servo. The example servo I used -
the Futaba S 148 - is rated to slew 
60 degrees in 0.22 seconds (0.76 
rev/sec). With a 32-segment encoder 
wheel, the individual sensor channels 
would produce a maximum raw 
squarewave frequency of just over 
12 Hz; though, in continuous rota­
tion, most Futabas I've tried run clos­
er to 14 Hz. The frequency of transi­
tions is double the squarewave fre­
quency, or about 24 Hz. With a 
quadrature channel thrown in, a 32-
segment wheel then gives an output 
frequency of double that, or about 
48-49 Hz - not 97 as I said. Sorry for 
the confusion. Really, I can count, 
folks. Honest. 

Encode This 
FIGURE 3. Encoder board fabrication. 

Warm up your soldering 
irons. Figure 1_ shows the 
schematic for a simple cir­
cuit that does quadrature 
decoding for last month's 
encoder disks. The 
QRD1114 is an inexpensive, 
compact reflective IR emit­
ter/sensor pair. It's available 
from Mouser Electronics 
and Digi-Key, so you should­
n't have any trouble finding 
it. IC1 is just a plain old 
74HCT14 hex Schmitt 
Trigger. An 'HC14 might 
work, too, but I haven't tried 
it. You may have to experi­
ment with the resistor val-

I":\ Tape pattern to foll 
\,.V of blank elngie­

sided PCB stock. 
centerpunch pads, 
then drill with l60 
(0.040") bit 

oooa 
0000000 

I ~ 
ooooooa 

(";;\ Cut pads with pad 
\t,J cutter to Isolate 

from ground plane. 
Enlarge mounting 
holes 

Drill mounting 
holes ID 9184" 

(";;'\. lnata.11 components 
\V on component aide, 

then solder ground 
connections to hokl 
parts In place 

Note photosensor 
orientation marks 

© Wire point-to-point on 
solder side with 30 
gauge Insulated w1re­
wrap wire . 

Bend lead ol R1 ID 
left, trim, then ool-

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 
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on our Web Site at 
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Encoder wheel 

Side view 
(left drive wheel 
removed for clarity) 

Bottom view 

ues anyway, depending on the paper 
and toner used to reproduce the 
disks. • 

Mobile Robotics by Jones & 
Flynn suggests using blank disks of 
paper behind your encoder pattern 
to ensure that enough IR is reflected 
from the white segments back to 
your sensor. With my disks, though, I 
ran into the opposite problem: too 
much IR reflected from the black seg­
ments. 

I tried increasing the values of 
R 1 and R4 in order to cut the intensi­
ty of the IR emitters, but then the sig­
nal was too weak. Increasing the size 
of R2 and R3 increased the sensitivi­
ty of the sensors, but now the circuit 
became squirrely and far too sensi­
tive to ambient light conditions - a 
fatal flaw in an unenclosed encoder. 

I was finally forced to resort to 
the technique of gluing together a 
stack of identical copies of the 
encoder pattern (see Figure 2). If I 
make the IR emitters strong enough 
to drown out ambient room lighting, 
the toner from my laser printer isn't 
dense enough to prevent some of 
that IR from reflecting from the 
paper behind the first disk. Stacking 
black on black and white on white 
solved the problem. I used 3M Super 
77 spray adhesive. 

72 Jf/K£ 1911/'Jku~1'~~ 

Breadbot chassis 

Encoder circuit board 
mounting position 

FIGURE 4. 

Optimum gap between 
reflective sensors and 
encoder disk is 0.050" 

Encoder 
mounting 

details. 

A Prototype for All 
Seasons 

Figure 3 shows a circuit board 
with sensor geometry intended for 
use with the 32-segment encoder 
disk. I intend to make a reasonably­
priced printed circuit board available 
for this decoder circuit if there is 
enough interest but, for prototype 
purposes, it was easier to use the 
hybrid point-to-point technique 
shown. 

Normally, I prototype with perf­
board but, in this case, I needed to 
control the precise angular separa­
tion and orientation of the sensors. 
For a 32-segment encoder disk, the 
sensors must have an angular sepa­
ration of 39.4 degrees. Also, the sen­
sors must be oriented so that the 
encoder segments cut across the 
optical axis of the sensors at right 
angles. I could have drilled special 
holes in perfboard for the sensors, 
but getting the extra holes drilled to 
the accuracy required would have 
been quite tricky. 

Instead, I used bare copper-clad 
stock so I could drill holes with any 
spacing and pattern I wished and a 
paper pattern to show me where the 
holes should go. I drew the pattern 

with a CAD program and printed it 
out on my laser printer - one pattern 
for each board I wanted to make. 
You can do the same thing, or you 
can photocopy the pattern in Figure 
3. If you do photocopies, be sure 
your copies match the dimensions 
shown in Step 1 of the figure. The 
Step 1 pattern gives the locations of 
the hole locati9ns as seen from the 
copper side of the circuit board. 

Securely tape the patterns to an 
oversized piece of copper-clad stock, 
then use a prick punch to precisely 
locate and lightly punch the location 
of each hole. When you are done 
punching, use a metal straight edge 
and a hobby knife to cut right 
through the paper pattern and scribe 
the outlines of the board onto the 
copper. 

Strip off any remaining portions 
of pattern and drill the holes with a 
# 60 bit. This is best done with a drill 
press but, if you use high-speed steel 
bits, you can manage it freehand if 
you are very careful. With carbide 
bits, though, a drill press is absolute­
ly essential, and even then you'll 
probably shatter a few bits before 
you get the hang of it. 

Once you've drilled all the holes, 
enlarge the two mounting holes by 
step drilling with one or two inter-

Fire Fighting Home Robot 
Co,ntest 

Jake Mendelssohn 
190 Mohegan Drive 

West Hartford, CT 06117 
jmendel 141@aol.com 

www.trincoll .edu/-robot 

Digi-Key Corp. 
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www.digikey.com 

Ken's Robots: Small Systems 
Design and Fabrication 

KD4JMK 
tel : 1-919-596-1161 
kensrobots@aol.com 

http://users.aol .com/kensrobots/ 
kensrobots. html 

Mobile Robots: Inspiration to 
Implementation, 2nd Edition 
Joseph L. Jones, Anita M. Flynn, 

and Bruce Seiger 
ISBN 1-56881 -097-0 

A K Peters, Ltd . 
63 South Ave. 

Natick, MA 01760 
tel : 1-508-655-9933 
fax: 1-508-655-5847 
www.akpeters.com 

Mouser Electronics 
958 N. Main 

Mansfield, TX 76063-4827 
tel : 1-800-346-6873 

1-81 7 483-6848 
fax: 1-817-483-6899 
www.mouser.com 

mediate drillbit sizes until you reach 
9/64", the clearance hole size for # 6 
machine screws. Cut each board 
roughly to shape with a Dremel drill 
and an abrasive disk using the scribe 
lines as your guide. Sand or file the 
edges of the board to final size . 

The Miracle Tool 

Next, the nodes of the circuit 
that aren't to be connected to 
ground must be isolated from the 
surrounding copper. Vector 
Electronics makes a tool just for this 
job- the P138A pad cutter. This tool 
is available for about $20.00 US from 
Digi-Key, Mouser, and others, and no 
robot builder should be without one. 

With this hand tool, you make 

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&nauticom.net 
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~ • LED Display 

• DTMF Operation 
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• Caller-ID (Name/Nbr) 
• Distinctive Ringing 
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New! 
Active Wire ™USB 

Simple USB Interface 
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• Internet Browser Scrtpt-able 
• 24 MHz CPU core with USB 
• Firmware downloadable via USB 
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• New firmware and scripts 

available from website 

$59 plus shipping 

ActiveWire, Inc. 
www.activewireinc.com 

ph(650) 493-8700 fx(650) 493-2200 

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 

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 
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North Ameriean Kit Distributor 
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PLASMA & ION GUNS HERF 
MIND CONTROL NUCLEAR 

PHREAKING BIO-ELECTRONIC 

IF WE DONi HAVE IT, WE'LL GET IT .. 

2.4 GHz - 2.48 GHz User Selectable 
Over 700' Range and 4 Chi Auto-scan 

NTSC, PAL, Composite video B/W or Color 

_ 2 Audio Inputs may be used for digital data 

Customizations including battery packs 
and Special Frequencies 

Mateo Inc. 
(800)440-0299 or (800)719-9605 

www.mat-co.com 

New BOB-II superimposes up to 308 
characters on standard video or gener­
ates video. 30-pin SIMM design, RS-
232 interface, easy to use for: 

Video Inspection - NOT 
Home Automation Dlsplay 

ATV - CCTV Security - CATV 
Remotely Piloted Vehicles 
Gaming - Racing - Sports 

Process/Experiment Monitor 
Robotics - Electronic Signs 

Single units only $79.95 

Aviation Components Corp. 
28 Hunting Hills Drive 
Landenberg, PA 19350 

We buy and sell: 

• Relays • Resistors 
• Switches • Circuit Breakers 
• RF Components - • Semiconductors 
•All MIL-SPEC • 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: 
http1Jbome.earthlin~neU-aviat~ncom~ 



Tiny (1.75"xl.41") fully 
tested printed circuit board includes two 8-
bit ND converters and one digital input. Up 
to 16 units addressable (DIP switch setting) 
totalling 32 converters on a single serial port . . 
Output is ASCII encoded bit cowrt (0 to 255) 
at 2400 BPS via RJ-11 interfilce. Fully 
progranmed PIC16C71 in&alled in IC 
socket. Sample software in BASIC included. 
Requires 8-28Vdc At 1-2mA. 
*$49.95•. Optional 
DC adapter $19.95. 
Add $5.00 shipping. 

No heavy, aging serial protocol analyzer 
available? Use Serial to tum 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 debug your serial 
communications. 
• Captures Data & 

Control lines 
• Contextual Help 
• Block Transmit 
• Trigger Strings 
• Full Dupla 

Monitoring 

Serial with mai".ual US$99.00 
Full Duplex monitor cable US$40.00 

Allison Technology Corporation 
2006 Finney Vallet Rd., Rosenberg, TX n471 

800-980-9806 or 281-239-8500, Fax: 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 

your own isolated circuit board pads. 
Just insert the pilot pin in a hole 
where you want a pad, press in until 
the teeth of the shank bite into the 
copper, and give the tool a couple 
turns until you've created an insulat­
ing mote between the pad and the 
rest of the board. For holes spaced 
on 0.1" centers, the cutter will take a 
tiny bite out of the adjacent pads, 
but don't worry about it. There will 
still be plenty of pad to solder to. 

Step three is to install the com­
ponents. Bend the leads of the resis­
tors so they won't fall out as you han­
dle the board, then bend the.lead of 
R 1 nearest the mounting hole so it 
lays flush with the board and touch­
es the leads of R2 through R4; solder 
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"I ,000,000 WA.LL 
TRA.NSFC>RIVIERS 

~ 
3VDC/100MA •••• CX099 •••• $0.75 
6VDC/100MA •••• CS039 ····$1.45 
9VDC/100MA •••• CR314 ····$1.45 
12VDC/200MA •••• CS033 ····S0.99 
13.5VAC/400MA·· CR574 •• 00 $1.29 
24VDC/500MA •••• CR174 •••• $3.40 

Min 1000/type - Call for other types 

SlJllI•LUS 'l,llill)Ell 
PO Box 276 

Alburg VT 05440 
Tel : (01) S 14-739-9328 
Fax: (01) 514-345-8303 

htt ://www.73.corrl/w 

HIELDED LOOP RECEIVER 
30M, 40M KITS W/ ANTENNA. 
VERY SENSITIVE. HAS HIGH 
IMMUNITY TO QRN & LOCAL 
AM BROADCAST .. $92.50 rr ------------12114V PULSE BATTERY 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 Cl 

THE BEST "LJTTLE" LOW BAND ANTENNA 
SOM: 67' OVERALL .... ... . .... $47.45 P 
160M: 130' OVERALL ..................... $54.45 PP 

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 0382&-0368 

, CUSTOM PlASTIC PARTS 
e MOOEl..S (WOOO AND 

RESIN). 10 EVALUATE 
VOUR PARTS BEFORE 
COMMITING TO 
MANUFACTURE A MOLD. 

e MOLD DESIGN AND 
BUILDING. 

• 
•PRODUCTION OF 

INJECTION MOLDED 
PARTS. NO ORDER 
TO SMALL OR TO 
BIG. 

e VERY COMPETITIVE 
ON HIGH LABOR 
PARTS. 

We also have manual low pressure machines for 
injection molding of very small runs er prototypes of 
parts up to 2 oz. At a surprisingly low price. 

USA. Olllce: V&V Mach. And Equip. Inc. 
Tel. (2111) 397-11101, Fllll.(2111) 397-11220. 
Please send blue prints or samples to: 
M•rl<•ting Tech. S.A.•Alamo 93, 41.Piso•Sla. Monica, 

Tlal.• Eco. De Mexico 54040eTel. 011 (525) :is· --3351 . 
Fex 011(525)361-5996. Ao'N111CTORM.MCNOOZA 
e-mail. markteci1@1nlosel net mx 

these leads and clip close to the sol­
der joints. 

Pay special attention to the ori­
entation of the reflective sensors: pin 
1 is marked by a dot on the top side 
of the plastic case. You can hold 
these and other components in place 
with masking tape on the compo­
nent side until they are securely sol­
dered in at least two places. 

Start with the ground ·connec­
tions. You'll need a fairly hot solder­
ing iron because the copper ground 
plane will soak up a lot of heat 
before it will take solder. I recom­
mend using rosin paste flux to make 
the job easier. Just dab a little flux 
around the pin to be soldered; you'll 
be amazed how much easier the 

CALL AOVANTECH LABTOOL 599 EETOOLS SIMMAX 
629 ICE TECH MICROLV 795 CHROMA SIMM/SIP 
650 EETOOLS AlLMAX + 359 MOO-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 II P 99 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 BMEG 
479 MOD-MCT-EMUPA 129 EPROM 4G TO BMEG 
739 STAG ORBIT·32 250 EPROM BG TO BMEG 

Want to know why? 
Visit ua at http://www.worldwyde.com 

• Find out how" Teat" Device. work 
• Installation of "Teot" Devices 
• Deacrambling Methoda Explained 
•Detailed Conatruction of"Test" Devices 

Includes pl•ns •nd source code 
Complete souree code ............... $79.95 
Code for lndlvlduel boxes ·-.. -··· $29.95 

PnP BWE .. PnP WET 
For Hlgi Precision Easy ~ 

Profasslonol PCB layouts Quality PCBs 
1. l.aserPrlnl 1. '-rf'rtnl 
l. Iron-On l. Iron-On 
3. Peal-Off 3. Soak-Oii w/ Wolu 
4. Ekh 4. Eldl 

Adds on Extra Loyer of Tronsfets loser Prlnt.r 
Resist for Super Fina orCoplerToneras 
lines on Std Clod Bds Resist to Std Ood 8ds 

20ShS30/40ShSS0/100ShS100 Slue/Wet (No Mix) 
Sample Pock S Shts Slue + S Shts Wet S20 
VISA/MCJPO/CffJMO S4 S&H - 2nd Doy Moll 

Tschniks Inc. P.O. Box 463 Rlngoas NJ 08551 
(908) 788-8249 

100% Money Sock Guarontael-0.oler lnqul1las Invited 

joint is to make then. Don't use too 
much solder for these ground plane 
connections, though, because it's 
easy to make inadvertent solder 
bridges to adjacent pads. 

The fourth step is to wire up the 
remaining nodes of the circuit. This is 
done with 30 gauge insulated wire­
.wrap wire. Do the shorter wires first. 
Strip an eighth inch of insulation off 
one end, then lay the wire out 
between the two points to be con­
nected following the wiring diagram. 
Snip off the other end an eighth inch 
beyond the second pin, then strip 
that end. Crimp the bare wire end 
around the pin and solder. Wait to 
solder pins that have more than one 
wire to be connected until all needed 

Sealed Lead-Acid/Gel-Cell 
12V: 7AH $19, 2.3/4AH $16 

18AH $39, 1.2AH $13 
6V: 4AH $9, 1 OAH $13 

Quantity Discounts Available 
Call for other models 

Aventrade 
4518 Temple City Blvd., Temple City, CA 91780 

Tel. 626-286-0118 Fax 626-287-9618 
E-Mail: sales@aventrade.com 

www.aventrade.com 

Build Your 
Elertronic!i 

Librarg 
At: A Price You 

Can ,4.fford ! 
Check out the 

HOT DEALS at the 
Nuts & Volts Bookstore!! 

(See ad page 9.) 

As a paid subscriber, you'll 
get 10% off the listed price!! 

. •· . . .. ., - ..... . : ·, . . 

~ :, * ~ I • 
i.J ~,-:f I• • . -:;,.. ~ - . 

COMMUNICATIONS CONVERTER 
• FULL SCHEMATIC AND DOCUMENTATION 
• FULL FAMILY OF MODULAR DESIGNS 
• RM85/R$-422 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 

ACQUISmON AND CONTROL SYSTEM 

wires have been crimped to that pin. 
It's best to do continuity checks 

with a meter as you make each con­
nection. Check that the two pins 
being connected actually have conti­
nuity, check that you haven't acci­
dentally bridged to ground, and also 
check that you haven't shorted to 
adjacent pins. A good way to keep 
track of your checks is to highlight 
them on the schematic as you make 
each check. 

Once you are satisfied that all of 
the connections are correct, do a 
continuity test between ground and 
the pins of the connector. Only the 
ground pin should show low resis­
tance. If the circuit has passed all 
these tests, it's safe to apply five volts 



Flashlite-V2 
• 2 Serial Ports 
• 2 OMA Channels 
• 2 Timer Channels 
• 20 Parallel VO Lines 
• 5 Volt OperaYon 
• 4 Hardware Interrupts 
• B Analog Comparators 
• Low Power Consumption 

Development Kit- $159 Includes: 
• F/ash/ffe V25, IOMhz, ~12K Ram/ 512K Rash 

• Borland CIC++ 4.52 Development Software on CD 
• Telecommunicalions Program & Sample Programs 
•AC Adapter and Cables 

www.jkmlcro.com 
Call 530-297~73 FIJX 530-297~74 

J K 111icrosyste111s 

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 ($57.95by1st Class) 
6-Month Trial - $19.95. Foreign - Write. 
~ A.R.C., P.O. Box 802-G23 ~ 
~ Carllsle,MA01741 ~ 
Call: 978-371-0512-Fax: 978-371-7129 

Web: www.antiqueradio.com 

ASSEMBLY & 
ENGINEERING 

Producible designs since 1970 
Contract Engineering 

Embedded Microprocessors 
PCB Layout and Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 
AID and DIA 

Contract Assembly 
High-Speed Fuji Surface Mount 
Through hole 
Turn-key or Kit 
Run sizes one through thousands 
Test and burn-in available 

Bilocon Corp. 
800-736-5927 
425-353-2276 

www.bilocon.com 

to the Vdd and ground to the Vss 
pins. Use an oscilloscope or a logic 
probe to check the output levels of 
the "A" and "B" pins as you bring a 
few sheets' thickness of plain white 
paper near each sensor in turn. You 
should see a crisp 0 to 1 logic transi- · 
tion when you bring the paper close, 
and an equally crisp 1 to 0 transition 
when you remove the paper. Under 
fluorescent lights, you may see a 120 
Hz pulse train coming from the sen­
sors, but these pulses should disap­
pear when you shield the board from 
direct fluorescent light. 

Mount the boards to the servos 
as shown in Figure 4. The boards 
mount on 0.25" aluminum standoffs 
with 1/16" thick fiber washers to 

VIDEO PRODUCTS 

• 430 TV Lines Resolution 
• 9· 14 VDC Operation 
• Infrared Sensitive 
• SX-800 has Audio Output 
• A-300 Camera Enclosure also available 

MATCO, INC. 
Schaumburg, IL 

1-800-719-9605 • 1-847-619-0852 FAX 
E-Mail - info@mat-co.com 

Website - www.mat-co.com 

TOGGLE SWITCHES - All sizes and types 
Commercial Quality 

FULL SIZE TOGGLE SW. 1/2" DIA. 
TYPE MODEL RATING LEAD 
SPST 0125 6A/125V 6" wire 
SPST 0128 4A/125V Solder 
DPDT 0126 5A/125V Solder 
DPDT 0127 10A/125V Solder-

on-0ff-0n 5A/250V 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-0ff-mom 3A/2 SOV Solder 
SPOT 0134 6A/125V Solder 

on-0ff-0n 3A/2 SOV Solder 
DPDT 0133 6A/125V Solder 
DPDT 0135 6A/125V Solder 

on-0ff-0n 3A/250V Solder 
DPDT 0130 6A/125V Solder 

mom-off-mom 3A/250V Solder 

.77 .67 

.77 .67 

.92 .82 

.92 ' .82 

MOMENTARY PUSHBUTION SWITCHES 1/4" DIA. 
SPST Nor Open DMl 3A/125V Solder • .30 .25 
SPST Nor Close DM2 3A/125V Solder .30 .25 

ANY ORDERS LESS THAN 100. AOO 20C EACH 
LEDs Red. "!'•llow. Gre&n - $12.00/100 $10.00/1,000 

DEMAR ELECTRONICS 
P.O . Box 7215, Algonquin, IL 60102 

Toll Free 877-655-6433 
Fax 847-854-4434 

-Top and bottom 
Light 

-Dustcover 
-Eyeguards 

-1 year warranty 
ST241A- $275 .00 
Catalog available .... 

.f' jlittle@netwizards. 
~Teclri:ol 

3580 Haven Ave.Redwood City.CA 94063-
4603 650/367-8320 Fax 365-5845 

shim the boards out to get 0.050" 
gaps between sensors and encoder 
disks. If you don't have calipers to 
measure the gaps, you can use an 
ordinary automotive feeler gauge to 
set the distance. 

It Works, Right? 

When everything is aligned you 
should be able to see two (hopefully) 
squarewave signals on your scope. 
They should · be 90 degrees out of 
phase. A fair amount of asymmetry 
can be tolerated, but if they are so 
asymmetrical that a positive and neg­
ative transition of one channel can 
occur without an intervening transi­
tion from the other channel, then 

10&14 Hour Telephone 

Recorders starting .$69+$6.95 S/H 

limes based on a~BO tape "' ~ 14 Hour $89+8/H y ~ 
"'· £J: . :a 

z·~ 

• y 

120 Thpe included! 

Visit our Online Catalog 
www.mscelectronics.com 

MSC Electronics 
LtiiiiiPOiiliiBOX 461JeMup,MD20,,,_7~94:,.-...,=-' 
• (301) 497-1600 
VISA FAX (301) 497-1925 

No Checks • US & Can.la Onl 

CABLE BOXES 
CUT MANUFACTURING COST! 

WE ACCEPT SMALL ORDERS TOO. 

~HlMEW 

20GALISE 

ALSO PCB. SMT, PROTOTYPES. ASSEMBLY. 
PLASTIC MOLDS, INJECTION MOLDING. 

USA Office: V& V Mach. & Equipment, Inc. 
Ph: (281) 397·8101, Fax: (281J397-6220. 

Mexico Plant Marketing Tech. 
Ph: 011 (525) 361-3351. Fox: 011 (525) 361-5996. 

CONTROL • ME.ASURE • INPUT 
MODEL 4o-$109 
• RS-232 interface 
• 28 lines digital 1/0 
• Eight analog inputs 
• PWMoutput 
• Three stepper ports 

MODEL 100-$279 
• 12-blt 1 OOKHz AID • Four analog outputs 
• Three timer counters • 24 digital 1/0 

PRAIRIE DIGITAL, INC. 
920 SEVENTEENTH ST., INDUSTRIAL PARK 
PRAIRIE DU SAC, WI 53578 
TEL: (608) 643-8599 • FAX: (608) 643-6754 

you have trouble. You'll need to fid­
dle with the resistance values to set 
the IR emitter power and the receiv­
er sensitivity. 

Temporarily wire in a couple lin­
ear taper 1 meg, 15-turn poten­
tiometers in place of R2 and R3, and 
two 20K potentiometers in place of 
R 1 and R4. The best way to do this is 
to clip the original resistors out of the 
circuit from the component side and 
solder some lengths of wire to the 
remaining pin stubs. Form twisted 
pairs from these wires for each resis­
tor and solder each pair to the first 
pin and wiper of the corresponding 
potentiometer. As a starting point, 
adjust the resistance of each pot 
until they match the original values in 

EPROMS L~ 25c 
27C256 27C040 27C1024 87C51 
27C512 27C400 28F010 8751 
2732A 27C4096 28F020 8755 
27C32 . 574000 28F040 MC68HC70 
27C128 574200 8749H 5C8A 
27C64 27C402 8748H PIC16CS6 
2716 27C020 8741 PIC16C54 
2708 27C210 8742 PIC16C622 
27C512-90 27C010 8744 GAL16V8 

Jii.$1fi;Oii' IQ;lei3#"it.J;i ~~~o 
HM628128 8255 0-FWIS 
62256 8254 SIMM 
6264 80C31 

-.-M-a-ny_mo_re_p_art_s_i_n-st-ock-
• All major brands 
•All guaranteed 
. E-Mail: eproms@aol.com 

TEL: (818) 774-9444 • FAX: (818) 774-0822 

WE BUY EXCESS INVENTORY 

GPS Units 

Trimble Placer 400 
6 Channel & Magnet Mt. Antenna 

$79.95 
Trimble SVeeSix 

6 Chan wl Diff. & Magnet Mt. Antenna 
$89.95 

Rockwell Micro Tracker LP 
5 Channel, Module w I Differential 

& Mag. Ml Antenna $89.95 

Communications Surplus 

713-526-8000or1-877-878-6GPS 
lshaefer@flash.net Fax to 713-522-6309 

the circuit. 
With the servos running, tweak 

the pots of one channel at a time 
until you achieve two symmetrical 
waveforms with 90 degree phase dif­
ference between them. Once that's 
accomplished, disconnect power and 
measure the resistances of each pot 
and replace them with the nearest 
standard value fixed resistor. · 

I know, this is not the easiest pro­
cedure. I'm working on a more ele­
gant solution, but that will have to 
wait for another column because I am 
out of space this month. Anyway, next 
time I'll finish up with the encoder pro~ . 

ject with the software needed for the 
PIC to make sense of all these quadra­
ture squarewaves. NV 

1/et4 ti '/'6'14. ~/JI/KE 1111 7 5 



ast month, we looked 
at buck and boost 
switching1egulators-:­
those that typically 
change + 12 volts into 
+5 volts (buck con­
verter), and +5 volts 

~into + 12 volts (boost 
~ converter). Neither 

are isolated from the 
source and have a limited convert 
up/down ratio. In this article, I'll 
show you how the industry deals 
with converting 11 O VAC into 5 
volts, 12 volts into 1000 volts, and 
+5 volts into -5 volts. As before, I'll 
provide design rules and typical 
applications. 

In case you missed Part 1, or 

need your memory refre~hed, 
here are the switching topologies 
that are discuss~d in this series., 

-A-Buck: Reduces a high DC 
voltage to a lower DC voltage. 

• Boost: Increases a low DC 
voltage to a higher DC voltage. 

• Flyback: Generates an out­
put voltage that is lesser or greater 
than the input, including multiple 
output voltages. 

• Invert: Generates a DC volt­
age which is opposite in polarity 
to the input voltage. 

The buck and boost were 
reviewed in the May '99 issue. This 
month's article deals with the fly-

S'1vrrcr11r1G 
'/Ol~f f\Gt 

RtGUlf\~fOR 
Bf\SICS ........... 
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Weighing The Options 

EPROM+ 
A device programming system 
for design, repair and fieTd service 

+ EXCEPTIONA L POWER FOR THE PRO 
+ EASY-TO-USE FOR THE NO VICE 

Here's what you get: A rugged, portable programming unit including the power pack and printer port 
cable both of which store mside the case A real p1inted user and technical manual which mdudes schematic diagrams 
for the programming umt plus diagrams for all technolob'Y famil y adapters• . Comprehensive, easy-lo-use software 
which IS specifically designed to run under DOS, Windows 3 I. 95 and 98 on any speed machme The software has 
features which let you READ, PROGRAM, COPY and COMPA RE plus much more You have full access 10 your 
system ' s disk incl uding LOADI NG and SA YING chip data plus automatic processmg of INTEL HEX, MOTOROLA 
S-RECORD and BINA RY files. For detailed work the sysiem software provides a full screen buffer editor including a 
comprehensive bit and byte 1001 kit with more than 20 function s 

Broad device Support: Including FIRST GENERATION EPROMS (2708, TMS2716', 25XX etc) 
SECOND GENERATION EPROMS (2716-27C080X8 MEG). 40 and 42 PIN EPROMS' (27CI 024-27C 160X16 MEG) 
[[PROMS (2816-28COIO) PLUS ER5901 , FLASH EPROMS (28F,29C,29EE,29FX32 MEG), NVRAMS (12,20,X2210/12) 
8 PI N SERIAL EEPROMS' (24 ,25 ,85, 93, 95, 8001 IA) PLUS ER l 400/M58657' 

BrPOLA R PROMS' (74S/82S), SERIA L FPGA CONFIGURATORS (17CXXX) $ 2 8 9 
MICROS' (874X,875X,87C5X.87C75X,89C) ATM EL MI CROS'(89S,90SXAVR) 
PIC MICROS' 8, 18, 28, 40 PIN (I 2CXXX.16C5X,6X, 7X,8X PLUS FLASH & 17C) 
MOTOROLA MICROS' (68705P3/U3/R3 , 68HC705C8/C9/J2/P9, 68HC71 IE9/D3) 

g :n~E~~ ~r~~~~u~o;~·~~~s :J'~~~t i~~~~E~~~~~~~·;•ntal s SS.00 SHIPPING a SS.00 C.O.D. 
' REQUIRES SNAP-IN ADAPTER (ORDER FACTORY DIRECT OR BUILD YOURSELF) VJSA • MASTERCARD • A MEX 

ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 
(513) 831-9708 FAX (513) 831 -7562 

website - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE U.S.A. 
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back and invert configurations. 

Ryback Converter 

- The granddaddy of all switch-
ing converters is the flyback cir­
cuit, better known to us ol'-timers 
as a flyback transformer. This cir­
cuit has roots that go back to the 
very beginning of modern elec­
tronics - back to the invention of 
the television, to be exact. At the 
heart of every TV set is a cathode 
ray tube (CRl) which requires a 
very high DC voltage - something 
on the order of 25 kV. Using a 
standard 60 Hz power transformer 
to generate this voltage is a bulky, 
heavy, and expensive proposition. 
To make the TV a viable consumer 
product, a cheaper, lighter-weight 
power supply was needed. Enter 
the flyback transformer. 

The flyback converter is the 
most versatile of all the topolo­
gies, permitting step-up, step­
down, and multiple voltage out­
puts. Unlike the buck and boost 
circuits, the flyback topology uses 
a real transformer, not a simple · 
inductor. The configuration can 
also provide load isolation with 
mixed positive and negative volt­
age sources. 

Yes, this is identical to the way 
a RadioShack transformer con­
verts 110 VAC into 12 VAC and 
other voltages. The difference is 
the frequency of operation. 
Instead of driving the primary at 
60 Hz, the switching flyback con­
verter runs at 100 kHz and higher. 
The net benefits are: 

· Smaller physical size 
· Lighter weight 
· Reduced ripple 
· Tight voltage regulation 
· Cheaper construction costs 

The basic flyback converter is 
shown in Figure 1. 

Essentially, this circuit works 
like the ignition coil under the 
hood of your car. When the switch 

You can bulld this Robotic Anni 
Impressive, fast, accurate 
and repeatable motion. Any 

+ 
• 
SWITCH 
ON 

FIGURE ·1 

is closed, current flows through 
the primary of the transformer and 
builds up a magnetic field. When 
the switch is opened, the field col­
lapses and transfers its energy to 
the secondary winding, inducing a 
voltage in that winding. 

An important difference 
between an AC-line transformer -
like a 12-volt RadioShack power 
transformer - and a flyback trans­
former is the phase relationship 
between the primary and sec­
ondary windings. In a power 
transformer, the output leaders 
are interchangeable. In a flyback 
transformer, a proper phase rela­
tionship between the primary and 
secondary windings (as indicated 
by the dots in Figure 1) is impera­
tive for proper operation. 

Note that the dotted lead of 
the primary winding connects to 
the negative terminal of the 
source, while the undotted lead 
goes to the positive terminal. This 
phasing is just the opposite for the 
secondary winding, which returns 
its undotted lead to the negative 
terminal of the source. 

When the switch is turned on, 
a voltage of opposite polarity 
appears across the secondary 
winding - a voltage that's blocked 
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from charging the capacitor by the 
diode. When the switch is opened, 
the primary field collapses and the 
dotted secondary lead swings 
positive, which now lets current 
pass through the diode into the 
capacitor and the load. 

During the next cycle, the 
polarity reverses again, and the 
capacitor provides power to the 
load while the magnetic field 
builds up. And so it goes. Figure 2 
shows the idealized waveforms 
for a flyback converter. 

Flyback Output Voltage 

The secondary voltage is pro­
portional to the number-of-turns 
between the primary and sec­
ondary windings. For a line-oper­
ated power transformer, the out­
put voltage is equal to 

Vout =Vin x N(turns ratio) 

A RadioShack 12.6 volt trans­
former, for example, has a turns 
ratio of 10:1, whereas a 25.5 volt 
transformer has a 4.5:1 ratio. In 
both cases, there's a fixed rela­
tionship between output voltage, 
turns ratio, and the 11 O VAC line. 

Most switching flyback trans­
formers, on the other hand, deter­
mine the output voltage by varying 
the amount of time current flows 
through the primary of the trans­
former. The ratio between the time 
the current is on and the time it's 
off is called the duty cycle, which is 
mathematically defined as: 

ton 
d=---

In a feedback converter, the 
duty cycle and output voltage are 
determined by the following 
equations: 

Vout 
d = = Vout,,;, N x Vin x d/(1-d) 
N(Vin) + Vout 

--0 

+ 
,.,-.. IOOOuF 

l - 6.15k -- -

~ 2.0k 

l 

where N equals the turns ratio 
between the primary and sec­
ondary windings. 

Theoretically, the output volt­
age can be as large as desired -
just keep increasing the turns ratio 
of the transformer. However, there 
are physical limitations that pre­
vent the output voltage from 
increasing to infinity. 

They include losses in the 
switching circuit, magnetic losses, 
and breakdown voltage of the 

+5V@ l.4A 
N, 

Voo.ru 
'<.i.;1:1(MAIC) 

N, 

FIGURE 4 
T rwlSforrnet 

Type Coitcraft 

(Nolo t5) 

Tl 04434.fl 

T2 04337·8 

T3 Ol34:HI 

T4 CM344-B 

2.• 

LM2587 

Trmsformer SolecUon Table 

Uanut~orere· Part Numbers 
Coileraft !Note 1 SJ Pulae 1Note 16) .............. Surl--04435-8 PE.&411 

Q.4-436.S PE~12 

- PE-68421 

- PE-68422 

0.8 

-tNote 17) 

AL-5530 

AL"5531 

AL-"34 

Rl-S535 

Note 15: Coilcraft (800-322-2645; http://www.coilcraft.com) 

08 
-12V 

0.5A 
0.8 

-(Noto UI} 

67141450 

671 .. 0060 

67!<40920 

01140030 

Note 16: Pulse Engineering (619-674-8100; http://www.pulseeng.com) 
Note 17: Renco Electronics (800-645-5828; http://www.rencousa.com) 
Note 18: Schott Corp. (612-475-1173; http://www.schottcorp.com) 
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insulators. Moreover, the flyback .--------------------------­converter has the same limits of a 
power transformer; that is, you 
can't take out more power than 
you put in. 

For example, if the input to 
the transformer is 5 volts and the 
switching current is 5 amps, the 
best you can hope for is 25 watts 
of power out (assuming no losses, . 
of course). If the output voltage is 
l 00 . volts, the output current is 
just 250 mA - a far cry from the 5 
amps you may have been expect­
ing. 

At some point, the ratio 
between higher voltage and lower 
current becomes unusable; infi­
nite voltage out equals zero cur­
rent out. Typically, PC-based fly­
back transformers have a turns 
ratio that ranges from 1 : 1 to 1 :2.5. 

Typical Flyback Converter 
Application 

Flyback circuits are the most 
forgiving because there's no criti­
cal magnetic component as in the 
previous buck and boost topolo­
gies. However, the closer you can 
match the flyback transformer to 
the switching frequency and out­
put load, the more efficient it 
becomes. For this exercise, I've 
selected the LM2587. 

As always, a bypass capacitor 
should be placed between the 
input pin and ground. It should 
consist of a low ESR aluminum 
electrolytic (100 uF) paralleled 
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with a tantalum (1 uF). For serious 
applications, a small RC low-pass 
filter between the input pin and 
ground is recommended. Typically, 
it consists of a 4.7 ohm resistor 
and a 0.1 uF capacitor, as shown 
in Figure 3. If efficiency is a major 
concern, the resistor can be 
replaced with a 1 O uH inductor. 

While I said that the trans­
former was of little consequence, I 
did point out that some fine tun­
ing was desirable. Specifically, all 
current-mode controlled regulator 
- which includes boost and fly­
back - can suffer from a malady 
known as subharmonic oscillation 
if the duty cycle exceeds 50 per­
cent To ensure stability, a min­
imum inductance is required 
for the primary. The equation 
for this is something you don't 
want to wrestle with. 

2.92(Vin x (2d-1)) 
L = -------------

1-d 

where L is in uH and d is the 
duty cycle. To ensure stability 
over the full range of opera-

with a nomograph that does the 
calculations for you. See Figure 4 
for the table for the LM2587. 

On the secondary side of the 
transformer, you can do pretty 
much what pleases you. A simple 
diode and capacitor suffices for 
many applications. Of course, the 
rectifier diode has to be up to the 
task of switching high currents at 
high frequencies. Remember this 
isn't 60 Hz from the outlet 

Schottky are recommended 
for low-voltage applications, and 
fast recovery diodes for voltages 
above 50 volts. Need output volt­
ages higher than the flyback itself 
can provide? Yep, that's available, 

LM2587- 12 2 
feedback 

3k GND .3 

too. They're called triplers and you 
can find a bushel of them at your 
local TV /VCR repair shop, or you 
can build your own using the 
schematic in Figure 5. 

As stated earlier, the output 
voltage is determined by the duty 
cycle of the current flowing 
through the primary of the trans­
former. Left to its own devices, 

Your 
.----*'--.... ---4..,_----------<> + 12V@0.3A 

II 

• II 
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II 
II 
II 
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+ 
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FIGURE 7 
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Your 
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tion, set Vin to Vin (min) - the L1.1 2587 _ 12 2 
l 330µf 

lowest expected input voltage 
- and d to d (max) (the max­
imum expected duty cycle). 
Personally I find this a lot of 
t bl d d I t of other rou e, an so o a o 
designers. That's why most switch-
ing regulator datasheets come 
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thm.Jgh, the output voltage will 
vary up or down, depending on 
the load. As the load increases, 
the output voltage decre-ases, and 
visa versa. To hold the output volt­
age constant, ,a technique called 
pulse-width modulation (PMW) is 
applied to the switcher. 

Basically what PWM does is 
adjust the duty cycle of the input 

pulse to control the input 
power, and therefore the out­
put voltage. When pE!ak output 
is required, the wi th of the 
input pulse is very wide to 
pack a heavier charge into the 
transformer. When the load is 
light, the input pulses are nar­
row, like a picket fence. 

To control the PWM, a part 
of !he output voltage is fed 
back to the switching con­
troller (pin 2 of the LM2587) 
using a resistor divider. What 
the controller does is adjust 
the width of the switching 
pulse so that the voltage on 
this pin is always 1.23 volts -

a voltage that's typical of most 
adjustable switch mg regulators, 
including buck, boost, and flyback. 

"' 
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{In a fixed-voltage regulator, like 
the LM2587-5.0, the divider resis­
tors are placed on the chip inside 
the IC.) 

If the voltage falls below 1.23 
volts, it means the output voltage 
is sagging, which prompts the 
controller to increase the width of 
the pulse. Rising voltages on the 
feedback pin force a reduction in 
pulse width. In a well-designed 
converter circuit, it's not unusual 
to find the output voltage held to 
within 20 mV of nominal. Here are 
typical resistance divider values for 
popular voltages. 

OUTPUT 
VOLTAGE .!li R2 

3.3V 
5.0V 
12V8.73k 
15V11.2k 

3.4k 2k 
6.15k 2k 
lk 
lk 

Generating Multiple 
.Outputs 

But we've only scratched the 
surface of the merits of flyback con­
version. Not only can it provide a 
buck or a boost voltage, it can pro­
vide as many output voltages as you 
want using just one flyback trans­
former. Let's take a simple, dual-out­
put power supply, like the kind 
needed for op amps (Figure 6). 

Very often, op-amp circuits 
need a positive and negative 
power source. In fact, until just a 
few years ago, it was a require­
ment. Back in the days of old, 
these voltages were generated 
using a bipolar, tracking power 
supply, which were bulky and 
inefficient. While op-amp restric­
tions have relaxed since then, 
bipolar-powered circuits still have 
advantages over single-ended 
designs. 

Our example starts off quite 
meekly as a simple flyback trans­
former voltage converter. In fact, 
the only change is in the sec­
ondary winding of the trans­
former, which is now center­
tapped. Center-tapped transform­
ers have been around for many 
years for different purposes. 

Look at the power trans­
former options in any RadioShack 
catalog, and you'll see that nearly 
all sport a center tap. For our par­
ticular application, we're going to 
use that center-tap to generate a 
positive and a negative output 
voltage. 

It's simple enough. We simply 
ground the center-tap so that the 
voltage is split in half, with 12 
volts on the top and 12 volts on 
the bottom. Each half of the wind­
ing can now be treated as a sepa­
rate transformer winding. On the 
top side, the output is run through 
a diode that has its anode lead 
connected to the transformer to 

Weighing The Options 
produce a positive voltage. 
On the bottom side, the out­
put is run through the cath­
ode lead of a rectifying diode 
to generate a negative volt­
age. Ground is common. 

The rectified outputs are 
typical enough, but not the 
PWM feedback. By design, 
PWM can only sense one out-
put voltage, not multiple out­
puts. In our example, the 
feedback pin is connected to 
the + 12 volt output. That 
means that this line alone will 
be held within about 20 mV 
of 12 volts. The negative out­
put, on the other hand, is 
unregulated. It depends on 
the pulse width of the posi-
tive line. 

FIGURE a 

PWM 
CONTROL 

·. 

Let's say the + 12V output 
demands more current This I s1 s3 I 
prompts a larger duty cycle to +SVIN u-------O""'oo-----------O""'o--, FIGURE 

? satisfy the request. Let's also I _l_ I 
say that the current demands I J± Cl -
of the -12V output remains s2 l=- S4 

the same. Well, I guess you ~o. o------l-------0""'0----l--t---0 -svouT 
can guess the results. The _ 
negative output voltage goes -r.:;: c2 
up - by how much is deter- I __[ I I° 
mined by the change in the ~ -:-
duty cycle. STEP 1 STEP 2 STEP 3 

Fortunately, there's a sim- ON All OFF ON I 
pie solution which has 
recently appeared on the 
scene. It's called a low-dropout 
voltage regulator, or LOO. It's 
inserted into the circuit like this 
(Figure 7). Need three outputs? 
Here's a block diagram of how it's 
done {Figure 8). 

As before, only one output 
can be regulated. If you want reg­
ulation on the other outputs, you 
need additional regulators. Linear 
LDOs are preferred over introduc­
ing another switching regulator. 

Don't forget, however, that 
you can't get more power out 
than you put in, which is why PC 
switching power supply specs 
often paint a tainted picture. Let's 
take a common 250-watt PC 
power supply, for example. 
Typically, it lists the outputs as: 

• +SV@ 30A 
• +12V@ lOA 
• -5V@ lA 
• -12V@ 0.5A 

Added up, that comes to 281 
watts, yet the power supply is 
only rated at 250 watts. How 
come? Well, it's because the out­
puts weren't meant to be work­
ing full-time all the time. They 
share. 

For example, if the +5V load 
is drawing just 15 amps, the 
unused energy can be transferred 
to the + 12V source to boost its 
output to about 16 amps, wiring 
and rectifier permitting. Just 
remember, altogether, they can­
not exceed 250 watts. 
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FIGURE ·10 Cross-section of Multilayer Ceramic C8pacltor Chip 
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current - typically 200 mA 
or less. On the other hand, 
it's a perfect solution for 
generating different volt­
ages for portable devices, 
like handheld instruments 
and cell phones. 

How an inverting 
switched-capacitor circuit 
works is a lesson in design 
simplicity (Figure 9). There 
are three steps to the 
inverter's operation. In Step 

FIGURE ll 
.~ended Capacitor Manufacturers 

1, Sl and S2 
are closed, 
w h i c h 

Manufacturer Capacitor 

6720, 6730, 
6740, 6780 
6750, 1730, 
1990 

Capacitor Type 

Aluminum Electrolytic 

Tanralum 
Nichicon 
Mallory 
TO KIN 
Mui~lla 

PF and PL 
TDCandTDL 
MLCC 

Aluminum Electrolytic 
Tantalum 

charges capacitor Cl. Step 
2, S 1 and S2 are opened. 
This is done to prevent 
overlapping as switches S3 
and S4 are closed, and the 
charge of Cl is transferred 
to C2. Watch the polarity as 
the transfer takes place. 

Multilayer Ceramic 
GRM Multilayer Cerdmic 

Inverting Regulator 

Sometimes called a buck-boost 
converter, the inverting regulator 
takes a DC voltage and changes it 
to a voltage of opposite polarity. 
Furthermore, the voltage can be 
higher or lower than the input 
More often than not, though, the 
output is a mirror image of the 
input 

Unlike the converters 
described above - all of which rely 
on magnetics - inverting regulators 
normally use switched capacitors 
to accomplish their goal. The cor­
rect term is called charge-pump, 
but switched-capacitor is the most 
popular term used. While the 
weight and expense of magnetics is 
gone, the tradeoff is lower output 

80 J1111 1111/'llttu' 1'1114 ~ 

What used to be ground is 
now the negative output and the 
positive is grounded. S3 and S4 are 
then opened and the cycle repeats. 
Generally, the output voltage is not 
regulated, just simply inverted. 

By arranging the switches and 
capacitors in other configurations, 
voltages can be doubled in. either 
polarity. Several switched-capacitor 
converters provide voltage regula­
tion by using a PWM to control the 
switches time on and time off -
just like their inductive counter­
parts. 

1Jpical Switched-Capacitor 
Applications 

Switched-capacitor converters · 
are typically simpler than their 
inductive counterparts. Very often 
they're used to create bipolar 

power supplies for battery­
operated equipment Figure 
1 O shows a few examples of 
switched-capacitor applica­
tions taken from Linear 
Technology's LTl 054 data 
sheet; just one of the 
devices we'll look at for this 
exercise. 

As usual, a small bypass 
capacitor is recommended 
on the input pin, typically a 2 
uF tantalum. For unregulated 
circuits, the value of Cin and 

Cout should be equal. While the 
exact values of Cin and Cout are 
noncritical, the quality of the capac­
itor is; they must be low ESR capac­
itors to reduce ripple. 

Since ESR is a 'function of the 
operating frequency, you need to 
make sure the capacitor's value is 
rated at the circuit's operating fre­
quency. In general, the capacitor's 
ESR is inversely proportional to its 
physical size, so capacitors with 
larger capacitance values and high­
er operating voltage tend to reduce 
ESR. 

However, not all manufactur­
ers guarantee capacitor ESR in the 
range required by the circuit, which 
is why many vendors publish 
charts listing recommended capac­
itor types and manufacturers. See 
Figure 11 for a chart from Analog 
Devices' ADP3605 data sheet. 

What's an OS-CON capacitor, 
you ask? I, too, was confused until 
I looked it up. Invented by Sanyo in 
1982, the OS-CON is an aluminum 
electrolytic type capacitor with an 
organic semiconductive electrolyte. 
Some of its features are: 

· Very low ESR 
· Totally temperature 

independent 
· Wide frequency range 
· High ripple current capability 
·Long life 

Just the prescription for a 
switched-capacitor converter. And 
because of these properties, a 
much smaller capacitance value 
can be used as compared to a nor­
mal aluminum electrolytic capaci­
tor. Moreover, bypass capacitors 
can often be eliminated in less 
demanding applications because 

the noise will be reduced by the 
OS-CON capacitor. 

Multilayer capacitors are also 
frequently used in switched-capac­
itor applications. Multilayer capaci­
tors are high-dielectric capacitors 
made by sintering ceramic materi­
als at a low temperature. Its advan­
tages are high capacitance in a 
small size and layered construction 
that makes it especially well-suited 
for surface mount fabrication 
(Figure 12). 

Increasing Swikhed­
capacitor Output 

In many cases, you can increase 
the output of a switched-capacitor 
converter by linking two or more 
deviees. This is especially helpful 
when working with low-voltage, 
low-current converters, like the 
MAX829 from Maxim, which has a 
maximum rating of 5.5 volts in and 
25 mA out. For higher output volt­
age, two devices can be cascaded, 
as shown in Figure 13. The 
unloaded output voltage is normally 

-Vout = +Vin x 2 

but this value is reduced by the 
output resistance of the first device 
multiplied by the quiescent current 
of the second. When cascading 
more than two devices, the output 
resistance increases dramatically. 
As a rule, the larger the ttalue of the 
charge-pump capacitor (Cp), the 
lower the output resistance - at 
least up to a point. Above a certain 
point, increasing the value of this 
capacitor has negligible effect on 
output resistance. 

Paralleling switched-capacitor 
converters also reduces the output 
resistance - and increases the out­
put current The resultant output 
resistance is calculated using the 
formula 

Rout of a single device 
Rout = ----------------

number of devices 

Each device must have its 
own pump capacitor (Cp), but 
only one output capacitor (Cout) 
is needed for the parallel devices 
(Figure 13). The value of this 
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capacitor is directly proportional 
to the number of devices paral­
leled. For two chips, it's twice the 
original capacitance, three times 
for three chips, and so forth. 

Just Touchin' The Basics 

There's a lot more that I can say 
about switching converters, but 
space doesn't permit. You can 

Vend 
MAX829 

• 'JOo7 l C•3• IUX8294ie'f'ii:e 

obtain more information on switch­
ing regulators from the data sheets 
cited froro http://www.questlink. 
com and the answers you'll find in 
this month's Electronics Q & A col­
umn. Want even more? Download 
the fS.pdf file, a whitesheet on 
switching regulator technology writ­
ten by National Semiconductor, 
that's posted on our web site 
(http://www.nutsvolts.com). NV 

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. 

G120:52 
120xl2-pixel LCD 

SGX-l20l $99.00 
• Same size as 2x16 text LCD 

• Editable font(s) in 4 sizes 
• Up to 6 screens in EEPROM 

• Easy terminal protocol 

(3.7 x 2.8 in.) 

(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 terminal protocol 

Write In 49 on Reader Service Card. 

AST GLOBAL ELECTRONICS 
24529 STATE HWY. 408, CAMBRIDGE SPRINGS, PA 16403 

rVOICE 814-398-8080 • 1-888-216-7159 • FAX 814-398-1176 

VIEW COMPLETE LISTING AT: 
http://www.astglobal.com 

B&K :ml, Sweep/FlllCOOn Generalor, 2MHz 
(Sile, Square, TrBlgle) ............. . ................. $175 

BP 545, Microwave Comter 18GHz .•....... . •••••....•... $500 
ESI DP1311, Valial>le Resismr, 100K max 1KIStep •..••.•..... $75 
l1Jke 3328, oc \llftage Slaldard .. . ...................... $350 
Fklke 382A, \\)itage/Currerd Calilra!or .................... $400 
Fklke 5408, Tr.risfer S1alllald w/A54-2 \l)ilage Plug-ii ........ $475 
Fklke 845AB, Nlil Oetec1ot1Miao \\lllme1er 1uV-1000VOC •..... S375 
Fklke 893A, AC/DC Dilerenlial Vol1me1er O kl 1100 \lllts, 

AC/DC, .01%DC, .05%AC, 1uV Resolu!iJn . .. .. . ... .••..... $75 
Fklke :mJB, Cons1111t Curren1Mlllage Calibrator ............ $325 
Fklke 51000, Mutt!unction Calibrator, Dpt 03.llS ..•.•••.• . .. $2,800 
Fluke 51000, MultMctioo Caliira10r ...........•........• $2,700 
Fluke 5200A, Prognmnable AC Calibrator .......... , ..... $1,000 
Fluke 5215A, Precis.00 Power ArJ1l ..•... . ....... ...... . .. $800 
Fklke 6070A. Synlhesized RF Siglal Generator 

200<Hz-520MHz ..•............. . ..•... . .. . •...... $1,400 
Fklke lllOOA, DMM 3-1/2 D9t ..... ... ... ....... .......... $50 
Fluke 0050A, DMM 4-1/2 D9t w/Battery Pack ....... _ ....... $145 
Fluke lll50A. DMM 4-1/2 Dli;I w/o Battery Pack ........ . ..... $145 
Fklke 8520A, DMM 5-1/2 Di01 ... ........................ $275 
Fklke 8600A, DMM 4-1/2 (ll01 w/o Battery Pack .. . ......••... $100 
Fluke IBXlA, DMM 5-1/2 D91 .................... ... .... $125 
Fklke ~10A, Miao Systll!I TroOOleshooler •.••..••.• , •••..• $375 
Gigalroni:s 6061 A. Synlhesized Siglal Generator 

10KHz-1050MHz ...•. . ........ ·.• •...••.......•..••. $2200 
HP 141T, Spectnrn Analyzer Mailfnrne .. .. . ..... . ....... .. $475 
HP 141T. SpectrumAnalyzerw/8552A/8553B, 1KHz-110MHz •. $1,000 
HP 141T, SpectrumAnalyzerw/85528185538, 1KHz-110MHz .• $1,200 
HP 141T. SpectrumAnalyzerw/8552!W556A, 20Hz-300KHz •.. $1,100 

INVENTORY REDUCTION SALE 
PRICES SLASHED 

UPTO 50% 
HP 141T. SpectnrnAnalyzerw/8552918554B, 1KHz-1.2GHz . .. $1,700 
HP 141T, Spectn.mMilifzerwl8552B/8555A, 10MHz-18GHz .. $1,900 
HP 1BOTR, Scope Mailfnrne ............................ $250 
HP 2>4B, Oscilator, 5Hz-12MHz. 5VRMS . . .•.. .. .......... $100 
HP 204C, Oscillator, 5Hz-12MHz, 5VRMS .........•. -••.... $125 
HP 214A, Pulse Generator, .~V-100V ••••.•.•.• . •...•.•... $200 
HP 334A, Distor1ion Analyzer ......••...•..........•••... $275 
HP 339A, Dis1or1ion Analyzer wA.11# Dislor1ion Oscilator ....... $950 
HP 3500, Atteooator •...•• . .•.. . ....••....•.••.•.•....•. $75 
HP 400EL, AC ltlmeter, 10Hz-10MHz .•...•.....•..•....•. $150 
HP 400FL, RMS Voltmeter, 20Hz-4MHz, 100uV-300V ....• .. ... $175 
HP 415E, SWR Meler. ...... . ...........••• . ..•......•. $100 
HP 4276A, LCZ Meler .....................•.....••.•. $1,700 
HP 432A, Power Meter w/Cablelll478, .01-tBGHz Sensor ....... $350 
HP 432A, Power Meter w/o CablelSensor •..•..•••.•......•. $150 
HP 435A, Power Meter w/o Sensor/Cable ........ . .. .. ...... $100 
HP 436A, Power Meter w/o CablelSensor .•••••.••..•••••. _ . $475 
HP651B, Tes10s:ilator, 10Hz-10MHz ..•. . .... ... . .. ...... $125 
HP 6528, Test Os:ilator, 10Hz-10MHz ......•..•..•...•.... $125 
HP 654A, Oscilalor, tOHz-10MHz. 90dl Attenuator •..••.••..• $195 
HP 16ll0, logi:: Analyzer w/pods .. •...•• . •..•..•..••••.. $550 
HP 3312A, FlllClioo Generaklf, .1Hz-13MHz ................ $490 
HP 3325A, Progtamiable Frequency Synhesizer 1Hz-32MHz .. $950 
HP :mJB, Automatic Syrthesizer, 20Hz-13MHz .. . ......... . $295 
HP 3400A. True_ RMS ~er. 10Hz-10MHz, 1mV-300V •..... $125 
HP 3403C. True RMS Meter, AC/DC/dB 100MHz ......•.•••.. $275 
HP 3406A, RF Vottmeter, fJ)JV-3V, 1.2GHz . ... . .•.......... . $200 
HP 3455A, DMM 5-1/2 091 ..... ........................ $250 
HP 3456A, DMM 6-1/2 D91 .. ........................... $525 
HP 3466A, DMM 4-1/2 D91, ACl!attery, 5 FlllCOOn ..••••.• : . • $175 
HP 3478A, DMM 5-1/2 091 .................... · · · · · · · · · $525 
HP 3551A, PcruEle TrMSmission Test Se1 . . •••.• . . .. ••• . ... $550 
HP 3575A, Di!jtal Phase Gail Meter 1Hz-13MHz ... . .•.••.••. $500 
HP 3580A, Spectn.m Analyzer, 5Hz-50KHz, LED Renn.( ...... $850 
HP 3580A, Specirun Analyzer, 5Hz-500KHz, Mechanical ....•.• $500 
HP 3581A. wave Mllyzer, 15Hz-50KHz .. . ........•....•••• $300 
HP 3770A, Nrjltlude/Delay Dis1or1ion Analyzer .••.••..•.••.. $300 
HP 37791!, Prinary MPX Anayzer •.••... . ........ . •...... $500 
HP 37810, Pa!lem Generalor •.•..•. . .... ..... ••...•.•..• $250 
HP 5316A, Cotner, 100MHz, HPIB •.......... . .... , .....• $350 
HP 5328A, Cotner, tOOMHz w/DVMA:Jpt. 021 ... .. •.•••••..• $200 . 
HP 5328A, CoWl1er, 500MHz ...••......•.....• -••••••..• $250 
HP 5334A, Counter, 100MHz. Opt. 010 Oven •....•••• _ .••..• $500 
HP 5340A, Counter, 18GHz (nu) .......... .. ............ $600 
HP 5345A, Colllter, 500MHz ..••••...... ..... •..... ....• $450 
HP 5345A, Courter, 500MHz. HP~B ......•........••...... $850 
HP 59ro7A, VHF Swich .. . .•.•.•. . .........•.•.• - ...... $100 
HP 6112A, Pllwer Sl4JPIY, 40V 0 .5A (metered) •.••. . .••••... $150 
HP 62028, Power Supply, 4IN O .75A (metered) .. .. .•..•.... $150 
HP 62038, Power Supply, 7.5V 0 3A (metered) ...•........•. $150 
HP 62058, Power Supply (dual), ().<l()V II .3A. 0.20V 

II 8A (metered) ...•..•.........•..•••.••..•.•.••.... S175 
HP 62068, Power S<Wf, rKIJI II 1A (metered) ..•...• . ..... $200 
HP s:m!, Power S<Wf, 10V II 100A (metered) ... . .. .. . .... $300 
HP 62658, Power S<Wf, 4IN II 3A (metered) . .. . ..... . . .. . $200 
HP 6266A, Power Supply, 40V 0 6A (metered) ..... . .••..... $200 
HP 62S9A, Power S<Wf, 0-40'/ 0 1.5A (metered) . ....•....• S175 
HP 6294A, Power Supply, ()<!IN 0 1A (metered) ..••.•.••.•.. $200 
HP 8011A, Pulse Generator, .1Hz-20MHz .......•••......... $175 
HP 80136, Pulse Genera1or, 1Hz-50MHz •.•......• . ...•. .. • $275 
HP 801 SA, Pulse Genera1or, .1 Hz-50MHz llV ••...•.•...• .. • $400 
HP 8091A, Rate Generalor (1 GHz) w/B092A Delay Generator 

(1GHz) w/8093A CJl.(put Ar'1)w/15401A & 15400A ••.•••••. $1,000 
HP 8165A, Progr.mnable Sig Soun:e, 1mitlHz-50MHz .•..... $1,450 
HP 8180A, Data Generator .•.......•...•.••..•...•.•. .. $350 

· HP 83508, Sweep Oscillator MailfrMl8 .... . . ... . ... ...... $1,550 
HP 84108, Network Analyzer Mailf!llTle .... . ............... $200 
HP 8411A, Frequency Converter .11-18GHz •........••.... . . $250 
HP 8411Ml18, Frequency Converter .11-18GHz .............. $375 
HP 8414A. Polar Display ..•...•........ .. ........ . .....• $225 

Write In 48 on Reader Service Card. 

IF WE DON7 CARRY rr ... WE'LL FIND rr 
QUICKLY ... AT REASONABLE PRICES. 

tf' 8443A, T rackilg Generator, 1 KHz-11 !NHz ••.•.•••..•••• . $275 
tf' 84458, Au1o Preselector, 1.8-18GHz .... . .... . ..•••.•.•• $350 
tf' 8557A/1BOTR, SpectnrnAnalyzei; .01-35CMHz •• •. ....•. . $850 
tf' 8601A. Sweeper Gerler.mr, .1-11!NHz ....• . ...• ... •.•. . $400 
tf' lll14A. 5q1al Gennor, lm-2tlOMHz,AMifM l.eYeted . .. . $300 
tf' lll16A. Siglal 6-ator UHF, 1.8-4.5GHz, +1().126<1!, 

AM.fM ......... . ..... .. .... ·- ......... . ..... . ... . . $300 
HP 8620C, Frame w/862Z!B Sweeper .01-2.4GHz-.•••• . .•.. $1,150 
HP !162420, RF Plug-fl, 5.9-9.0GHz ....••..••......•.. . ... $225 
HP 86408, Siglal Generalor, .5-1050MHz, <Jtt. 002AXl1 or003. $1,800 
tf' 86408, Siglal Generalor, .5-512MHz. Opt 001 or 003 .••..•. $700 
ff' 8660C, Frequen:y Synlhesizer w/86600M!6ro1Mli632B . . $2,500 
tf' 87"3A, Relleclioo Test Set, 2-12.4GHz .•...••.•••••••••• $200 
tf' 8901A, Modulati:ln Anayzer ....•.. . ••. ... •...•...•••. $800 
tf' 59300A, DIA Converter .....•......••...••.••••••.•.. $125 
tf' 59501A, HP~B tsolaled DIA Conver1er ... .. ............. $100 
KspcoATE15-50M, Power SIW'f, ().15V 0 50A 

(metered) •.•••••.••••.•••..•. . ....• .. . . ...•..•.••. . $500 
Kspco ATE55-5M, Power SIW'f, 55V 0 5A •. .. •..••••..•••• $350 
Kspco BVP100-4M, Bi-Polar Power SIW'f, ().100V 0 4A 

(metered) . ..•.• . . .. •..••••.•....••.•••...• . .... . .. . $375 
Kspco JOE 36-15MVPT, PowerSIW'f, ().36 0 15A(metered) . . $275 
Kspco JOE 36-3MVPT, ?ewer SIW'f, ().36 0 3A(metered) ..... $175 
Knivl-Hle 3202R, Dual Ch<mel TllBlle Filer, 20Hz-2MHz, 
~ 1'3$, Low Pa$ Bald Reject ............... .. ... ... $200 

PG506A, Calibralion Generator Plug-ii .••...••••••..•...... $500 
Pok>rad SPNH, Sigel Generalor, 20Hz-200iz .. . .......... .. $275 
Polorad SPNL, Siglal Generalor, 1Hz-eOOKHz •..... , ..••••.. $200 
Racal Da1a !ro3, True AMS RF I.Ml Meter ..•.••..••••... . $200 
Rocldald 1022f, Dual H>lD Filer ... . .. . . . ............... $125 
f«ldald 5100, Synlhesizer, DC-2MHz. .f.()1 Hz Resolu1ion . ..•. $325 
Sencore SC61, Scope (100MHz) whlew Probes, Dual Trace .. .. $750 
Sencore SC61, Scope (tOOMHz) wlo Probes, Dual Trace •••.... $400 
Sencore SC3100, Waveform Milifzer ~new) .. ......... . $1,800 
Sencore TVA92, TVVO!oAnalyzer ..•............ . ..• .. . $1,100 
Sencore VG91, lkiversal VO!o Generalor ................. $1,200 
Sot8f1son llCIHl().SA, Power SIW'f, 'i!lN 0 5A 

(metered) •...............•.••..... .. ..... . .• ... •. .. $375 
SAL 1128, PLOl!'RF Syn1hesizer ...........•.••••..•••.... $75 
Tek OC503, PkJg-i1 Comter lkliversal, 100MHz . . .. .. .•.. . •. $150 
Tek DM~1A, Plug·flDMM, 4-1/2 Digit .••••.•...•..•••...•• $175 
Tek DM002, Plug-fl DMM, 4-1/2 Digit .....•............•••. $150 
Tek FG501 , PkJg-i1 FlllCtion GEnerator, .001Hz-1MHz .•••••.•• $175 
Tek PG501 , PkJg-i1 Pi.jse Generator, 5Hz-50MHz ... . . .. •.•... $175 
Tek PS501-1, Plug-il Power St4>PiY ....................... $150 
Tek PS503A, Plug-il Power S<Wf T"11& ...• . •.••.••••.•••• $175 
Tek OIG-502, Plug-ii Opti:al lrflJlise Generalor (lllJSed) ...... S500 
Tek T922, Scope (15MHz~ Dual Trace, ni:e .. .... .. ... ...... $175 
Tek TM503, Power t.blJle, 3 Stit ... . ................... . . $125 
Tek TMfi04, Power t.bille, 4 Stit ........... .............. $150 
Tek TM506, Power MOO.ie, 6 StJt .................••..... $200 
Tek 7A16A, PkJg-i1 (225MHz), Single Trace Arri! ............ .. $75 
Tek 7At8, Plug-ii (75MHz), Dual Trace Arri! ....... ... .... ... . $50 
Tek7A19, Plug-i1 (OOOMHz). Single Trace Arri! ...... ........ $100 
Tek 7A26, PkJg-i1 (200MHz), Dual Trace Arri! ................ $100 
Tek7B50A, Pklg-il (150MHz), Tme Base •..•.•....••..•••..• $75 
Tek 7B5.1A, P1ug-il (1D™Hz), Dual Tme Base ••••• .•. • , . .. •• $100 
Tek 7870, Plug-ii (a:x».ttz), Time Base .....••..••...••••.. $50 
Tek 7~. Plug-ii (400MHz), Deia'Jed Tme Base . ••... •• ... .. $100 
Tek 7B92A, P1ug-i1 (SOOMHz), Dual Tme Base ..•.•••.••. . ••• $125 
Tek 7011, Plug-ii Digial Delay ........................... $125 
Tek 7013, PkJg-i1 DMM 3-1/2 Oigi.. ..... . ... . .. . ....... .. $100 
Tek 7015, PkJg-i1 Counter/Tmer, DC-22SMHz •••••...•.•.•.. $175 
Tek 7L13, Spec1nrn Mllyzer, 100KHz-1.8GHz . . . .•• . .... . . $1,200 
Tek 7S11, P1ug-i1 Sat1)ing t.i1it ..•..•••..•.•.••• -••.•.... $125 
Tek 134, Current Probe Arri!· ......... -................... $75 
Tek 453, Scope (60MHz), Dual Trace ..••..•• •.•... _ ••..••. $175 
Tel< 465, Scope (100MHz), Dual Trace ...•..••.•..••• , .•••• $425 
Tek 4658, Scope (100MHz), Dual Trace ••...••.••.••. , ••••. $475 
Tek 466, Scope (100MHz smrage), Dual Trace •••••. , ••..•••• $575 
Tek 475, Scope (200MHz), Dual Trace .... .. .• . •. .• • . ...... $475 
Tek 475A, Scope (250MHz), Dual Trace ••. ... •........ . •. . . $625 
Tek 485, Scope (350MHz), Dual Trace . . . . . . •. .. ... . ...•... $700 
Tek 492, Dpt. 2 Spec1nrn Milifzer 50KHz-21GHz ... . .. ... •. $3,400 
'rek saJA. NTSC VectorscqJe •••••.........•..•••••••• : .. $400 
Tek 2213, Scope (60MHz), Dual Trace . . .. . •••••..•••••.•.. $375 
Tek2215, Scope (60MHz) Dual Trace •. . . . ... . . •..••.• . .... $450 
Tel< 2235, Scope (100MHz) Dual Trace •..•••• . ••..•.•...•.. Sl50 
Tek 2247A, Scope (100MHz) Dual Trace 'II/ 

CoooterlrmerM*neter ..••.• . ..•... . . . • : . .. .. •.. .. • $1,550 
Tek 2336, Scope (100MHz) Dual Trace •••••••••••. SPECW. $625 
Tek 2445, Scope (150MHz), 4-0lnlet Culscr ReaOOut •••••.. $1,100 
Tek 2445A, Scope (150MHz), 4.Q8l1ei CiJSor ReaOOut . .. •. $1,400 
Tek 2465, Scope (300MHz), 4-0lnlet CulSOI Rmlut ....... $1,600 
Tek 7104, Scope (1GHz), Dual Trace .••••...•...•....•... $1,200 
Tek 7603, Scope Mainlr.me (100MHz) ...•••..•.•.••.• . .... $150 
Tek 7704A, Scope Maiilrane (250MHz) .... .. ..•. .. .....•.. $150 
Tek 7004, Scope Mairir.me (500MHz) •.... . ........•. .. . . . $225 
Wavetek 145, Pulse/Fundioo Generalor, .0001-20MHz ..•••...• $3oo 
Wavetek 185, Li1 Log Sweep Generalor, .0001Hz-5MHz •. . .•.. $300 
l'/alle1ek 288, Synthesized FlllCOOn Generator, 20Hz-20MHz 

(lllUSed) ...... . ....... ... ............ . ............ $800 
Wavetek FG3B, Sweep/FlllCOOn Generator 

.2Hz-100KHz (111used) ................... . .......... $200 

• 60-DAY WARRANTY 
• 1 O·DAY RIGHT OF RETURN 
• SATISFACTION GUARANTEED 



ELECTRONIC TEST EQUIPMENT 
BOUGHT & SOLD 

90 DAY WARRANTY PARIS & LABOR• 10 DAY RIGHT OF RETURN, OPEN ACCOUNTS 

Ailtech 360011 , Frequency Syn .. 01-2GHz ............ $800 HP 86290A, RF Plug-In, 2-18GHz ................. $1,200 
Ailtech 7615, Noise 5o1Jrce, 28VDC, .01-1.SGHz ....... . $250 HP 862906, RF Plug-In, 2-18GHz . ............... . $1,400 
Ailtech Type 32, Precision Attenuator, Cl-100dB ... . ..... $300 HP 8643A, Synthesized Frequency Generator . .. . .. : . $8,000 
Argosystems AS210, Frequency Calibration System ... $2,000 HP 86566, Signal Generator, .1-990MHz, AM/FM ...... $2,000 
Austron 2100R, Loran-C Frequency Monitor .•... . ..... $500 HP 8660C, Freq Syn w/86603A & 86635A, 2.6GHz ..... $2,500 
Bird 4381 , RF Power Analyst. Opt 832 ....... .. ...... $200 HP 86601A, RF Plug-In, 110MHz .................... $300 
Boonton 26A, Miivottmeter Calibrator ... . .•....•.•... $100 HP 86602A, RF Plug-In, 1300MHz ..•.•••....•....... $500 
Boonton 82AD, MO<lJlation Meter .............. . . . .. $450 HP 86603A, RF Plug-In, 2600MHz . .. ....... ... .... $1,000 
Boonton 9280, Digital RF M1l1volt Meter ........... . .. $250 HP 8672AI01 , Signal Generator, 2-18GHz .•••..•.••. $5,000 
Boonton 1026, $O:laJ Generator, .45-520MHz .......... $500 HP 8697A, RF Pl1J9'ln, 26.5-40GHz • ... • . • . . . . .. . . ... $250 
Boonton 518-A4, 0 Standard ........•.....•...•.•. $100 HP 8743A, Reflection Transmission Test Set. .........• $200 
Boonton 2500, DC Range Caibrator .. ...•.. ..... .••• $250 HP 8743AI018, Reflection Transmission Test Set 18GHz . $300 
Boonton 4200/4G, Power Meter Sensor, .01-26.SGHz .... $200 HP 8750A, Storage Normaizer, Includes Cable ......... $250 
Boonton 4220/51013, Power Meter with Sensor ......... $600 HP 8753A, Netwoo1< Analyzer, Opt 010 ............•. $5,000 
Boonton 4300, Power Meter, 2 Channel ............. $1,200 HP 87536, Netwoo1< Analyzer, Opt. 002,006,010 ..•••. $10,000 
Bruel & Kjaer 1612, Bandpass Filter ............... .. $250 HP 8753C, Netwoo1< Analyzer . ......... .......... $12,000 ' 
Calif. Inst. 101T, 1'C Power Source ... . • . .. . ........ . . $400 HP 8756A, Scalar Network Analyzer ....•. ... •.. . .. $1,500 
Eaton 380K11, Frequency Synlhesizer, 1-2000MHz ...• $2,000 HP 8901A, Modulation Analyzer ..... . .......•..... $1,000 
EIP 371, Soutte Locking Microwave Counter, 18GHz .•• $1,000 HP 89016, Modulation Analyzer, Opt 001 •....... . •. $1,500 
EIP 545A, Microwave Counter, Opt 02,05,08 ..•.•.• .. $1 ,000 HP 89036, Au<io Analyzer, Opt 001 ........... . .•. $2,500 
EIP 578, Source Locking Microwave Counter, 26.SGHz . $2,200 HP 89200, Dual-Mode Cellular Mobile Test System 
EIP 931 , Microwave Source, .01-18.SGHz, ()pl 9320 ... $6,000 Opt. 002,008,014 . . ...........•.. . ....•...... $10,000 
ESI 296, Auto LCR Meter .. ..... .................. $800 HP 8970A, Noise Figure Meter ........... .... . . ... $4,000 
Fklke 515A, Portable Calibrator .......... .. . . . . .... $800 HP E3617A, DC Power Supply, Cl-40V, 1A ............. $250 
Fklke 5406, Thermal Transfer Standard ............... $500 HP K486A, Power Sensor, 18-26.SGHz .............. $250 
Fklke 5450A, Programmable Resistance Caibrator ... . . $1 ,000 HP P486A, Power Sensor, 12.4-1 BGHz ............... $100 
FkJke 6010A, Frequency Synthesizer, 10Hz-11MHz .... . . $300 HP X486A, Power Sensor, 82-12.4GHz .•............ $100 
FkJke 6080A/AN Frequency Syn., .5-1024MHz .. ...... $4,000 Hughes 8010H, TWT Ampifier, 3-SGHz . . .•• . .•..••. $1,000 
F\Jke 8520A, Digital Multimeter ....•................ $250 Huntron HTR 10056, Tracker Component Tester ........ $200 
Fluke 8922A, True RMSVoltmeter .....•....•.. . •. ... $250 Keithley 192, Programmable DMM, 6.5 Digits, HPIB .•.•. $600 
Fklke ASS, Thermal Converter ..................... $200 Keithley 195A, Digital Multimeter .................... $300 
FTS 1150/001, Frequency Standard . . . .. ........... . $400 Keithley 614, Electrorneter . ... ............. . . . .... $700 
General Microwave 478A, Peak Power Meter .....•.•.. $700 Krohn-H~e 3202, Filer, LP, HP, BP, Unused .. . .••.... $350 
G~ Radio 1557, Vbation Calibrator ., ............. $400 Leeds & Nor1h 1091 , Capacitor Decade, .001uF-1uF .... $150 
G!98trofl!CS 600/6-12, Frequency Synthesi~r ...•.... $1,000 Microneti:s NSl-52640W, Noise Source, 26.5-40GHz .... $350 
G!981ronlCS 600/1()-18, Frequency Synthesizer ........ $1,500 Nania 5082, High Di'ectivity Bridge, 2-18GHz .. . ....... $300 
Gigatronics 910, Frequency SyntheS1zer, .05-26GHz, Narda 5292 Directional Coupler, 1-18GHz ............ $200 

Opl 03/06 ... · .. · .. · · · · .. · · ......... · .... · · · $8,000 Racal Dana 1515, Delay Pulse Generator ............. $500 
Guidile 9154C, Transvolt Standard Cell ............. $300 Racal Dana 1992, Frequency Counter, High Stab . .....• $500 
GIJidine 9577, Precision DMM, 7.5 Digits · · · · · · • · · · • · · $300 Racal Dana 9082P, Signal Gen. 1.5-52oMHz .......... $400 
Hitachi V-212.,Scope, 20MHz, Dual Trace • · • · · · · · · · · · $200 Racal Dana 9303, True RMS RF Level Meter .......... $500 
HP 11590A, Bias Network . " ... ... .............. . . $250 Sinco A300, Aerostat Anti-static ......... . .... . .. . .. $100 
HP 11604A, Un1V8rsal ExtenslOO ...... ....... ...... . $100 T ek 134, Probe Amplifier for P6021 & P6022 . .. . .... . .. $100 
HP 11605A, FteJOble.Arm ......•.....•••.......... $100 Tek 1470, NTSC Color Sync & Test Sig. Generator ...•.• $500 
HP 11638A, Calibration Kit, Type N • .... · .... · · · · · · · $600 Tek 1502, TOR, Opt. 4, Chart Recorder ............. $1,000 
~~m~~~:~·oo.: .: ................ =: Tek 1S02C. TOR. ............................... $3,500 
HP llB69A, Adap:fOl'Pluig-ln ~Atii: ::::::::::::: $350 Tek 150Ml1/05, TOR, Scale m Meters .............. $1,000 
Hp 11970A, H · M' 

26 
c '~H $800 T ek 15036, TOR, Opt. 06 . . .. .....•. . ........ .. .. $3,000 

annonic ixer, ·""""' z · .... · · • .. · · · Tek 176, Pulsed High Current Fixture for 576 ........... $500 
HP 11970K, Harmonic Mi.xer, 18-26.SGHz · .... · · - .. · .. $800 T ek 178, Linear IC test Fixture, For 577 . ............. $150 
HP 119700, Hannonic Mixer, 33-SOGHz .•............ $800 Tek 17300, Digital waveform Mon~ . .. ... .. . . .•.... ssoo 
HP 1600A, Logic Analyzer wlpods · · · · · · · · · · · · · · • · · · · $400 Tek 2246 Oscilloscope 4-Channel 100MHz, Cursors S1 200 
HP 16300, logic Analyzerw/pods ...... . ....... . ..• . $500 Tek 2432' Scope 0"'"~1 '"""Hz.'4 Cha ""' HPIB .. $2,'ooo 
HP 165108, Logic Analyzer Card, 16500A System • . ... . $500 • • .,,._ • -m n,..,.. · · · 
HP 16~A/16531A, Digital Scope Card Tek 2445A, Scope, 150MHz, 4 Channel ••...••.•.•.. $1,200 

16500A System ' $500 Tek 24456, Scope, 150MHz, 4 Trace, HPIB ....•• . •.• $1,500 
.. . .. . .. . .. .. . .. . . .. .. . . . . . . . .. Tek 2465, Scope, 300MHz, 4 Channel ....... . ...... $1,500 

HP 2146, Pulse Generator . .... ... ...... . ... . .. · .$1,000 Tek 2465A, Scope 350MHz. 4 Channel $2 ooo 
HP 33102A, Microwave Swi1ch, 100MHz-18GHz ......•. $100 • · · · · · · · · · · · · · • 
HP 3314A, Function Generator, Opt. 001 . . . ... ..... . $1 ,500 Tek 305DMM,. Scope, 10MHz, Dual Trace, DMM, battery • $500 
HP 3325A, Function Generator .................. . $1,000 Tek 318, Logic Analyzer w!pods .................... $500 
HP 3325A/01Al2, Function Gen., Opt OMl2 .....•.... $1,500 Tek 464, Scope, 100MHz 0uaJ Trace, Storage ........• $400 
HP 33322H, Programmable Attenuator, DC-18GHz ...... $250 Tek 465, Scope, 100MHz Dual Trace ..........•...... $400 
HP 3335A, Frequency Synthesizer 200Hz-81MHz $4 000 Tek 492, Spectrum Analyzer, OpL 01/02 .. . .....•..•. $4,500 
HP 3400A, RMS Voltmeter, 10Hz-lOMHz ...... .'.'.'.'.' .. $200 Tek 492, Spectrum Analyzer, Opl 01/02/03 ..... .. . : . $5,000 
HP 3403C, True RMS Voltmeter .................... $200 Tek 492/02, Spectrum Analyzer ................... $4,000 
HP 3455A, Digital Multineter ............. . ......... $300 Tek 492BP, Spectrum Analyzer .......... . ... ..... $8,500 
HP 3456A, Digital Multimeter ......................• $600 Tek 496P, Progra.mmable Spectrum Analyzer •.. . . . .. $4,000 
HP 346A, Noise Source, 10MHz-18GHz .............. $800 Tek 604, XY Monttor .... . : "" ..................... $100 
HP 3468A, Multimeter 5 5 Digits $400 T ek 7020, Programmable Digitizer Pl ...•.... . ....... $600 
HP 35689A, S-Parametei Test s.;t·k.'. 3589i\.'.' .'.'.'.' .'.'..$1,400 Tek 7S11 , Sampling Untt w/S4 Head, OC-14GHz . .... . .. $800 
HP 3582A, ~Analyzer 02-25 5KHz $1 800 Tek AM503/A6302, Current Probe, Amp & Power Supply .. $800 
HP 41408, Picoanvneter, oc &iuroe : .... : : : : : : : : : : $2:000 Tek DC503, Universal Counter nmer TMSOO .. •..•.••• $100 
HP 4274A, Multi-frequency LCR Meter, Opl 001,002,003 Tek DC504, Counter/T'11110r TM500 ....•.•........ . .. $100 

HPIB '-'• ...... Test Fi'~·- $3 000 T ek DM502A, Autorangong DMM .... ...•.... ... . .•.. $150 
' • .....,.. ~"" 0 .............. .. ..... ' Tek FG501 F nction G• t 1MHz $100 

HP435B, Power Meter·· ·· · ···· · · ··· ·· · ·· ·· ·' ·· · . $350 Tek FG502: F~nction G:°.!~t~: .1Hz-1lM~ :::::::::: $250 
HP 436A/022, Power Meter, HPIB ........ · .. · .... · · · $800 T k P6046 Dille · I Probe $300 
HP 50056, Sigrulture Multimeter .................... $350 e , rentia . .. ........ ·, .......... . 
HP 5006A. ~ture Analyzer ...•..•........•. . ... S300 fe~ ~~;trJ~~tt~~Hz ;.S8d ... .. . .... ... ~ 
HP 5316A. Un1V8rsal Counter, Opt 004 . · · · · · · · · · · · • · · S200 T:k P6602, temperature Probe 1~u~1io.'0M5ii ::::: $150 
HP 5334A/020, Urnversal Counter w/DVM · · · · · · · · · · · · · $600 T k PGS06 Sc Cal S /TG501 SG503 
HP 5335A/010, Frequency Counter •................. $600 e S • ope ystem w • • .., 

500 HP 5335A/030, Frequency Counter, 1300MHz .......... $800 New )tyle .................................. •,, 
HP 5340A, Frequency Counter, 18GHz ...•.• . •......• $600 Tek PG508, Pulse Generator, SOMHz .•••..•...•.•..• $300 
HP 5340A, Frequency Counter w/Opt. 01/02/011 .•...... $800 Tek PSSO;JA, Dual Power Supply . .. . . .. . .....•..••.. $150 
HP 5342A, Microwave Counter ................•... $1,000 Tek SC502, Scope, 15MHz, Dual Trace .............• $200 
HP 5345A, F1eQuency Counter, Opt 012 ............. $400 Tek SG502, . n. 5Hz-50KHz ................... $200 
HP 5350A/010002. Microwave Frequency Counter ..... $2 000 Tek TDS410, , 150MHz ...•.... $3,000 
HP 541000, Digital' Scope, 1GHz .................. $2:000 Tek TDS410A, Scope, 200MHz, Opl 13,1F ... $3,800 
HP 54200A, Digital Storage Scope ....... . ... .. ..... saoo Tek TG501 , nme Mar1< Generator .................. $200 
HP 54601A, Digital Scope, 100MHz, 4 Channel ...•..• $1,600 Tek TM503, 3 Slot Power Module . •. .. .•.•. .. ••.•..• $100 
HP 6112A, Power Supply, Cl-40V, 0.5A ............... $200 Tek WM490A, Waveguide Mixer, 26.5-40GHz . . . .. .... . $800 
HP 8015A, Pulse Generator, .1Hz-50MHz, 30V •••..... $500 Tek WM490K, Waveguide Miler, 18-26.SGHz ..•••• .•.. $800 
HP 8165A, Programmable Siglal Soun:e, Tek YK-1, Chart Recorder, 150M!IC TORs ............ $500 

.OOOHOMHz , • , , •••• , , ••• , , • • •..• • • , . , • , , , • $1,000 Texscan SSG2000, Freq. Syn., 100KHz-2GHz, 
HP 81 SSA, Programmable Sia1af Soun:e, Opt 02/03 .. . $1,200 AM, FM · · · .... · · · · · · .... " . .......... . .... . $1,800 
HP 83508, Sweep Oscilator Mailframe .. . .......•• . $2,000 Ungar 4624, Solder, Desolder Station ..•........... . . $250 
HP 83540A, RF Pt1J9'ln, 2-8.4GHz ..............•.. $1,200 Vahalla 2000, Auto Digital Watt-Ammeter . .. . . . . ..•. .. $200 
HP 83545A, RF PllJ9'ln, 5.9-12.4GHz ...••.......•.. $1,200 Vu-Data 5110, Semiconductor Tester, In/out Circuit ..... $150 
HP 83592C, RF Plug-In, .01-20GHz ...... _ ......... $8,000 Wavetek 166, Pulse Function GeneratOI', SOMHz ... . .... $500 
HP 8410Cl8412B Netwoo1< Analyzer Wavetek 178, SOMHz Programmable Waveform Syn . ... $1,000 

w/8411A/Opt. 18, 18GHz ........................ $800 Wavetek 180, Sweep/Function Generator ............. $200 
HP 8411A, Frequency Converters ................... $250 Wavetek 185, Sweep Function Gen .. 0001-SMHz ••.•.•• $400 
HP 8414A, Polar Display ........................ . $100 Wavetek 186, SMHz Phase Lock Generator ............ $200 
HP 8444A, Trackilg Generator ......... . .. . .....•.. $650 Wavetek 1084, Signal Gen. Sweeper, 3.5-4.SGHz ••..•. $300 
HP 84456, Spectrum An'fZ-, Automatic Pre-Selector ..... $300 Wavetek 1910, 'X:{ MonltOl',.Dual Trace ..........•... $400 
HP 8447E, Ampifier, .1-1300MHz, Gain 22cl3 .......... $600 Wavetek 452, Filter, Dual Hillo, 1Hz-10KHz ........... $450 
HP 8481H, Power Sensor, 18GHz, 3 watts ••....•.... . $400 Wavetek 7530A, FFT Spectrum Analyzer Cl-100KHz .•... $500 
HP 8501A, Storage Normalizer, wlcabte .....•.....•.. $800 Wavetek 907, 5_9lal Generator, 7-11GHz ... . . . ....... $600 
HP 8505A, Netwoo1< Anyz. w/8501A & 8503A, Opt. 05 ... $4,000 Wavetek 955, Micro Source, 7.5-12.4GHz, AM, FM, 
HP 850216, Directional Bridge, 10MHz-26.5GHz .. .... $1,200 Sweep .................................... $1,000 
HP 850276, Directional Bridge, 10MHz-26.5GHz ...•. . $1,200 Wdtron 560A, Netwoo1< Analyzer ..........•......... $800 
HP 85146, S-Parameter Test Se~ 45MHz-20GHz . .... $10,000 Wlltron 560-7K50, RF Detector, 1 OMHz40GHz . . .. ... . . $400 
HP 8557A/180TR, Spectrum Analyzer, .01-350MHz .... $1,000 Wlltron 560-97A50, SWR Autotester, .01-18GHz .......• $500 
HP 85588, Spectrum Analyzer, .1-1500MHz . .•..•.... $1,800 Witron 6100, Sweeper Mainframe .... ••.•... .. ..... . $250 
HP 8559A/182T, Spectrum Analyzer, .01-21GHz ..• . .. $2,500 Wjtron 6100/62370, Sweep Generator, 2-18GHz ...• . •. $800 
HP 8559A/853A, Spectrum Analyzer, Digital, Witron 62130, RF Plug-In, 10MHz-42GHz ..•.•.••••.• $400 

.01-21GHz .......... . ............. ... ....... $3,500 Wjtron 62190, RF Plug-In, 2-8GHz •.... .•..... .... . $200 
HP 8565A, Spectrum Analyzer, .01-22GHz, Opt. 100 . .. $4,000 Wlltron 62230, RF Plug-In, 4-12.4GHz .. ...... . . ...... $250 
HP 8569A, Spectrum Analyzer, 10MHz-22GHz ........ $5,000 Wlltron 62290, RF Plug-In, 7.9-18.SGHz ... •.......... $300 
HP 86220A, llF Plug-In, 1Cl-1300MHz . .•..........•.. $500 W~tron 62FF75, VSWF! Bridge, 1Cl-1000MHz .......... $150 
HP 86241A, RF Plug-In, 32~.sGHz ................. $400 Wltron 6NF50, Autotester, 1-1500MHz, for 640 .... . ... $100 
HP 86260A, RF Plug-In, 12.4-18GHz . .. ....•• . ...... $400 Witron 7650, Detector, 1-1500MHz, for 640 . . ... .• . .•. $100 

~ MONTHLY CLEARANCE SALE .. 
HP 3325A PROGRAMMABLE FREQUENCY SYNTHESIZER, 

.001Hz-21MHz, 11 DIGIT DISPLAY, HPIB PROGRAMMABLE, 
OUTPUT 1 mV-1 ov INTO son_ $795 

PHELPS INSTRUMENTS 
2631 Hillside Ave., Norco, CA 91760 
909-279-7347 •FAX 909-279-7323 

Continued from page 67 

The cost is $70.00 for the 1 2 VDC 
model. 

Thomas A. Frank 
Middletown, RI 

ANSWER TO #5992·MAY1999 
Whatever happened to McGee 

Radio in Kansas City, MO? 
I work in Kansas City, and I have 

been told they went out of business a 
few years back. There is no telephone 
listing either. 

Breck Ricketts 
via Internet 

ANSWER TO #5996 - MAY 1999 
I wa·nt to interface my music CO 

changer to my PC. 
Do music CDs have a header 

containing the title and catalog num­
ber and does each track have a simi· 
Jar header with the song title? 

No, music CDs do not have ASCII 
title or track information. Programs 
that play CDs on a computer use the 
number of tracks and their track 
times to compute a hash code that 
will uniquely identify most CDs. 

The program asks the user to 
supply the artist, title, and track infor­
mation for that CD, and then the pro­
gram saves the information in a file. 
When a CD is inserted, the program 
computes the hash code and checks 
the file. If the hash code is in the file, 
then the program assumes it is the 
same CD and displays the previously 
entered information. 

A hash code has a good chance 
of being unique. A simple hash would 
use the last digit of each track dura­
tion. The last digit is essentially ran­
dom, so the odds that two seven­
track CDs have the same hash code 
is 10 million to 1. 

Microsoft's Media Control 
Interface [MCI] apparently computes 
a 24-bit hash code where the odds of 
a collision are 16 million to 1. You 
can access this code with the MCI 
"info cdaudio identity" command. See . 
the Multimedia Programmer's 
Reference help file for details about 
the MCI calls. 

The Microsoft CD Player applica-

tion uses this hash code [in hexadec­
imal format). The program's data-
base is the text file 
C:\ Windows\ CDPlayer.ini. .. 

For example, Suzanne Vega's 
Nine Objects of Desire has 12 tracks 
and hashes to 080665. The .ini file 
uses 080665 as the key, and then 
has several lines of data for the 
artist, album title, and track titles. 

Ideally, the hash code to the 
album information could be down­
loaded from the net, but I don't know 
if anyone does that. 

Gerald Roylance 
Mountain View, CA 

ANSWER TO #5993 ·MAY 1999 
How do I set up equipment to 

determine the resonant frequency of 
a capacitor in the .001-.01 uF 
range? 

Measuring the self-resonant fre­
quency of a capacitor requires a 
good test setup. The resonance is 
due to the capacitance and a series 
inductance. 

For conventional capacitors. the 
wire leads supply most of the series 
inductance, and a good guess at this 
inductance is 20nH. 0.01 uF capaci­
tor will resonate at about 11 MHz. 
Any extra lead length in the test jig 
adds to the series inductance and 
affects the measurement. 

The measurement is made by 
plotting the reactance of the capaci­
tor versus frequency. At low frequen­
cies. the capacitance determines the 
reactance. 

The • capacitive reactance 
decreases as frequency increases. 
At high frequencies, the inductance 
takes over. Inductive reactance 
increases with frequency. At reso­
nance, the capacitive and inductive 
reactances cancel, and the mea­
sured reactance is a minimum 
[essentially zero]. 

In the test setup, a 50 ohm RF 
generator drives a series combina­
tion of a 50 ohm resistor and the 
capacitor under test. One end of the 
capacitor is grounded. A high-imped­
ance scope measures the voltage 
across the capacitor. 

Do You Repair Electronics? 
For 1111~1s-.95 u 11w111h . . 11111 '// recein· ii lll'llfth of i11/orl/lllfion : 

Repair data for TV, VCR, monitor, audio, camcorder, & more. · 

Over 100,000 constantly updated problem/solutions plus ... 
• TechsChat live chat room. • UL/FCC number lookup. 
• Private user discussion forums. • Hot tips bulletin board_ 
•Automated email list server. - • Manufacturer information. 

To access Repair World, direct your internet browser to http://www.repairworld.com 

RepairWorld.com 
Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878 

Write In 101 on Reader Service Card. 
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As long as the amplitude across 

the capacitor is small compared to 
the amplitude of the generator, then 
the generator is properly terminated 
and the voltage across the capacitor 
is proportional to its impedance. 

If the generator is 5V and the 
voltage across the capacitor is 0 .1 V, 
then the reactance is 50 ohms 
(0.1V/ 5V] = 1 ohm. 

If you plot the impedance versus 
frequency on log-log paper, then you 
can get a good estimate for the res; 
onant frequency. You can also just 
look for a minimum, but low signal lev­
els and harmonic distortion make 
locating the minimum difficult unless 
you have a sensitive tuned detector. 

I measured a 0 .047uF 200V 
mylar to have a self-resonant fre­
quency of about 6 MHz. At 5 .4 MHz, 
the reactance was 0 .34 ohms. 

Gerald Roylance 
Mountain View, CA 

ANSWER TO #5998 - MAY 1999 
I have an old Plectron alert tone 

receiver made in 1970. Inside, I 
found only one crystal, but not the 
receive frequency of 154.43 MHz. 

How can I change the frequency 
to receive the NOAA severe weather 
alert tones. 

The crystal is for the local oscil­
lator which differs from the receive 
frequency by the intermediate [IF) fre-

NMB 12 VOLT DC FAN 28 CFM 
Model # 3110KL-04W-B17 
0.13 Amp - 7 blade - DC Brushless -
Phenolic Blade & housing -
3.15"SQ. x 1"TH 
Ball bearing -
12" wire leads -
UI & CSA­
Noise: 25 (dba} -
BR/GAR PRICE 
.... $4.25 

quency. You will need to replace the 
crystal with one that has the same 
difference from the frequency you 
want to receive. 

The RF front end . may be, broad 
er,iough to cover the new receive fre­
quency, but retuning won't hurt if you 
know what you are doing. 

Russell Kincaid 
Milford, NH 

ANSWER TO #5995 - MAY 1999 
I have _a Masco three-channel 

amp. (Circa 1947.) Each mike input 
uses a 784 tube with 15 megohm 
grid resistor io GRND. 

Can I use a 500!2 impedance 
mike on the input? 

If you connect a 500 ohm micro­
phone to the grid circuit on your tube 
amp, you will likely find that the audio 
level is too low. Also, the gricf'circuit is 
unbalanced in relation to ground 1just 
one signal wire), which makes the 
input susceptible to hum and noise 
pickup. 

The microphone circuits on tube 
amps generally fell into one of two 
categories. Either they had a high 
impedance input, for direct connec­
tion to a high-impedance mic, or they 
had an audio transformer in the input 
circuit, for connection to a low­
impedance mic. 

The transformer served to step 
up the voltage from the low imped-

ATC modules turn your PC 1·1··· ·.~··1 " · 1·. · . ." 
into a full-function DSC, ·!:: .~ ·~-- ~; ': r ·;, ... 
spectrum analyzer, logger, & ~,,.,.. ~...,...,....,....,...........,....,.,.~ 

DVM. Units DC to 50MHz. t 

0-Scope II now in Wmdows ~ 
3.1,95/98,NT andDOS. ~~~~~~~ 

0-Scopelp 
0-Scopell 
Specialty probes 

$189. 
$349. 
call. I\ 

ATC is a stocking distributor .· 
for Pico Technology LTD which : I 
offers scope modules to ~ 
lOOMSPS, resolutions from 8 to 3 . 

. . < : u._t .. t • _:1, ... . . ~" \, • ,,. : 
16 bit. . .:....1 iiii!i- ii··fii" &> " yi 

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 1X to lOOOXand band widths from 20KHz to l.2MHz, 
DFA-5 is the test accessoryto help you work withsignalsfrom DFA5 
SVolts to 5 microVoltes. Only$129.00. 

Serial Port Problems??? 
Check out Serial ! ! Our 
lowcost serial channel 
analyzeronly $99.00. 

Allison Technology Corporation 
2006 Fmney Vallet Rd., TX. 77471 U.S.A. 

800-980-9806 or 281-239-8500 
http://www.atcweb.com atc@accesscomm.net 

ENTER ()Ul2 Wt:13 §ITI: AT 

http://members.aol.com/brigar2/brigar.html 

BiPOLAR Power Transistor 
RCA #MJ15018 

,...l:Vl:l? LC)()ie .,,()UI" l\e't'§ A.t7A.I,... AC TO DC Wall TRANSFORMER 
MFG: AUDIOVOX # CNR405 
INPUT: 120VAC 60Hz 11W 
Output: 12 VDC 300mA 
Polarity: Center pos. com lete 

18 AMP 120V 180W 
Metal can -
house marked 
#132152 
T0-204 
PACKAGE 
PRICE ... $1.50 

10 pcs. & up 
1.00 ea. 

For those of us who can never remember where 
we put our keys. Now you can buy extra memory 
Brigars Exclusive simm chip key chain 
$ 2.95 ea. 

Note: If you need over 4 
meg consult your 
physician. 

with 6' zip cord 
2.5 mm Female 
receptacle. 
UL& CSA 
APPR. 
SALE PRICE 
... $1.50 

ROTARY VANE AIR COMPRESSOR 
GAST Model# 0522-P167-G451DX 
Oil-less rotary vane air compressor directly 
connected to motor. Compressor rated at 
3.2 to 4 Cfm @ 10 psig max. 

BAR-CODE HANDY TERMINAL 
MFG: Nippondenso co. 
Bar-code reader stores information, 
then cable to computer to Down 
Load. Comes complete with user 
guide and computer cable. High 
speed battery charger #C-200 also 
included. Brand New Factory 
Boxed. Model # BHT -4082 

AIR COMPRESSOR - 35 PSI PRESSURE 
Mfg: Thomas Motor Driven diaphram unit. 
Rated 35 PSI - 0.05 SCFM int. duty 
(20 PSI @ 0.30 SCFM Cont. duty} 
Motor Input: 115 Vac 60 Hz 0.75Amp 
Ports IN & Out: 1/8" FNPT 

Size: 23 mm lbs. 3 grams 
Resonant Freq: 3.4 KHz 
90 dB at 20 vdc 
Applications: Fire Alarm 
Crime Prevention alarm, 
Call Buzzer, Automotive, 
Clocks, Electrical Inst. etc ... 
Part # MS0320 

Motor rating: 
3/4 H.P. 60 Hz · 115 Vac 1 PH 1725 RPM 
Code H - 7.40 A- SF 1.00- FR 56 Cz Amb 50 c 
Time Rating: Cont. lnsul Class B - Thermally Prot. 
Motor Size: 14"L X 6-1/2"Dia. Weight: 40 Lbs. 
Shaft Size: 2-1/B"L x 5/B"dia. (Flated) 
BRAND NEW FACTORY BOXED ...... $119.95 

SALE PRICE ..• 
$ 599.95 

Write In 102 on Reader Service Card. 

Size: ?"L x 5-1/2"H x 4-1/4"W 
Weight: 10 LBS (RFE MINT COND) 
Part# 
107CE20-906 
SALE PRICE ... 
$69.95 Price •.. $1.50 



Metric 
Equipment Sales, Inc. 

800-432-3424 
Fax: 510-264-0886 
www.metricsales.com 

~C~T • BUY • 8]11 
. . \ 

I I I . ' 

Scopes, Meters, Analyzers, Power Supplies, Signal 
Generators, Counters, Recorders and more 

Hewlett-Packard, Tektronix, Fluke, Dranetz, TTC, Anritsu, 
Wavetek, Keithley, and more 

Key operates up to 

~(70mm) 
._ 4 MOUNTING HOLES User 

~es with 

\_HOLE 2 Keys 

Programmable 
, 2 MOUNTING HOLES 

I ' 
I 

Master Key LED SLEEVE 

~ ~=~::Secure, ~Convenient, & Cost Effective 
The ideal security solution for an infinite number of applications 
The proximity technology employed by our unique transponder 
kit permits the transfer of data between the keyfob and the 
transmitter/receiver when the key is within range, up to 70mm. 
The list of applications for which the kit may be used is literally 
endless. 

How does it wad? 
The user receives a master key in a sealed container. 
The master key provides the user with the ability to 
program new keys ( and to erase lost or stolen keys). The 
coding of new keys to the system js very easy - it is done 

• Security Authorization within a few seconds. The system "learns" the new key' 
• Home or Office Security Entrance code automatically by using the master key, There is no 
• Gate Access Control need for programming or similar manual entry. Up to 20 
• Private Parking keys may be added. The transponder key fob contains no 

*10 000 UNllS , Entrance to restricted areas moving parts or batteries - it is completely weatherproof 
~~:'1'1 ?~each , Restricted elevator call and waterproof. When the key is brought within range of 
lit::::~ rn :~ the matching transmitter I receiver, the system activates by 
l~"J~ts ~i.:t : ~~~.rm Systems performing the pre-set task - setting off or deactivating an 

- Plus S&H - alarm, opening a door, gate, calling an elevator, etc. 

Includes simple schematic diagrams for connecting a pulse relay and 'on' switch 
to enable activation of- for example - an alarm system and door opener 

SPECIFICATIONS: Orcuitry housing: Black 
plastic 4 1/8' x 2 118' x1 '.Sensor. Extends 
19' from housing, ~ze 2 1/8'x S/8' xl/4'. 
Detects key up to 2.7S' through wood, glais. 
or plastic. Key~ Comes with 2 keys. 
Waterproof, crush re~stant Power. 12VDC, 
Standby roode 21 Ma, Detection Mode 48Ma 

TO ORDER • CALL OR FAX 
Tel. 914-352-5053 • Fax 914-426-5374 

A.S. Electronics• P.O. Box 601 • Monse , NY 10952 914-35.2-5053 
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-.-IE: C: - F CJ l=I LI IVI 
ance mic, providing a better signal-to­
noise ratio. (Most professional mies 
were 125 to 150 ohms, although 
some were in the 50-ohm range.) 
Most low-Z inputs were balanced, 
which greatly reduced hum and noise 
problems. 

Of course, a transformer won't 
increase the power output from the 
mic, but it will increase the voltage. 
The transformer's voltage ratio (sec­
ondary/primary) is equal to the 
square root of the impedance ratio 
(secondary/primary). So a trans­
former with a 500 ohm primary and 
a 1 OK ohm secondary will have a volt­
age step-up of roughly 4.47, that's 
roughly a 13 dB increase in voltage, 
which will provide a corresponding 
improvement in S/N ratio. 

Because of the very low levels 
and high gain involved in a micro­
phone input, the input transformer 
will almost surely need to have mag­
netic shielding to prevent pickup of 
hum or other unwanted signals. Keep 
the input transformer away from the 
power and audio output transform­
ers. 

You may need to adjust the phys­
ical orientation of the transformer, 
too, for lowest noise. 

Good, broadcast-quality mic 
transformers. With flat frequency 
response and low distortion, are 
quite expensive. I found a few low­
cost alternatives that you could try. 

RadioShack sells an in-line mic 
matching transformer, with a stan­
dard XLR connector on the Low-Z pri­
mary, and a standard 1/4" phone 
plug on the Hi-Z secondary. Part 
#274-016: price around $15.00. 

TechAmerica sells a miniature 
transformer with solder terminals. 
They list it as 1 DOK ohm primary and 
600 ohm secondary. just connect it 
in reverse for your application. Part 
#900-5844: price around $15.00. 

Mouser Electronics sells a range 
of suitable transformers made by 
MagneTek. For example, stock 
#553-SP4 is listed as 200K ohm pri­
mary and 1 Kohm secondary (again, 
connect it in reverse): price around 
$21.00. 

Greg Miller 
State College, PA 

gemiller@commedge.com 

ANSWERS TO #59915-MAY 1999 
I am a high school student inter­

ested in working with infrared video. 
Does anyone know of a source 

for infrared video cameras? 
You should check the 

Advertisers Index, under Cameras. 
Resources Un-Ltd. is the best bet at 
1-800-8104070, as they have a lot 
of military surplus. 

John M. Hoyt 
Easley, SC 

ANSWERS TO #59915 - MAY 1999 
If you are talking about infrared 

light, then most of the $40.00 small 
black and white board cameras are 

sensitive to infrared light. 
Just illuminate the area with light 

from a bunch of infrared LEDs or get 
an illuminator already built. However, 
if you are wanting tci pick up infrarect 
HEAT images, that's a very different 
story, they start around $1,000.00 
and up, way up. 

Breck Ricketts 
via Internet 

ANSWERS TO #59915 - MAY 1999 
Depending on what you mean by' 

infrared, ypu can purchase numer­
ous cameras from the suppliers in 
Nuts & Volts and they are called 
"CCD Black and White" cameras. 

Any solid-state B&W camera 
covers a part of the infrared spec­
trum and can be used with IR lasers 
or LEDs as a lighting source. 

These cameras start at a very 
reasonable price of around $60.00 
and some even come complete with 
both the lens and a casing for a little 
more. 

The frequency response of these 
cameras run into the low side of the 
infrared spectrum however, and if 
you seek a higher frequency of 
infrared, say above the 1100 nm 
range, then expect to pay thousands 
of dollars for a complete camera or 
IR viewer. 

However, you can build an "IR 
Viewer" for less than a.couple of hun­
dred bucks and add a B&W camera 
to- its output viewer screen to achieve 
the higher "IR spectrum" past the 
1100 nm range. 

Chris 
Bieber, CA 

ANSWER TO #5997·MAY1999 
I have a OPOT switch that for­

ward and reverses a 12 VDC, 3 amp 
motor with limit switches that control 
in and out positions. I want to replace 
the switch with an RF transmftrer 
and receiver. 

I need additional circuitry to 
make it work the same as the OPOT 
switch. A garage door opener does 
what I want except it controls an AC 
motor. 

Actually, the garage door opener 
relay will work in the AC or the DC 
mode. The relay itself will operate 
from AC or DC as long as the voltage 
is high enough to pull down the wind­
ings. The switch part of the relay will 
carry either AC or DC as long as the 
current doesn't exceed its ratings. 

Smaller DC and solid-state relays 
can also be found that will operate 
from as low as 3 volts DC with 5- and 
12-volt models being the most com­
mon. 

To simplify matters, you can pur­
chase a DPDT relay that will directly 
replace your switch and they also 
come in the popular voltage and cur­
rent ratings that you seek. Digi-Key 
at 1-800-3444539 has 19 pages 
of relays to choose from. 

Chris 
Bieber, CA 



Elenco Model M-1740 

s39.ss 
11 Functions: 
• Freq. to 20MHz 
• Cap. to 20µF 
• AC/DC Voltage 
• AC/DC Current 
•Beeper 
• Diode Teat 
• Transistor Teat 
•Meets UL-1244 safety specs. 
Model M-2790 - $24.95 

(9 functions) 

Elenco Model LCR-1810 

sgg.ss 
• Cepecltance . tpf lo 20µF 
• Inductance 1 µH lo 20H 
• _....,. .om 1o 2000Mn 
• Tempeniture ~ lo 750"C 

·OC-0 · 20V 
• Frequency up lo 15MHz 
• Diode/Audible Continuity 

Test 
• Signe! Output Function 
• 3 1/2 Dtg• Dlsplay 

Fluke 87111 

s299 
Features high perform­
ance AC/DC voltage and 
current measurement, 
frequency, duty cycle, 
resistance, conductance, 
and capacitance meas­
urement 

Series II (limited qty.) 
$289 

Generat<?rs and Counlttrs .1 
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 
Unlversal Counter 

1 OHz • 2.8GHz 
Model F-2800 

sgg 
Sensitivity: 
• <1 .6mV@ 100MHz 

• <lmV @ 2'0MIHz 

• <imY @1GHz 

• <1 00mV @ 2.4GHz 

------------------t Features 10 digit display, 18 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 

ment and RF signal strength bar­
graph. 

Includes antenna, NICad battery, 
and AC adapter. 

Elenco RF Generator 
with Counter (100kHz - 150kHz) 

Model SG-9500 

B&K Frequency Counter 
Model BK-1875 

.1 Hz • 2.8GHz 
3 Channels 

Sensitivity: 
• <0.8mV@ 100MHz 

• <8mV @ 300MHz 

• <7mV@1GHz 
• <100mV@ 3GHz 

Ultra sensitive synchronous 
detector bargraph and RF 
strength. 

Elenco 1 OHz • 1 MHz 
Dlgltal Audio Generator 

Model SG-9300 

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 

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 

• Linear and Log sweep SK PR~c:s:o:~ 

10MHz Model 4017 $309 
Features Internal AM mod. of 1 kHz, RF 
output 1 OOMV - 35MHz. Audio output 
1kHz@ 1V RMS. 

Features built-in 150MHz frequency t;::;====:;;====;::;;;::=::;:::=:::====:::; 
5MHz Model 4011 $239 

Tekk Radios 
Pro-Sport FRS Two-Way Radio 

Model PRO-SPORT+ 

s79each • 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 

SG·8000 (analog, w/o counter) $119.95 

counter, low distortion and sine/square 
waves. SG-9200 (w/o counter) $119.95 

Elenco Technician Tool Kit 
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 60 on Reader Service Card. 

s34.95 

Model AK-700 
Pulse/Tone 

Telephone Kit 

s15.es 
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Dual Digital Power Supply 

- Part 2 

Overview 

1E' or those of you who were tuned 
into last month's episode of "Engineers 
With Brain Spasms," you would have 
seen me go through the process of 
defining a user interface for a digitally­
controlled power supply. The user inter­
face went together pretty quickly and 
with relatively littJe pain. I wish I could 
say the same about this month's power 
supply design. I went to great lengths to 
keep the design as simple as possible, 
and was thus hampered by my own 
design constraints. That being said, I feel 
that there are quite a few useful bits and 
pieces that can be filtered out of the final 
product. 

So even though I came close to 
scrapping this implementation of a digi­
tally-controlled dual power supply at 
least five times over the last month, in 
the end I felt that it provided enough 
useful information to push it through to 
completion. 

I h electronic design, there are a few 
fields that are clearly viewed as arcane 
arts by engineers not employed in 

those fields. A sampling of these disciplines 
would include radio frequency design, high­
speed digital design, antenna theory and, of 
course, switching power supply design. I don't 
pretend to be an expert in any of those fields. 
So, when it came time to design a power supply 
circuit for this article, I made sure to make use 
of circuits that were relatively simple. The power 
supply circuit that I used is inexpensive, requires 

few parts, and is extremely useful. I have found 
this circuit to be quite useful in previous 
designs, although its effectiveness in this partic­
ular design was somewhat limited. 

I also felt that this article should focus on 
implementing a digital control technique in con­
junction with a user interface. I was wary of 
introducing too many new electronic compo­
nents, and thus making the article too difficult 
for beginners to understand. Given the amount 
of space I have available, it's very difficult to pro­
vide an accurate overview of a design if I have to 

-describe in detail a large number of electronic 
parts. What's the point of my diatribe you ask? 
Well, in order to. keep things simple, I resorted 
to using the DS1267-010 Dallas Semiconductor 
digital potentiometer, and the ADC0831 
National Semiconductor eight-bit A/D. Both of 
these parts were used in the April '99 Stamp 
Applications article. So, if you are a regular read­
er, you should be familiar with those parts. But 
by selecting these parts, I placed some serious 
limitations on the power supply's capabilities. 

Defining the Design 

In my initial design, I was shooting for a dig­
itally-controlled dual power supply with on out­
put range of 3-20Vand about 2A current source 
capability. A linear regulator, such as the 
National Semiconductor LM317, could be used. 
But. if I used a linear regulator, cooling and 
heatsinking would be mandatory. For example, 
an 8Vdc output linear regulator, providing 
500mA of current, with an input voltage of 
24Vdc would have to dissipate (24Vdc-
8Vdc)*0.5A = 8 watts. Even with external pass 
elements, I would have to account for consider­
able power dissipation. 

On the other hand, a switching power sup­
ply would provide me with the efficiency neces­
sary to minimize power dissipation concerns. It 
was primarily due to power dissipation consid­
erations that I selected the MAX726 (Maxim 
Integrated Products: 1-800-998-8800 for sam­
ples) step-down, PWM, switch-mode DC-DC 
regulator, as a power supply. You can approxi-

mate the power dissi­

SOL(JT/ONS TO YO(Jf? CABLING NEEOS 
pation requirements 
for the MAX726 by 
multiplying the load 
current by 1.1Vdc. · 
This is described in 
the MAX726 data 
sheet. Therefore, by 
using a MAX726 
instead of a linear reg­
ulator, your 8Vdc sup­
ply would only have 
to dissipate 
1.1Vdc*0.5A = 0.55 
watts; which is a sig­
nificant improvement 
over the linear regula­
tor. 

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 

FlREWlRE Cables Reseller Specials 
EC63AV-2M ..... 6-to-4 pin, 6 feet ..... $30.00 AMD K6 CPU cooler (BB) .... $3.25 (min 25) 
EC63AV-3M ..... 6-toc4 pin, l O feet ..... $35.00 IEEEl 284 Printer Cable 6ft ... $3.60 (min. 20) 
EC63AV-5M ..... 6-to-4 pin, 15 feet.. ... $40.00 ***See our website for photos & more*** 

Order Online 24 hrs./day. Reseller & Qty. Discounts Available! 
No minimum order, same day shipping on most orders, A+ and CET technician available to answer your questions. 

~"""'."'1 

Write In 106 on Reader Service Card. 

Furthermore, the 
MAX726 has an out­
put voltage range of 

2:5Vdc-35Vdc, ~ 
and the ability to ·. •· •· 
source 2A of · 
continuous cur­
rent. Package 
power dissipa­
tion should still 
be addressed at 
higher load cur­
rents. These fea­
tures coupled with some internal short circuit 
protection make the MAX726 ideal for this 
design. 

But how do you adjust the output voltage 
with this regulator? Take a glance at Figure 1. 
From the MAX726 data sheet, I know that the 
output voltage is selected by R7 and the value of 
the potentiometer. I also know from the equa­
tion for a voltage divider that the feedback volt­
age at pin 1 of the MAX726 can be described by 

Vfb = Vout*(Rpot/(Rpot+R7) 

But unlike your average voltage divider, the · 
feedback voltage, Vfb, is pre-set to 2.21Vdc 
internally by the MAX726. This has two impor­
tant effects on our design. The first effect is that 
with Vfb set to 2.21 V, the current through our 
digital pot will not exceed its maximum rating 
(5mA). Additionally, the voltage on our digital 
pot is kept within its specifications (7Vdc maxi­
mum). All in all, it means that a digital pot is an 
effective means of adjusting the output voltage 

+24\oln 

!OK digital pot 

generated by the MAX726. 
There are a few points that must be stated 

here. The . digital potentiometer (DS1267-010) 
was very effective in controlling the output volt­
age of the MAX726 over a short range of volt­
ages. Specifically, I had luck controlling the 
MAX726 between 3Vdc-10Vdc. Over 10Vdc, 
there was not enough resolution · available in the 
DS1267-01 O to allow accurate voltage control. 
So at this point, I reduced the power supply out­
put to 1 OVdc maximum, and modified the user 
interface code to reflect this change. I also real­
ized that whenever I reduced the output voltage 
below 4Vdc, I was violating a recommendation in 
the MAX726 data sheet. The data sheet specifi­
cally states that the resistor between the FB pin 
and ground should not exceed 4K ohms (this is 
where the DS1267-01 O is located). In this sys­
tem, any voltage output between 3Vdc and 4Vdc 
is generated by a DS1267-010 setting of greater 
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than 4K ohms. I tested the voltages under load 
and didn't find any serious degradation in per­
formance. So I left the minimum output voltage 
limit set to 3Vdc. · 

The limitations forced onto this design real­
ly did revolve around the capabilities of the 
DS1267-010. If, for example, the digital pot had 
10 bits of resolution, then I think many of these 
shortcomings would disappear. But for simplici­
ty and, due to a nearing publication deadline, I 
decided to press on with the design. 

As part of a feedback system, I included two 
eight-bit A/D converters (ADC0831). So the 
way the system worked could be described in 
five steps. 

1) The user enters the desired voltage output. 
2) The BASIC Stamp2 (BS2) converts the 

desired output to a desired A/D reading. 
3) The BS2 calculates an approximate setting 

for the digital potentiometer. 
4) The BS2 measures the actual output volt­

age and trims the DS1267-01 O until the desired 
A/D matches the actual A/D. 

S) If the actual output voltage never matches 
the desired output voltage, then the user is noti­
fied, otherwise the system waits for the next 
user update. 

The A/D inputs were originally read through 
a voltage divider circuit that divides down the 
actual output voltage by four. This was done in 
order to measure 20Vdc maximums with SVdc 
NDs. When I changed the output voltage range 
of the supply from 3Vdc-20Vdc to 3Vdc-1 OVdc, 
I could have changed the voltage divider from a 
divide by four configuration to a divide by two 
configuration. Making this change would give 
greater resolution in the A/D measurement 
results. While this would be good, it doesn't 
change the fact that output voltage resolution is 
limited at higher output voltages due to the char­
acteristics of the DS1267-010. 

So, after all of the give and take, what is left 
over is a dual supply with 3Vdc-1 OVdc regulated 
output and a 1 A source capability. The current 
handling capability of this circuit was limited to 
1A by the inductor selected. 

+24Y@&I 

. k 

8lJ1µF 

811µF 

Figure 2: User Interface and 
Power Supply Together 

Connecting the Parts 

PRICES ON PROFESSIONAL TOOLS, 
CALL ELECTRO-TOOL 

OIOtt - Case - Deluxe Polypropylene. Chemical 
Resistant. Tools by CooperTools and others. SOOT Case, 
complete with tools ••• $419.95 
SOOT case Only ••. $121.80 

platt - Case - Cordura Exterior. Two exterior pockets 
& onl! literature pocket. 660ZT Case, complete with 
tools •.• $223.00 
660ZT Case Only ••. $59.45 
Optional Sperry meter #DM6510 as shown •.• $65.00 

7 · -, 
,,, .ilt .,/ 
-

The two ADC0831 s and the 
DS1267-01 O were all connected to the 
same clock and data lines. Each chip ~ad 
a separate chip select control line. Using 
the LCD in four-bit mode - as well as 
the MEMKey for serial keypad encoding 
- freed up enough 1/0 lines to allow this 
design to get done. The MEMKey could 
be used in single wire communication 
mode by connecting the TM and FM 
pins together to one BS2 1/0 pin. This 
would free up another 1/0 line. Also, if 
the out of regulation indicator LED was 
omitted from the design, then three 1/0 
lines could be available for other use. 

WellerWCC:IOO.. 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 aoy one of (6) magnifica­
sensitive components, 40 Watt tions ... $24.00 
pencil ... $97.90 

Program memory is pretty much 
used up at this point, although moving 
the design to a BS2$X would eliminate 
that problem. A complete system 
schematic is detailed in Figure 2. 

Power Supply Limitations 

The major limitations of this power 
supply were imposed by using the 
DS1267-010. If I had this design to do · 
over again, I would probably remove the 
digital potentiometer and add two SK 
ohm mechanical potentiometers for 
voltage setting. Then you could change 
the eight-bit A/Ds to 10-bit A/Ds. You 
might even add a couple more A/Ds and 
some current measurement capability. The key­
pad could also be removed in lieu of a couple of 
buttons for selecting voltage or current displays. 

If you wanted to get really tricky, you could 
design an active load by biasing a BJT in its 
active region through adjustments to its base 
resistance. This could potentially replace the 
DS1267-010. . 

An important thing to consider when using 
the MAX726 is which inductor to use. The 
inductor is in the high current path. So your 
inductor must have a continuous current rating 
equal to, or greater than, the maximum load cur­
rent that your supply will provide. An inexpen-

GokJStar - 20 MHz Dual Trace Oscilloscope OS-
9020A-Large 6" rectangular, high sensitivity: 1mV/div,,high 
accuracy: :t3%, stable, low-drift design, 8 divisions of dis­
played dynamic range and accurate, distortion-free wave­
form measurements ... $372.00 · 

Electro Tool, Inc. 
Customer Service: (734) 422-1221 . . . 
9103 Gillman, Livonia, Ml 48150 {•U •) 

ORDERS ONLY: 1 (800) 772-3455 
- FAX: (734) 422-3432 

"Tools American Made." 

sive, relatively high current inductor is the Toko 
8RHB type which can be found at Digi-Key. I had 
some 82uH inductors laying around which were 
rated for 1.1 A. and they seemed to do the trick. 
There are higher current rated inductors that are 
available, but I really like the packaging of the 
Toko parts. They take up less room than some 
electrolytic capacitors. 

Lastly, I didn't heatsink my MAX726 regula­
tors. They handled about a watt of power 
(900mA load) without overheating. I used the 
three second test for my thermal modeling. The 
three second test consists of licking your finger 
and placing it on a potentially hot device. If you 
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Learn MICROCONTROLLERS 
EMBEDDED SYSTEMS and 
PROGRAMMING ••• 

-with the AES learning system/ 
embedded control system. 
Extensive manuals guide 
you through your 
development project. 
All programming 
and hardware details 
explained. Complete schematics. 
Learn to program the LCD, keypad 
digital, analog, and serial 1/0 . for 

_YOUr appl ications. 

• 32K Byte ROM, 32K Byte RAM • 2 by 16 Liquid 
Crystal Display · 4 by 5 Keypad • Digital, Analog, 
and Serial 1/0 • lnterrupts..ti mers, chi p-selects • 
26 pin expansion connector • Built-in Logic Probe • 
Power Supply (can also be ba11ery operated) · 
Powerful ROM MOOITOR 10 help you program · 
Connects to your PC for programming or data 
logging (cable included) · Assembly, BASIC, and 
C programming( varies with model) · Program di'ks 
with Cross Assembler and many, well documented, 
program examples • User's Manuals: cover all 
details(over 500 pages) • Completely assembled and 
ready to use · Source code for all drivers and 
MONITOR · Optional Text Book 

Everything you need. From S279 
Money Back Guarantee 

Call for Free Info Pack, or see 
WEB at http://www.aesmicro.com 
714-979-1091, FAX 714-979-1093 

Call 1-800-730-3232 

Aff 
I frb' fi'·h.M'M fj(M@ 

AES 2110 S. LYON ST., STE. C, SANTAANA, CA92705 USA 

~ode Listing 1: june99_ 4.bs2 

ST A~F AFF:Lit;A TIOlf S 
hear a sizzle (that sounds like saliva turning to steam), 
then it would be prudent to withdraw the exposed digit. 
If no sizzle occurs, and you can keep you finger on the 
device for three seconds without feeling any pain, then 
the part is probably not in danger of overheating. Of 
course, my finger has been calibrated by a national 
laboratory at great expense. Therefore, your own 
results may vary. 

Writing the Code 

The code was a bit of a bear. The concept for 
implementing this power supply was pretty straightfor­
ward. But since the digital potentiometer was not able 
to give me good resolution at the higher voltages, I had 
to throw in a slew of If... Then statements. In the end, I 
think I was able to get about 80% of the functionality 
that I was looking for. There are a couple of equations 
that I use in the "UpdateSupply" subroutine. These 
equations relate the digital potentiometer settings to 
the desired output voltage. When the equation is 
implemented, the value in the Analog register is a bina­
ry value that relates the output voltage to an A/D mea­
surement result. Here is one of the equations of which 
I speak: 

DSpots1 = (2376/(Analog1 - 28)) -14 

And here is how it is arrived at. From the MAX726 
data sheet, we know that · the output voltage can be 
related to the digital potentiometer with the following 
equation: 

Vout = (R7 +Rpot)*[2.21V/Rpot) 

where 
R7 = 3300 ohms 

CS_pot CON 6 

Rpot= 9000*Dspots1 /256bits + 500 (for wiper) ohms 
and Vout= Analog1*5Vdc/256bits*4 (for dividing cir­
cuit at A/D input)= 20*Analog1 /256 

Substituting this result for Vout gives . .. 

20*Analog1 /256 =3300*2.21 I 
((9000Dspots1 /256)+500) + 2.21 
20*Analog1/256 =7293 
((9000Dspots1 /256)+500) + 2.21 
Analog1 = (256/20)*((7293/(35*Dspots1 
+500)) + 2.21) 
Analog1 = (93359/(35*Dspots1 + 500)) + 28 
Analog1 = 2667 /(Dspots1 + 14) + 28 
Now solve for Dspots1 ... 
Dspots1 = (2667 /(Analog1 -28)) - 14 

After this relationship was derived, I fine-tuned the 
equations for both of the output voltages. This was 
most easily done by adjusting the constant 2667 until 
the output voltage created by a new potentiometer set­
ting closely matched the desired A/D reading that is 
stored in the Analog registers. 

A little explanation of the how the registers were 
used in this program may clarify the functionality of the 
software. The Analog registers store an eight-bit value 
that is boiled down from the desired output voltage as 
it is displayed on the LCD. This eight-bit value is then 
used to derive a value for setting the digital poten­
tiometer, as described by the equations above. After 
the digital potentiometer has been updated, the pro­
gram trims the output voltage by taking A/D readings 
(stored in AD_in registers), and comparing them to the 
desired value (again in the Analog registers). Any read­
ings that do not meet the requirements set forth in the 
program cause the potentiometer setting to be 

' Chip select for digital pot. 

'JUNE99.BS2 - Dual power supply and user Interface code listing. This source code 'Serial Devlce Variables 
' Implements a user interface consisting of a 2x8 LCD screen operating In 4 bit mode, 
' and a 4x4 keypad. l1le LCD s driven directly with a BASIC Stamp 2 while the keypad 
' is encoded by a MEMKey serial keypad encoder. LCD display data Is stored In the 
' MEMKey's user accessible EEPROM. 
' Further modifications to this code were Included to implement a digitally 
' controlled dual power supply. The supples parameters were reduced from a 
' maxlmum of 20.0V to 1 O.Ov in order to maintain resolutions with eight-bit A/ D 
: and D/A (digital pot) devices. 

' LCD constants 
RS CON 12 ' Register Select (I • char) 
E CON 13 ' LCD Enable pin (I • enabled) 

'LCD control characters 
Clrt.CD CON $01 ' clear the LCD 
Crsrttm CON $02 ' move cursor to home position 
Crsrll CON $10 ' move cursor left 
CrsrRt CON $14 ' move cursor right 
OispU CON $18 ' shift displayed chars left 
DlspRt CON SIC ' shift displayed chars right 
DDRam CON $80 ' Display Data RAM control 

' LCD Variables 
Char VAR Byte ' Character sent to LCD 
' 
' MEMKey pin assignments 
TM CON 0 ' To Master 
FM CON I ' From Master 
KEY CON 2 ' Key press notification pin 

' MEMKey variables 
index VAR Byte ' For next loop variable 
Key Val VAR Byte ' Storage for key values 
B_I VAR Byte ' Variable storage byte 
B_2 VAR . Byte ' Variable storage byte 
B_3 VAR Byte ' Variable storage byte 
B_4 VAR Byte ' Variable storage byte 
B_5 VAR Byte ' Variable storage byte 
B_6 VAR Byte ' Variable storage byte 
B_7 VAR Byte ' Variable storage byte 
B_8 VAR Byte ' Variable storage byte 
~-9 VAR Byte ' Variable storage byte 

' MEMKey constants 
Baud CON 396 ' Baud rate • 2400 
PC on Hg CON SOE ' Program conflguratlon command 
Conflg CON $00 ' Disable typematlc, disable auto 
PDBounce CON $04 ' Program debounce command 
DBounce CON $0A ' Set debounce for 25ms 
Peeprom CON $08 ' Program user EEPROM command 
Reeprom CON $09 ' Read user EEPROM command 
Pkeyval CON SOA ' Program key value command 
Rkeyval CON SOB ' Read key value command 
Default CON $11 ' Resets MEMKey to default values 
Rbuffer CON $00 ' Read key in buffer 
' 
'Serial Device Pin Assignments 
Clk CON 14 ' Serial clock control pin 
Oat CON 15 ' Serial data control pin 
CS_adl CON 4 ' Chip select for A/D one 
CS_ad2 CON 5 ' Chip select for A/D two 
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DSpot.s VAR 
DSpot.s I VAR 
DSpots2 VAR 
Analog! VAR 
Analog2 VAR 
AD_inl VAR 
AD_in2 VAR 
Working VAR 

'LED pin assignment 

WORD 
DSpots.lowbyte 
DSpots.highbyte 
WORD 
WORD 
BYTE 
BYTE 
WORD 

' Storage word for pot values 
' Voltage control pot for VI 
' Voltage control pot for V2 
' Analog working register 
' Analog working register 
' Results from A/D read of Vl 
' Results from A/D read of V2 
' Working register f 

LED_controlCON 7 'Out of regulation LED indicator 

, .......................................................................... , 
' This routlne initiaUzes the BASIC Stamp, LCD. DS1267-010, and MEMKey. 

' Initialize the BS2 
BS2_inl: 

Dirtt - %0111111 1 
OutH • %00000000 
Dirt. -%11110010 
OutL - % 10110010 

"lnltlalize digital potentlometers 
DSpots • $FFFF 
GOSUB SetPotValue 

' set pins 8-15 direction 
' clear the pins 
' set pins 0. 7 direction 

' Initialize Vt and V2 to 3V each 

' Initialize the LCD (Hitachi HD44780 controller) 
LCD_lni: 

OutC • %0011 
PULSOUT E. I 
PAUSES 
PULSOUTE, I 
PULSOUT E. I 
OutC •%0010 
PULSOUTE. I 
Char • 40 
GOSUB LCDcmd 
Char • 12 
GOSUB LCDcmd 
Char • 6 
GOSUB LCDcmd 
Char • 1 
GOSUB LCDcmd 

' lnitlalize the MEMKey 
MEMKey_inl: 

HIGH 
PAUSE2000 
SEROUT 

PAUSE 
SER OUT 

PAUSE 
GOSUB 

' 8-bit mode 

' 4-bit mode 

' Set for 2 line operation 

' Shift cursor right 

' increment DDRAM after write 

' Clear LCD screen 

FM ' Make sure FM Is high 
' Let the system power settle 

FM,Baud,(PConfig,Config) 
' Configure MEMKey for Polled Mode 

15 ' Pause !Oms for EEPROM access 
FM,Baud,(PDBounce.DBounce) 

' Prog ram debounce value 
15 ' Pause !Oms for EEPROM access 
Reset ' Run this when using a new MEMKey 

'Initialize output voltage and display 
GOSUB DisplayLCD ' Recall display 
GOSUB UpdateSupply ' Modify output voltages · 

1
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adjusted up or down until a closer match occurs. 
If, after several adjustments, the desired value 

does not match the actual value, then the actual value 
is loaded into the display and the "out of regulation" 
LED is lit. 

This implementation of a digitally-controlled dual 
power supply required most of the BS2's RAM and 
EEPROM program memory to implement. However, 
the code is far from fine-tuned and could be refined to 
a great degree. 

In Closing 

I'm probably going to have a second go at this 
power supply circuit. . The keypad and digital poten­
tiometer will likely be removed. Instead a four-line 
LCD, four separate 10 bit A/Ds, and a couple of man­
ual potentiometers will be used. The extra A/Ds would 
be used for current measurement. Further testing is 
also required to determine regulation under load. I 
would also like to locate a higher current inductor to 
maximize the current source capability of the design. It 
may be feasible to parallel a couple of the Toko induc­
tors that I'm currently using to reach the 2A capabllity 
that the MAX726 can provide. 

For those of you in need of a higher current sys­
tem, Maxim also has the MAX724. This part is identical 
in functionality to the MAX726, but can handle up to 
SA of current. 

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 

No BASIC Stamp* 
PicBasic Compiler - $99.95 
Put BASIC Stamp I prowams right 
into a PIC microcontro ller - no BS I 
module necessary! The programs 
run fas ter and can be longer. You 
also get more variables and extra instructions. For 
mid-range PIC I 2C6 7x, I 6C55x. 6xx. 7xx, 8x, 9xx. 

PicBasic Pro Compiler· $249.95 
PicBasic Pro is BASIC Stamp II compatible, and 
like the standard compiler above, elminates the 
need for a BS2 module. Pro adds built-in LCD 
support, interrupts in BASIC, arrays, program 
size to SK. real If .. Then .. Eise and I/O to any 
PIC pin. For mid-range PIC I 2C67x, I 6C55x, 
6xx, 7xx, 8x, 9xx. 

•BASIC Stamp is a trademark of Parallax Inc. 

EPIC Plus PIC Programmer - $59.95 
Programs PIC I 2C50x, 67x, 
I 6C55x, 6xx, 7xx, 8x, 9J<x. 
Optional ZIF adapters for 
DIP, SOIC, MQFP, PLCC. 
Runs off two 9-volt batts 

or optional AC adapter. Includes programming 
software and assembler. 

PICProto 
Prototyping Boards 
Get it wired quicker! High­
quality blank prototyping 
boards for P!Cmicros. 
Holds 5V reg, caps, osc, 
DB9-25, large proto area. 
$8.95 • $17.95 This was one of those designs that seem to force 

limitations on me. Or maybe I should say that I forced 
them on myself by sticking with the DS1267-01 O as a 
means of controlling the output voltage. But with those 
changes that I mentioned above, I think I can tweak this 
into a successful and useful electronic design. 

-.. on Glazner is a partner and engineer at 
-IL,J Solutions Cubed. Solutions Cubed is an innov-

micrtJ~11gi11Mri115 ~ @na 
Box 7532 Colorado Springs CO 80933 
(719) 520-5323 (719) 520-1867 fax 

Regardless, I learned a little, and didn't blow any­
thing up. NY 

ative group of design engineers who specialize in 
embedded control design. They also produce a line of 
BASIC Stamp compatible products called Miniature 
Engineering Modules. 

lilDI http://www.melabs.com Iii] 
1ZJ email: info@melabs.com m;J 
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If IN2 <> I Then MalnProgram 
GOSl.JB Key Find 
GOSl.JB ModeSelect 
GOSl.JB UpdateSupply 
GOTO Main Program 

' Check the KEY pin for a logic high 
' Poll for a key press 
' Start user interface Interaction 

........................................................................... 
' -[Subroutines)---------
1•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
' LCD commands, such as address pointer, are sent via LCDcmd, characters are sent with the 
' LCDwr routine. This routine and LCD lnltlallzatlon routines taken from a previous 
' author's Stamp Appllcatlons code Osting. I believe It was Jon Williams who wrote the onglnal 
'code. 

LCDcmd: 

LCDwr: 

LOW RS 

OutC = Char.HIGHNJB 
PULSOUT E, I 
OutC • Char.LOWNIB 
PULSOUT E, I 
HIGH RS 
RETURN 

' Enter command mode 
' then write the character 

' Output high nibble 
' Strobe the Enable line 
' Output low nibble 

' Return to character mode 

1 ••••••••••••••••••••••••••••••••••••••••••• • ••••••••••• • •••••••••••••••••• 

' All display data Including voltage levels is stored In the MEMkey's EEPROM 
' in locations $00-SOF. Whenever the display is updated each character is 
' read from EEPROM and then sent to the LCD. The leading zeros for the voltage 
' levels one both line one and line two are displayed as ASCII • "(space) . This 
' makes the display look a little nicer. If this display update routine is too 
: slow for your design you can just update the voltage levels. 

DisplayLCD: I 
Unel : 

TestAnlA: 

TestAnlB: 

TestAn!C: 

Continue I: 

Une2: 

Char 
GOSl.JB 
For Index 

Next 

$80 
LCDcmd 
= $00 to $07 
SEROOT FM,Baud,[Reeprom,lndex) 

SERIN TM,Baud,(B_I] 
If Index <> $04 then TestAn IA 
Analogt = (B_ t - 48) • 100 

If Index <> $05 then TestAn lB 
Analog! = Analog! + (B_t 48 • 10) 

If Index <> $07 then TestAn IC 
Analog!= Analog! + (B_t -48) 

Char = B I 
If Index <> $04 then Continue I 
If Char <> $30 then Continue I 
Char -"" 

GOSl.JB LCDwr 

Char $CO 
GOSl.JB LCDcmd 
For Index = $08 to $OF 

SEROUT FM,Baud,[Reeprom,lndex] 
SERIN TM,Baud.[B_I] 
Char • B I 
If Index <> S0c then TestAn2A 
Analog2 = (B_I - 48) • 100 

' Display line one 

' Read EEPROM command 
' Display value is read 
' Translate ASCII tens value Into decimal 

'Translate ASCII ones value into decimal 

'Translate ASCII tenths value into decimal 

' Test for leading zero 
' If ASCII zero then 
' replace with blank space 

' Display line two 

' Read EEPROM command 
' Display value Is read 

' Translate ASCII tens va lue Into decimal 

TestAn2A: 

TestAn2B: 

TestAn2C: 

Continue2: 

If Index <> SOD then TestAn2B ' Translate ASCII ones value Into decimal 
Analog2 = Analog2 + (B_t 48 • 10) 

If Index <> $OF then TestAn2C ' Translate ASCII tenths value Into decimal 
Analog2 • Analog2 + (B_I -48) 

If Index <> SOC then Contlnue2 
If Char <> $30 then Contlnue2 
Char •" " 

GOSl.JB LCDwr 
Next 

Analog I = Analog I * 256 / 200 
Analog2 = Analog2 • 256 / 200 
RETURN 

' Test for leading zero 
' If ASCII zero then 
' replace with blank space 

'Analog! Is the desired AD_lnt value 
'Analog2 is the desired AD_ln2 value 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••The Reset subroutine 
returns the MEMKey to It's inltlal settings. It also 
' resets the LCD display values. Upon lnltlal power up of this design 
' a "GOSl.JB Reset" should be placed pnor to entering the MainProgram code space. 
' After the EEPROM has been lnltiaUzed the "GOSl.JB Reset• may be commented 
' out or deleted. By doing this the last values displayed, prior to a power down, 
: will be the values loaded on power up. 

Reset: 
SEROOT FM,Baud,(DefaultJ 
PAUSE 200 
SEROOT FM,Baud,[PConfig,Config] 
PAUSE 15 
SEROOT FM,Baud,[PDBounce,DBounce] 
PAUSE 15 

For Index • $00 to $OF 

' Reset MEMKey to default settings 

' Configure MEMKey for Polled Mode 
' Pause I Oms for EEPROM access 
' Program debounce value 
' Pause 1 Oms for EEPROM access 

' Update key values and display values 

LOOKUP lndex,[$00,$01 ,$02,$03,$04,$05,$06,$07,$08,$09,$0A,$0B,$0C,$0D,$0E,$0F),B_I 

Next 
RETURN 

LOOKUP lndex,(•t • :-z-. •3•, •A• :4• ,•5•' •611
,

11B•,•7" ,"s·."9·. ·c-' ••• '"()" ,11#11,•0•1.B_2 
LOOKUP Index (''V• 11 111

• ·•••
11011 •5••• 110" V 112" "·" 11 ' •o•1151 

• • "0") B 3 
SEROOT FM,Ba

0

ud'. iP~prom'.i(1 :s_31 '.. • • •. ' • -
PAUSE 15 
SEROOT FM,Baud,[Pkeyval,B_ l .B_2) 
PAUSE 15 

'************************************************************************** 
' ModeSelect determines which voltage Is being adjusted, or if a reset command has been 
' implemented. The scrol~up and scrolk:lown modes have not yet been Implemented. The scroll ' functions can be 
~efined once the voltage control method has been proved in the lab.a 

Mode Select: 

ignored 
AdjustVI : 

If KeyVal = "A" then AdjustVI 
If KeyVal = "B" then AdjustV2 
If KeyVal = "D" then ResetSupply 
RETURN 

' Adjust voltage one has been selected 
' Adjust voltage two has been selected 
' A reset command has been entered 
' Any key other than A,B, or D was pressed and can be 

SEROOT FM,Baud,[Peeprom,$03,">"] 'Load a">" Into EEPROM 
PAUSE 15 
GOSl.JB DisplayLCD ' Display the ">" next to voltage being adjusted 
B 2 ~ $04 ' Start EEPROM address at voltage values 

AdjV!Continu-e: 
GOSl.JB KeyFind ' Wait for the next keypress 
If Key Val ~ "C" then AdJVI Done ' If a •c• was pressed then were done adjusting 
If KeyVal > "9" then AdjVIOver ' Check to if A,.B,<:;,D key was pressed by accident 
If KeyVal ="#" then AdjVlOver ' Check to see If pound key was preseed 
If KeyVal - •••then AdjVIOver ' Check to see If asterisk key was pressed 
SEROOT FM,Baud,[Peeprom,B_2,KeyVal] ' Store numenc 0-9 In current EEPROM address 
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PAUSE 15 
GOTO AdjVIAgaln 

AdjVIOver. 
SERO<IT FM,Baud,(Peeprom,B_2,'0"] 
PAUSE 15 

AdjVIAgaln: 
GOSUB DlsplayLCD 
B2 • B2+1 
lf8_2 • $o6 then AdjVIAgaln 
If B_2 - $08 then AdjustVI 
GOTO AdjV!Continue 

AdjVIDone: 

AdjustV2: 

GOSUB Limits 
RETURN 

SEROUT FM,Baud,(Peeprom,$08,">"] 
PAUSE 15 
GOSUB DlsplayLCD 
B_2 • $0C 

AdjV2Continue: 

AdjV20ver. 

GOSUB Key And 
If KeyVal - "C" then AdjV2Done 
If KeyVal > "9" then AdjV20ver 
If KeyVal • "#" then AdjV20ver 
If KeyVal • •• • then AdjV20ver 
SERO<IT FM,Baud,(Peeprom,B_2,KeyVal] 
PAUSE 15 
aoro AdJV2Again 

SEROUT FM,Baud,(Peeprom,B_2,"0"] 
PAUSE 15 

AdjV2Again: 
GOSUB DisplayLCD 
B2 • B2+1 
lf8_2 • SoE then AdjV2Agaln 
If B_2 - $10 then AdjustV2 
Goro AdjV2Continue 

AdjV2Done: 
GOSUB Limits 
RETURN 

ResetSupply: 
GO SUB Reset 
GOSUB DisplayLCD 
RETURN 

' If keypress was •A1\"B", or "D" return a "0" 

' Update display with the latest key press 
' Increment EEPROM address pointer 
' If EEPROM pointed at "." then Increment again 
' If Une2 pointed at then reset EEPROM pointer 

' Make s11re values are within limits 

' Comments for second line are the same except all 
' EEPROM pointers are 8 greater than line I 

' Implement reset command 
' Update display 

............................................•.•......•..................... 
' Keyflnd looks for a logic high on the KEY pin (IN2). If one Is present then the Read Key Buffer command 
' for the MEMKey Is implemented. There Is enough RAM allotted In the SERIN command to read a maximum 
' buffer size of 8 bytes. It Is Ukely that only one key value will be returned since the typematic rate _ 
' has been truned off In the MEMKey. The SERIN "escape clause" has been set to 50ms to ensure that 
' the serial communication does not hang up the program. Once this subroutine Is entered It will not 
' exit until a key has been pressed. When it does exit the key value will be loaded Into the KeyVal 
'variable. 

Key And: 
If IN2 <> I Then KeyAnd ' Check the KEY pin for a logic high 
SEROUT FM,Baud,(Rbuffer] ' Read buffer command 
SERIN 

TM,Baud,50,DoneBuffer,( KeyVal,B_3,B_ 4,B_5,B_6,B_7,B_8,B_9] 
DoneBuffer. 

SERO<IT FM,Baud,(Rbuffer] ' If there Is a fast key press don't accept It 
PAUSE 40 
If IN2 <> 0 then DoneBuffer ' Walt for KEY pin to go to logic low 
RETURN ..............................................................•............................. •....••.... 

' The Limits subroutine checks entered values for out of range or mls-l<eyed entries. If either 
' voltage Input Is greater than I 0.0 or less than 03.0 then the values are forced to either the 
' mlnlmum or maximum values accepted. Prior to this routine being exited the ">" character 
: that was loaded next to the adjusted voltage Is replaced with a space character. 

Limits: 

ZeroOnesVI : 

TestOnesVl : 

NextUmlt: 

ZeroOnesV2: 

TestOnesV2: 

DoneUrnlt: 

SEROUT FM,Baud,(Reeprom,$04] 
SERIN TM,Baud,(B_t) 
If B I > "O" then ZeroOnesVI 
If B- 1 - "0" then TestOnesVI 
GOTo NextUmit 

SEROUT FM,Baud,(Peeprom,$04,"1"] 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$05,'0") 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$07,"0") 
PAUSE 15 
GOTO NextUmit 

SEROUT FM,Baud,(Reeprom,$05) 
SERIN TM,Baud,(B_l) 
If B I > "2" then NextUmlt 
SEROUT FM,Baud,(Peeprom,$05,"3"] 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$07 ,"0") 
PAUSE 15 

SEROUT FM,Baud,(Reeprom,$0C] 
SERIN TM,Baud,(B_ t] 
If B I > "O" then ZeroOnesV2 
If B-1 = •o• then TestOnesV2 
GOTo DoneUrnlt 

SEROUT FM,Baud,(Peeprom,$0C,"1") 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$0D,'0"] 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$0F,'0") 
PAUSE 15 • 
Goro DoneUmlt 

SEROUT FM,Baud,(Reeprom,$0D] 
SERIN TM,Baud,(B_l) 
If B I > "2" then DoneLimit 
SERcxlT FM,Baud,(Peeprom,$0D,"3' ) 
PAUSE 15 
SERO<IT FM,Baud,(Peeprom,$0F,"O") 
PAUSE 15 

' Read tens character of voltage on tine 1 

' Check to see If tens Is greater than " I " 
' Check to see If tens Is a zero 

' If tens Is greater than "I " then force display 
' to ' 10.0'. The •.•Is not adjusted 

' If tens Is •o• the read ones character 

' Check to see If ones Is less than "3" 
' If so then force display to "03.0" 

' Test voltage on Une 2 as Une one was tested 

SEROUT FM,Baud,(Peeprom,$03," ") ' Replace either">" with a " "(space) 
PAUSE 15 
SEROUT FM,Baud,(Peeprom,$08," "] 
PAUSE 15 
GOSUB DisplayLCD 
RETURN ..............................................................•.....••••..•.....•...... 

UpdateSupply routine uses the Analog I and Analog2 values to approximate the 
' appropriate digital potentiometer settings. Once the potentiometer Is adjusted a For 
' Next loop Is used to trim the output voltages. If the desired A/D measurement 
' stored In the Analog register matches the actual A/D reading in the AD_ln 
' register the no adjustments to the digital pot are made. Otherwise the 
' potentiometer setting is Incremented or decremented to trim the voltage until 
' the A/D reading is in line with the desired value. 
'Trimming Is attempted 10 times, with 50ms allotted for settling time between 
' adjustments. I found that this system lacked resolution at voltages above about 
' 8.5V. For this reason if the digital pot setting Is less than 20 I settie for 
' a an A/D match within 2 bits of the desired value (± 160mV). If, after trimming 
' Is attempted, the desired A/D value Is not reached then the program jumps to 
' an out of regulation section. This portlon of the code updates the display 

The 

' to the actual voltage output, and lights the "out of regulation" LED to 
: Inform the user that the output voltage has been adjusted. 

UpdateSupply: 

TrimVI : 

NoMJnVI: 

lncDSpots I : 

DoneVI : 

NoMinV2: 

lncDSpots2: 

DoneV2: 

LOW LED_control 
DSpotsl • (2376/(Analogt • 28)) -14 
DSpots2 - (2304/(Analog2 • 28)) -14 ' 
GOSUB SetPotValue 

' Equatlon to estlmate the desired pot setting(Vl) 
Equatlon to estimate the desired pot seWng(V2) 

' Update pot settings 

For Index - I to 10 'Trim voltage 10 times 
GOSUB ReadAnalogs 

NEXT 

If Al)_inl •Analog! then DoneVI ' If on first 7 trims then adj. by ts 
If Index < 8 then NoMinVI 
If DSpotsl > 20 then NoMinVI 'If pot setting> 20 then adj. by ts 
If AD_inl - (Analogt+2) then DoneVI ' Otherwise accept +/- 2 bits as 'accurate 
If AD_lnl • (Analogt-2) then DoneVI 

If AD _in I > Analog I then lncDSpots I ' Reduce output voltage 
DSpotsl • DSpotsl • I 
GOTO DoneVI 

DSpots I • DSpots I + I ' Increase output voltage 

If AD_ln2 - Analog2 then DoneV2 'V2 follows same adjustment rules as Vt 
If Index < 8 then NoMinV2 
If DSpots2 > 20 then NoMinV2 
If AD_ln2 - (Analog2+2) then DoneV2 
If AD_ln2 - (Analog2-2) then DoneV2 

If AD_ln2 > Analog2 then lncDSpots2 
DSpots2 • DSpots2 - I 
GOTO DoneV2 

DSpots2 • DSpots2 + I 

GOSUB 
Pause 

SetPotValue 
50 

' Update pot settings after trimming 
' Allow 50ms for voltages to settie 
'Trim up to 10 times 

GOSUB ReadAnalogs ' Read in analog voltages 
If AD_inl = Analog! then Test0utOfReg2 
Worldng = Analog!. AD_lnt 
If Working < 3 then Test0utOfReg2 
Working • - Working 
If Working < 3 then TestOutOfReg2 
GOTO OutOfReg I 

' And the differences between desired 
' and actual A/D readings 
' If < 3 then all OK 
' If> 3 see If AD_ln was> Analog by complimenting 
' If compliment < 3 then all OK 
' Not OK so out of regulation 

Test0ut01Reg2: 

Done00R2: 

OutOfRegt : 

If AD_ln2 - Analog2 then DoneOOR2 
Working = Analog2 • AD_ln2 
If Working < 2 then Done00R2 
Working - - Working 
If Working < 2 then DoneOOR2 
Goro OutOfReg2 

GOSUB DlsplayLCD 
RETURN 

HIGH LED_control 
If AD_lnl < 129 then NoChangeAD_lnt 
AD_lnl • 128 

NoChangeAD_inl : 

SklpSubt : 

~klpSub2: 

Out01Reg2: 

Working - (AD_lnt • 200) / 256 
B_t • (Working/ 100) + 48 
SEROUT FM,Baud,(Peeprom,$04,B_ t) 
PAUSE 15 
B_2 • (Working / I 0) 
If B_2 < 10 then SklpSubl 
B_2 • B_2 • 10 

B2 • B2+48 
SEROUf FM,Baud,(Peeprom,$05,8_2) 
PAUSE 15 
If Working < 100 then SklpSub2 
Working =Working • 100 

B_3 • (Working · ((Working/ 10)*10)) + 48 
SEROUT FM,Baud,(Peeprom,$07 ,B_3) 
PAUSE 15 
Goro TestOutOfReg2 

If AD_ln2 < 129 then NoChangeAD_ln2 
AD_ln2 • 128 

NoChangeAD_ln2: 

SkipSub3: 

SklpSub4: 

Working - (AD_ln2 • 200) I 256 
B_t = (Working/ 100) + 48 
SEROUT FM,Baud,(Peeprom,$0C,B_l) 
PAUSE 15 
B_2 - (Worl<lng / 10) 
If B_2 < 10 then SklpSub3 
B_2 • B_2 • 10 

B2 • B2 + 48 
SEROUf FM,Baud,(Peeprom,$0D,B_2) 
PAUSE 15 
If Working < 100 then SklpSub4 
Worlclng • Working - 100 

B_3 • (Working - ((Worklng/10)*10)) + 48 
SEROUT FM,Baud,(Peeprom,$0F,B_3) 
PAUSE 15 
aoro DoneOOR2 

' Test analog and AD_in 2 for settings 

' Update display values 

' Light out of range LED 
'Make sure A/D Is under IOV 

' Translate actual A/D value to ASCII 
' Calculate ASCII hundreds digit from AD meas. 
' Program MEMKey EEPROM with new value 

' Calculate ASCII tens digit from AD meas. 

' Program MEMKey EEPROM with new value 

' Calculate ASCII ones digit from AD meas. 
' Program MEMKey EEPROM with new value 

' Update V2 as Vt was updated 

...................................................................................... 
: The SetPotValue shifts the pots settings out to the DS1267-0IO. 

SetPotValue: 
HIGH cs_pot 
PULSOUTClk,10 
SHIFTOUT Dat,Clk,msbllrst,(DSpots\16) 
LOWCS_Pot 
PAUSE 10 
RETURN . ...................................................................................... 

: The ~eadAnal°.?s routine reads In the actual output voltages from the ADC0831 8 bit A/Ds. 

ReadAnalogs: 
LOW CS ad! 
SHIFTIN-Dat,Clk,2,(AD_ln I \9) 
HIGH CS_adt 

LOWCS_ad2 
SHIFTIN Dat,Clk,2,(AD_ln2\9) 
HIGH CS_ad2 
RETURN ...................................................................................... 

END: 



he RS-232 interface is one of the most 
common ways of getting information 
into and out of a computer. Although 
originally intended for connecting a 
modem to a computer, t e interface 
has been widely used for connecting 
devices such as test equipment, weath­
er stations, PROM programmers, and 

signal digitizers. Sadly, many of these devices dis­
obey the RS-232 standard, and that causes 
headaches and hung computers. 
Misunderstandings about the RS-232 interface 
have buried us in a profusion of swapped pins, 
gender changers, breakout boxes, and hydra­
headed cables. 

RS-232 is a well thought out standard for 
interfacing computers (or terminals) to modems. 
Remembering that RS-232 is about connecting 
computers to modems is the first step in under­
standing RS-232 . RS-232 was never intended to 
directly connect a computer to another com­
puter. RS-232 connects a computer to a 
modem. 

Unfortunately, many of today's RS-232 appli­
cations do the unintended. We connect comput­
er-to-computer, computer-to-terminal, computer- -
to-printer, and computer-to-digital voltmeter using 
RS-232 interfaces - all without apparent 
modems. RS-232 did not intend these applica-

RS-232 was never intended to 
directly connect a computer to 
another computer. RS-232 con­
nects a computer to a modem. 

• 

The modems may be disguised as swapped pins, 
or a voltmeter may masquerade as a modem. 
Before delving into the details of RS-232, let's 
show what an RS-232 user should see in an ideal 
world. 

The Rational RS-232 World 

ny RS-232 products are irrational. My local 
omputer store ha5'an aisle full of RS-232 
ccessories. There are cables of different 

lengths, different connector combinations, and 
different wiring. There are gender changers, null 
modems, and break out boxes. Surprisingly, most 
of these products are incompatible with RS-232. 
Although the store sells five different models of 
null modems, each model violates the RS-232 
specifications. If everybody followed the rules, the 
world would be much simpler. 

The connectivity requirements of RS-232 are 
summarized in three rules, but first we must get 
two definitions out of the way. The standard 
refers to computers and terminals as Data 
Terminal Equipment (DTE), and it refers to 
modems as Data Communications Equipment 
(DCE). Here are the connectivity rules. 

Rule 0. RS-232 connects Computers and 
Terminals (DTE) with Modems (DCE). 

Rule 1. Computers and Terminals (DTE) must 
present male connectors. 

Rule 2. Modems (DCE) must present female 
connectors. 

For a practical introduction to these rules, 
look at the back of your computer, and yo 
should see a male RS-232 connector. Figure 1 

tions, and it is not surQrising that confusion shows the back of my computer with its RS-232 
reigns. ,..... connectors. If you have an external modem, then 

The secret to under&t-aAding RS-'232 is recpg-.......,• - 1- should have a female connector. 
nizing the phantom modems, becau~e'the These rules must be followed all the time. If 
modems have to be there for RS-232 to work. you see a male RS-232 connector, then it better 

by Gerald Roylance 

be a DTE interface. If t he connector is female, 
then it better be a DCE interface. The rules still 
apply after you connect a cable. If you plug an 
ordinary cable into the male DTE connector on 
your computer, then the free end of t hat cable 
should stil l present a male (DTE) connector. RS-
232 demands that the sex of the connector indi­
cate its use. Figure 2 shows how RS-232 inter­
faces connect two computers. When you look at 
the figure, pay attention to the sex of the connec­
tors. 

These three rules show that many computer 
store products violate the RS-232 standard . 
Gender changers, for example, violate Rule 1 or 
Rule 2. Consider plugging a female-female gender 
changer into a DTE connector. The free end of 
the gender changer presents a female connector, 
but the internal wiring didn't change (it is still 
DTE), and that violates Rule 1. Similarly, using a 
male-male gender changer on a DCE interface vio­
lates Rule 2. Any cable whose pins are connected 
straight through and has the same sex connector 
on each end is just an extra-long gender changer, 
so such a cable also violates RS-232. 

A null modem simulates the back-to-back con­
nection of two modems (it should be called a null 
dual modem). Figure 2 shows how a null modem 
fits into the RS-232 framework. Both sides of the 
null modem are DCE,_ so a null modem (or null 
modem cable} must pr-esent two female connec­
tors . A null modem with a male connector vio­
lates Rule 2. but my computer ,:;tore sells several. 

What should the c;;omputer store sell? If all 
eqt1ipment followed the RS-232 standard, then 
the only acEessories o"'y need are: 

1. Null modems with female connectors on 
each end ant! the proper wiring (see null modem 
sidebar) . 

2. Various RS-232 cables with a male connec­
tor on one end and a female connector on the 
other end. The wiring should be straight through 
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million stripped wires, using the 
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The stripper has won a -
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walls of the building, and I want the walls to look 
like DCE. 

In a perfect world, you would never use a 
gender changer. But the world is imperfect, and I 
use gender changers to fix RS-232 design errors. 
When an ignorant manufacturer uses the wrong 
sex connector, I use a gender changer to fix the 
device - and I'm tempted to epoxy the gender 
changer in place. 

If you follow the rules, then your RS-232 con­
nections should be painless. Now let's look at the 
details of the standard. 

'

he standard includes a set. of signals, which is 
des&iaed next Afterthat de ription, we 
shoWhow a typical interface operates. 

RS-232 Signals 
Table 1 lists the RS-232 signals and pin 

assignments. Although there are many defined 
signals, only three pins (SG, TXD, and RXD) actu­
ally send data back and forth. Devices that use 
only these three pins should be called serial inter­
faces. An RS-232 interface requires the first seven 
signals in the table, and a practical RS-232 inter­
face should include DTR and DCD. Many inter­
faces also include RI, and the other signals are 
rare. 

There are four interface signal classes: 
grounds, data signals, control signals, and clock 
signals. Each signal has a standard signal designa­
tion (e.g., BA), a description (e.g., transmitted 
data), and a common signal designation based 

(i .e., no twists or "null modem" cables) and 
should include pins 1-8, 20, and 22. These cables 
are RS-232 extension cords. 

These accessories guarantee correctly con­
necting RS-232 devices. You can use an extension 
cord to connect a computer and a modem, but 
you cannot connect a computer to a computer 

plug the devices together with the approved 
accessories, then the connection must be right. 
Unfortunately, this utopia is destroyed when 
someone introduces a gender changer or some 
other incompatible product. 

on the description (e.g ., TXD). The CCITT uses 
numbers for its standard designation (e.g., EIA's 
BA is CCITT's 103), and some of those numbers 
are given. The RS-232 standard specifies a 25-pin 
connector, but it did not assign all the pin num­
bers. The IBM PC adopted a nine-pin connector, 
and its pin assignments are also in the table. 

Sjqna! Leye!s 
The RS-232 standard uses bipolar signal lev­

els. The signal characteristics are loose, but the 
pin volta!]e should be 5 to 25 volts for a positive 
voltage level and -5 to -25 volts fo~ a Regative 
voltage. These voltag vels are interpreted dif­
ferently for data signals and control signals. 

(or a modem to a modem) because the connec­
tors won't mate. When you try to connect a com­
puter to a computer with an extension cord, you 
run into the problem of trying to plug a male con­
nector into another male connector. This mis­
match tells you to use a null modem. If you can 

Although a null modem cable with female 
connectors on both ends obeys the RS-232 rules, 
you don't need such a cable because it is just an 
extension cord with a null modem plugged into 
one end. Extension cords are more useful than 
null modem cables, so I always buy the extension 
cords. It's also easier to think about cables being 
wired straight through . The only time I use null 
modem cables is when the wiring runs in the 

For data signals, the negative voltage repre­
sents a binary 1 (also called a mark or a marking 
level), and the positive voltage represents a binary 
0 (also called a space). An idle line (no data being 

•miniature interchangeable modules, from 1.7" by 2.s· small 
• versatile connector opllons, indudil"Q 'DIP-style' spacing, for 
use with solder1ess breadboarO- great for educational use! 
• all modules have reset circutt, pushbutton, & Load/Run switch 
• RS-232 interface & 5V regulator are standard on all modules 
• all 110 signals brought out to standardized connector pinOut 

68HC11 Starter Package comes with AdGptU module for solderless 
breadboard, 68HC811EZ rnicroc:ontroller with ZK EEPROM on-chip. PC 
serial cable for downloading code, Motorola Programming Reference 
Guide, Adaptll Handbook, pro~amming & downloading utilities. & demo 
program. (#AD11SP)$74.95+ $5s&H. Students: ask for 15'X.diseount. 

EXPANSION ACCESSORIES: 
• Backplanes, prototyping 
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and memory expansion 

Plug PLCCs, 0-sub connectors, 
ribbon cables, and 1mm flex 
cables right into your Solderless 
Breadboard with our complete 
range of low-cost adapters! 
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AOAPT-8120X 

• 68HC812A4 expanded sec 
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• 128Kor512KSRAM 
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Starter Packages: 
AD8120X128-SP $189 
AD812DX512.SP $229 
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transferred) is held in the marking 
state (binary 1 ). 

For control signals, a positive 
voltage represents ON, and a nega­
tive voltage represents OFF. The 
standard further requi es that RTS, 
DTR, and DSR be fail-safe signals. 
These signals are interpreted as OFF 
even when half of the interface is 
powered down. This requirement 
has several benefits, such as turning 
off your computer turns DTR,.OFF, 
which tells your modem to hang up 
the phone, which saves long dis­
tance charges. 

Groynds 
Circuit AA. Protective Ground 

(FG). This circuit is the chassis 
ground (the green lead on the 
power supply connector) . 

Circuit AB. Signal Ground (SG). 
All the data and control lines share 
the signal ground wire. 

J2ala 
Circuit BA. Transmitted Data 

(TXD). The DTE should supply data 
only when CTS is ON . 

Circuit BB. Received Data 
(RXD) . 

Control 

Write In 31 on Reader Service Card. 

modern multi-speed modems use the AT com­
mand set. 

MORE 
Low-Priced 
Hems In Our 

Circuit CA. Request To Send (RTS). The DTE 
asserts RTS when it has something to transmit. 
When the DCE receives RTS, it should turn on its 
transmitter or modulator. In half-duplex opera­
tion, this signal determines whether the DCE is 
receiving or transmitting. In receive-only applica­
tions, RTS must be held OFF. 

Q2W 
The clo 

e 
chronous, and early synchronous modems need­
ed these clock signals. Most computer interfaces 
did not have these clock signals, so modem man­
ufacturers got rid of the clock signal requirement 
by putting synchronous to asynchronous convert­
ers in their modems. Today RS-232 is almost syn­
onymous with asynchronous signalling. 

The clocks are 50% duty cycle. The falling 
edge of circuit DA marks the center of the data 
on BA (TXD). The rising edge of circuit DB coin­
cides with changing data on circuit BA. The 
falling edge of DD is the enter of the data on 
BB (RXD). . 

Typical Control Sequence 
The DTE and DCE control signals perform a 

handshaking--protocol. At eaeH step, both sides 
must understand what can happen next, and the 
control lines provide that introduction. Here is a 
typical sequence, but many other variations are 

Circuit CB. Clear To Send (CTS). The DCE 
responds to RTS by asserting CTS when the com­
munications channel is ready to transmit. When 
RTS goes OFF, CTS must also go 
OFF. 

Circuit CC. Data Set Ready 
(DSR). DSR says the DCE is ready to Miniature Transmitters and Receivers 
operate. The signal is OFF when the 
data set is disabled or impaired. If 
the telephone is on hook, then DSR 
is OFF. DSR describes the local sta­
tus of the DCE and does not imply 
connection to another modem. 

Circuit CD. Data Terminal 
Ready (DTR). DTR ON tells the DCE 
to connect to the communications 
channel (go off hook). DTR OFF 
means disconnect the DCE from the 
communications channel (go on 
hook) . 

Circuit CE. Ring Indicator (RI) . 
RI ON says the phone is ringing, 
and RI is asserted even if DTR is 
OFF. 

Circuit CF. Data Carrier 
Detector (DCD) . DCD indicates 
reception of a data carrier. OFF indi­
cates the end of transmission or an 
error (e.g ., a weak carrier signal). 

Many control signals have been 
superseded by other methods. The 
speed controls, for example, worked 
fine for a two-speed modem, but 

1 .... $22.95 
5 ..... $19.95 ea 
10 .. $J 6.95 ea 
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• Schematics Available 
• Receiver Board Layout Available 
• Custom Design Consulting Available 
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RS-232 Telephone RS-232 

DTE --->· .:>----i DCE DCE ........ -<-<-- DTE 
Lines 

DTE >>>--- NULL MODEM ---..c:<< DTE 

I 
Figure 2. Diagrams of conventional RS-232 connections. 

25 Pin (9 Pin] Circuit Source Common 
it AA 101 FG 
7t 5 AB 102 SG 
2t 3 BA 103 DTE TXD 
3t 2 BB 104 DCE RXD 
4t 7 CA 105 DTE RTS 
st 8 CB 106 DCE CTS 
6t 6 cc 107 DCE DSR 
20 4 CD 108 DTE DTR 
22 9 CE 125 DCE RI 
8 1 CF 109 DCE DCD 

CG DCE 
23* CH DTE 
12* Cl DCE 
24 DA DTE 
15 DB DCE 

DC DTE 
17 DD DCE 
21* RL DTE RDL 
9* +P DCE 
10* -P DCE 
tRS-232 requires that this signal be present. 

Description 
Protective Ground 
Signal Ground 
Transmitted Data 
Received Data 
Request To Send 
Clear To Send 
Data Set Ready 
Data Terminal Ready 
Ring Indicator 
Data Carrier Detector 
Data Modulation Detector 
Speed Selector 
Speed Selector 
Trans. Signal Element Timing 
Trans. Signal Element Timing 
Rcvr. Signal Element Timing 
Rcvr. Signal Element Timing 
Remote Digital Loopback 
+ 12V through 1 K resistor 
-12V through 1 K resistor 

Table 1. 
RS-232 
Signals 

*These pin assignments are common, but are not specified in the standard. 
RS-232 calls for a 25-pin connector, but many PCs use a DB9 connector. 
RS-232 reserves pins 9 and 10 for DCE tests; they must be left open in DTE equipment. 

possible. 
The initial state is all control signals are off 

and both sides of the interface are asleep (i.e., 
not ready) . The DTE usually starts things off by 
asserting data terminal ready (DTR), which tells 
the DCE to wake up. When the DCE is ready, it 
asserts DSR. At th is point both sides are powered 
up and ready to exchange other control signals, 

but DSR doesn't imply contact w ith a remote 
modem. DTR and DSR will stay ON for the dura­
tion of the connection. When both sides are 
ready, then it is possible to transfer data. 

If the DCE side has some data to give the 
computer (DTE), it first asserts data carrier detect 
(DCD), and then it sends the data over the 
received data line (RXD) . A data carrier indicates a 

connection, and it is one reason that an answer­
ing modem spits out a carrier tone. 

When the DCE has transferred its data, it 
may drop DCD (half-duplex communications) or it 
may leave DCD asserted for the duration of the 
connection (full duplex). Most connections can 
transmit and receive simultaneously (full duplex), 
but some connections (e.g., packet radio) are 
half-duplex. 

If the DTE side has some data to send, it first 
asks the DCE for permission by asserting a 
request to send (RTS). The DCE grants permission 
by asserting clear to send (CTS), and then the 
DTE starts sending the data. In a half-duplex envi­
ronment, the DTE drops RTS when it has no more 
data to send. In a full duplex environment, the 
DTE will leave RTS asserted for the duration of 
the connection. When the DTE is finished with 
the connection, it will drop DTR, essentially telling 
the DCE side to hang up the connection . The DCE 
responds by dropping DSR, and the connection is 
back to its initial state. 

Implications for Hardware Designers 

If your hardware is a modem, then following 
the standard is pretty clear. An RF modem, for 
example, would turn the transmitter on when 

RTS is asserted. If your hardware isn't a modem, 
then following the standard isn't so obvious. You 
can make your equipment look like DTE or DCE. 
Although a DTE interface seems more appropriate 
if the hardware includes a microcomputer, a DTE 
interface requires a null modem to connect it to a 
computer. If the hardware will be directly con­
nected to a computer, the DCE interface is more 
convenient. 

Once you have decided on the type of inter­
face, then you must decide how to supply the RS-
232 control signals. Adding the control signals -
even if they are just tied high or jumped - makes 
your project more robust and reduces software 
problems. If you supply the control signals, then 

ATTENTION 
DEALERS/DISTRIBUTORS 

the computer won't hang because it 
doesn't see DSR or CTS. Furthermore, 
the computer can use the RS-232 
control lines to determine if the 
device is connected - no DSR means 
the device isn't there. After all, that's 
what the RS-232 signa1s were intend­
ed to do. 

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 87 4X, 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 Num ber f or 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 
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BUY DIRECT FROM Tl IE MANUFACTURER 
THESE AND OTHER VIDEO SECURITY PRODUCTS NOW 

AV AILABLEI!! (Dia ONLY) Mio;m,m °"'" 

Qty Qty Qty Qty 
CCDCameras 5 IO 20 so+ 
B&WBoard $57 $52 $47 Call! 
B& W Board/sound $62 $57 $52 Call! 
B&WMini $65 $60 $55 Call! 
Color-Mini $150 $142 $135 Call! 
'B&W CCDs use Sansome Chips. Color CCDs use Sony. 

1HTF.l1i mm m 
CCD Camera Hidden Inside a "Magnavox" Clock 

CCDClock 
B&WWired 
B& W Wireless 
Color Wired 
Color Wireless 

Qty Qty Qcy Qcy 
s 10 20 so+ 

$144 $129 $114 Call! 
$289 $264 $248 Call! 
$234 $218 $199 Call! 
$387 $362 $345 Call! 

Wireless use 2.4Ghz standard transmitters and receivers. 

Call ATN Today for the Best Prices and 
Q uality Security Products. 

American Technologies Network Corp. 1(800)910-2862 
20 S. Linden Ave. #IB 1(650)875-0130 
S. San Francisco, CA 94080 fax:l(650)875-0129 
www.atncorp.com sales@atncorp.com 

Write In 32 on Reader Service Card. 

If you make your hardware look 
like DTE, then you should supply two 
cont rol signals, DTR and RTS. At a 
minimum, power on should assert 
DTR (the device is asking for a con~ 
nection to the communications chan­
nel). If the device transmits data, 
then pull RTS high. If it doesn't trans­
mit data, pull RTS low. If you can, 
obey the CTS signal from the DCE. 

If your hardware looks like DCE, 
then YOl.l; must supply DSR, DCD, and 
CTS. Either j mper D · tQ DTR or 
have power o pull D R high (bet­
ter) . A ~lever lmpfem ntatton can 
power pown if DTR is OFF. If the 
device outputs data, them CD can 
follow DSR; if no data is output, then 
pull DCD low. If the device doesn't 
take input, pull CTS low; if the device 
takes input, then at least connect 
CTS to RTS. 



I favor the DCE wiring for devices that con­
nect directly to a computer (such as a scale or 
voltmeter) . Even quick and dirty projects can 
meet the RS-232 signaling convention with two 
jumpers. The first jumper connects DTR to DSR 
and DCD. The second jumper connects RTS to 
CTS. 

Programming h nterfa 

N
ot only must the hardware be correct, but the 
software must also work. From a program­
ming standpoint, you are much better off 

using standard library functions to talk to a serial 
port rather than programming the hardware 
directly. Library routines allow the programmer to 
set the baud rate, data format, and control lines 
without getting lost in details about specific 1/0 
registers. Sadly, the library calls vary widely 
among operating systems and programming lan­
guages. 

In general, the program should supply all the 
required RS-232 interface signals so an RS-232 
device will wake up and respond correctly. If the 
program fails to assert DTR, then an RS-232 
device may not wake up. If the program 
doesn't assert RTS, then the RS-232 device 
may ignore everything on TXD. The pro­
gram must supply these signals to avoid a 
catatonic connection. 

The program should also obey the DCE 
signals DSR, CTS, and DCD. These signals 
tell your program that a connection exists 
and prevent the hardware from being over­
whelmed with data. It's easy to make your 
hardware RS-232 compatible (only two 
jumpers), so all of your projects can follow 
this convention. 

When your program must talk to exist­
ing (non-RS-232) hardware, things get ugly. 
The best option is to use RS-232 control sig-
nals in your program and correct the hardware 
deficiency with an adapter that does the RS-232 
control handshake (see sidebar about adapters). 
That way, your program can recognize a discon­
nected device rather than just blasting bits. 
Alternatively, the program can ignore DSR, CTS, 
and DCD - but it should still assert DTR and RTS. 
The penalty for ignoring these cont rol lines is 
often more involved programming. 

Programming in Basic 
I looked for authoritative advice on program­

ming the serial port w ith Basic, but the only rele­
vant documents I fou~d were some knowledge 
base articles (Q39342, Q39386, and Q94007) on 
the Microsoft Developer Network. You can find 
these articles at http://msdn.microsoft.com. The 
information is sketchy. 

The open statement should look something 
like 

OPEN "COM 1: 1200,N,8, 1,BIN,CDO,CSO, 
DSO,OPO, RS,TB2048,RB2048" AS #1 

This statement opens the port COM 1 at 1200 
baud, no parity bit, eight data bits, and one stop 
bit. Other combinations of parity, data, and stop 
bits are possible, but make little sense because 
almost all links are (N,8, 1 ). Trying to guarantee 
the eighth bit is zero by specifying (N,7,2) is a 
poor practice (it sets the eighth bit at the other 
end!); what you want is (S,7,1), but you are bet-

pecial adapters make debugging and fixing troubled RS-232 
connections easier. 

RS-232 line Analyzer 
An RS-232 analyzer is the quickest way to see what is 

going on. Many years ago, these adapters were expensive, 
but today RadioShack sells its 276-1401 line analyzer for 
$15.00, and I bought the analyzer in Figure 3 for $8.00. 
The analyzer's two color LEDs display the line state: 
green for ON and red for OFF. If the signal is not driven, 
then neither color lights_ External modems often display 
this line status information, and some terminal pro­
grams do the same. 

The analyzer displays the crucial control signals, 
and it quickly uncovers problems with the control 
handshaking. A flickering TXD or RXD indicates Fig",. 
data transfer. If you are writing software, use an e 3. lls.23.z ·-=':"---::::~~ 
analyzer to confirm your code. itJct: line 4

11 
RS-232 violations are easy to spot, too. If a 'Cate s/g il'her. a 

device presents a female connector (DCE) but lights the TXD tta/ Va/ues.U<tJ.co10,. £r 
LED, then the interface is wrong. Of course, this task would be easier if • C'Os 
the LED layout in Figure 3 were better; the DTE-driven LEDs and the DCE<lriven 
LEDs should be in separate groups. The signals DTR, RTS, and TXD should be next to the 
female connector (bottom connector in photo), and the LEDs for DSR, CTS, RXD, and DCD should 
adjoin the male connector (top connector). 

Figure 6. Nine-Pin to 
25-Pin Adapters. 

COM port work with a loopback adapter, then something is seriously wrong. 

Loopback Modem 
A loopback 

adapter (Figure 4) 
quickly tests a COM 
port and instills confi­
dence in a program. 
The loopback adapter 
echoes every character 
sent It makes a term~ 
nal program behave as 
a typewriter, and 
some simple write and 
read statements will 
verify your program­
m ing ability. The loop­
back adapter manages 
all the modem control 
signals, and it is insen­
sitive to baud rate. If 
you cannot make a 

The loopback adapter is a DCE device, so it has a female connector. DTR returns DSR, and transmitted data is 
copied to received data. RTS asserts both CTS and DCD. 

Local Control Loooback Adaoter 
If you have a program that wants the control signals, but the hardware doesn't supply them, then you can use 

this adapter (Figure 5). It generates the DCE control signals locally but sends the data through. Asserting DTR 
responds with an immediate DSR and DCD. RTS produces a CTS so the transmit data doesn't hang. 

2 tQ Z.5. Q.in aQ.aQ.te.a. 
RS-232 specifies 25 pin connectors, but IBM PC clones use nine pin connectors to save space. To handle these 

t ransitions, you need two adapters: a male nine-pin to a female 25-pin, and a female nine-pin to a male 25-pin con-
nector (see Figure 6). 

f'agure S. Locaf Control 
Loopback Adapter. 

> ) 
FG 1 > FG 1 1 FG 

SG 7 > SG 7 > ) 7 SG 

TXD 2 > ) 2 TXD TXD 2 
~ RXD 3 

RX D 3 > ) 3 RX D ~ 

DTR 20 

~ 
) 20 DTR DTR 20 ~ DSR 6 

DSR 6 > 6 DSR 
DCD 8 > 8 DCD 

RTS 4 a ~ 
) 

CTS 5 
RTS 4 4 RTS 

DCD 8 
CTS 5 > 5 CTS 

Figure 4. Loopback Adapter. 
RI 9 > ) 9 RI 
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Null Modems 
Figure 8. Null modems. The modem on the left has the 
correct wiring but uses a male connector (notice the 

dimples on the metal shell of a male connector). 
The modem on the right has the correct connectors 

but the wrong wiring. 

Anull modem must not only have female connectors on both ends, but it must also properly interact with the DTE 
interfaces, and that determines the internal wiring of the null modem. Commercial null modems offer many 

different internal wirings, and most are flawed . Some null modems even have asymmetrical wiring, but that defies 
reason. 

FG 1 > ( 1 

SG 7 > < 7 

TXD 2 ~ x ~ 
2 

RXD 3 3 

DTR 20 ~ x ~ 20 
DSR 6 6 

RTS 4 

~ 'X' ~ 
4 

CTS 5 5 
DCD 8 8 

DA 24 

~ 'X' ~ 
24 

DB 15 15 
DD 17 17 

ter off with (N,8, 1) and keeping your application 
eight-bit clean. To test for parity errors, you must 
add a "PE" option after the number of stop bits, 
but very few applications use parity. The BIN para­
meter is the default, but it makes it clear that you 
don't want ASC. 

The CDm, CSm, DSm, and OPm parameters 
set the timeouts for DCD, CTS, DSR, and the 
open statement. The OP timeout is for QuickBasic 
versions 4 .00 and above, and an OP open will fail 
unless DSR and DCD assert within the timeout 
interval. (Note that transmit-only devices will 
never assert DCD.) The timeout values (m) are in 
milliseconds, and the value 0 disables the check. 
Consequently, "CDO,CSO,DSO,OPO" turns off 
checking for all DCE RS-232 control signals. The 
knowledge base articles do not specify what hap­
pens when the timeout value (m) is omitted. 

The open command will set DTR if the open 
succeeds. If the RS parameter is not specified, 
then RTS is also asserted on a successful open 
(assumes full duplex communications). If the RS 
parameter is specified, then RTS is not asserted 
when the serial port is opened. Presumably RTS is 
asserted whenever QuickBasic has data to send, 
but the knowledge base articles are not clear. 

The TB and RB commands set the size of the 
transmit and receive buffers, but these com-

96 JI/KE 1111/~ il"t'-t/4 ~ 

The reasonable wiring for a null modem is 

FG shown in Figure 7. The grounds are connected 

SG 
straight across, and the transmit and receive 
circuits are swapped. The control signals are 
more involved. Asserting DTR on one side 

TXD asserts DSR on the other. To make half-duplex 

RXD signals work, asserting RTS produces an imme-
diate CTS on the same side and issues DCD on 
the far side. The null modem can also distribute 

DTR the synchronous (but rarely used) clock signals 

DSR by connecting the DTE's transmitter element 
timing signal (DA) to DB and DD. 

My computer store does not sell a good 
RTS null modem. Figure 8 shows a null modem 

CTS with the proper internal wiring, but the 

DCD 
adapter has male (DTE) connector that violates 
the RS-232 specification. Figure 8 also shows a 

null modem with 

DA two female con-

DB 
nectars, but it has 
the wrong wiring. 

DD The wiring is called "Full Handshake," but it 
misinterprets the RTS control signal. 

mands are needed only for high-speed communi­
cations. 

Microsoft describes the above OPEN state­
ment as tolerant because it ignores handshaking . 
Your code will be better if you use non-zero time­
outs for the control signals and check for errors. 

To compound the problem of debugging RS-
232 code, Microsoft has confirmed bugs in sever­
al versions of Basic for MS-DOS (Visual Basic 1.0, 
PDS 7 .1, and QuickBasic 4.5). The bugs cause 
programs to hang unexpectedly - even after 
working for several minutes or hours. Your code 
might be right but still not work. See 094007 for 
details. 

Programming in C/C++ 
Programming the serial port in C under UNIX 

and Microsoft Windows offers some challenges. 
UNIX has a sensible programming interface, but 
the port must be correctly configured to prevent 
your program and the login demon from fighting 
over the port. If only half the characters get 
through, then the login demon is grabbing the 
other half. 

The recommended way of programming the 
serial port under Windows depends on the ver­
sion of Windows. If you use OpenComm(), then 
after opening the port you should call 

FlushComm() to clear the input and output 
queues, and then call GetCommError() to enable 
the hardware. There is a good chance that the 
hardware aw a framing, overrun, or some other 
fault, and was disabled. When the hardware is 
disabled, it doesn't Issue any me~sages to your 
driver looQ so your program won't see any serial 
port activity. Procedures such as OpenComm(), 
SetCommState(), and SetCommMask() don't 
return errors if the port is disabled; your program 
must issue a GetCommError() at initialization. 

More Complications - Flow Control 

Ideally, a modem can take data as fast as the 
computer can dish it out, and vice versa. This is 
not true in practice. Initially, computers trans­

ferred a character at a time, and it was possible 
that the computer might be distracted long 
enough to lose a character. These problems got 
worse as the data rate went higher and the inter­
rupt loads were heavier. FIFO buffers help, but 
they can never be deep enough. Modems are 
complicated, and the data rates on the RS-232 
side don't matCh the data rates on the communi­
cation channel. Without flow control, one side or 
the other will run out of buffer space. To avoid 
overflowing its buffers, the modem must tell the 
computer when to stop sending data and when 
to resume. There are two common methods. 

The first method uses control characters in 
the data stream. The common characters are 
Control-S and Control-Q. When the transmitter is 
running out of buffer space, it sends a Control-$ 
to shut the computer up. When enough buffer 
space is free, a Control-Q tells the computer to 
resume. Although this method is popular, it has 
drawbacks. The main problem is Control-$ and 
Control-Q are in-band characters (they could be 
part of a binary data stream). If data is being 
transmitted both directions at the same time, we 
must quote data characters that would be inter­
preted as flow control characters. Some applica­
tions, such as fax modems, can skirt this problem 
because binary data flows only one way at a 
time. Consequently, one direction is used for bina­
ry data, and the reverse direction is used for 
Control-$ and Control-Q. 

The second method is hardware flow control. 
This method uses out-of-band signaling, so binary 
data can flow both ways at the same time. 
Unfortunately, hardware flow control bends the 
RS-232 rules. A modem can tell the computer to 
stop sending characters by making CTS go away. 
Notice that CTS may go away in the middle of 
transmitting a character; something that RS-232 
didn't expect. In fact, several more characters 
may get transmitted (e.g ., the rest of the FIFO) 
before transmission stops. The receiving end must 
issue the flow control command well before it 
actually runs out of buffer (the same is true for 
software flow control) . DSR can also be used for 
hardware flow control, but CTS is better. 

Hardware flow control for data going to the 
DTE is a harder problem because RS-232 does not 
have a "Clear To Receive" signal. One method is 
to toggle DTR, but then the modem must realize 
that DTR OFF does not mean hang up the phone. 
Fortunately, a computer can use large buffers and 
take data faster than a modem can supply it, so 
flow control in this direction is avoidable. If flow 
control is required, software flow control (Control-
s and Control-Q) will work. \. 



S Systems announces the availability of 
a new, compact 8051 compatible 

embedded controller module. 
The Uni-Micro board features a combi­

nation of memory, digital, and analog 1/0 
that is perfect for instrumentation, monitor­
ing, and control applications. 

The Uni-Micro has 128 Kbytes of flash 
memory, 32 Kbytes of boot/ data flash, 256 
bytes RAM, a 2-Kbyte battery back-up 
scratchpad SRAM, 3,000 gates program­
mable logic, and 54 programmable 1/0 
pins. 

SUPER ANTENNA MODEL 2 

Godar Electronics introduces the Super Antenna Model 2, high 
definition TV antenna. 
It is the world 's first portable flat compact Yagi HDTV antenna. 
This Super Antenna is excellent for high-end FM applications 

(non-amplified noise free) reception. Broadband passive Yagi design 
for analog digital, VHF, UHF, FM stereo reception . 

Model 2 was designed for placement on home theater wall 
units, and big screen TVs. It's also excellent for tight crawl spaces 
and attics (height is only 1 "). Model 2 requires no mounting hard­
ware. 

The antenna is designed for apartment, condo tenants, and 
home owners where outdoor antenna installations are restricted. 

Super Antenna Model 2 retails for $69.95, available factory 
direct. 

For more information, contact: 

The Uni-Micro has 32 Kbytes of sepa­
rate flash for boot and data storage, 
arranged in four sectors of 8 Kbytes each. 
The onboard boot/data flash enables con­
current main flash erase/ write during pro­
gram execution. 

rupt controllers, shift registers, and others. 
The Uni-Micro sells for $59.99. 
For more information, contact: 

The Uni-Micro Module has 3,000 gates 
programmable logic with direct bus con­
nection between the microcontroller core 
and the logic fl ip-flops. This programmable 
logic is sufficient to implement complex 
peripheral functions including mail boxes, 
keypad scanners, timers, counters, inter-

OS SYSTEMS 

GODAR ELECTRONICS CO. 
339 N. GILBERT RD., DEPT. NV 

GILBERT, AZ 85234 
602-892-8207 

2600 BENTLEY RD., #1806, DEPT. NV 
MARlffiA, GA 30067 

770-955-6101 
E-MAIL: ottoseg@ossystems.net 

http:/ / www.ossystems.net/unimicro1.html 

atco, Inc. introduces the VGA-
801 PC monitor converter, an 

easy low-cost way of displaying 
B/W or standard NTSC/PAL color 
video directly on an existing VGA 
computer monitor. 

This stand-alone device has 
RCA inputs for the composite video 
input and plugs directly into any 
VGA/SVGA monitor. With 24-bit 
16. 7 million true colors processing, 
it triples the resolution of a standard 
TV in black and white mode, and 
doubles the resolution in color 
mode. An audio amplifier is provided with a flat 
frequency response from 100 Hz to 31 .5 KHz. 

The VGA-801 can be configured to auto­
matically switch from a VGA input if any external 
composite video signal is present. This is 
extremely useful , if you want to be aware of an 

W' x 2-W' x 3J.s". Customizations and private 
labeling are available. 

llison Technology Corporation announces the release of 
the Window's version of Spectrum, its software program 

capable of performing advanced spectral analysis on incom­
ing signals. 

Spectrum runs under both Window's 3.1 x 16 bit oper­
ating systems and under Window's 95/ 98 32 bit operating , 
systems. It captures real- time data from the ATC 0 -Scope II · 
module or from Pico Technology's ADC2xx virtual instru- ~ 
ments. 

Available modules offer frequency ranges of up to 50 
MHz bandwidth and converter resolutions from 8 to 16 bits. 

Spectrum for Windows sells for $49.00 and includes 
drivers for the 0 -Scope II and the Pico Technology ADC2xx 
products. 

The Spectrum software also includes Spectrum for DOS 
which comes with drivers for both the ATC 0 -Scope I and 0-
Scope I I. 

For more information, contact: 

ALLISON TECHNOLOGY CORP. 
2006 FINNEY VALLEY RD., DEPT. NV 

ROSENBERG, TX 77471 
1-800-980-9806 

281 -239-8500 FAX: 281-239-8006 
E-MAIL: atc@accesscomm.net 
WEB: http:/ / www.atcweb.com 

The VGA-801 monitor converter is priced at 
$69.00. 

I 
alarm condition. An S-Video input connector is 
also provided. 

Other features include its automatic NTSC 
and PAL conversion without the need of select-
ing the video source. Complete with five-volt reg­
ulated power supply. Overall dimensions are 4-

I niversal Radio announces its new 1999 
. Communications Catalog. Catalog #99-02 
• is 120 pages in 8-1 / 2 by 11 inch format. 

It covers equipment for the amateur, 
shortwave, and scanner enthusiast. 

An impressive selection of antennas, 
headphones, books, and accessories are also 
featured . 

Several new items are premiering in this 
cata log: Sony ICF-SW07 portable receiver; 
ICOM IC-R75 communications receiver; 
ICOM PCR-100 wideband computer receiver; 
AOR AR7000B wideband communications 
receiver; Japan Radio Co. NRD-301A commu­
nications receiver; Grundig YB-300PE 

For more information, contact: 

MATCO, INC. 
830 E. HIGGINS RD., #111 -P, DEPT. NV 

SCHAUMBURG, IL 60173 
1-800-719-9605 FAX: 847-619-0852 

E-MAIL: info@mat-co.com 
WEB: www.mat-co.com 

portable receiver; Kenwood TH -D7A 2M/440 
amateur handi-talkie ; ICOM T81A 
6M/ 2M/440/1.2 GHz amateur handi-talkie; 
plus many new antennas, accessories, and 
books. 

This is their biggest catalog ever and is 
avai lable free on request by fourth class mail 
or for $3.00 by priority mail. 

For more information, contact: 

UNIVERSAL RADIO, INC. 
6830 AMERICANA PKWY., DEPT. NV 
REYNOLDSBURG, OH 43068-4113 
614-866-4267 FAX: 61 4-866-2339 

1-800-431-3939 
E-MAIL: dx@universal-radio.com 
WEB: www.universal-radio.com 



Don't let th is price fool you. This meter is a digital 
multimeter designed for engineers and hobbyists. Equipped 
with 5 functions and 19 ranges. Each test position is 
quickly and easily selected with a simple tum of the 
FUNCTION/ RANGE selector rotary switch. Rubller 
Soot lndudedl 

7 1/2" Pro Modular 
Crimping Tool Kit 

Display: 3-112 Digit LCD, 21 mm Figure Height with 
Autommlc Polarity 

ge lndicadon: 3 least Significant DJ&Lts Blan 
ture for Guaranteed Accuracy: 23"C 

±5°C RH<75% 
emperature Ranges: 

O perating: 0°C to 40°C (32°F to 104°F) 
Storage: - I0°C to 50°C (14°Fto 122°F) 

Power: 9V Alkaline or Carbon-Zinc Battery 
(NEDA 1604) 

low Battery Indication: BAT on Left of LCD Displ 
Dimensions: I 88mm(l) x 87mm(W) x 33mm thick 

Includes: 
Heavy Duty 
Ratchet Crimp 
Tool 
5 Die Sets! 

True RMS OM 
• Full Sized, 4 I /2 Digit 
• Frequency Range to 

20 KHz 
• Capacitance Ranges from 

2000 pF to 20 uF 

Details on 
our Web 

Site 

WeSoldOver 14,000in 1998! 
This product can be used with any 3- 1/2 IDE 
hard drive up to I" high. It includes an electronic 
keylock for safe removal and insertion. Made of 
ABS 707 fireproof plastic. Use this product to 
protect sensitive hard drive data, take your hard H-1 OC-IDE 
drive between work and home or even set up different users with their own hard 
drives that they physically insert every time they use a PC. Other models available 
from C.S.I. include RH I 0 series and RH20 series, which are interchangeable within 
the same interface design (IDE or SCSI). 
Other Models are Available. See www.web-Ironies.com under "hard drive 
and accessories" for more details and pictures. 

Our Most Sophisticated DMM We Sold Over 700 Last Year! 
with RS-232 Interface & So rrware, 3-3/4 D igit, 4000 C ount, More Details 

Net Weight: 400g t All the S~cs From Our 

• hFe,Audible Continuity. 
20A max I OOOVDC/20A 
max & 700VAC max 

• Selectable Data Hold 
Function 

Auto-Ranging with A nalog Bargraph Audible Test on our 
• True RMS Mode • Continuity/Diode Test Web Site 

Auto-Temp Solder 
Station with 
Element 
With Ceramic 
Heating Element for 
More Accurate Temp 
Adjustment 
3 Conductor 
Grounded Powe 
Cord ..._,...,..,.,. r: ... sy to Navlgateh Engine 

~ d a 5e0rc 

• I OM Hz Frequency Counter • Logic Test 
• Time Mode with Alarm, Clock, and Stop Watch • Auto Power OFFf"Keep ON" Mode 
• Dual Display • Fused 20A Input with Warning 
• I 0 Location Memory Beeper 
• Min, Max.Avg and Relative Mode • Back Light 
• Decibel Measurement • Data Hold/Run Mode 
• Cap and Ind. Measurement • Safety Design UL 1244 & VDE·04 I I 
• Temperature Mode (C/F) Protective Holster 
• K Type Temperature Probe Silicon Test Leads 

Included 
• Pulse Signal for Logic & PROTEK 506 

25o•c.4ao· c 
(470°F-900°F) 
Fast Heating Feature 

• lnclu es 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 
33mmx33mmx I Bmm 

Pinhole lens 
with audio 

or More Info See www.web·tronics.co 

CCD B&W Board Cameras 
ASIC CCD Area Image Sens o r 
Extremely Low Power Consumption 
0.5 Lux Min Illumination 
Built-In Electronic Auto Iris for Auto 
L ight Compensation 
Detailed Specs on the Web 

VM1030PA 
Pinhole lens with audio, 
30mmx30mmx25mm, 

I 2V, 430 horz and 
vertTV lines 

59.00 $49. 
5 or more 

4mmx38.5mmx28mm 
with 6 infra-red LEDs, 
I 2V, 380 horz TV lines 

ON SALE 
$59.~y qty. 

Reg. $69.00 

VM1035A 

Bullet CCD Cameras 
B& W and Color VMBLT3025W 

• Smart Rugged Metal 
Housi ng 

Digital Color, Weatherproof 
20mm(D)x83mm(L) 

219.00 $]99.00 • Extrememly Low 
Power Consumption 

• 12 Volt 
• CCD Area Image Sensor 

for Long Camera L i fe 
• Built-In Electronic Auto Iris for Auto 

Li ght Compensa t ion 
• No Blooming, No Burning 
• 0.1 Min Lux Illumination (B&W), 1 Lux 

Min Lux Illumination (color) 

5 or more 

VMBLT1020A 
B&W with audio 

21 mm(D)x55mm(l) 

95 7 00 
5 or more 

Amazing Test Equipment Offers 
I OM Hz Pulse Generator 

<$> Protek 81010 
• Max. IOMHz Kate $269 
• Adjustable Delay Time & Pulse 

Width r----• .. • External Oscillator Input 
• Variable Output Level 

Control 
• Delay Function 
• Frequency Counter 

See the web site far details 

I OM Hz Sweep Function Generator 
• Sine, Triangle. Square. Ramp, Pulse Waveform B 

81 
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• Gate & Trigger Output -
•Burst Waveform Output <$> Protek $559 
• Sweep Function (Linear/Logarithmic) 
• VCG Input 
• GCV Function - · 
• AM Modulation 
• Variable Symmetry 
• Output Attenuator 
•DC Offset 
• Frequency Counter See the web site for details 

20 Amp Switching Power Supply W ith 
Overvoltage Protection and Variable DC Output 
Specificat ions $ 
Input Voltage: AC I I OV ± 15%, 
50Hz/60Hz 
Output Voltage: DC 9V - I SV 
variable 
Polarity: Negative ground 
Current (13.Sv): 25A peak. 20 
continuous 
Overvoltage Protection 
Cooling fan inside chassis 

See the web site for details #SPS-1020G 

2GHz Universal Counter 
• Frequency, Period Totalize Ratio U2000A 
• ~~:~~~~i~t~r <8>- Protek $ 3 1 9 
• 3 Channel Input (CH A. _ 

CH B. CH C) , .... ~~~ 
• Variable Trigger Level '=i 
• 8 Digit LED Display 
• 4 Step Gate Time 

Control 
• FI /I 0 Input Attenuator 
' SelfTest See the web site for details 

Digital Multimeter 
<$> Protek 9902A 

$189 • AODC Voltage. AODC 
Current. Resistance 
Measurement 

• 4 I /2 Digit Display 
• Over Range Indication 
• 7 Functions 
• Data Hold Function 

See the web site for details 

2MHz Sweep Function Generator 
• Sweep Function Width: I : I to I 000: I g 2 O 5 
• Sweep Rate: 0.5Hz to SOHz $ 

2 9 • Attenuation: -20dB <8> Protek 1 
• Frequency Range: 

0.02Hz to 2MHz in 7 
Ranges 

• Outputs: Sine, Triangle, 
Square Wave, Pulse, 
Ramp. Slewed Sine Wave 

• Sync Out TTL Square 

Wave See the web site for details 

2MHz Sweep Function Generator 
<$:> Protek 9205C 

• Sine.Triangle, Square, $ 7 9 
Pulse, Ramp, Slewed Sine 
Waveform 

• Sync. Output (TTL 
Square Waveform) 

• Sweep Function 
• VCG Input 
• DC Offset 
• Variable Symmetry 

See the web site ar details 

30mmx30mmx26mm 
Standard lens with 

audio, I 2V, 430 horz 
& vert TV lines 

Built-In Electronic Auto Iris 
for Auto Light Compensation 
Internal Synchronization 
12Volts 

$149.00 

$137.00 

$59.00 $49.00 
5 or m o re 

VM1036A 
32mmx32mmx25mm 
Standard lens with audio, 
I 2V, 430 horz & vert TV 
lines, reverse mirror 
image feature 

¥0.:.l"!oi.P_... $69. 00 $63. 00 

400 TV Lines 

VM3011·A 
45mmx40mmx24mm 

Standard lens 
with audio, 
single board 

$147.00 

139.00 
5 or more 

5 or more 

VM3010-A 
33mmx33mmx32mm 

1 Standard lens 
, with audio 

$144.00 

·. $129.00 
5 or more 

5 or more 
Detailed Specs on the Web 

<S> Protek Amazing Test Equipment Offers 
Series 6500 Deluxe 
20MHz/40MHz/60MHz/ I OOMHz 
Dual-Trace Oscilloscopes 
• Alternate Trigger 

Internal Sync Seperator Circuit 
Alt-Mag Sweep 

LATEST 
DESIGNS! 

Asia's currencies are 
devalued against U.S. dollars. 
Take advantage of GREAT 
prices while they last! 

Deloy Sweep (6510) 

hese deluxe HC Protek osci lloscopes provide the Part No. 6510 6506 6504 6502 
features and accuracy chat serious technicians and Bandwidth 100MHz 60MHz 40MHz 20MHz 
engineers need at prices well below what you may have Vert. Sensitivity 1mV/DIV 1mV/Div 1mV/Div 1mV/Div expected.These dual·trace ,duakhannel, scopes have Alt· 
Mag sweeps and provide simultaneous display of normal to 5V/Div to 5V/Div to 5V/Div to 5V/Div 
and magnified traces. An internal sync seperator circuit Max Sweep Rate 2nS/Div 0.1µS/Div 0 .1µS/Div 0.2µS/Div 
provides stable triggering of video signals. TV·H (TV line to 0.2S/Div to 0.2S/Div to 0.2S/Div to 0.5S/Div 
synchronizing feature) andTV·V (TV frame synchronizing Delay Sweep YES ALT-MAG ALT-MAG ALT-MAG 
frequency) are automatically switched by the Time/Div Vert. Mode Trig . YES YES YES YES 
front·panel control. The user can view parallax.free Cursor Readout NO NO NO NO waveform measurements on the large 6" rectangular CRT 

CRT Volts 12KV 10KV 10KV 2KV that includes an illuminated internal Bx I 0 Div graticule. 

or More Information See www.web-tronics.com 

PC Based Digital HOD Heat Sink & Fan 2GHz RF Field 
Storage Oscilloscope Heat Reduction System Strength Analyzer 

With Easy to Us • Frequency Range: I OOKHz to 
• Auto Setup So~ware e 2,060MHz 

Pre Trigger • Narrow Band FM (NFM), Wide 
Voltage Range: 50mV to 5V. 7 Band FM (WFM).AM and Single 
steps Side Band (SSB) Modulated Signals 
Time Range: 50ns/div to 0.5s/ May Be Measured 
div, 1-2-5 22 steps • PLL Tuning System for Precise 

Frequency Measurement and 
32KB, Memory Depth Tuning 

<$> Protek •LED Backlight LCD (192xl92 dots) 
• Built-In Frequency 

Counter 

#220 

See the web site 
for details 

The Ultimate Heat Reduction 
System for Hard Drives 
Huge Aluminum Heat Sink, Plus 
Two Cooling Fans 
Heat Terminator Mounts in A ny 
5.25" F.D.D. Bay 
For All 3.5 Drives up to I" High 
Hard Drive Heat Reduction up 
to 33% 

HEAT TERMINATOR 
$39. 00 $35. 00 

10 or more 

See the web site for details 

#3201 

• Hand·Held and Battery 
Operated 

• All Functions are Menu 
Selected 

• RS232C for PC Interface 
and Printer 

See the web 
site for details 

l._~l~CUIT SPECIALISTS, INC. 220 s. c~u~try Club Dr., Mesa, AZ 85210 8~52~14171480~6~2485/~AX: 48MU5.824 . 



BOTH SINGLE AND DUAL 
DRIVE MODELS AVAILABLE. 

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

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

MAKE CUSTOM DISCS WITH 
JUST THE MUSIC YOU LIKE. 

CD Dupe·tt! Stand Alone CD Duplicator 

••• MAIN MENU *** 111II11 • [)up licate CD 
CON>OH CD 

l.L Ut.iliti•s 

COPY CO WRITE CO UP 

COllPOltATI SYSTIMI CENTIR 

TOTALLY SELF CONTAINED, 
NO ADDITIONAL HARDWARE 

IS REQUIRED 

DOWN ENTER 

l 
BUSY WRITING 

• :=::i - -

CD·R 1 
4XWRITE 

- - ------------

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 compact 
discs quickly and economically. 
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 contai ned -
no additional hardware is required. 

BUY DIRECT: FROM $795! 
100 BLANK CDs $169! 

408 330·5524 
Just p lug in t he power cord 

and press "start"- it's that easy. 
You can even make your own 

custom music CD w ithout a PC! 
Insert your original CD's, select 
the tracks you want, and Dupe-It 
wi ll copy them to the internal ha rd 
drive. Then insert a blank CD, a nd 
you'll have a custom music CD 

with just the songs you want. 
With the included CD mastering 

software, Dupe-It will work over­
time as your personal CD design 
system. Just attach a SCSI cable 

to your PC or Mac, and you're 
ready to design a nd 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. 

CORPORATE SYmMS CENTER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.DU PEil COM 

Musicians-ask about our pro-audio CD recorders. Software publishers-ask about our high-vol ume multi-drive duplication systems. 
Dupe-It is sold and intended for backup and in-house design purposes only. Copyright laws must be observed. 
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And this ~r we've sweetened the deat. 
For $1'9 you'H receive some of Parallax's beat. 

For $159 you'll be equipped with the best BASIC Stamp 
products available. Last summer we .introduced the original 
BASIC Stamp Rev. D. with •Bag the BASICs., and this summer 
we've improved the package with the BASIC Stamp II, the 
new Board of Education, the Scott Edwards' •Programming 
and CustomiZing the BASIC Stamp•~. and a 2 x 16 Serial 
LCD module. This is the fmest set of BASIC Stamp hardware 
available for thoset tettin.g started. 

Programmfn.& a ~ BASIC Stamp Computer by 
Scott Edwards:lh.is USIC Stamp primer teaches you the 
essentials of PBASIC programming and basic electronics. 
The book presents ten complete projects, a CD-ROM con­
taining the Parallax BASIC Stamp Manual Version 1.9, soft-

to order cal 916. 
(or tol free 888 1024) 
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Please don't ask us to extend Bag the BASICs beyond 
July 31, 1999. It's only here as an incentive for your 
summertime projects. Paralax sales hcMrs: ~:Friday 
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NUTS & VOL TS MAGAZINE 
430 PRINCELAND COURT 
CORONA, CA 91719 

CHANGE SERVICE REQUESTED 

Write in 194 on Reader Service Card. 

BULK RATE 
U.S. PO~TAGE 
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