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

24GB Ultra SCSI DAT Tape Drives 
No Minimum Bids! 

Sun Workstations and File Servers 
No Minimum Bids! 

Cisco Routers and Hubs 
Bids Start at $50 

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

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

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

CORPORATE SYSTEMS CENTER 
3310 Woodward Avenue, Santa Clara, CA 95054 (408) 588-11 I 0 
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Adaptec /SA SCSI Cntlr. 

I 
+ AHA-1535/1535A - SCSl1 & SCSl2 conn. 

+ Speclalll • 11L52 with tmt.SCSI HDI 

+ New units, OEM pkg, 90-day warranty 

HSC#19397 $24.95! 

Cats Patch Cable 

Just under $.50 each by the case!! 
+ 'Foxconn' #CT88B1 2T88-A17 

+ Yellow, 12 ft. - 80 cables/case 

+ New, sold by case only 

HSC#19234 $39.95/case 

PCMCIA SCSI! 
+ EPSON PCMCIA interface card 

+ Epson/Adaptec APA-1460B 

+ Up to 2mB/sec. bus rate 

+ For DOS, Win3.1, 95/98 & NT 

+ OEM pack, w/DB-25 cable 

+ 90-day warranty 

HSC# 19160 49.50 

PCMCIA Ethernet! 
+ EPSON Type II PCMCIA card 

+ 10Base2, 10BaseT cables incl! 

+ For laptops/PCs wfT ype II slots 

+ For Windows 3. 1, 95/98 

+ No jumpers or switches - LED status lights 

+ New, boxed, disk, manual , 90-day warr. 

HSC# 19125 9.95 

SuperStack II Switch 

C::::I • 1 J 
+ 3Com SuperStack II Switch1 000 10BaseT 

+ 12 MDIX ports, full duplex support, 

+ Multi-forwarding , advanced security, 
Virtual LAN ... much more! 

+ New, no box - 90-day warranty 

HSC# 19284 $35.00! 

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

+ Dual PCMCIA Type 1/ 11 , or one Type Ill 

+ DOS/W3.1 driver diskette included 

+ Win95/98/NT ready 

+ New, w/interface, manual 
& cables 

HSC# 19410 $24.95 

A TIA TX Motherboard 
+ Model 'GA-6BA' Pentium2/3 

: ~~~-: ~~~~~;·l~t:~ :~~=~~~i:ff ii: , 
+ AGP, IDE, 2SIO, PIO ''· • 
• 4-PCI , 2-ISA slots & 4-DIMM ~; : 
• 
HSC# 19331 

9 1GB ULTRA SCSI 

+ Seagate ST19171 WC, 80-pin 

+ 7200RPM, 4.6mS av. latency 

+ Wide to std. SCSI adapters - $7.5011 

+ HSC 90-day warranty 

HSC# 18753 
$19.951 

Disk Drive Deals! 
4.3 GB SCSI 1/2 HEIGHT 

+ ST15150N hard drive 

+ 21 Hds, 11 Disks, 3,711 Cyl. 

+ 7,200 RPM, 9.0 mS avg. seek 

+ HSC 90-day warranty 

HSC# 18412 
$14.951 

4.0GB Laptop Drive 

+ Fuj itsu MHC2040AT, 33.3MB/s(UDMA) 

+ 0.49"H x 2.75"W x 3.94"D 

+ OEM pkg, 90-day warran ty 

+ HSC#1 8134 2.5" to std IDE conn. avail. 

HSC# 19256 
$55.00 

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

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

10-Base T card , ISA 
56K Modem/Hub 
HSC# 18942 $17.50 10/100 Ethernet Card HSC# 18943 $4.95 

HSC# 19334 $12.50 

4MB PCI Video Card 
HSC# 19332 $9.95! 

Tower, cabinet, 7-bay 
HSC# 80544 $42.50 

Color camera, digital 
HSC# 17503a $4.95! 

Batt charger, NiMH 
HSC# 19151 $17.50 

AN 'Firewire' card, 
HSC# 80613 $45.00 

SCSI scanner cntlr. 
HSC# 19221 $4.95 

Basic Clamp Meter 
HSC#AEEC2891 $45.00 

lnitio SCSI Cntlr, PCI 
HSC# 18218 $9.95 PCMCIA 10BaseT 

HSC# 19336 $12.50 

Adaptec SCSI , ISA 
HSC# 17995 $7.50 

2000W Variable Xformer 
HSC#AEEC2090 $95.00 

SOOW Variable Xformer 
HSC#AEEC590 $45.00 

- . 

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

Pixie2 Tranciever Kit 
HSC# pixie $9.95 

600 Watt Solder Pot 
HSC#AEEC60P $97.50 

AT Mid-Tower Cab. 
HSC# 19327 $14.95 

ATX, 145W Power Supply 
HSC# 18350 $9.95 

Bargain DMM 

Table Top Solder Pot 
HSC#AEEC1 OP $32.00 

Compact Power Supply 
HSC# 18415 $12.50 

Server Cabinet, ATX HSC#AEEC150 $14.95 5V,3.4A Power Supply 
ATX 200W Power Supply 
HSC# 18665 $14.95 

HSC# 80541 $149.95 HSC# 19312 $9.95 

Video Players! 
12VDC & 120VAC Built-In! 

+ Model No. VHS-1 OS player deck 

+ Std NTSC VHS format, frnt-pnl cntrls 

+ Perfect for on the road! 

+ Working pulls, HSC 90-day warranty 

HSC# 19048 I 

$19.95 

115VAC Unit 
+ Magnavox video player, working pulls 

+ Standard 'F' & RCA connectors 

+ Switch selected Ch . 3 or Ch. 4 output 

+ Working pulls, HSC 90-day warranty 

HSC# 19152 
$17.50 

Since 1963!... 

Computer Microscope 
+ Intel 'Play' "QX3+" with USB 

+ Built-in light source & backlight 

+ 1 OX, 60X & 200X lenses 

+ Capture single frame or 'movie' 

+ S/W stores/manipulate images 

+ New, retail boxed w/acc . 

HSC# 80623x $49.50 

Order Toll-Free: 

SCA to SCSI 1 Adptr 
+ Converts SCSl1 to SCA wide 

+ Standard 4-pin power conneclor 

+ Jumpers for LED, SYN, DLY, MTF, ID0-3 

+ Jumpers & config sheet incl. 

+ New, 90-day warranty 
Speclalll ... Juat $7.50 
with l.!JY SCSI Hard Drive • 

HSC#SCS3700 $12.50! 

Compact Keyboard! 
+ 88/89 enhanced key layout 

+ Finger glide mouse function -~ ·- ·, · · · .~ 

+ Space Saving design 

+ Only 8.5" x 11 .28"! a _::J 
+ Free PS/2 connector adapters! 

+ New, w/mouse driver diskette and 
manual 

HSC# 19328 $14.95! 

Call Recorder! 
+ Store thousands of calls on your hard drive 

+ Replay, sort, email, copy & transfer calls 

+ Software locates ca lls instantly 

+ Win 95, 98, 2000, ME, XP .. ~ 

+ Factory refurbished t llfll .# 
+ Easy install, 5 year warranly 

HSC# 19350 $49.50 

USB Network Adapter! 
+ Compacl - perfect for notebook PCs 

+ Dual-speed 10/100 RJ45 jack 

+ Plug 'n play with Win 98, 2000 

+ Powered by USB port 

+ Compatible w/LinkSys,other USB hubs 

+ New, w/cable, manual , 90-day warranty 

HSC# 19335 $19.95 

Win-based Terminal 
+ WYSE 'Winterm 2315SE' 

+ Virus-proof - high security 

+ Easy access to server apps. 

+ Up to 32 users/servers, tiny footprint 

+ VT220, VT100 and VT52 emulation 

+ Mouse, keyboard power supply included! 

HSC#19346 $89.50 

LCD Display Modules! 

+ 20 char. x 24 display 

+ 2.36"H x 3.86"W overall, 0.55" max. depth 

+ Data sheel @http:www.halted.com/ 
onlinelindex.htm 

+ New, 90-day warranty 

HSC# 19399 $12.95 
·-­

- -~ · 

+ 24 char. x 2 display with LED backlight 

+ Emerging Display Tech. # ED24200GL YU 

+ 1.406"H x 5.5625"W overall, 0.4375"0 

+ Data sheets: http://www.halted.com/ 
onlinelindex.htm 

+ New, OEM pack, 90-day warranty 

HSC# 19400 $9.95 

Silicon Valley's 1-800-4-HALTEo (442-5833) 
• or ... ONLINE, AT: www.halted.com 

Electronic Marketplace Terms: Some quantities limited; al l items are subject to 

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

prior sale. Minimum order: $10.00 plus shipping. 
Orders under $20.00 subject to $2.00 handling fee, in 
addition to shipping. All orders shipped by UPS Surface 
unless otherwise specified. $6.00 UPS charge added for 
COD. Visit our website for detai led information on 
domestic and international shipping methods. 

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

Sacramento 
Rohnert Park 1-707-585-7344 I ~ 
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ATOM 24 MODULE 

ONLY $59.95 

OEM ATOM 

ON L Y $59.95 

ATOM 40 MODULE 

ONLY $79.95 

ATOM 28 MODULE 

ONLY $64.95 

ATOM SUPER DEVE LOPM E NT BOARD 

ONLY $69.95 

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

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

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

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

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

Order your Explorer Robot Today ! 

AVA i LAB LE AUGUST 8TH 

EXPLORER ROBOT KIT 

ONLY $I 99.95 

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

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

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

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

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

Order your Basic Atom today ! 
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BASIC MICRO 
TECHNOLOGY AT WORK 

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

TO ORDER VISIT WWW.BASICMICRO.COM 

OR C ALL US AT I -800-869-5095 
(M-F 9 A M T O 6 PM EST ! 
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6 A NEW AND SIMPLE WAY TO 
MEASURE TEMPERATURE WITH 
YOUR COMPUTER 

49 UNDERSTANDING AND USING 
'NORTON' OP-AMP ICs -
PART l 

Nuts & Volts 
Build a serial port digital period 
thermometer for under $10.00. 
By Ray Green 

The operating theory and practical 
applications of the LM359 high­
performance dual Norton op-amp are 
explained, plus a few more LM3900 
applications are presented in this final 
installment. By Ray Marston 

VOLUME 23 • NO. 8 
AUGUST 2002 

10 PRODUCT REVIEW: 
LINE6 GUITARPORT 
If you're a "weekend warrior" musician 
looking for a practice or recording tool , 
then tune into this GuitarPort. 
By Edward B. Driscoll, Jr. 

ll A UNIVERSAL FET TESTER 
When you 're working with surplus FETs 
or FETs removed from previously used 
circuit boards , it 's a good idea to test them 
prior to re-use. 
By Peter Lehmann 

41 THE COMPORT TESTER 
You 've just finished building that new 
gizmo of yours, plugged it into the 
ComPort on your PC and POOF! Smoke 
starts billowing from the gizmo! If only 
there was a way to test that ComPort to 
make sure it was still working ... 
By Jon J . Varteresian 

47 KENWOOD'S FREETALK RADIOS 
MAKE STAYING IN TOUCH EASY 
Kenwood's series of FRS radios are well­
equipped to keep communication lines 
open, whether you're keeping track of 
where your kids are or helping someone 
manueuver a motorhome into a tight spot. 

60 BUILD THE COOK-OUT 
COMPANION 
Play your stereo system indoors while 
listening to the same music outdoors with 
this wireless system. 
By Anthony J. Caristi 

61 LEARNING RVK-BASIC - PART 8 
Answer the question of how to generate 
PWM from your AYR microcontroller and 
the generation and use of random 
numbers . By Bob Vun Kannon 

75 SEPTEMBER IS BACK-TO-SCHOOL 
TIME 
Get involved in helping to rewrite the 
Technician class Element 2 examination 
that will go into effect July 1, 2003. 
By Gordon West 
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A New and Simple Way to Measure 
Temperature With Your Computer 

Building a Serial Port Digital Period Thermometer 

By Ray Green 

Here is a new and simple way to measure temperature and print it on your screen. It does this 
by using your computer's serial port. The best part is that you can build it for under $10.00. 

F
or years , I've experimented with various methods of using my 
computer to control various parts of my home. Many of these 
methods involved expensive and complex A/ D and D/ A con­
verters, as well as "lookup" tables for converting a variable 

input to a digital interface. Throughout this time, I've been searching for 
a simple method to read temperature. One day while playing with a 555 
timer circuit, it occurred to me that if I used a thermistor to control the 
duty cycle and measure it, I could convert that measurement to tem­
perature. Sound like a dream? It was for me. Here are the results of my 
experiments. 

You can use it to measure outside temperature, attic temperature, 
water heater, refrigerator, freezer or to control your heating system. It is 
amazingly stable and accurate, and operates over the temperature 
range of 0 degrees F to 120 degrees and beyond. All the parts are avail­
able at your local RadioShack and the part numbers are included in the 
parts list. For the sake of this article , I'll call it a "digital period ther­
mometer" because temperature is read by measuring the period (length 
or duration) of a pulse. 

Almost any PC-compatible computer can be used . It works fine with 
an old DOS-type PC or a newer one operating in DOS under any 
Windows program. Old computers have become so prolific that many 
people are giving them away. For my experiments, I used an old 486 
computer. 

In order to read temperature, we'll use the program SerTemp.bas as 
listed later in this article. It may either be typed in or downloaded from 
the Nuts & Volts web site at www.nutsvolts.com. 

Now this is a most unusual way to use the serial port, since there is 
nothing serial about it at all and I'm simply using it as any other 
input/ output port on your computer. 

How It Works 

The circuit uses a 555 timer IC connected as a one-shot multivibra­
tor. It is operated from current stolen from the serial port so that no 
external power is required. A 10,000 ohm thermistor is connected to the 
IC in series with a 4 70 mH capacitor and the charge time is measured 

0 

13456789 

FIGURE I 

by the program. Typically, it takes nine seconds to charge the capacitor 
at 70 degrees Fahrenheit and about 21 seconds at 32 degrees. These 
long periods help achieve accurate results. The program uses a curve 

fitting formulae to convert the charge time to tempera­
ture and prints the value on your monitor. The wide tem­

FIGURE l perature range possible is illustrated by the fact that the 
thermistor has a resistance of 10,000 ohms at 70 
degrees, but increases to 27 ,280 ohms at 32 degrees 

33 Ohf"IS 
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Fahrenheit. 

The Serial Port Connections 

To use your serial port the easy way, mount an 
eight-position barrier strip - RadioShack part number 
274-670 - on a block of wood as shown in Figure 1. 
Connect the eight-termi nal strip through an eight-wire 
cable to a D-sub female connector. Use part number 
276-1538 for a nine-position connector. Number the ba r­
rier strip as shown in Figure 1. These are the same pin 
numbers as those on the computer's nine-pin serial port. 
Omit pin 2 because it can't be used here. All external 
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Bui l~ing a Serial Port Di_gital Period Thermometer _ 
devices will connect to this barrier strip. 

If you are using a 25-pin serial port connection, use a DB25 part 
number 276-1548. Use the pin connection numbers under 25 pins on 
the chart, but still label the barrier strip as if it were a nine-pin port as 
demonstrated. 

Serial Port Connector 

9 pin 25 pin 
Pin # 1 Input Pin #8 

#3 Output Pin #2 
#4 Output Pin #20 
#5 Ground Pin #7 
#6 Input Pin #6 
# 7 Output Pin #4 
#8 Input Pin #5 
#9 Input Pin #22 

The Base Addresses (like a street address) for serial port COM 1: is 
&H3F8 and is used for all program examples in this article. If you are 
using COM2: as your serial port, then simply use &H2F8 as your base 
address in the program's line 120. 

Construction 

My favorite method of building most small circuits is to use a multi­
purpose PC board with a five-lug tie point strip mounted at each end. 
This provides a platform to mount the parts on, as well as offering an 
easy way to connect to the circuit. I generally mount the parts on the PC 
board and run wires to the tie point eyelets. This leaves the actual tie 
point connections free for external wiring . 

This is a very simple circuit using only an IC, a diode, a resistor, and 
two capacitors, so almost any layout will work. Figure 3 shows the board 
as I constructed it. 

Making and Using the Temperature Probe 

The temperature probe is simply a long two-conductor cable with 
the thermistor connected to the end, as shown in Figure 4. Any light­
weight two-wire cable may be used. I found that 22- or 24-gauge strand­
ed speaker or alarm wire works well. The thermistor, of course, meas­
ures the temperature. If used outdoors, it will be exposed to all kinds of 
weather so it must be covered to keep it dry. After years of trying to 
make thermistor probes waterproof, I finally hit on a method that works 
great as follows : 

( 1) Cut a piece of 1 / 8-inch diameter heat-shrink tubing about 3-1 /2 
inches long. 

(2) Connect and solder the thermistor leads to one end of the two­
conductor cable. Make your connections as small as possible and wrap 
each connection and the exposed wires with a small piece of plastic 
electrical tape. The thermistor and its connections must be small 
enough to slide inside the heat-shrink tubing . 

(3) Use a house caulking gun and fill the tubing from one end with 
Dow Corning™ 100% Clear Silicone Sealant. You can also use clear 
bathtub caulk. 

( 4) Now slide the thermistor and its connections into the tube. The 
end of the thermistor should be about 3/ 4" from the filled end . Poke as 
much caulk back in as you can easily do. 

(5) Finally, use a heat gun or a stove burner and carefully shrink the 
tubing around the cable and the thermistor. Take your time so you do 
not overheat in one spot and burn the tube (maybe you should experi­
ment first) . As you heat the tubing and it shrinks, excess caulking will 
come out of both ends of the tube, but wipe it away and its no problem. 
Let the probe dry a day or two and you're done. 

The best way to mount the thermistor probe outdoors is to strap it 
to a thermometer. I like to leave at least 10 feet of wire outdoors so room 
heat is not conducted to the thermistor. This gives you a good check on 
its accuracy over various temperature ranges. Of course, you will want 

FIGURE 3 

to calibrate it initially before you put it outdoors. 

Running SerTemp.bas 

You will need a copy of either the programmer's file GWBASIC.EXE 
or QBASIC.EXE in your computer. Practically all 386 and 486 comput­
ers prior to Windows95 have one of these files in their DOS directory. If 
you are using Windows 95/ 98/ ME, copy either the file GWBASIC.EXE 
or QBASIC.EXE from the old PC and put it into your 
C: \WINDOWS\ COMMAND directory. You will also need a copy of my 
file SerTemp.bas. Either run one of the BASIC files above and type it 
from the listing in this article and SAVE it, or download it from 
www.nutsvolts .com. 

For GWBASIC, put your computer into DOS and load and run the 
program by typing GWBASIC SERTEMP<Enter>. As the program runs, 
it will display the temperature about every 10 seconds. To stop the pro­
gram, hold down the Control Key and press the Break Key. The program 
must be stopped before you can exit or print a listing . To list the pro­
gram, press Fl. To run the program again in GWBASIC, press F2 or 
type RUN <Enter>. Don't forget to SAVE any changes you've made. To 
do this, press Fl to get a listing , and move your cursor to the bottom of 
the page to a blank line on the screen. Then press the F4 key so the 
word SAVE" appears and type SERTEMP",a . (the total command will 
read SAVE"SERTEMP",a). To exit the program in GWBASIC and go 
back to DOS, type the word SYSTEM on a blank line. 

To run in QBASIC, put your computer into DOS and type QBA­
SIC/ RUN SERTEMP <Enter>. To stop the program, hold down the 
Control Key and press the Break Key. To run the program again in QBA­
SIC, click on RUN. To exit, click on file then Exit. Note you will get an 
error message when you run SerTemp, if you have not connected the 
circuit to your computer. 

FIGURE 4 
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Calibrating the Temperature Readings 

Due to the wide tolerance of the 4 70 mF charging capacitor, it is 
unlikely that your digital period thermometer will initially display the 
proper temperature . The easiest way to correct this is to simply increase 
or decrease the number 533 in line 240 (known as the constant) until it 
does so. Tie the probe to the thermometer so the probe and the ther­
mometer bulb are touching. Let the program run for several minutes 
until you have a stable reading on your computer. If the temperature dis­
played is higher than the actual temperature, reduce the constant by 
about the same amount (or vice-versa) . 

Example: The thermometer reads 73 degrees and the computer 
prints 75 degrees. Changing the constant to 531 should cause the com­
puter to print near the actual temperature of 73 degrees. The constant 
may also be a decimal number such as 548.3, etc. Because any unit 
built should exhibit a similar curve, your digital thermometer should also 
track over the whole temperature range. You may wish to check it at the 
cold end by putting the probe along with 10 feet of wire and a ther­
mometer into your freezer. 

The curve fitting equation in line 160 was calibrated by using a 
curve fitting program. I used 32 temperature vs. period readings over 
the range of 0 to 120 degrees Fahrenheit. I was able to achieve an accu­
racy of 1/ 4 degree over most of the range. 

The temperature is a function of the logarithm of the period : 

T = A+ (B * log(P)) + (C * log(P)2) 

The Program 

10 CLS : KEY OFF: REM "SERTEMP.BAS" 8/14/ 01 
20 PRINT "'SerTemp' measures temperature by measuring time to 

charge Capacitor" 
30 PRINT " in a 555 Timer using a 10 K ohm thermistor." 
40 REM Pin Numbers are (9 pin plug) connections are to the Serial Port. 

In this program, you'll learn how to: 
I r--; -Operate basic scope controls 

- set the trigger level 

t 
I 
r f 1 - read the graticule 

- take accurate measurements 
- analyze waveforms 

f-

• -·r 
.....:;..;.,.------~~---~-~i--J 

~w-+ Learn the; tt~darn..entTuis e>fti 
oscilloscope-operation expertly ! l 

resented by_a ~oJlege professor!:..+-; 

I .dt ! , ~-r , ' . . 
twv1 eqtape· · · ammg manuah 

. __ gets ydu e>n · f~9!i_vel~ ~-~~ -
--: a scoperfcJ1St.r 

' ~i-+ .I 

rl . .LI Includes certification eTim! 
I i 
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- select the correct probe 
. . . and much more! 

Introductory Price: $24.95 
+ $5.00 S/H (US) 

To order your vhs tape and 
training manual, send check 

or money order to: 
SYSPECINC . 
PO Box 2546 

Syracuse, NY 13220-2546 
1-877-SYSPEC1 
www.syspec.com 

Circl e #3 I on the Re ad e r Se rvice Card. 

50 REM Program starts by switching on +4 to + 11 Volts from Ser Out 
pin 4 

60 REM Wait 2 Sec for warm-up. 
70 REM Next Switches pin 3 'Lo' by using Command: OUT BAS + 3, 0 
80 REM Next Switches Pin 3 'Hi' again with Command: OUT BAS + 3, 

64 
90 REM This forms a trigger input pulse for the 555's input. 
100 REM The 555 ra ises pin 1 'Hi' until cap is charged, sending pin 

'Lo' 
110 REM When pin 1 goes 'LO' , charge time is converted to tempera­

ture 
120 BAS = &H3F8: REM COM 1: Base Address, Change to &H2F8 for 

COM2: 
130 X = 1: OUT BAS + 4, X + Y: REM Puts Vdc on pin #4 thru 1N914 for 

power 
140 Tl = TIMER: WHILE TIMER < Tl + 2: WEND: REM 2 Sec Timer 
150 LOCATE 4, 6: PRINT "Start time test" 
160 OUT BAS + 3, 0: TIM = TIMER: OUT BAS + 3, 64: REM Pin 3 
170 REM PRINT INP(BAS+6) AND 128 
180 WAIT BAS + 6, 128, 128: REM Wait till Pin 1 goes 'LO' 
190 REM PRINT INP(BAS+6) AND 128 
200 P = (TIMER - TIM) * 100 
210 LOCATE 4 , 6: PRINT "Test Over " 
220 X = 0: OUT BAS + 4 , X + Y: REM Turn Off pin 4 
230 LOCATE 8, 5: PRINT USING "Period = ###.## Seconds"; P / 100 
240 T = 533 - 88.6299 * LOG(P) + 3.0209 * LOG(P) /\ 2: REM 10 K 

Therm 
250 LOCATE 10, 7: PRINT USING "Temp = ###.#"; T 
260 REM IF T<70 THEN Y = 2 : LOCATE 12,6 : PRINT "Relay On " 
270 REM IF T>72 THEN Y = 0 : LOCATE 12,6 : PRINT "Relay Off" 
280 REM OUT BAS + 4, X+Y: REM turn pin 7 On or Off 
290 TI = TIMER: WHILE TIMER < TI + 2: WEND: REM 2 Sec Timer 
300 GOTO 120 

Note that the address in line 280 also contains a value for X which 
controls the output on pin 3, in line 130 in case it is also calling for out­
put. Thus the value for X+Y may be 0, 1, 2, or 3. 

Control Something Using Temperature or Time 

I used the relay circu it in Figure 5 in my Nov. 2001 article "Control 
Lights, a Burglar Alarm, and Other Circuits using the Computer's Serial 
Port." I've found it to be reliable and easy to build. It connects to the out­
put bit on pin 7 which is not used for the temperature measurement. 
Use it to control anything such as an attic fan, your heating system, or 
to sound a temperature freeze alarm. It may be operated with a battery 
using the #275-005 nine-volt relay or with a 12-volt DC adapter using the 
#275-248 12-volt relay. 

To use the relay with the program "SerTemp.bas," remove the first 
REM in lines 260, 270, and 280. This is an example of using the relay 
for heating control. Set your on and off temperature desired in lines 260 

The lndustroLogic Advantage! 
Complete control systems for the price of an SBC. 

Great products that can be used as RS-232 serial 
data acquisition boards or as standalone industrial 
controllers with on-board Tiny Machine BASIC! 

All include development software, programming 
examples, power supply, and RS-232 cable . 

RC51 $129 - 8 10 amp relays, 4 digital 1/0 

INdusTRO LoGic"' 

Easy to 
use screw 
terminal 

connections 

3201 Highgate St. Charles, MO 63301 USA 
(636) 723· 4000 (800) 435-1975 

www.industrologic.com 

TC51 $129 - 2 12 bit AID, 4 digital 
110, 4 10 amp relays , LCD support 

T51 family starting at $49 -
Relay, LCD, and LED plug-ins 

Circl e #32 on th e Re ad e r Se rvice Card. 
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Building a Serial Port Digital Period Thermometer 
-- - - - - - -

Parts List 
All of the parts below are shown with their part numbers as listed in the 
RadioShack catalog. 

1 - Multipurpose PC board #276-150 
2 - Five lug wire tie points #27 4-688 
1 - Eight-pin IC socket #276-1995 
1 - 555 Timer IC #276-1723 
1 - 1 OK ohm Thermistor #271-110 
1 - 470 mF, 35V Capacitor #272-1018 
1 - 100 mF, 35V Capacitor #272-1016 
1 - .1 mF, 50V Capacitor #272-1069 
1 - 33 ohm Resistor #271-1104 
1 - Heat Shrink Tubing #278-1610 
1 - Two-conductor speaker wire #278-1301 (24-gauge stranded) 
1 - Nine-pin female connector #276-1538 (solder D-sub type) 

Notes: The heat shrink tubing, speaker wire , and female connector are all 
optional if you already have something else to use. You will also need two 
4-40 x 1/ 4" bolts, nuts, and washers to secure the tie points to PC board. 

and 270. Connect the home thermostat contacts across the relay con­
tacts and set the thermostat to turn off above the temperature in line 
270 for fail safety. 

Of course, you can modify the above lines to control anything you 
desire. Another example for night light switching: 

260 Y = 0: IF TIME$> "19:30:00" AND TIME$< "23:30:00" THEN 
Y=2 

270 IF Y = 2 THEN LOCATE 11,6 : PRINT "Relay On " 
275 IF Y = 0 THEN LOCATE 11,6 : PRINT "Relay Off" 
280 OUT BAS + 4, X + Y : REM turn pin 7 On or Off 

Reading and Writing to the Serial Port 

I'm presenting this section to help you understand how to read and 
write to the serial port. The serial port as we are using it has four avail­
able inputs and three available outputs. 

Input Bit Connections 
Here's how to read each of the four inputs using the BASIC com-

mand !NP followed by the address as follows : 

For pin # 1 input: INl = -((INP(&H3FD) AND 128 = 128) 
For pin #6 input: IN6 = -((INP(&H3FD) AND 32 = 32) 
For pin #8 input: IN8 = -((INP(&H3FD) AND 16 = 16) 
For pin #9 input: IN9 = -((INP(&H3FD) AND 64 = 64) 
Pin # 5 is circuit ground. 

An input will read "O" when open and switch to "1" when an exter­
nal voltage over +5 volts is applied. Example: The command to PRINT 
IN9 will return a "O" on your screen when pin 9 is open, and a "l" with 
a +6 volts battery connected to ground. 

Output Bit Connectio ns 
In the "off" or "O" position , each output connection will measure 

about -11 volts between the output pin and ground. To switch any of the 
three output bits to "O," use the BASIC command OUT with the address 
followed by a zero: 

Pin #3 Output: OUT &H3FA, 0 
Pin #4 Output: OUT &H3FB, 0 
Pin #7 Output: OUT &H3FB, 0 
Pin #5 is circuit ground. 

(Base address + 3) 
(Base address+ 4) 
(Base address+ 4) 

In the "on" or "l" position , each output connection will measure 
about+ 11 volts between the output pin and ground. To switch any of the 
three output bits to "1," simply use BASIC command OUT as follows : 

For pin #3 Output: OUT &H3FA,64 (Base address + 3) 
For pin #4 Output: OUT &H3FB, 1 (Base address + 4) 
For pin #7 Output: OUT &H3FB,2 (Base address+ 4) 
To switch both pin #4 and pin # 7 to "1," use: OUT &H3FB,3 

Each output may be connected to a similar relay circuit as used on 
pin 7 in this article. 

The real reward for any author is hearing from his or her readers. 
Please let me know how you liked the article and if you have any 
questions. 

My email address is raygreen @ju no.com. NV 
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M icroprocess o r 

Subscribe today 
and get 

Nuts & Volts 
delivered to your 
door each month. 

Han ds -On Trai n ing 
The PRIMER Trainer is a flexible instructional 
tool featured in a Prentice Hall textbook and 
used by colleges and universities 
around the world. Ruggedly designed 
to resist wear, the PRIMER supports 
several different programming 
Languages including Assembler, 
Machine Language, C, BASIC, 
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Instruction Manual contains 
over 25 lessons with several 
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- Detect Light Levels with a Photocell 
- Control Motor Speed using Back EMF 
- Design a Waveform Generator 
- Measure Temperature 
- Program EPROMs 
- Bus Interface an 8255 PPI 
- Construct a Capacitance Meter 
- Interface and Control Stepper Motors 
- Design a DTMF Autodialer I Remote Controller 

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

Call 
1-800-783-4624 
or order online 

at 
www.nutsvolts.com 

Since 1985 
OVER 

16 ClilAC. inc. Micrlfinint 
.. ~ YEARS OF 

SINGLE BOARD 
SOLUTIONS 

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

Circle #33 on the Reader Service Card . 

www.m1aommt.com (800) 635-3355 
Circle #34 on the Reader Service Card. AUGUST 2002 9 



Simply said, the ultimate discount electronic parts site has arrived ... 

ELECTRON IX.COM 

~onix Corporation - 1 Herald Sq - Fairborn, Ohio 45324 (937) 878-1828 

10 AuousT 2002/Nuts & Volts Magazine Circle #71 on the Reader S ervice Card . 



Events, Advances, and News From the Electronics World by Jeff Eckert 

TechKnowledgy 1001 
Advanced 
Technologies 

Invasion of the 
Robotic Tunas 

Let's say you 're on vacation at 
an oceanfront resort, and you 

scurry down to the beach and 
throw yourself into the surf. 
Suddenly an eight-foot, 300-
pound yellow-fin tuna begins cir­
cling around you. The good news 
is that it is harmless. The bad 
news is that you won't be having it 
for dinner, because it is 

"Robotuna," a prototype from 
Draper Laboratory, Inc. 
(www.draper.com). 

The unit's proper name is 
Yortical Control Unmanned 

Underwater Vehicle (VCUUV). 
Named after the vorticity control 
flow control mechanisms 
employed by fish to propel and 
maneuver, the VCUUV mimics the 
form and kinematics of a real 
tuna. Several times more maneu­
verable than conventional 
unmanned devices, this type of 
propulsion is said to offer signifi­
cant advantage in tight quarters, 
and Draper env1s10ns entire 
schools of the fish for use in 
undersea exploration, recovering 
unexploded mines, laying cable, 
and other practical applications. 

According to Draper, across 
the broad spectrum of fish form 
and movement, tuna are most 

desirable as a vehicle platform, as 
they are st reamlined , relatively 
rigid in the forebody, and pro­
pelled with low-amplitude move­
ments in conjunction with a high­
performance hydrofoil (caudal 
fin). Most tuna swim continuously 
at one to two body lengths per 
second, but can burst to speeds in 
excess of 10 lengths per second. 
Additionally, tuna are highly 
maneuverable as compared to 
conventional underwater vehicle 
systems, due largely to the inte­
grated nature of the main propul­
sor and maneuvering control sur­

faces. 

New Technique for 
Faster, Smaller, Cheaper 
Chips 

I n a discovery that could signifi­
cantly reduce the size and cost 

of computer chips, researchers at 
Princeton Unive rs ity 
(www.princeton .edu ) have 
found a fast method for printing 
ultrasmall patterns in silicon 
wafers. According to a recent 
press release, the method could 
allow electronics manufacturers 
to increase the density of transis­
tors on silicon chips by 100-fold 
while streamlining the production 
process. 

The method - called laser­
assisted direct imprint (LADJ) -
involves pressing a mold against 
a piece of silicon and applying a 

The LADI Process: (a) quartz 

template used to press ultra­

small patterns into silicon and 

(b) the pattern as it appears in 

silicon. The measurements are in 

nanometers (bill ionths of a 

meter). 

laser pulse for just 20 billionths of 
a second. The surface of the si li­
con briefly melts and resolidifies 
around the mold. Researchers in 
electrical engineer Stephen 
Chou's lab have used the tech­
nique to create patterns with fea­
tures measuring 10 nm only. The 
method avoids the step of etching 
(i.e., photolithography), which is 
typically used to make small pat­
terns in silicon. While the etching 
process takes 10 or 20 minutes to 
produce a single chip, Chou's 
imprint method accomplishes it 
in a quarter millionth of a second. 

The process is based on an 
excimer laser, which is commonly 
used in laser surgeries because it 
can heat just the thinnest surface 
layer of a material without caus­
ing damage underneath. Using 
conventional etching, Chou made 
a template of the pattern he want­

ed out of quartz, which is trans­
parent to the laser beam, and 
pressed it against the silicon. A 
brief laser pulse melted the silicon 

surface around the mold. The sili­
con does not stick to the quartz. 

In addition to its commercial 
applications, the discovery opens 
an interesting avenue of scientific 
research , according to Chou. 
Understanding the physics behind 
melting and solidifying on such 
small scales will require input 
from many fields, including mate­
rials science, mechanics, and 
microfluidics. 

Computers and 
Networking 

Software Bugs 
Cost Big Bucks 

T here are very few product 
categories in which con­

sumers actually believe that 
major defects are routine and 
inevitable, but computer software 
appears to be one of them. In 
2000, total sales of software in the 
US reached the $180 billion level, 
backed by a workforce of 697,000 
software engineers and 585,000 
computer programmers. We 
know that many software prod­
ucts are sold without being ade­
quately debugged, but until 
recently, it was impossible to 
quantify the problem. But now we 
know. 

According to a newly released 
study commissioned by the 
Department of Commerce's 
National Institute of 
Standards a nd Technology 
(NIST, www.nist.gov) , software 
bugs are now so prevalent and 
detrimental that they cost the US 
economy an estimated $59.5 bil­
lion annually. T h is represents 
about 0.6 percent of the gross 
domestic product (and about 
twice the recent value of Bill 
Gates' Microsoft stock holdings). 
More than half of the costs are 
borne by software users, with the 
remainder absorbed by software 
developers and vendors. The 
study also found that more than a 
third of the related costs (approx. 
$22.2 billion) could be eliminated 
if developers would implement 
improved testing to identify and 
remove software defects earlier. 
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Currently, more than half of all 
bugs are not found until "down­
stream" in the development 
process or when users discover 
them. 

NIST funded the study, which 
was conducted by the Research 
Triangle Institute (RT!) in North 
Carolina as part of a joint process 
to help identify and assess means 
of improving software-testing 
capabilities. You can download a 
free copy of the 309-page NIST 
Planning Report 02-3 - The 
Economic Impacts of Inadequate 
Infrastructure for Software Testing 
- from www.nist .gov/ d irector/ 
pr og-o f c/ r e portO 2 -3 . pd f . 
Hopefully, software developers 
will get a copy and clean up their 
test processes. In the meantime, it 
is up to users to reject defective 
products, demand a refund, and 
pressure the software industry to 
do a better job. 

I 0 GB Ethernet 
Standard Approved 

T he recently released IEEE 
Standard 802.3ae®, a new 

standard from the Institute of 
Electrical and Electronics 
Engineers (www.ieee.org), 
extends the speed of Ethernet 
operations to 10 Gbit/ s and pro­
vides for linking Ethernet local 
area networks (LANs) to munici­
pal and wide area networks 
(MANs and WANs). The new 
standard, which offers a direct 
upgrade path for Gigabit Ethernet 
backbones, is specified for fiber 
optic media and uses full duplex 
operation. Its optical interfaces 
provide options for single mode 
fibers at distances up to 40 km 

and for multimode fibers at dis­
tances to 300m. The new stan­
dard uses the same management 
architecture as appears in earlier 
Ethernet standards. ln enterprise 
applications, this will allow most 
users to keep using their installed 
architecture , software, and 
cabling . 

The standard reaches beyond 
Ethernet's traditional LAN space 
and enables connection to other 
networking technologies . An 
optional WAN physical layer 
allows 10 Gbit/s Ethernet links to 
be extended over MAN and WAN 
distances. The WAN PHY maps 
the Ethernet frames into a syn­
chronous optical network / syn­
chronous digital hierarchy 
(SO NET / SDH) payload. As a 
result, service providers can cre­
ate high-speed, longer-distance 
Ethernet links at a competitive 
cost by using existing infrastruc­
ture. For further information on 
IEEE 802 standards projects, visit 
www .ieee802.o rg/ . 

Circuits and 
Devices 

Single-Chip Audio IC for 
Portable Devices 

N ational Semiconductor 
Corp. (www.national.com) 

recently introduced the LM4854, 
an integrated Boomer® stereo 
headphone amplifier and mono­
phonic speaker amplifier 
designed for use in small portable 
electronics such as cellular 
phones , PDAs , and notebook 
computers. The LM4854 inte­
grates a 1.9W mono speaker 
amplifier and an 85 mW stereo 

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

Here's what you get: A rugged, portable progra1m11ing un it including the power pack and printer port 
cable both of which sto re ins ide the case. A rea l printed user and technical manual which includes schematic d iagrams 
for the programming uni1 plus diagrams for all technology family adapters*. Comprehensive, easy-to-use so ft ware 
which is specifica lly designed to run under Windows 95, 98, ME and DOS on any speed machine. The soft ware has 
features which let you REA D, PROG RAM, COPY and COMPARE plus much more. You have fu ll access to your 
system's disk inc luding LOADING and SAVING chip data plus automatic processing of INT EL HEX, MOTORO LA 
S-RECORD and BI NA RY fil es. For detailed work the system software provides a full screen bu ffer edi tor incl uding a 
comprehensive bit and byte tool kit wi th more than 20 functions. 

Broad device Support: Including FIRST GEN ERATION EPROMS (2708, TMS27 16*, 25XX etc.) 
SECO ND GENERATION EPROMS (27 16-27C080)(8 MEG), 40 and 42 PI N EPROMS* (27Cl024·27C322)(32 MEG) 
EEPROM S (28 16·28COIO) PLUS ER5901 , FLASH EPROMS (28F,29C,29EE,29F)(32 MEG), NVRAMS ( 12,20.X22 10/1 2) 
8 PIN S ERIAL EE PROMS* (24 ,25 ,85, 93 , 95, 800 1 IA) PLUS ER1400/M58657* 

BIPOLAR PROMS* (74S/82S), SERIAL FPGA CO NFIGU RATORS ( 17CXXX) $ 2 8 9 
MIC ROS* (874X,875X,87C5X,87C75X,89C) ATMEL MIC ROS*(89S,90S)(AVR) 
PI C MIC ROS* 8, 18, 28, 40 P!N (1 2CXXX,16C5X,6X,7X,8X PLUS FLASH & 17C) 
MOTOROLA M IC ROS' (68705P3/U3/R3, 68HC705C8/C9/J2/P9, 68HC I I all famili es) 

:nv~"!~ ~~k~~i-"~"{~ai~l~s;;i~~~ti~~~~E65~~Al~!;.~1.;nc n ta l s $7.00 SHIPPI NG ·:· $6.00 C.O.D. 
' REQU IR ES SNA P-IN ADAPTER (ORDER FACTORY DIRECT OR BUIUJ YOURSELF) VISA . MAST ERCARD • AMEX 

ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 
(513) 831-9708 FAX (513) 831 -7562 

website - www.arlabs.com email - a rl abs@worldnet.att.net MADE IN T HE U.S.A. 
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headphone amplifier for use in 3V 
and 5V systems. This device has a 
0.1 ms turn-on and turn-off time. 
Switching from mono BTL to an 
SE headphone configuration is 
accomplished using a headphone 
sense pin. 

The device features pop and 
click suppression circuitry for qui­
eter turn-on and turn-off, and the 
device eliminates output coupling 
capacitors , saving component 
count and board space. Other fea­
tures include an active-low 
micropower shutdown mode, an 
"instant-on" low-power standby 
mode, and thermal shutdown pro­
tection circuitry. The LM4854 is 
available in 12-bump micro SMD, 
14-pin LLP, and 14-pin TSSOP 
packaging , and the price is $1.10 
in 1,000-unit quantities. 

Miniature DC Motors 
Offer High Power-to­
Volume Ratio 

A new family of precision 
miniature in-line DC motors , 

encoders, and gearheads from 
Micro-Mot o rs Co. (www.micro­
motors.eo .uk/) offers a diameter 
of only 12 mm. The new careless 
DC-micromotor type 1224 -

Micro-Motors' Type 1224 minia­

ture DC motor is available with 

6, 12, and I SV ratings. Courtesy 

of Micro-Motors Co. 

available with 6, 12, and 15V rat­
ings - is designed to offer a high 
power-to-volume ratio. The iron­
less skew-wound rotor uses 
patented System Faulhaber® 
technology and features low iner­
tia for fast acceleration and high 
efficiency. The motor delivers up 
to 1.3W, 13,900 rpm, and stall 
torque of 3.7 mNm. 

A choice of two all-metal gear­
heads offers a variety of combina­
tion options. Type 12/ 4 provides 
true planetary gearing in a com­
pact design with torque and load­
carrying capacity of up to 450 
mNm. The zero-backlash spur 
gearhead type 12/ 5, with pre­
loaded gears , offers precision 
backlash-free output shaft move­
ment with up to 100 mNm torque. 
Reduction ratios from 4: 1 to 
2 ,050: 1 provide flexibility for 
applications that require a large 
speed range. The in-line magnetic 
encoder Type 30B uses solid-state 
Hall sensor technology for veloci­
ty and position control of the DC­
micromotor. It features two-chan­
nel TTL-level output with 10 lines 
at a frequency range of up to 7.2 
kHz . This miniature drive is 
intended for motion control appli­
cations in such fields as precision 
instrumentation, medical equip­
ment, security devices , automa­
tion , robotics , and aerospace. 

New Low-Power, Zero­
Drift Op Amps 

exas Instruments 
(www.ti .com) recently intro­

duced a line of low-power zero­
drift operational amplifiers from 
the company's Burr-Brown prod­
uct line. According to the compa­
ny, they are particularly well suit­
ed for precision, power-sensitive 
applications such as handheld 
test equipment, medical instru­
mentation , temperature measure­
ment, transducer signal amplifica­
tion , electronic scales, automotive 
systems, and battery-powered 
instruments. 

The OPA334 and OPA335 op­
amps are available in micro-size 
SOT23 packages and feature low 
quiescent current (300 µA) , sin­
gle supply operation, and rail-to­
rail output swing within 10 mV of 
the rails. The devices use auto­
zeroing techniques to provide 
ultra- low offset voltage ( 1 µV typ­
ical) and near-zero drift over time 
and temperature (0.02 µV/ C) . 

The OPA334 family includes 
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a shutdown mode that allows it to 
be switched from normal opera­
tion to a standby current that is 
less than 1 µA. The OPA334 and 
OPA335 operate on single or dual 
supplies as low as +2. 7 V 
(±1.35V) and up to +5.5V 
(±2.75V). All versions are speci­
fied from -40 °C to +125°C. 

The OPA334 (single version 
with shutdown) comes in a 
SOT23-6. The OPA335 (single 
without shutdown) is packaged in 
a SOT23-5 and S0-8. The 
OPA2334 (dual with shutdown) 
comes in an MSOP-10. The 
OPA2335 (dual without shut­
down) is available in an MSOP-8 
and S0-8. The OPA334 and 
OPA335 are priced from $0.95 
retail in 1,000 piece quantities. 
The OPA2334 and OPA2335 are 
priced from $1.50 in 1,000 piece 
quantities. 

Industry and the 
Profession 

Computer Industry 
Achieves Major Milestone 

I t has been said that the bravest 
man who ever lived was the 

one who was first to eat an oyster. 
Likewise, we can now look back 
and marvel at the courage of 
whoever bought the first personal 
computer. If we start by looking at 
machines that enjoyed moderate 
commercial success, we have to 
go back to 1975 and the 4. 77 
MHz Altair Altair 8800 machine, 
powered by an Intel 8080 chip, 
loaded with 256 bytes of memory, 
and selling for $439.00 (in kit 
form) or $621.00 (preassem­
bled). It came standard with 256 
bytes of memory, but for an addi­
tional $264.00, you could add a 
4k memory board. 

Not much more than a quar­
ter of a century later, according to 
Gartner Data quest 
(www.dataquest.com), some­
one, somewhere, bought the 
world's billionth personal comput­
er in April 2002. While there is no 
way of telling what brand or con­
figuration it was, we can be rela­
tively certain that it bears little 
resemblance to the primordial 
Altair. Gartner is predicting that 
the two-billionth computer will 
probably be sold in 2008, quite 
possibly in China, Latin America , 
or Eastern Europe, where the 
greatest growth is expected to 
occur. NV 

"Encyclopedia 
of Electronic 

Circuits" Vol 7 
by Rudy Graff 

esigned for quick ref 
erence and on-the­

job use , the Encyclopedia of Electronic 
Circuits, Volume 7, puts over I 000 state­
of-the-art electronic and integrated cir­
cuit designs at you r finge rtips. O rganized 
alphabetically by circuit type, this collec­
tion includes designs from industry giants 
such as Advanced Micro Devices , 
Motorola, Tele-dyne, General Electric, 
and even right here in Nuts & Volts . 

www.SMDRework.com 
~ 

ll'"lo.M!o~~,.., 

800-394-"1 984 

As a paid subscriber to Nuts & Volts, you'll receive I 0% off the list price!! 
Let's see, that's $39.95 - 10% = $35.95 Ii What a deal $35.95 for over a 

thousand circuits. This book is huge! It weighs over 5 pounds and has about a 
bazillion pages. If you don't have one already, what are you waiting for?!! 
It doesn't get any better than this!! (See page 88 to order.) 

I so Pod TM First Class controller 

Feature 
UO Linea 
FLASH/EEPROM 
RAM 
Program 
Execution 
Proaram Lenath 
Analoa lnouta 
Multltaaklna 
Programming 
Lanauaae 
Floatlna Point 
Programming 
Interface 
RS232 Serial 110 
RS422 Serial UO 
SPI Interface 
CAN 2.0 A/B Bus 
JTAG/OnCE 

Servo PWM 
Outputs 
(Hardware) 

Quadrature 
Decoder Inputs 
/Hardware I 

Motor Control 

General Purpose 
Timers 

On-Board LEDs 

Package 

cancels old stamps. 

New generation micro 
computer, tiny, and 
feature packed, yet 
connectorized so you 
can get to the good stuff! 
A wonderful motion 
control board. Plugs into existing stamp 

sockets w/ option adapter 

Feature for feature, the stamps are licked. 

IsoPod™ Basic Basic Basic 
X-24 TM Stamp 2(R) Stamp SX(R) 

16 + 12 PWM + 8 AID+ SPI +CAN ... 16 + 16 16 
64KBvtea Proa. 8KBvtea Data Flash 32KBvtea EEPROM 2KBvtes EEPROM '2KX 8) • 16K 

1 KBvtes Proa. 4KBvtes Data 400 Bvtes 32 Bvtes 96 Bvtes 
200,000+ 65,000 

4000 Instructions/sec. 
10,000 

Instructions/sec. Instructions/sec. Instructions/sec. 
16000+ Instructions 8000+ Instructions ~soo Instructions ~soo lnatructlons/2K 
12 Bit ADCa 18Chl seoarate olna 10 Bit ADCs 18Chl Timed RIC Timed RIC 
Veal Coded w/Re-entrance In mind Yes (sort of) No No 
Forth (3rd party C now) 

Xbaslc Pbaalc Pbaslc 
'lsoMAX™ Basic. C soon) 
Yes Yes No No 
Parallel, Serial, JT AG/OnCE 

Parallel and Serial Serial Serl al 
Interactive debuaalna with board 
Yes true levels Yes Yes Yes 
Yea on seoarate connector No No No 
Yes on seoarate connector w/41/0 Hardware memorv Software Software 
Yes on seoarate connector No No No 
Yes on seoarate connector No No No 
12 Ch, on separate servo oriented 
connector, Independent or 2per 

2Ch Software Software 
complementary pairs, 16-blt counter 
w/resolutlon to 25ns 
2 Ch, Decoder loglc, 32-blt Position 
Counter, 16·blt Revolution Counter, No No No 
uo to 40 MHz count rate 
Up to 2 3-phase Brushless DC prog. 
complementary PWM w/dead time, or 2PWM (PWM software) (PWM software) 
12 lndeoendent h/w servo ch. 
2 Quads w/416-blt Timers each, 
Caacadable, Input Capture, Output Three One One 
Comoare Uo/Down 
3 (Red Yellow & Green) 2 (Red & Green) No No 
1.2"x3", 24-pln DIP connection 

24·pln DIP module 24-pln DIP module 24-pln DIP module 
w/rlbbon or module adaoter 

New Micros, Inc. 
1601 Chalk Hill Rd, Dallas TX 752 12 

Tel. (214) 339-2204 Fax (214) 339-1585 
www.newmicros.com 
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BRAND NEW, VIDEO MOTION SENSOR. The model VM-10 connect to any standard video signal 
and you 've got an electronic ·watchman" diligently watching the entire scene. Or any adjustable sized area 
within the scene. Such os o 

SUPER, f1 .8, TOx SURVEILLANCE LENS, 
Perfect for long range observation. 

doorway or even a drawer or 
cabinet. A state of the art 
security aid. The unit will close o 
contact when it senses a 
change. Auto or manual reset. 
Internal buzzer with volume 
control and adjustable on time. 
VCR record and VCR stop output. 

. : • • . . . . 
{use w ith lime lapse VCR.I llOVAC powered. Adjustable sensitivity. Video loop through. 

• rt' I 
New, Fujinon, llmm to 

VM10 •••• $179ea. 

WE ARE LOOKING for UNIQUE ELECTRO-OPTICAL, 
MOTION CONTROL DEVICES and RELATED. 

llOmm ZOOM optics, standard C-Mounl. Make 
any of our C-Mounl cameras a long range stealth­
cam' WOW' Provides 20X on o 1/3" CCD camera. A 
super lens. Edmunds' price $800 
11 - 11 OZM- l ••... . $249ea. 

B& W QUAD PROCESOR, 
PLEASE FAX US YOUR LIST of AVAILABLE MATERIAL. 

SERIOUSLY SIZED SERVOMOTOR SLIDE, provides 21 " of precise travel. 
But Wait ... There's More! 

These heavy duty, motorized linear slides, do their 
sliding on 3/4" diam. Thompson steel rail. The X axis 
is motivated by o substantial 3.4" diam. EG&G 
servomotor type: ME3515-191B with an EG&G 1000 
count encoder driving a flex coupled 1/2" pulley 
which belt drives 2.2" diam. transfer pulley which 
direct drives the 1.5" final drive pulley which moves the 
0.6" wide toothed belt which moves the carriage. The 
X axis carriage contains a motorized rotary unit with 

The GM4-BO is on unbeatable value. Four camera 
inputs vvth loop through. Full screen image, REAL 
TIME display, high resolution: 960 x480, brightness 
adj. for each chan. Alarm lime ll-20 sec.14 alarm 
inputs. Auto Sequencing mode with adj. dwell:l-4 
sec. Quality video processing. Specs: • 4 video inputs. 
•1 monitor out and VCR in/out, • 4 alarm inputs 
• Buzzer • 2 Alarm Out • Dim: 239 xl66 x55 mm. 

the same type EG&G servomotor driving o 5.5" diam. 1/4" thick aluminum plotter mounted al about o 20 
degrees angle to the base. Rotation is via an anti backlash gearing system directly driven by the motor. 
Supporting all these goodies is a welded, 3" wide steel channel frame. The system overall size is: 4S"l x 
l4 .25"W x 8.75"H. These units must ship via truck. Very limited quantity. These ore used in good condition . 

GM4-BQ QUAD •••••• •••• $179 

SPECIAL, CARL ZEISS, S-PLANAR LENS, 
GCA type 37, 1.4175, M1 :5nA =0.30, 

A fantastic lens with a current replacement cost of 
S20K. Extremely flat field and extemely high quality. 

XSLIDE-ROTARY .•.•.•. $229 ea. or 2 for $399 

NEW, GM960R TIME LAPSE VIDEO RECORDER 
finally o brand new, 4 head, T /l recorder with all the features at o price you con afford. Features: • Up to 960 
hours on o standard T-120 VHS tape. • 12 different modes for record and olavbock • Audio recordina in the 
l2H and 24H mode. • 30Doy memory backup • Easy 
mode setting .• On- screen menus • Auto-Repeal 
recording mode • Serial or One-shot recording • - ---- w-

Time, Dale, speed, and Alarm indicators on screen. 
These deluxe units ore front loading and ore l4"W x 
3.5"H x l 2.2"D, llOVAC powered. 

SPECIAL, GM960R-VCR .•.•.• $379ea. 

:: "iu1 r1. 

POWER to SPARE, 
12 VOLTS at 17.2 Ah, 
NEW EXIDE SEALED 

RECHARGEABLE LEAD 
ACID BATTERY 

Type NP-18-12, Now is your chance 
lo perk up those power projects. 
Perfect for powering many portable 
devices such as GPS, lo plop or 
telescope, fish fi nder or underwater 
camera. The list is endless. Don't be 
left out of this opportunity. The size is 
a manageable 7"W x 6.75"H x 3"D, 
weight is 14 lbs. Heavy duty post 
type connections. Use two in parallel 
for 34 Ah WOW 1 lid. qty 
EXIDE-NPl 812 .•.•. $24ea. 

Case of 4, EXIDE-NP1812- 4 .• $89 1 amp Charger, EX-CHGR •. $15ea. 

SPECIAL, LINEAR SLIDES from DC/, Three models avai lable: The large is 6"L 
x 2.6"W x l "H with 4" of travel. The medium is 5"L x 2.6"W x l"H with 3" of travel. The 
small is l.75"W x l.75"l x 0.75"H w ith l" of travel with a removable sprinS return for use 
against a micrometer or similar. Features 
common lo all include: Solid 
machined aluminum with 
anodized construction. 
hardened steel ways. Slides ore 
usable in any position and can carry 
heavy loads. Over lOOlbs for the large and 
medium and 251bs for the small. Straight 
line accuracy of 0.00008"/inch of travel. All ore new. 
Ltd. Oly. DCl-LONG ••••••• $69ea. NOW $59 

DCl-MEDIUM •• • $59ea. NOW $49 
DCl-SHORT ••••••• $39eo. NOW $29 

NEW, 470 LINE, DSP COLOR Micro CAM 
The HIGHEST PERFORMANCE available. 

MICRO SIZED PACKAGE too! 
Yes 470 lines with o 60db S/N ratio to back ii up! 
That's l6X betler than a typical 46dB standard 
camera' The GM-4500. CCD camera with its' DSP 
technology provides high speed white balance 
with no color rolling . Auto shutler speed of l/60 to ,1 
l/120,000 second. Truly stale of the or!. Sleek cast 'J 
aluminum housing protects the l8mm x 26mm pc 
board inside.Mounting bracket & 18" coble with 
BNC video and DC pwr. jock for, no sweat hook 
up. requires only l2VDC@ 65mA. Optional mirror 
function ovoiloble. Why fool around with an open 
P.C. board? This camera has ii all. • l/4" CCD • l 
Lux • AGC • Auto Shutler • 270k pixels • Std. 3.7 
mm, 68' FOV lens • Focus:lOmm to infinity • 
3<ounce1 • Size lmml 33W x 29H x 30D GM-4500-STD, SPECIAL.. .$99ea. 

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

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

for covert, military & scientific applications that 

I 
must be color, th is is ii. Unbelievable 0.005lux 
@ fl .2 performance is enhanced through low 
speed electronic shutlering, digital frame 

~ integration and advanced DSP. Auto sensitivity 
mode starts as ii becomes dork. 24 hour 
surveillance is possible with the optional fl .2 

auto iris lens shown below. Seven Gain /Shutter 
modes ore user selectable. Normal, X4, X8, Xl6, 

X24, X32, X64 . These provide frame rates of 60, 15, 8, 4, 
3, 2 and l per second. Au to/Mon. white balance 3200° to 

10000°K, outolmon BLC, S/N >52dB. Mirror on/off. Gain on/off. 
auto electronic shutler 1160 to l /120,000 sec., Alum. housing, dual l/4x20 mtg. Specs: 
1/2" CCD, 768IHI X 494IVI, with 380K pixels, 470 lines, l2VDC ± lV@200mA, Sid. video 
out on BNC. Size: 5lmm x 5lmm xll5mm long . Regulated power adopter included. All 
functions can be externally controlled. Use standard c-mounl lens not included. 

GMV-3K-OSD •••••••••• $449ea. 
High performance auto i ris lens, 12mm, fl.2 ••• $199ea. 
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Removed from wafer-lithography system, excellent 
condition. ZEISS-PLANAR .. $495 .. NOW$395 

NEW, lower cost, High quality, MINI BOARD CAM, 
1/ 3" CCD, 420 lines Res., 0.3 Lux sens., AGC. Pwr. ,. !Ji I} ( 
from 9 lo l2VDC @lOOmA, 266k PIXELS, 3.7mm, 92' ( , ' - "" 
FOV lens.A real gloss lens. Auto shutter from l/60 to l/ 
100,000 sec. Focus from lOmm to infinity. Std. NTSC 
video out. 1/2 ounce' SENSITIVE to IR. Size: l.25"sq. x 
l"d. Connections via a 3" pigtail with PC board 
connector. GM-1 OOOB - STD .... •.•. $45ea. 

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

Specs: 112· CCD, 460 
lines resolution, 768H 
x 494V Pixels, 2 Lux 
sens. @fi .4, Auto/ 
Man AGC. Auto/Mon 
Shutter: l/60 to l / 

~, ............... ~x~ ...... ~ . 
10,000 remotely controllable via 6 pin connector lnot incl.I Auto/Mon while 
balance, Manual gain and hue controls ore external.Complimentary color filter. 
l2VDC @320mA, Pwr supply incl. Pentox, l6mm fl.4 lens, A real gloss lens. 
Included. Std. NTSC video out on BNC Y/C IS-Videal output available on 12 pin 
connector supplied Superior construction. Compact size only: l .6"W x l .25"H x 
5.5" long. Perfect for use in process monitoring, medical, surveillance and 
microscopy. Used, excellent condition, Regular price $600. limited quantity. 

PULNIX, TMC-7 .....•......• $149ea. or 2 for $249 

NEW! 4 or 8 CHANNEL, VIDEO AUTO SWITCHERS 
Connect four or eight std . video signals and ~· : • : 
they will be sequentia lly output to the dual 1 ''-"1! '' ~ ~ ~•I 1 
rear panel BNC outputs. Front panel user --
adjustable, variable dwell l lo 15 sec per channel. Auto/manual switching 
with channel bypass. Compact only 8.6"W x 3.7" D x l.75" H, ac powered . 

Video loop through.GM-34, 4 Chan ••• $65, GM38, 8 Chan •.• $75 
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A SECOND SERIOUSLY SIZED SERVOMOTOR SLIDE, By ANORAD, 
Provides 23.5" of Precise Travel. 

But Wait ... There's a Z AXIS BONUS! 
These SUPER HEAVY DUTY, motorized linear 
slides, do their sliding on crossed roller bearings. 
The X axis is motivated by a 2.25" diam. EG&G 
servomotor type: MT-2130-0l2BE or similar with 

encoder driving a flex coupled 0.75" diam. ball screw drive. The huge carriage is: 28" l 
x 5.5" Wx l.l" Thick. The X axis is a massive precision machined IMehanitel costing. 
Mounted to the carriage is a substantial Z axis unit sporting dual THK, YH2218, 0.6"H x 
O.S"W roi ls or similar. Riding the rails are four recirculating ball carriages attached to a 
1/4~ thick aluminum plate. !Two carriages on each side) Running down the center is a l/ 
2" diam. ball screw driven by a size 23 stepper motor. This motor provides the drive for 
the 10.5" travel, Z axis. These units were originally designed lo be used in a "gantry" 
configuration. ie. suspended over the workpiece with the workpiece moving in the Y 
axis. Overall size is 48"l x 17"W x 20"H. This is the perfect setup for heavy duty culling or 
engraving. Slides of this quality don't come around very often. Don't miss out. We have a 
very limited quantity. These units must ship via truck. These ore used in good condition 
removed from optical equipment. ANO RAD SLIDE •• $349 ea. or 2 for $649 

NEW! 6.8" LCD COLOR, TFT, ACTIVE MATRIX DISPLAY, A huge 
23sq. inch VIEWABLE AREA, Super Deal. 2 .8X the VIEWING AREA of 
a 4" WOW! We wish you could see the color saturation and resolution of this superior 
LCD display. Excellent contrast ratio, high 
quality, full color images ore comparable a 
to a CRT. Perfect, portable, general 
purpose color monitor for standard NTSC 
color or B&W video. fully compatible with 
an our cameras as well as Camcorders. 
VCR's, DVD's etc. OEM 'componenr style 
unit hos no outer cabinet. Designed to be 
installed in YOUR housing via four mounting 
tabs os shown. Specs: Resolution, ll52H x 
234V, 270K Pixels' Vievvng angle, Top 10', Cl 1-...::.=.:...:=:.... ______ .,;s 
Down 30', Left 45' , Righi 45' . Brightness, 
300 nil, Size: W x H x D lmm/inl, 157.2 x 
122.6 x 8.0, 6.2" x 4.83" x l.l", Weight, lOoz. Supplied with 30" input cable. Video input via 
BNC jock. l2VDC input via a standard barrel connector. 

BRAND NEW, FIRST QUALITY. GMTFT68 .••. ••• $169ea. 
Regulated 12 VDC/11 OVAC power supply .•••••• $8. 95ea. 

SPECIAL, DAY/ NIGHT TECHNOLOGY, 
OPTIMIZED COLOR I JR OPTICS 

DSP technology and 10 Automatic LED's. 
Weather Tight GM450K-IR Makes it Happen 

features include: 
Interactive infrared 
illuminator w ith 10 
high power, wide 
angle LEDs@ 
880nm . See 
objects 60 feet 
away during total 
darkness. A super 
quality 5 element, 
glass lens, 

specially coated with a 100 layer optical coating . For 
perfect focus with white light and a crisp image 
under infrared . Normally impossible due to the 
different focal point for IR and visible light. Solid state 
infrared opt ical switch provides day time IR cul filter 
for excellent color. Al night infrared filter will turn off 
lo allow infrared to pass. Also, night time IR LEDs will 
gradually turn on with proper amount of illumination. 
You can also see color images such as lights and 
signs at night. fog free cover glass. Specs: 0.5 lux 
color sensitivity. 60dB Sin ratio typical. 12" 1/0 cable 
with BNC video and DC barrel jack. 120 dB smear 
rejection ratio . Adjustable mount and power adapter 
included. GM450K- IR .• $1 99ea. NOW $169 

NEW! 0.07 Lux, COLOR NIGHT VISION CAMERA! 
FANTASTIC LOW LIGHT PERFORMANCE. Exclusive ON SCREEN, 

menu driven setup of all camera parameters. 
NEW, STATE of the ART, GMV-35KOSD, 

Perfect for covert, military & scientific applications that must be color. Unbelievable 
O.Ollux@ fl.2 performance is enhanced through low speed electronic shullering, digital 
frame integration & advanced DSP. Auto sensitivity mode starts as it becomes dark. 24 
hour surveillance is possible with the optional fl .2 lens shown below. Specs: Shutter 

• 
speed auto or manual, l/60 lo l / 120,000, 
60dB S/N ratio'. l54dB Smear rejection'. AGC 
gain 0 dB lo 18 dB. Digital gain OdB lo l2dB. 
Digital zoom continuous from up lo 2X in 0. lX 
steps. Masking mode allows hiding 4 
programmable zones for privacy protection. 
Camero on screen name. Choose you own 

name for the camera and display it on monitor for 
easy identification.I White balance modes: Auto tracking, one 

push or selection from 3200k, 4800k, 5600k, 7800k, and "double 
while balance" independent white balance circuit for both bright and dork 

zone. maintains correct white balance even with combined indoor and outdoor lighting. 
Programmable 48 zone back light compensation mode for difficult lighting situation. 
Negative mode for negative film reading. Mirror image and up/down selection for rear 
view and camera mounted upside down. Seven Gain/Shutter modes ore user selectable. 
Normal. X2, X4. X8, X16, X24, X32, X64. These provide frame rates of 60, 30, 15, 8, 4, 3, 
2, and l per second . Alum. housing, dual l/4x20 mtg . Specs: 1/3" CCD, 8lllHI X 508IVI, 
with 412K pixels, 470 lines, l2VDC ±lV@250mA, Sid . video out on BNC. Std S-Video out 
on 4Pin connector. Size: 2"H x 2"W x 4.5" long . Regulated power adopter included. C­
mount lens not included . 

GMV-35KOSD .•...•••••••• $ 399ea . 
High performance lens, 4mm, fl .3 .••• $ 49ea . 

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

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

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



~ Enter the MSP430 Design Contest 
www.ti .com/gadgetorama2002 

- 1gnal Con ro ers 

MSP430F449: Imagine the possibilities. 

MSP430 - t he choice in ultralow-power Flash MCUs 

Experience the ultimate SOC solution for battery-powered measurement. A flexible clock system 

switches from ultralow-power standby to high-performance signal processing in less than 6 µs. 

Embedded emulation reduces design cycle time. Get your design started today with the easy-to-use 

MSP-FET430P440 Flash emulation tool. 

Device --MSP430F449 
MSP430F448 
MSP430F447 

Flash 
Memory 

60 kB 
48 kB 
32 kB 

Price 
1K 

$7.03 
$6.47 
$5.71 

Device 
MSP430F437 
MSP430F436 
MSP430F435 

Flash 
Memory 

32 kB 
24 kB 
16 kB 

Price 
1K 

$4.90 
$4.70 
$4.45 

Features: 
• Ultra /ow-power Flash MCU with 

high-performance 200-kSPS ADC 
and LCD driver on one chip 

• Power consumption of <1 µA in 
standby mode extends battery life 

• Modern 16-bit RISC CPU enables 
new applications at a fraction of 
the code size 

• In-system programmable Flash permits 
last-minute code changes, field 
upgrades and data logging to Flash 

Contact us to request: 

development tools 

p roduct bulletin (SLAB034C) 

MSP430F44x data sheets 

w_ww._ti £om[s_c/h p_a7221u 
1:_&00-il7-&9~,_ask for extJ 227 

MSP-FET430P440 
deve lopment too l-$99 

Nuts & Volts Magazine/Auausr 2 002 15 



Understanding, Designing, and Constructing Robots & Robotic Systems by Robert Nansel 

Amateur Robotics 
A s I write, I am packing to 

drive 2,000 miles to my 
parent's log home in 

Three Forks , MT. Brouhaha . 
Confusion. Consternation. And a 
column to finish , aargh! 

Boy, do I need a vacation . 
This month, I finish up the 

last details of building the cheap 
linear actuator, and I'll also pres­
ent some ideas for future 
improvements. Next, I dive into 
color. It may look like I'm just dip­
ping my toes in the water, but I'm 
practically drowning in the sea of 
information on this topic. I'll close 
with an announcement. 

First to the actuator. 

Actuator Loose Ends 

The actuator design as it 
stands has a few problems. First, 
though I wanted a quick actuator, 
this design is a little too zippy for 
some uses. It would benefit from 
some gear reduction, if only 2:1 
or 3:1. 

Second, it has a tendency to 
overshoot under a light load when 
using the simple limit switch cir­
cuit, since there's no position 
feedback and nothing to brake 
the motor other than friction. This 
is more a problem for extension 
than retraction , because the rod­
end pivot provides a mechanical 
stop on retraction. Even then , it's 
possible for the motor's inertia to 
draw the slide tube in tight 
enough to jam. Using a silicone 
lubricant alleviates the jamming 
problem, at the expense of 
increasing overshoot. 

Third, my initial design is just 
plain harder to build than it needs 
to be. I mentioned a simpler 
thrust bearing set-up last month, 
and I've got lots of other ideas for 
ways to improve its performance 
and make it easier to build. 

One easy improvement is 
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using machine-cut threaded rod 
rather than rolled threads 
because machine-cut threads are 
more precise and have a 
smoother finish. Machine-cut 
threaded rod costs a little more, 
but the follower nut will last longer 
and there will be less friction. 

Another improvement would 
be to use a pre-machined follower 
nut to avoid all the hassle of pre­
cisely drilling and tapping one 
yourself. Standard threaded 
standoffs are obvious candidates 
for premade follower nuts 
because they are cheap and read­
ily available. Standoffs are avail­
able in round and hexagonal sec­
tions, in aluminum, brass, and 
nylon, and range from 2-56 to 10-
32 threads. Metric threads are 
available, too. 

None of the standard sizes 
are a direct fit inside any of the 
telescoping tubes that Small Parts 
carries, either square or round , so 
a bit of shimming before solder­
ing or gluing would be in order. 

Another alternative is thread­
ed brackets such as those made 
by Keystone Electronics, Inc., and 
available from Mouser Electronics 
(www.mouser.com) - in particu­
lar Mouser part #534-631 and 
#534-708. You might also look 
into E-Z LOK threaded inserts, 
also available from Small Parts, 
though these require a tapped 
hole themselves to be installed. 

Different Strokes 

As I noted above, lack of posi­
tion feedback is a major short­
coming of the present design. You 
know the actuator's position only 
when fully extended or retracted; 
it's an open-loop control system, 
and positions between the 
extremes are anyone's guess. 

You could time how long the 
actuator takes to extend or 

Photo I. Rod end block assembly 
mounted in the slide tube. 

retract , then run the 
motor some fraction of 
that time in the hope of 
getting close to the 
desired position. The 
problem is the final 
position will depend on 
lots of factors beyond 
timing (wear, lubrica­
tion, and changing load 
come to mind). A better 
way is to incorporate 
positional feedback and 
close the control loop. 

Optical encoders 
are often the first 
choice among robot 
builders because they 
interface easily to digi-
tal controllers. Absolute 
position encoders, 
either linear or rotary, 
will do the job, but they 
can be expensive, and 
there's really no need. A 
simple incrementa l 
encoder combined with 
a home-position switch 
allows determination of 
the absolute position of 
the slide tube. 

This method will 
work with either rotary 
or linear incremental 
encoders. The main 
requirement for the 
encoder is that it be one 
with two quadrature 
channels so the direc-
tion of movement can 
be determined. Simply 
count the number and 
direction of pulses since 
the last time the slide 
was homed. With any 
luck, the position will be 
dead on (but home the 
slider early and often to 
be sure) . 
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The retract limit 
switch can make a con­
venient home-position 
sensor, but if you do 
this , you won't be able 
to use the simple limit 

Figure I: (a) TSLx257 spectral responsivities 
with no external filter ; (b) spectral responsiv­
ities with external IR cutoff filter. (Graphs 
from TAOS, Inc. TAOS027 A datasheet, pS.). 

switch circuit described last 
month. Instead, you would need 
to use the retract limit switch as a 
sensor. Rather than directly inter­
rupting current to the motor when 
the limit is reached, the switch 
would be wired to a free input pin 
of a microcontroller or other digi­
ta I controller. The controller 
detects when the switch closes or 

opens and outputs the appropri­
ate PWM levels to the motor driv­
er to start or stop the motor. A 
pull-up resistor to logic V+ is nec­
essary for an input line that lacks 
an internal pull-up. 

Linear Slide 

On the analog side of things, 



a linear slide potentiometer 
makes a fine position sensor, and 
it just so happens I designed this 
actuator with a travel compatible 
with commonly available slide 
pots. You may need to cut a slot 
in the guide tube for the pot lever, 
depending on how you mount the 
slide pot. The slot allows a more 
compact assembly, but it's more 
complex to build and it opens the 
assembly to environmental crud. 

I have toyed with the idea of 
building a homebrew slide pot 
into the actuator slide. I envision 
broaching an internal groove in 
the guide tube and a matching 
external groove on the slide tube. 
The grooves would accept a strip 
of insulated resistance element 
and a sliding contact. If I can fig­
ure out a simple way to perform 
the broaching operations with 
simple hand tools , I might give 
this one a whirl. 

Whatever potentiometer is 
used, it could be very interesting 
to use a hobby servo motor and 
electronics board to drive the lin­
ear actuator, either directly or 
through one stage of gear reduc­
tion. The slide pot would then 
directly replace the stock servo's 
rotary feedback pot. This way, the 
actuator would use a standard 
servo three-wire interface. What 
could be simpler? 

I've had a lot of fun with this 
linear actuator project, and I'd 
love to hear from any of you who 
build your own versions of it. I've 
spent half this month talking 
about its flaws and fixes , and I 
have faith others will come up 
with better ideas than I have. For 
instance, I'd love to combine the 
function of shock absorber and 
linear actuator in one design , but 
I haven't come up with a clean 
design yet. 

Now to shift gears to the 

Ama't:eur Robo't:ics 

Photo 2. Using a 
twisted iron wire 
to clamp the 
motor mounts to 
the guide tube 
while "sweating" 
them together 
with the torch. I 
used wire from a 
I" paper clip. 

world of color sensing and per­
ception. 

Color! 

As mentioned in past 
columns, I'm working on a two­
pronged attack on low-cost color 
sensing for robots . I've got one of 
the CMUcam color vision systems 
on my shelf (available from from 
Seattle Robotics , www.seattle 
robotics.com) just waiting for a 
robot in which to install it. It has 
80 x 143 resolution and can track 
user-defined color blobs at 1 7 
frames per second. It can also 
output a pulse train compatible 
with hobby servos such that the 
camera will tend to track the lat­
eral movement of a defined color 
blob. All this for under $100.00. 

I have been about ready to 
bust, so eager have I been to try 
this vision system out. However, 
I've had other important projects 
in the queue ahead of it. One of 
those projects is a simple RGB 
color sensor. 

Rather than a video camera 
with thousands of pixels, I just 
want a single pixel. I want a color 
sensor more like a phototransis­
tor than a video camera, applica­
ble in the same situations as a 
phototransistor. It should con­
sume little power and be easy to 
use with simple robots (BEAM­
style robots, for instance) . 

BEAM robots produce inter­
esting emergent behavior using 
simple monochrome optosensors 
(phototransistors and CdS photo­
cells and the like), and I've won­
dered what new kinds of behav­
iors might be possible with color 
sensors. 

In the past year, the job of 
designing a color sensor has 
become much simpler with the 
TSLx257 series of color light-to-

.14", 6-32 thread 

Silver 

.156"0 bearing surface 

voltage sensors from TAOS, Inc. 
(www.taosinc.com) . 

These parts include a photo­
diode, transimpedance amplifier, 
and integral color filter in a three­
pin package, the same sort of 
package as phototransistors. You 
connect ground and +5V to pins 1 
and 2 and read the sensed light 
intensity as a rail-to-rail analog 
voltage on pin 3 . The TSLR257 
senses red, the TSLG257 green, 
and the TSLB257 blue. 

Despite the integral color fil­
ters, all three parts still respond to 
IR; you must add an external opti­
cal filter to block near IR wave­
lengths to get true measure­
ments. Figure 1 shows the relative 
spectral responsivities for the 
TSLx257 sensors with and with­
out an external IR cut-off filter. 

Expensive Glass 

I couldn't find the Hoya 
CM500 the datasheet calls for, 
and the cheapest alternative I 
could find was an unmounted 
15mm square glass IR cut-off fil­
ter from Edmund Industrial 
Optics (part # L53-709). This 
p iece of glass costs nearly 
$30.00. There's got to be a cheap­
er filter out there since every color 
camera using a silicon imaging 

(a) 
Male I Female 
6-32 x .5" spacer 

6-32 x .28" threaded 
(b) brass rod silver-soldered 

in .5" brass spacer 

(c) 
6-32 x .5" 
shoulder screw 

Figure 2. Alternative 
motor-end pivots. 

chip has the same problem with 
IR. Junked camcorders or digital 
still cameras might be a source, 
but I've never taken any of these 
apart. (If any of you know of a 
good source for IR cut-off filters, 
I'd like to hear about it.) 

In order to use my expensive 
little filter, I needed some sort of 
mounting cell fo r it and a diffuser, 
and I further needed an opaque 
tube to shield the sensors from 
stray light. The diffuser smears 
out the light so the sensors all see 
the same patch of color. Figure 2 
shows my basic design. 

The filter cell is made from a 
sandwich of three cardboard 
disks painted flat black. The card­
board is the kind used to back 
large pads of paper, and it needs 
to be about l.lmm (.043") thick, 
the same as the filter. As for the 
opaque tube, I used two film can­
nisters , the black plastic kind that 
Kodak 35mm film comes in. I 
made square cutouts in the bot­
tom of both cannisters, as well as 
holes for mounting screws, then 
attached them to both sides of my 
home-made filter cell. One end is 
left open for light to enter, and the 
sensor array mounts in a plastic 
film cannister cap snapped on to 
the other end. This arrangement 
gives roughly a 45-degree field of 

Photo 3. The motor mounts 
after scraping and sanding. 
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view. Though I have not tried it, 
you could mount a lense on 
another plastic cap to make the 
color sensor more directional. 

The design is a bit bulky, but 
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C I 

(b) 

I ) 

Nylon-insert 
lock nuts 

it's easy and (except for the filter) 
cheap to build. Figure 3 shows 
how I propose to use this sensor. 

Color Perception 

If the robot resembles a clas­
sic Braitenberg vehicle, that is no 
coincidence. If it appears I've 
been a bit vague on what hap­
pens inside the Color Comparator 
function block, that's no coinci­
dence, either. The RGB sensor 
does a good job of measuring 
energy in the red, green, and blue 
wavelengths of visible light, but 
color is a complex perceptual 
phenomenon only indirectly tied 
to RGB measurements. In terms 
of RGB values, it doesn't really 
make sense to talk about object 
colors such as "fire engine red" or 
"pastel green" or even "white." 
Those are purely human percep­
tions, and there are no unique 
values of R, G, and B that pro­
duce these colors. 

For instance, you were proba­
bly taught in grammar school that 
white is just all three colors mixed 
together. However, if you had only 
just enough of each color to be 
visible in a dark room, you would 
most likely perceive it as gray. 
Another example is the rainbow. 
Physics tells us that a rainbow 
should spread the colors evenly 
across the spectrum, but we per­
ceive rainbows as wide bands of 
green and red with much narrow­
er bands of yellow, orange, and 
blue interspersed. 

Object color is complicated 
enough, but there's also the color 
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of illumination to reckon with . In 
1977, Edwin Land (inventor of 
Polaroid photography) showed 
that you can illuminate a color 
painting with just two basis colors 
(say green and blue) , yet still be 
able to perceive the colors cor­
rectly - even colors not present in 
the two illuminating wavelengths. 

To understand how this can 
be, you need to understand the 
idea of color space. Figure 4 
shows the basic idea . 

Color Space 

The most basic is RGB color 

Lead screw 
turns CW 

Figure 4. Limit switch states. 

space, a unit cube containing all 
possible values of each basis 
color, and thus all possible colors. 
But as the above examples have 
shown, it doesn't explain color 
perception. Other color spaces 
are more useful when thinking 
about that, most notably the HSI 
color space, or Hue, Saturation, 
and Intensity. 

Intensity is the same as the 
brightness control on a TV. 
Saturation is the amount a color 
is "diluted" by white; "fire engine 
red" is fully saturated, but if you 
mix enough white in , it will turn 
pastel pink. Hue is roughly pro-
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Photo 4. Actuator 
slide assembly 
secured to the 
motor with two 
2.Smm x 12 socket 
head cap screws. 
Though not shown 
here, grinding a bit 
of clearance into 
the sides of the 
motor brackets 
allows the screws 
to seat squarely. 

portional to the average wave­
length of the color, and hence is 
what I want to use as the starting 
point for the color tracker. The 
color comparator will compare 
left and right values of hue to an 
internal reference; saturation and 
intensity will be used as threshold 
values. A color must be bright 
enough and saturated enough to 
be considered. I haven't tried this, 
but I think it is a good start. 

Color space transforms can 

RGB to HSI color epace converoion 

R=o:H G S 
B 

lnU:nelty: 

1 i=-3 (R + G + B) 

Saturation: 

3 [min(R, G, B)] 
S= 1 - (R+G+ B) 

Hue: 

H=cos"' { (R-G)+(R-B) } 
2[(R-G)2+(R-B)(G-B)]112 

If (B/I) > (G/I) then H - 360° - H 

To normalize H to the range [0,1]: 

H-H/360° 

Thinge; to watch out for: 

• Hue undefined when Saturation 
ie; zero (when R=B=G) 

• Saturation undefined when lnU:nelty 
ie; zero (when R=B=G=O) 

• When calculating the difference 
between two huee;, remember H ie; 
cyclic, and H=O and H=1 are the 
e;ame hue (red): 

Diff - H,- H, 
If Diff > .5 then Diff - Dill - 1 
Else If Diff .,;; -.5 then Dill - Dill+ 1 

be mind-bogglingly complex, and 
HSI is one of the more complex. I 
don't have the space here to go 
into the details, but HSI color 
space can be transformed from 
RGB by the equations in the side­
bar. Figure 4 gives a visualization 
to the ideas embodied in those 
equations. 

If you don't understand it at 
first, you're in lots of good com­
pany. I can recommend two text­
books to take you further in your 
understanding. The first is the col­
lege text from which I very nearly 
learned the material 20 years ago: 
Computer Vision by Dana 
Ballard and Christopher Brown 
(Prentice Hall, New Jersey, 1982, 
ISBN 0-13-165316-4). (n.b. They 
refer to HSI as IHS.) 

A more recent text, a portion 
of which is available online for 
download, is Gonzalez and 
Woods' Digital Image 
Process ing (Addison-Wesley, 
1992). You can download the HSI 
conversion chapter at the follow­
ing URL (no spaces or breaks): 
www.imageprocessingbook.com/ 
downloads/material_from _last_ 
edition/rgb-to-hsi-conversion.pdf 

I'll have more to say about 
color sensing in future articles -
and I welcome tips from anyone 
who works every day with this 
stuff - but I am flat out of room 
this month. And I still have to get 
to my announcement. 

The End? 

After much soul searching, I 
have very reluctantly come to the 
conclusion that I must end my 
role as the monthly robotics 
columnist for Nuts & Volts. 
Shoshana and I have spent many 
hours discussing this over the 
past year, and I have come to 

believe that I cannot be the father 
I want to be for my two boys if I 
must sequester myself for the 30 
or 40 hours each month it takes 
to research and write my column. 

This was brought home to me 
this Spring when Yonatan, my 
three-year-old, told me he couldn't 
come play Silly Loud Dinosaurs 
with his brother Nadav and me 
because, he said, "I'm busy work­
ing on my computer" (in the 
same pleading tone of voice I 
apparently use when I'm on dead­
line) . And Nadav is going through 
a phase where he needs to have 
either Shoshana or me in sight 
most of the day. 

It's been a wild, fun, hilarious­
ly nerve-wracking four years, 
made all the better by letters and 
emails from you, the readers. To 
those who wrote to tell me you 
always read my column first, 
there were several months where 
such notes tipped the balance 
and kept me going. Thank you for 
the kindness. 

It has been a privilege to write 
the Amateur Robotics column; 
the folks at Nuts & Volts are sim­
ply the best there is, and to them 
- Natalie, Larry, and, most of all, 
Robin - I thank you for your 
seemingly endless patience and 
faith in me. 

Do not fear, folks, I am not 
retiring. I still intend to write robot­
ics and other tech hobbyist arti­
cles, and you'll see them in these 
pages (and others) from time to 
time. I just can't do it on a month­
ly schedule anymore. 

Although I will no longer be 
doing this column, I'm still inter­
ested in hearing from you. If you 
have suggestions, questions, or 
comments about amateur robot­
ics topics, as always you can 
reach me at: 

Robert Nansel 
Box 228 
Ambridge, PA 15003 
Email: bnansel@nauticom.net 

By the time you read this, I 
also will have a website to point 
folks toward information on my 
past columns and my current 
projects : www .countryrobot. 
com. It'll be pretty bare bones in 
the beginning, but you'll see lots 
more after I recover from vaca­
tion . Don't expect much fancy 
Java, animation , or sound - I'm 
on 56k dialup, and those things 
just cheese me off. I won't inflict 
them on you . Do expect lots of 
good information on robotics and 
general gadgeteering, much avail­
able nowhere else. Amateur 
Robotics is not dead. Long live 
Amateur Robotics! NV 
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Product Review: Line6 GuitarPort 
By Edward B. Driscoll, Jr. 

If you're a "weekend warrior" musician looking for a practice or recording tool that you can plug into the USB port 
of your PC, then GuitarPort might just be right up your alley. 

T
he instructions seem to say "plug your electric guitar into the 
USB port of your personal computer," which sounds like a pret­
ty good deal. Back in the 1950s, when guitarists like Muddy 
Waters and Chuck Berry wanted a great guitar sound, they had 

to take a gigantic Eniac mainframe computer that took up the entire floor 
of an office building on the road with them. 

Okay, so plugging a guitar into a personal computer is in reality a 
much newer phenomenon. (Which is too bad, because "Chuck Berry 
Eniac Tour 1956" would have made a great Micro Memories column. That 
was the tour where Chuck sang Johnniac B. Goode, I think.) 

Line6, which has manufactured a line of amps and effects boxes for 
guitarists that recreate the vintage sounds of the 1950s and 60s vacuum 
tube-powered amps (beloved by electric guitarists for their warm tone 
and, when overdriven, their "musical" distortion), is betting that guitarists 
will want to plug into their computers, and they've invented a product that 
allows them to do just that. 

A Variety of Uses 

The GuitarPort - which retails for $229.99, but can often be found on 
sale for well under $200.00, and vaguely resembles some alien prop from 
"Star Trek: The Next Generation" - plugs into a PC's USB outlet, as well 
as its multimedia speakers and, in turn, has a quarter-inch jack into which 
you plug your guitar. Once connected, it features an amazing variety of 
pre-set sounds (most geared towards rock and blues) , as well as an online 
capability (with a $7.99 monthly fee that allows for not only additional 
tones to be downloaded, but also notational tablature, lessons, and sev­
eral whole songs which have guitar parts that can be switched on or off 
to practice to (including several by Jimi Hendrix, thanks to a deal that 
Line6 cut with his estate) . The downloads feel seamless for anyone with 
a broadband connection. 

For guitarists looking to improve their "chops," the GuitarPort will 
transfer tracks from audio CDs into MP3s, and play them at an optional 
half-speed (while keeping the sound in the same key). So, for example, if 
a guitarist wanted to practice the George Harrison's solo from Something 
by the Beatles, the Abbey Road CD could be inserted into a PC, copied as 
an MP3, then Harrison's guitar tone on that song could be downloaded 
from the GuitarPort's accompanying web site, and finally Something could 
be played at both half and normal speeds until the solo is memorized. 

What Does It Sound Like? 

Even if it doesn't make sense to bother with the online component of 
the GuitarPort, there's a lot here to play with. Professional electric guitarists 
and serious amateurs spend years crafting the tone of the instrument, and 
most would probably say that a vintage amplifier sounds better or more 
authentic than Line6's computer-driven recreations. However, to my ears, 
the sounds of the GuitarPort are pretty darn good, and amazingly diverse. 
Plug a Gibson Les Paul in and dial-up the "British High Gain" pre-set, and 
you're instantly transported to a small London club where a hungry young 
Jimmy Page or Jeff Beck is jamming. Or for something completely differ­
ent, switch to "Snow Dome," with a hypnotic and mystical combination of 
echo and reverb that almost seems to play the guitar itself. 

The 78 or so other presets run the gamut from 1950s-style small 
amps perfect for B.B. King and Muddy Waters style blues leads, to shred­
ding heavy metal buzz saw sounds and all points in between. And, of 
course, all of the unit's simulated amps, speaker cabinets , and effects can 
be tinkered with , assembled, and dissembled for even more tones. 

Bucking the Hum 

The GuitarPort also has a guitar tuner, a noise gate, and a hum-reduc-
20 "uousT 2002/N uts & Volts Magazine 

From its openino licks, •pride and Joy• rocks hard 
while stayino firmly rooted in the blues. Stevie Ray 

Vauohan cut this original tune on November 24 1 

19821 playino rhythm and lead at the same time on 
the behind-the-beat shuffle . He played •Number 

One,• a'62 Stratocaster with a stock alder body 
and rosewood finoerboard •o· neck, plus the 
customized features of a left-handed tremolo bar, 
5-way-position switch , and tall frets . Vau9han 
strung with heavy-9au9e GHS Strin9s (.013 
to .OSB) and, like Jimi Hendri x, tuned down a half· 

ing feature , which is especially helpful for anyone recording guitars with 
single-coil pickups (such as most Fender instruments) . "The hum reduc­
er is an interesting thing , because one of the early challenges that we 
identified is that if people are going to be sitting in front of a CRT, you're 
going to get hum through pickups, especially on a single-coil guitar," 
according to Mark McCrite, product manager for Line6. "So if you click 
on the hum reducer, it gives you graphic instructions, and what you basi­
cally do is try to isolate the hum." 

This involves putting your guitar's noisiest pickup on and moving 
around the monitor until the pickup is humming at its worst, and "then 
you click on the Analyze button, and it will record a little bit of that hum, 
and then figure a way to 'suck it out,' McCrite says. "We call it a hum 
reducer, and not a hum canceller, because if you took all of that out, it 
would be pretty invasive to the guitar's tone." And it definitely will leave 
some hum, but in many cases, this will be masked by other instruments 
when recording. Which leads us to ... 

Home Recording 

For recording programs, such as Cakewalk's Sonar XL 2.0 (see 
"Abbey Road in a Box" in the Nov. 2001 issue of Nuts & Volts), the unit 
works seamlessly, making it a natural for home recording (although it 
may be incompatible with version 1.3 of Sonar. Check with Cakewalk 
and/ or Line6 to see if there's a workaround available if this version is your 
primary recording software). 

While many guitarists will still prefer to mic a real amplifier rather 
than use an input device, others will appreciate the ability to get good 
sounds instantly, without having to wake the neighbors (or parents) in the 
process. 

The software is designed to work with Windows 98, Me, and 2000. As 
of May, XP drivers were in the works to be released by the time this arti­
cle appears in print. And Apples are not yet supported by GuitarPort. 

Because of the driver issues, possible incompatibility with some 
home recording products, and the need for a reasonably fast PC with a 
USB port, GuitarPort isn't for everyone. But if you're a "weekend warrior" 
musician looking for a practice or recording tool , GuitarPort might just be 
right up your alley. NV 
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A Universal FETTester 
By Peter Lehmann 

It's a good idea to test FETs prior to building circuitry with them. 

W
hen you are working with surplus FETs or FETs removed 
from the circuit boards of any of your previous projects or 
of scrapped equipment, it's a good idea to test them prior 
to building circuitry with them. Enter the Universal FET 

Tester ... 
Field effect transistors or FETs that can be tested are junction gate 

FETs or JFETs, both N-channel and P-channel, and insulated gate FETs 
or IGFETs (MOSFETs being the most common type of IGFET) , both N­
channel and P-channel, both enhancement- and depletion-mode and 
three lead or four lead. The tester can also accommodate any package 
and particular pin sequence of a FET, that is , the arrangement of leads 
to the gate, drain , source, and substrate of the FET. Adding this tester 
to your collection of testing equipment will also prove advantageous for 
determining the type of unknown FETs and troubleshooting . 

To make it work, the tester is connected between your existing func­
tion generator or oscillator capable of producing squarewaves and your 
general-purpose oscilloscope. The frequency and amplitude of the 
squarewave at input to the tester need to be, respectively, 1 KHz and 
1 OV peak-to-peak into a 1 OKW load. The output signal from the tester 
should be DC-coupled to the vertical amplifier of the scope. 

Uses for FETs and an explanation as to where FETs can be used to 
advantage in place of bipolar transistors can be found in the excellent 
series of articles by Ray Marston, "FET Principles and Circuits" in the 
May 2000 through August 2000 issues of Nuts & Volts magazine. 

TESTING PURPOSES 

IGFETs have a very thin dielectric or insulator between the gate and 
substrate of the FET forming a small and fragile capacitor. This capac­
itor can be easily damaged by a discharge of static electricity during 
handling. Also, IGFETs are most commonly manufactured in plastic T0-
202 or T0-220 packages that must be soldered into working circuits. So 
being able to test the FET before soldering it into place is advantageous. 
Sockets for FETs in the T0-3 package are available, but FETs so pack­
aged are a great deal more expensive than the ones in plastic packages. 
IGFETs are also available in the dual in-line pin or DIP package, but 
these are limited in terms of power dissipation. 

PHOTO I: Interconnection of components of tester. 
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FUNCTIONAL METHOD 

Figure 1 is a schematic diagram of the very simple circuit of the 
dynamic tester with FET Ql being the transistor tested and showing the 
waveforms of the squarewave applied at the input and taken at the out­
put of the tester. Resistor R 1 provides a path of current leakage from the 
gate to the source of the FET being tested preventing an excessive accu­
mulation of charge at the gate of the FET if the wiper of potentiometer 
R2 inadvertently lifts off its track. By voltage division, the setting of 
potentiometer R2 controls the peak voltage taken between the gate and 
source terminations of FET Ql. If FET Ql were a JFET, then resistor 
R3 provides loading for the generator of the squarewave at input where 
the gate to source junction of the JFET is forward-biased. Resistor R4 is 
the load resistance for FET QI and connected from the drain of FET Ql 

to OV or ground. 
The FET shown in Figure 1 is an N-channel enhancement-mode 

MOSFET with three leads and the substrate and source of the FET inter­
nally connected. An IGFET with fou r leads requires externally connect­
ing the substrate and source leads for testing. The substrate is P-type 
material and the drain and source are N-type material implanted in the 
substrate. During the peak positive half-wave of the input signal, the 
voltage taken at the substrate with respect to that at the drain is posi­
tive, producing a forward bias across the substrate to drain PN junction. 
Potentiometer R2 varies the voltage of the gate relative to that of the 
substrate from OV to -5V. The surface of the substrate directly under the 
gate insulator correspondingly changes from P-type material identical to 
that of the remainder of the substrate to material that locally has a net 
positive charge. A conductive channel from the source to the drain does 
not form regardless of the voltage of the gate relative to that of the sub­
strate. Under these conditions, the FET can be modeled as a forward­
biased diode and the positive half-wave viewed on the display of the 
scope essentially follows that of the input signal and has a peak voltage 
of nearly 5V. 

During the peak negative half-wave of the input signal , the voltage 
taken at the substrate with respect to that at the drain is negative pro­
ducing a reverse bias across the substrate to drain PN junction. 
Adjusting the gate to source voltage, VGS, equal to OV by rotating the 
shaft of potentiometer R2 causes the material of the surface of the sub-

PHOTO 2: Resistive network. 
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strate directly under the gate insulator to 
be P-type material identical to that of the 
remainder of the substrate, and a con-
ductive channel from source to drain 
does not form. Therefore, no current can 
flow through the FET and the negative 
half-wave of the input signal does not 
appear on the scope. 
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and a conductive channel from source to 

FIGURE I: Schematic diagram of tester. 

drain is formed. The resistance of this conductive channel is very much 
less than that of load resistor R4. The waveform appearing on the scope 
corresponds to the voltage drop across resistor R4, so this adjustment 
to the setting of potentiometer R4 results in the appearance of a nega­
tive square half-wave on the scope with a peak amplitude of -5V. 

In the case of the FET Q 1 shown in Figure 1, if the FET is good, 
then the peak amplitude of the positive and negative half-waves on the 
scope are respectively equal to nearly +5V for any setting, and variable 
between OV and -5V with the setting of potentiometer R2. 

Alternatively, FET Ql in Figure 1 might be a good N-channel JFET. 
For this type of JFET, the substrate is N-type material, the source and 
drain are ohmic contacts to the substrate, and the gate is P-type mate­
rial implanted at the middle of the substrate. Note that all JFETs are 
depletion-mode devices, that is, with zero volts taken across the gate-to­
source junction, maximum current flows from source to drain. 

During the negative half-wave of the input signal, the position of the 
wiper of potentiometer R2 varies the gate with respect to source voltage 
from zero volts to +5V. For Ql in Figure 1 alternatively being a good N­
channel JFET, then the gate-to-source junction varies from zero bias to 
being forward-biased. Therefore, the JFET is ON for any setting of 
potentiometer R2 and the negative half-wave on the scope follows the 
input negative half-wave. During the positive half-wave of the input sig­
nal, the gate-to-source voltage is varied from zero volts to -5V by the set­
ting of potentiometer R2. The PN junction between the gate and source 
of the JFET can thus be increasingly negatively biased by the position 
of the wiper of potentiometer R2 being moved closer to a position of no 
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FIGURE 2: Layout and inte rconnection of resistive network of tester. 

resistance between ground and the wiper. Current from source to drain 
is increasingly cut off in proportion to the negative bias of the gate-to­
source junction, which means that the setting of potentiometer R2 
varies the peak amplitude of the positive half-wave taken across load 
resistor R4 viewed on the scope. 

For JFETs and depletion-mode IGFETs, the maximum absolute 
value of VGS produced by this tester equal to 5V is generally 
less than the turning OFF threshold voltage for these FETs. 
Therefore, the variable half of the output squarewave of a (Fig . 2 ) 

Part # 
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291-2.2M 

Value/Des cription 
2.2 Megohm 1/ 4W 5% Mouser Electronics 

good FET of these types will be variable over a range of less 
than 5V. 
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carbon film resistor 
1 OOK ohm linear taper 
24mm potentiometer 
lOK ohm 1/ 4W 5% 
carbon film resistor 
lOK ohm 1/ 4W 5% 
carbon film resistor 
4-1 / 2" x 6" IC-spacing 
perfboard 
22 AWG stranded & 
insulated hook-up wire 
Vector push-in terminals 
for .042" holes 
BNC female jacks (2) 
Socket board 
2-1 / 8" x 3-5/ 8" x 1/ 16" 
5" x 2-1 / 2" x 2" project 
enclosure 
1/ 2" dia. plastic knob 
Two of 1/ 8" dia. 1/ 2" Grip 
Al pop rivets, two of #6-1 / 2" 
sheet metal screws, Goop® 
or an epoxy adhesive 

Mouser Electronics 

Mouser Electronics 

Mouser Electronics 

RadioShack 

RadioShack 

Mouser Electronics 

Mouser Electronics 
RadioShack 

RadioShack 

RadioShack 
Local hardware 
store 

Mouser Elect ronics - www.mouser.com - 1-800-346-6873 

CONSTRUCTING IT 

Photo 1 shows how the components of the tester are con­
nected omitting the enclosure. At the bottom of the photo is 
the resistive network which consists of a potentiometer con­
nected to three 1/4W fixed resistors mounted on a small sec­
tion of perfboard glued to the back of the potentiometer. The 
network is connected to a pair of input/output female BNC 
jacks and three color-coded 22 AWG stranded and insulated 
wires. The tinned opposite ends of the color-coded wires are 
inserted into the socket board at the top of the photo to con­
nect to the pins of a FET to be tested which is also inserted 
into the socket board. Accompanying this article is a parts 
and materials list including stock numbers and the correspon­
ding vendor name. 

Photo 2 shows the resistive network. To construct it, first 
cut a 1" x 2" section of perfboard and glue it to the back of the 
1 OOKW pot, R2. After the glue has set, three push-in terminals 
are inserted into the perfboard in line with the terminals of the 
potentiometer R2. Solder the three fixed 1/4W resistors R1, 
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FIGURE 3: Full -size template for bracket supporting socket board. 

R3, and R4 to potentiometer R2 and the push-in terminals as shown in 
Figure 2. At this time, also connect lengths of hook-up wire to the net­
work to be connected to the pair of BNC jacks and for insertion into the 
socket board. 

While waiting for the glue holding the small section of perfboard to 
the back of the potentiometer to set, you can construct the bracket for 
mounting the socket board in the enclosure. See Figure 3, which is a 
full-size template for cutting , drilling, and bending the aluminum lid sup­
plied with the enclosure to form the right angle mounting bracket. The 
template is attached to the lid with paper-sticking glue between the 
existing mounting holes drilled in the lid . Reduce the size of the lid to the 
perimeter of the template. Drill the indicated holes of the template and 
then form a right angle bend along the dashed line of the template with 
a bending brake or a bench vise. 

Attach the socket board to the mounting bracket with pop rivets 
through the 1/ 8" diameter holes in the bracket. With the plastic lid unat­
tached to the enclosure, position the socket board and attached mount­
ing bracket along a first side of the enclosure with the top surface of the 
socket board about 3/ 8" below the edge of the opening of the enclosure 
and centered horizontally. Using the two 1 /16" diameter holes in the 
mounting bracket as a guide, mark the positions on the first side of the 

PH OTO J:The 
completed tester. 

enclosure where 1 / 8" diameter holes are to be drilled for attaching the 
bracket to the enclosure. 

Drill 5/16" diameter and 1 / 8" diameter holes, respectively, 1-3/ 8" 
and 1-13/1 6" distance from the (top) edge of the opening of the enclo­
sure along a vertical line equidistant from the ends of the second side 
of the enclosure for mounting the potentiometer. Drill 3 / 8" diameter 
holes at both ends of the enclosure 1-3/ 8" distance from the top edge 
of the opening of the enclosure and centered left to right for mounting 
the BNC jacks. 

Mount the resistive network and BNC jacks in the enclosure and sol­
der the connections from the resistive network to the jacks. Mount the 
socket board in the enclosure by attaching the mounting bracket to the 
first side of the enclosure with sheet metal screws. A note can be 
attached to the interior of the plastic lid of the enclosure indicating the 
colors of the wires to be connected to the gate, drain , and source leads 
of the FET to be tested. When the tester is not in use, the lid can be 
attached to the enclosure to protect the breadboard and contain the 
wires for making connections to a FET. See Photo 3. NV 

The Pocket Proarammer Subscribe to 
Nuts & Volts 
today and be 
automatically 
entered each 
month in our 

prize 
drawing! 

TM 

LabJack 

* 12-bit analog inputs 
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(303) 942-0228 
.,..- .'- • •:-Y'- ..-~...- .. ~ "':'.: •"''- .. ~--" --:~ -- -~~ T "It ~y -.l•• -:--: ••er. ••·~- -

• ~ " "- '.:'.. __ ... ~ > - •• 
0
h, .....__ • _.:..,-~--~-' • .._ r • - ~ - i'.....- ~ ~a 

24 Aucust 2002/Nuts & Volts Magazine 

. , 

l 
INT RONICS . i 
£J1,1'"'' ' <l'Jvlft• )(1; J l nc 

/:?~/?dC/<ft) ero~,~~~'4'\ 
The portable programmer that uses the printer port 
instead of a internal card. Now with easy to use 
Windows software that programs E(E)prom, Flash & 
Dallas Ram. 25/27/28 & 29 series from 16K to 8 
Megabit with a 32 pin socket. Adapters available for 
MCU's 874X, 875X, Pie, Atmel , 40-Pin X16, Serial 
Eprom's, PLCC, Bi-Prom 's, Eprom Emulator to 32K X 8 

and More.... Only $149.95 

Same Name, Address & Phone# for 20 Years .... 
Isn't it Amazing ? 

lntronics, Inc. 
Box 12723 I 612 Newton St. 
Tel. (913) 422-2094 
Fax (913) 441-1623 

WWW.IN-KS.COM 

Add $7.00 COD 
Add $6.00 Shipping 

Visa/MC/ Amex/Disc 

For more 
details, and to 
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20 Different 
Models 

Available 

The infrared 
LEDs make the 
ILC-300 excellent 
for video record­
ing in low light 
situations up to a 
distance of 10 
meters (32 .Bft). 

The weatherproof anodized 
aluminum housing and 
adjustable brackets for wall or 
cei ling mounts make this an 
ideal camera in a variety of 
applications. 

This camera merges the gap 
between bullet (lipstick) camera and 
full-size housing with camera. Unlike 
bullet (lipstick) cameras with limited 
features, this unit has many features 
only found on larger, "cased" cam­
eras. The AV-48WC8 keeps the best 
part of the bullet/lipstick line in that 
they install quickly and come pre­
assembled, ready for installation. 
Auto iris and vari-focal lens options 
are available upon request. 

Build your own speed dome or motor zoom camera with ease. 
The Polaris 220X camera module will fit right into your case 
easily. The life of the 220X motor is essentially 5 times longer 
than any other brand named camera available today. 

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

AFZ-220X - $349.95 

We have 6 different configurations to 
meet your requirements for outdoor 
or indoor self-contained cameras. 

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

- Rear-view Mirror With Built-in TFT Display 
- Weatherproof, Wide-Angle Infrared Camera 

lndusb1al "<>" Ring Sealed 
Aluminum case 

- Mounting Hardware & Accessories 

RVK-01 $449.95 

DIGITAL MONITORING & RECORDING SYSTEM 

MUL l'l~:ZONE Software 
VIDEO MOl'ION DETECl'OA 

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

4 Pieces/One Pack 
$1099.95 

PV140 Card Configuration: 
- PV-PACK= 140A+140B+140C+140D(4pcs in 1 pack) 
- 140A 1st four cameras/windows 
- 1408 2nd four cameras/windows (expands to= 8 windows) 
- 140C 3rd four cameras/windows (expands to= 12 windows) 
- 1400 4th four cameras/windows (expands to= 16 windows) 

Cards MUST be utilized in this order. 

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

System Requirements: 
- Windows 98/ME/2000/XP 
- Pentium lll-550Mhz or higher with free PCI slot(s) 
- 128 MB+ System Memory 
- PCl/AGP bus graphics card (24 bit high color or 64 bit 
- Sound Card (optional) 
- Hard Disk Space - 1 GB+ per camera; 10GB+ is recommended 
- Microsoft DirectX or higher version 
- CD-ROM I DVD-ROM device 
- Cameras up to 1/2/4/8/12/16 

Aeal· Time Video Digital Recorder 

PENCAM is the newest member to our line of covert cameras. 

It's small , lightweight design allows the PENCAM to slip into your 
shirt or coat pocket, Each unit has a built-in mic for audio and 

USB-01 $89.95 1(9 
Addltlonal Features· 

Call Todaym 

works as a fully functional pen. USB-01 The USB Video Converter acts as an 
interface for your analog video sources and converts 
analog output to digtal for your computer. The USB 
Video Converter accepts high resolution SVHS video 
and standard composite NTSC video. 

Call Today for More 
Information! 

PENCAM - $225.95 

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

DX-78115 $169.96 
Now you can enjoy peace of mind with our 
new wireless observation system. Each 
comes with a 5" wireless monitor & wireless 
camera. Just plug & play for perfect wireless fjiil:~~---~. 
video any time! 

DX-78115 Our NEW Digital Signal Processing (DSP) 
Camera offers you a Day/Night Camera with Digital Zoom, 
Mirror Function, 470 lines of resolution , backlight compensa­
tion , gain control & low lux. An excellent addition to your cur­
rent security system or a great beginning to a new system. Great for around the 

house, office or technlcal 
fleld work. This camera has all the features of the brand 

names without the brand name price! 
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WE BUY AND SELL 
Inquiries 307-635-2269 • Fax 307-635-2291 

Orders 800-538-1493 

2701 Westland Court, Unit B, Cheyenne, Wyoming 82001 

OSCILLOSCOPES 

PROBES 
TEKTRONIX 1101 "Accessory Power Supply, for FET probes" ........... $1 7 5. 0 0 

TEKTRONIX A6902B 'Voltage Isolator, DC-20 MHz, 
20mV-500V/division" .................................................................. $500 .00 

TEKTRONIX P6201900MHz1X/10X/ 100X FETProbe .................... $400.00 
TEKTRONIX P6202 500MHz10X FET Probe.. .. ......................... $150 .00 

FUNCTION GENERA TORS 
HP 3310A "5 MHz Function Generator, 15V/50 0hms" ....................... $225.00 
HP 33120A-001 "15 MHz Function/ Arb. Waveform Gen. , 

phase lock option" . . .. ............................................... $1 2 5 0. 0 0 
HP 3324A "21 MHz Function Synthesized Generator, HPIB" ........... $ 2 2 50. 00 
HP 3325A ''21 MHz Synthesizer/Function Generator, HPIB" ............... $ 9 50. 00 
HP 3325B-002 "Synthesizer/ Function Generator, 

1 uHz-21 MHz, HPIB" ............................................................. $4000 .00 
TEKTRONIX AWG5102 "Arb. Waveform Gen., 20 MS/s, 

12 bits, 50 ppm synthesis <1MHz" . .. ................................... $650.00 
TEKTRONIX AWG5102-opt.2 "Arbitrary Waveform Generator, 

dual channel option" . .. .. ....... $ 8 0 0 . 0 0 
TEKTRONIX 00501 "Digital Delay & Burst Gen., 

forfunction&pulsegen's". .. ................................... $200 .00 
TEKTRONIX FG5010 "Programmable 20 MHz Function Generator, 

TM5000 series".. . ............................................................... $600. 00 
TEKTRONIX FG502 "11 MHz Function Generator, 

TM500 series".. .. .................................................. $275.00 
TEKTRONIX FG503 ''3 MHz Function Generator, TM500 series" ....... $2 5 0 . 00 
WAVETEK 288 "20 MHz Synthesized Function Generator, 

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

PULSE GENERATORS 
BERKELEY NUC. 7085B "Digital Delay Gen., 0-100 mS, 

1 nS res.,5 Hz-5 MHz".. .. ........................ $400.00 
HP 214B"10 MHz Pulse Generator, upto50V/ 500hms" ................ $1200 .00 
HP214B-001 "10MHzPulseGenerator, pulse counting option" ....... $1400 .00 
HP 8007B 100 MHz Pulse Generator ................................................. $450.00 
HP 8012B "50 MHz Pulse Generator, variable transition time" ............ $6 0 0. 00 
HP 8013A 50 MHz Dual Output Pulse Generator ................................ $ 5 0 0. 0 0 
HP 8013B50 MHz Dual Output Pulse Generator . .. .................. $600.00 
HP 81 12A "50 MHz Pulse Generator, HPIB".. .. ....................... $3000 .00 
HP8116A50MHzPulse/FunctionGenerator. .. ..................... $ 2500 .00 
HP 8116A-001 "50 MHz Pulse/Function Generator, 

burst & log sweep option" .. .. ...................... $ 3 2 5 0 . 0 0 
TEKTRONIX PG502 ''250 MHz Pulse Generator, TM500 series" ........ $ 5 0 0. 00 
TEKTRONIX PG508 "50 MHz Pulse Generator, TM500 series" .......... $ 3 50 . 0 0 

VOLTMETERS 
FLUKE 845AR High Impedance Voltmeter I Null Detector ................... $ 3 50. 0 0 
HP 3456A "6-1 /2 digitVoltmeter, HPIB" .............................................. $450.00 
HP 3478A "5-1/2 digit Multimeter, HPIB" .............. ...................... ........ $450.00 
KEITHLEY 181 "6-1/2 digit Nanovoltmeter, 1 O nV sensitivity, 

GPIB". . ............ ............... ................................ ..... $675 .00 
TEKTRONIX DM5010 "4-1 /2 digit Multimeter, TM5000 series" ........... $ 3 00. 0 0 
TEKTRONIX DM501 A "4-1 /2 digit Multimeter, TM500 series" .. .. .... $225. 0 0 

CALIBRATION 
FLUKE 510A "ACReferenceStandard, 10VRMS,0-10mA" ........... . $450.00 
FLUKE 5220A 'Transconductance Ampl~ier, 

DC-5kHz, 0-20A".. .. ... $1250.00 
VOLTAGE SOURCES 
HP 6114A "Precision Power Supply, 0-20V2NQ-40V1 A".. .. ...... $650.00 
HP 61 15A "Precision Power Supply, 0-50V 0.8N0-100 V0.4A" ....... $650.00 
TEKTRONIX PS5004 "Precision Power Supply, 

0-20 V 0-300 mA, 1 mV res." . ... $950.00 

CURRENT METERS & SOURCES 
HP 4140B "DCVSource / Picoammeter, HPIB" ............................... $3500 .00 
HP 6177C "DC Current Source, to 50V, 500 mA" . .. ................. $500.00 
HP 6181C "DC Current Source, to 100V, 250 mA" ............................. $500.00 
KEITHLEY 225 "Current Source, 0. 1 uA-100 mA, 

10-100Vcompliance". .. ..... $450.00 
TEKTRONIX P6022 "AC Current Probe, 935 Hz-120 MHz, 

6Apeak" . . ................... $250.00 
VALHALLA 2500 "AC/DC Current Calibrator, 2 uA-2 A, 

DC-10 kHz" ................................................................................ $500.00 

I IMPEDANCE & COMPONENT TEST I 
L.C.R. 
BOONTON 62AD "1 MHz Inductance Meter, 2-2000 uH" ................... $500. 00 
BOONTON 72BD "1 MHz Capacitance Meter, 

2-2000 pFf.s. 3digits" .. .. .. ............... $800.00 
BOONTON 72C "1 MHz Capacitance Meter, 

1-3000pFf.s.analog".. .. ... .... ...... ...... . $800.00 
GENERALRADl0 1658 "RLC Digibridge, 120 Hz / 1 kHz" ............ $1000.00 
HP4262A ''3-1/2 digitLCR Meter, 120 Hz/ 1 kHz/ 10kHz" .. . ..... $950.00 
HP 4274A "5-1/2 digit LCR Meter, 100 Hz-100kHz,HPIB" .............. $2750 .00 
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STANDARDS 
E.S. I. SR-1 "Standard Resistor, various values" ................................. $125 .00 
E.S.I. SR1010 "Resistance Transfer Standards, 

1 Ohm-100K/step" . .. ......... $500.00 
GENERAL RADIO 1406-series "Standard Air Capacitors, 

GR900connector,0.1 % acc" ........................................................ $275.00 
GENERAL RADIO 1409-series "Standard Capacitors, 

0.001-1.0uFvaluesavailable" . . ........................................... $ 150.00 
GENERAL RADIO 1433-J "4-Decade Resistor, 0-11.11 Kilohms, 

1 Ohm steps"... . ..................................... $ 150.00 
GENERAL RADIO 1433-K "4-Decade Resistor, 0-1.11 Kilohms, 

0.1 Ohm steps"... .. ..................................................... $150 .00 
GENERAL RADIO 1433-P "5-Decade Resistor, 0-1.1111 Megohms, 

100hm steps" ............................................................................ $200 .00 
HP 4440B "Decade Capacitor, 40 pF-1.2 uP'.. . .............................. $7 50 .00 

HI & LO RESISTANCE 
HP 4329A "High Resistance Meter, 500 Kilohms-2x 1Oe16 Ohms" ...... $ 8 7 5 . 0 0 

T.D.R. 
TEKTRONIX "1503B-03,04" 'TOR, 0-50,000 feet; 

chartrec.&batteryoptions" ...................................................... $ 2500 .00 

SINGLE OUTPUT 
HP 601 1A "0-20 V/ 0-120N 1000 Watts max., CV/CC Supply".. . .. $1800.00 
HP 6028A 0-60 V/ 0-10 N200 Watts max. Autoranging Supply ......... $ 1 000 .00 
HP 6033A "0-20 Vi 0-30 N 200 Watts max. Supply, HPIB" ................ $1 2 0 0. 0 0 
HP 6038A "0-60 Vi 0-10 N 200 Watts max Supply, HPIB" ................. $1 2 0 0 . 0 0 
HP 6203B0-7.5 V0-3ACV/CC Power Supply ................................... $175 .00 
HP6205C "Dual Power Supply, 0-40V 300 mN0-20V600 mA" ......... $300.00 
HP6207B0-160V0-200mACV/CC Power Supply ........................ $200 .00 
HP 6263B0-20V0-10ACV/CC Power Supply .................................. $375 .00 
HP 6266B Q-40 V 0-5 A CV/CC Power Supply .................................... $ 3 7 5 . 0 0 
HP6267B0-40V0-10ACV/CC Power Supply. .. .. $550 .00 
HP 6271B0-60V0-3ACV/CC Power Supply .................................... $375 .00 
HP6274B0-60V0-15ACV/CCPower Supply .................................. $650.00 
HP 6384A 4.0-5.5 Vat 8 A CV/CL Power Supply ................................. $ 1 2 5 . 0 0 
HP 6443B 0-120 V 0-2.5 A CV/CC Power Supply.. ... $ 3 7 5. 0 0 
HP6515A0-1600V5mACV/CLPowerSupply. . ........ $275 .00 
HP6525A0-4000V0-50mACV/CC Power Supply.. .. .... $650.00 
HP6552A0-20V 0-25ACV/CC Power Supply .............................. $1 000 .00 
HP 6643A "0-35 V0-6ACV/CC Power Supply, HPIB" ..................... $1200.00 
HP 6652A "0-20V0-25 ACV/CC Power Supply, HPIB" . . ..... $ 1875 .00 
KEPCOATE36-8M 0-36V0-8ACV/CC Power Supply . .. .... $300.00 
SORENSON SRL20-120-20V 0-12A CV/CC Power Supply.. . .... $350.00 
SORENSON SRL60-8 0-60 V 0-8 A CV/cc Power Supply .. .. .... $450 . 00 

MULTIPLE OUTPUT 
HP 6228B "Dual Power Supply, 0-50 V0-1 A, CV/CC" ..................... $375.00 
HP 6236B 'Triple Output Supply, +/-20 V 0.5A & 0-6 V 2.5 A" .............. $3 7 5. 00 
HP 6237B 'Triple Output Supply, +/-20V0.5A&0-18V1 A" ............... $375 .00 
HP 6253A "Dual Power Supply, 0-20 V0-3A, CV/CC" ........................ $375 .00 
HP 6255A "Dual Power Supply, 0-40 V0-1.5A, CV/CC" ..................... $375.00 
HP 6622A "Dual Output Supply, 0-20V Q-4A or 0-50V 0-2A, 

HPIB". .. ..... ............. ... .................. .................. $1850 .00 
HP 6627 A "Quad Output Power Supply, 

0-20 V 2A or 0-50V 800mA" .. ...................... $2750.00 
TEKTRONIX PS503A "Dual Power Supply, 

TM500 series" ... ...................... ............................ $200 .00 

MISCELLANEOUS 
ACME PS2L-500 "Programmable Load, 

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

0·75V/0-75N500Wattsmax." ................................................... $300 .00 
HP 6826A "Bipolar Power Supply I Amplifier, 

+/-50 V 1 A max." .. 
HP 6827 A "Bipolar Power Supply I Amplifier, 

...... $900 .00 

+/-100 V +/-500 mA".. . ............... $900 .00 
KEPCO BOP 50·2M "Bipolar Amplifier/ Power Supply, 

to50V, 2A". .. .... $400 .00 
TRANSISTOR DEV DAL-50-15-100 "Programmable Load, 

0-50V, 0-15A, 100Watts max:'.. .. ... $200 .00 

UNIVERSAL COUNTERS 
HP 5314A 100 MHz/100nS Universal Counter ................................. $175 .00 
HP 5315A 100MHz/100nS UniversalCounter . .. .......... $350.00 
HP 5315A-003 "100 MHz/ 100 nS Counter, 1 GHz C-channel" .... .. .... $450.00 
HP 5315B 100 MHz/ 100nS Universal Counter .................................. $375.00 
HP 5316A "100MHz/ 100nS Universal Counter, HPIB" ................... $450.00 
PHILIPS PM6672/ 411 "120 MHz/ 100 nS Universal Counter, 

1 GHzC-channel" ....................................................................... $300.00 
TEKTRONIX DC5009 "135 MHz/ 10 nS Counter/ Timer, 

TM5000 series" .. 
TEKTRONIX DC503A "125 MHz/ 100 nS Universal Counter, 

...... $350.00 

TM500series" ...................... ............. .... .............. ....................... $250.00 
TEKTRONIX DC509 "135 MHz/ 10 nS Universal Counter, 

TM500 series" .. ... $275.00 

FREQUENCY COUNTERS 
EIP 548A-06 26.5 GHz Frequency Counter & 

mixers for26·60GHz ................................ . ............................. $3950 .00 
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EIP "578-02,05" ''26.5 GHz Source Locking Counter, 
GPIB&powermeter" ............................................................... $2750 .00 

EIP 578-06 "26.5 Source Locking Counter, 
extendable to 11 O GHz" .. 

HP 5342A 18 GHz Frequency Counter .. 
HP 5343A-001 ''26.5 GHz Frequency Counter, 

.. .. .............. $3500 .00 
... $900.00 

OCXOreference" .................................................................... $2500.00 
HP 5345N55N56B 26.5 GHz CW/ 

Pulse Frequency Counter .. .. ................. $3500 .00 
HP 5352B-010 "40 GHz Frequency Counter, 

OCXOreferenceoption" ................................................ ......... .. $7500 .00 
HP 5384A "225 MHz Frequency Counter, HPIB" . .. $450 .00 
XL MICROWAVE 3401 "40 GHz Source Locking 

FrequencyCounter,GPIB" ............ .. ..... ............................ .... .. .. . $5500.00 

STANDARDS 
HP 105B "Quartz Oscillator, 0.1/ 1.0/ 5.0 MHz, batterypwr." ........... $1100 .00 

SPECTRUM ANALYSIS 
HP 3586C "Selective Level Meter, 50 Hz-32.5 MHz, 

50&750hms" ...................................................................... $1000.00 

DISTORTION ANALYZERS 
HP 8903A "Audio Analyzer, 20 Hz-100 kHz, HPIB" .. ........................ $1200 .00 
HP "8903B-001,010,053" "Audio Analyzer, 

20Hz-100kHz,HPIB" ................................ ............. ............... $1850.00 
HP 8903E"Audio Analyzer, 20 Hz-100 kHz, HPIB" ....................... $1650.00 

RMS VOLTMETERS 
FLUKE 8922A 'True RMS Voltmeter, 180 uV-700 V, 

2 Hz-11 MHz".................................................................. .. .... $450 .00 
OSCILLATORS 
TEKTRONIX SG502 "Sine/ Square Osc., 5 Hz-500 kHz, 

70dBstepatten., TM500" .. .. ...................................... $200 .00 
TEKTRONIX SG505-opt.2 "Oscillator, 10 Hz-100 kHz; 

1Mtest&50/150/6000hms" .................................................. $800.00 
WAVETEK 98 "1 MHz Synthesized Power Oscillator, GPIB" ............... $750.00 
MISCELLANEOUS 
HP 3575A "Phase-Gain Meter, 1 Hz-13 MHz, 

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

dual display".. .. ..................................... $750.00 
KROHN-HITE 3200 "High Pass I Low Pass Filter, 

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

20 Hz-2 MHz" ............................................................................. $375 .00 
Krohn-Hrte 7600 'Wideband Amplifier, 0-42 dB gain, 

DC-1MHz, 10Watts" ................................................................ $750.00 
ROCKLAND 852 "Dual Highpass/ Lowpass Filter, 

0.1 Hz-11 1 kHz"... .. .............................................. $650 .00 
TEK AM502 "1 MHz Differential Amplifier, TM500 series" .................. $ 4 5 0. 00 

SPECTRUM ANALYZERS 
HP 11517N19N20A "Mixer Set, 18-40GHz, 

for HP8555A / 8569A" .......................... ................. ...................... $475 .00 
HP 11970A "WR28 Harmonic Mixer, 26.5-40GHz".. .. .. $1 000 .00 
HP 11970K "WR42 Harmonic Mixer, 18.0-26.5 GHz" ...................... $1 0 0 0. 0 0 
HP 11970Q"WR22 HarmonicMixer,33-50GHz".. . $1400 .00 
HP 11970U "WR19 Harmonic Mixer, 40-60 GHz" ........... .. ........... $1 6 0 0. 0 0 
HP 11971 A 'WR28 Harmonic Mixer, 26.5-40 GHz, for 8569B" ........... $ 8 00 . 00 
HP 11971 K "WR42 Harmonic Mixer, 18.0-26.5 GHz, for8569B" . ...... $800 .00 
HP 11974A "WR28 Prselected Mixer, 26.5-40GHz" ....... ... ............ $8000 .00 
HP11975A "L.0. Amplifier,2-8 GHz". . $1400 .00 
HP 3335A "Synthesized Level Generator, 200 Hz-81 MHz, 

-86.98+13.01 dBm"... .. .............................. $3250.00 
HP 8562A "Spectrum Analyzer, 1 kHz-22 GHz, 

100Hzmin.res. Bw" .............................................................. $16000.00 
HP 85640A 'Tracking Generator, 300 kHz-2.9 GHz, 

for HP8560series" .................................................................. $4000.00 
HP 8569B "Spectrum Analyzer, 10 MHz-22 GHz, 

100 Hzmin.res.bw". .. ............................. $5000.00 
TEKTRONIX WM782V "WR15 Harmonic Mixer, 

50-75GHz" .. . . ............ ............... .. .................. $1500.00 

NETWORK ANALYZERS 
HP 11650A Network Analyzer Accessory Kit ..................................... $ 5 0 0 . 0 0 
HP 11650A "Network Analyzer Accessory Kit, APC7" ........................ $600.00 
HP 11665B "Modulator, 0.15-18GHz, for HP 8755/617" ...................... $250 .00 
HP 11665B "Modulator,0.15-18.0GHz, for HP 8755/617" .................... $250.00 
HP3577B "NetworkAnalyzer,5 Hz-200MHz" ............................... $9500.00 
HP 4191A "RF Impedance Analyzer, 1-1000 MHz, 

1 milliohm-100 Kilohms".. .. . $3750.00 
HP 4193A 'Vector Impedance Meter, 400 kHz-11 O MHz, 

100hms-100K" .. .. .......... ........... ...................... $4500 .00 
HP 8502B "75 Ohm Transmission/ Reflection Test Unit, 

0.5·1300 MHz" ........................................... .. ........ .. ......... .......... $675.00 
HP 85044B "75 Ohm Transmission/ Reflection Test Unit, 

300kHz·2GHz".. .. ............ ................... $1250 .00 
HP 85054A 'Type N Calibration Kit, for HP 8510 series" .................. $1800.00 
HP 8717B·001 Transistor Bias Supply ................................................ $ 3 5 0 . 0 0 
HP "8751A-001 ,002""NetworkAnalyzer,5 Hz-500 MHz" ............ $12500 .00 
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HP 8756A "Scalar Network Analyzer, HPIB" . . ..... $ 1 3 7 5 . 0 0 
HP R85026A 'WR28 Detector, 26.5-40 GHz, 

forHP 8757series". . ......................................... $1 200.00 

SIGNAL GENERATORS 
FLUKE 60608/AK "Signal Generator, 0.1-1050 MHz, 

10 Hzres.". . .................... $12 50 . 00 
FLUKE "6060B· 130,830" "Signal Generator, 0.1-1050 MHz, 

10 Hzres.,GPIB". . .................... $1 600 . 00 
GIGATRONICS 1018 "SignaVSweep Gen., 0.05-18 GHz, 

1 kHzres., +8 dBm" . . ................ $ 5000.00 
GIGATRONICS 600/ 6-12 "Synthesized Source, 6-12 GHz, 

1 MHzres., GPIB" .. 
GIGATRONICS 6000/ 8-16 "Synthesized Source, 8-16 GHz, 

............ $ 1500.00 

1MHzres., GPIB" .. . ..... $ 2250.00 
GIGATRONICS 6061 A-830 "Signal Generator, 0.1-1050 MHz, 

10Hzres.,AM, FM, GPIB". . .... $1 900 .00 
HP 11707A "Test Plug-in, for HP8660series" .. . ............ $4 00 .00 
HP 11720A "Pulse Modulator, 2-18 GHz, 80 dB on/off ratio" ................ $4 50 .00 
HP 83416 "Synth. Signal Generator, 10 MHz-20 GHz, 

1 kHz res., AM , FM"... . ................. $ 16000.00 
HP 8642M "Signal Generator, 0.1-2100 MHz, 1 Hzres., 

HPIB". 
HP 8656B-001 "Signal Generator, 0.1-990 MHz, 10 Hz res., 

.... $ 3750 .00 

HPIB, OCXO" .. ....................... . .... $ 2000 .00 
HP 8657A "Signal Generator, 0.1-1040 MHz, 10 Hz res., 

AM, FM, HPIB" . . ... $3 000 . 00 
HP 8660C/603A/633B "Signal Generator, 1-2600 MHz, 

1 or2 Hz res., AM, FM". . .......................... $ 3250 . 00 
HP 8660D/603A-002 "Signal Generator, 1-2600 MHz, 

FM/PM, includes86635A" .. . ........ $ 6000 . 00 
HP 8671 A "Signal Gen., 2.0-6.2 GHz, 1 kHz res., 

CW, FM, +8 dBm, HPIB" . . ............................ $ 2 7 50 .00 
HP 8672A "Signal Generator, 2-18 GHz, 1-3 kHz res., 

AM, FM, +3 dBm" . . .................... $4500 .00 
HP 8672A-008 "Signal Generator, 2-18 GHz, 1-3 kHz res., 

AM, FM, +8 dBm" . . ........ $ 5000 .00 
HP 8673C "Signal Gen., 0.05-18.6 GHz, 1 kHzres., 

AM, FM, Pulse, HPIB". . ..................... $14 000 . 00 
HP 8673D-H15 "Signal Gen., 0.05-26 GHz, 1 kHz res., 

AM, FM, HPIB". . ........ $ 15000. 00 
HP 8673H-212 "Signal Generator, 2.0-12.4 GHz, 1 kHz res ., 

AM, FM, +8 dBm" . . ........... $ 8500 .00 
HP 8673M "Signal Generator, 2-18 GHz, 1 kHzres., 

AM, FM, +8 dBm" . . ...................... $ 9500 .00 
HP 8683B "Signal Generator, 2.3-6.5 GHz, cavity tuned, 

AM/ WBFM/ Pulse". . ........... $ 2250 .00 
HP 8683D "Signal Generator, 2.3-13.0 GHz, cavity tuned, 

AM/ WBFM/ Pulse". . ............... $ 3750 .00 
HP 8684B "Signal Generator, 5.4-12.5 GHz, cavity tuned, 

AM/WBFM/ Pulse". . ................ $ 2250 .00 
MARCONI 2019 "Signal Generator, 80 kHz-1040 MHz, 

10 or 20 Hzres" .. . ..................... $ 850 .00 
WAVETEK 955 "Signal Generator, 7.5-12.4 GHz, 

+7dBm, AM, FM". . ............................... $ 7 5 0.00 
WAVETEK 957 "Signal Generator, 12-18 GHz, 

+7dBm,AM, FM". . .................................. $ 750 .00 

SWEEP GENERATORS 
HP 83508/ 83522A "Sweep Oscillator, 10-2400 MHz, 

+13dBm levelled" .................................................................... $ 3750.00 
HP 83508/ 83525A "Sweep Oscillator, 10 MHz-8.4 GHz, 

+13dBm levelled". . ......... $ 5000.00 
HP 83508/ 83540A-002 "Sweep Oscillator, 2.0-8.4 GHz, 

70dBstepatten:· ...................................................................... $ 3 2 50 . 00 
HP 8350B/ 83545A-002 "Sweep Oscillator, 5.9-12.4 GHz, 

+16dBm, stepatten:' ................................................................ $ 3750 . 00 
HP 83508/ 83550A "Sweep Oscillator, 8-20 GHz, 

+20 dBm levelled outpur .......................................................... $ 5 0 0 0 . 0 0 
HP 8620C Sweep Oscillator Frame ................................................... $ 500 . 00 
HP 86222B-002 "RF Plug-in, 10-2400MHz, +13 dBm, 

70 dB stepatten." ...................................................................... $ 1250. 00 
HP 86222B-E69/8620C "Sweep Osc. & frame, 

0.01-2GHz&2-4GHzbands" .................................................. $ 1200.00 
HP 86241 A "RF Plug-in, 3.2-6.5 GHz, +8 dBm unlevelled" .. . ............ $ 250 . 0 0 
HP 86245A "RF Plug-in, 5.9-12.4GHz,+16 dBm unlevelled" . . .... .... $ 400. 0 0 
HP 86251A "RF Plug-in, 7.5-18.6GHz,+10dBm levelled" ................. $ 500 . 00 
HP 86260A "RF Plug-in, 12-18 GHz, +10dBm unlevelled" .................. $ 400 . 00 
HP 86260A-H04 "RF Plug-in, 10-15GHz, +10 dBm unlevelled" .......... $ 4 00 . 00 
HP86290B "RF Plug-in, 2.0-18.6GHz, +10dBm levelled".. . ...... $1500.00 
HP 86290C "RF Plug-in, 2.0-18.6 GHz, +13 dBm levelled" ............ $1750 . 00 
WAVETEK2001 "SweepGenerator, 1-1400MHz, +10dBm, 

70dBatten~ .............................................................................. $ 750.00 
WAVETEK 2002B "Sweep Generator, 1-2500MHz,+13 dBm, 

GPIB". . ................................... $1750.00 
WILTRON 6647M "Sweep Generator, 10 MHz-20 GHz, 

+10 dBm, GPIB" ......................................... ............................. $4500 .00 
WILTRON "6669B-02,03" "Sweep Gen., O.Q1 -26.5 GHz/ K conn. 

&26-40GHz/WR28" ............................................................. $ 7500 .00 
WILTRON 6717B·20 "Synthesizer/ Sweeper, 10 MHz-8.4 GHz, 

+13dBm,GPIB" .. . ........................ $ 6000 .00 

POWER METERS 
BOONTON 428/ 41-4E "Analog Power Meter, 

with 1 MHz-18 GHz sensor" ........................................................ $400 . 00 
HP 11683A "Range Calibrator, forHP435/6/7/8" ................................ $750 . 00 
HP4358/8481A "PowerMeter,-30 to+20dBm, 10MHz-18GHz" ...... $ 900.00 
HP 436A-022/ 8481 A "Power Meter, -30 to +20 dBm, 

10MHz-18GHz, HPIB" ............................................................ $1200.00 
HP 436A-022/ 8482A "Power Meter, -30 to +20 dBm, 

100kHz-4.2 GHz, HPIB" ......................................................... $1200 .00 
HP 436A-022/ 8484A "Power Meter, -70 to -20 dBm, 

10MHz-18GHz, HPIB" .. . . ... $1200 .00 

• OPEN ACCOUNTS 

HP 436A-022/ 8485A "Power Meter, -30 to +20 dBm, 
50 MHz-26.5 GHz, HPIB" ........................................................ $ 1500.00 

HP 436A·022/ 8485D "Power Meter, -70 to ·20 dBm, 
50 MHz-26.5 GHz, HPIB" ......................................................... $ 1700.00 

HP438A Dual Channel Power Meter .. . ............................ $ 3000 .00 
HP 8477A "Power Meter Calibtator, for HP 432 series" .. . .... $ 400 .00 
HP 8487D "High Sensitivity Sensor, -70 to -20 dBm, 

50MHz-50GHz,2.4mm". . ....................... $1 850 .00 
HP 8900D/84811 A "Peak Power Meter, 

0.1-18GHz,0-20dBmpeak" .. . $ 2500 .00 
HP 08486A "Power Sensor, 33-50 GHz, 

-30to +20dBm, for435/6/7/8" ................................................... $1 500 . 00 
HP R8486A "Power Sensor, 26.5-40 GHz, 

-30to+20dBm, for 435/6/7/8" . . .............. $1 500.00 
HP R8486D "Power Sensor, 26.5-40 GHz, 

-70to-20dBm, for435/6/7/8". . ............... $ 1750.00 

RF MILLIVOLTMETERS 
BOONTON 92C "RF Millivoltmeter, 3 mV-3 V f. s., 

10kHz-1.2GHz". . ........................................... $ 500 .00 
RACAL-DANA 9303 "RF Millivoltmeter,· 70 to +20 dBm, 

10 kHz-2GHz, GPIB" .................................................................. $ 750.00 

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RES. 50AR15 "Amplifier, 50 Watts, 

46dBgain,0.1-15 MHz" ......................................................... $ 1000.00 
BOONTON 82AD "Modulation Meter, AM/ FM, 

10-1 200MHz" ............................................................................. $ 500 .00 
HP 1171 3A "Switch / Attenuator Driver, HPIB" ................................ $ 800.00 
HP 11729B·003 "Carrier Noise Test Set, 

5 MHz-3.2GHz" ..................................................................... $1900.00 
HP 37308/3738B "Downconverter, 

5.9·8.9GHz&8.7·11.7GHz" .................................................... $1 200.00 
HP415E SWR Meter..... . .... $ 200.00 
HP 8347A "RF Amplifier, 25 dB gain, 100 kHz-3 GHz, 

+20 dBm, HPIB". . .................... $2750 .00 
HP 8349A "Amplifier, 15 dB gain, 2-20 GHz, 

+20dBmoutpur .. . ..................... $1 650.00 
HP 8403A-002 "Pulse Modulator, 0.8-2.4 GHz, 

80dBdynamicrange" ................................................................ $ 4 5 0.00 
HP 8406A "Comb Generator, 1/ 1Of100 MHz increments, 

to 5GHz" ..................................................................................... $5 00.00 
HP 8447 A-001 "Dual Amplifier, 20 dB, 0.1-400 MHz, 

+6dBm Po, NF <7 dB". . ..... $ 650 .00 
HP 8447D-010 "Preamplifier, 25 dB gain, 

0.1-1300MHz,<8.5 dBNP' . . ............................ $750.00 
HP 8447E "Amplifier, 22 dB, 0.1-1300 MHz, 

+13dBmoutpur .. . ...................................... $ 650.00 
HP 8447F-H64 "Dual Amp., 0.01-50 MHz 28 dB 

&0.1 -1300MHz25dB" .. . .................. $ 900.00 
HP 8901 A "Modulation Analyzer, 

150 kHz-1300 MHz, HPIB" . . .................. $ 1350.00 
HP 8901 B-001 "Modulation Analyzer, 

150 kHz-1300 MHz, HPIB" ....................................................... $1 900 . 00 
MPD LAB-1-510-10 "Amplifier, 48 dB gain, 

50o-1000MHz, 10Watts" ........................................................... $ 750.00 
RACAL 9009 "Modulation Meter, 30-1500 MHz, AM, 

1.5·100kHzpkFM" .................................................................... $ 350.00 
RF POWER LABS ML50 "Amplifier, 2-30 MHz, 

47dBgain, 50Watts, metered, 28 V'' .......................................... $ 200 . 00 
ROHDE&SCHWARZ ESH2 "Test Receiver, 

9 kHz-30 MHz" ........................................................................ $ 3250 . 00 

AEROWAVE 28-3000/10 "WR28 Directional Coupler, 
10dB,26.5-40GHz". . ............................. $ 300 .00 

AMERICAN NUC. AM-432 "Cavity Backed Spiral Antenna, 
LHC, 2·1 8 GHz, TNC(f) ' NEW"" ................................................... $ 95 .00 

AVANTEK AMT-400X2 'WR28 Active Doubler, 
+10dBm in&our ........................................................................ $ 450 .00 

BIRD 8201 "500 Watt Oil Dielectric Load, DC-2.5 GHz" . . .... $ 3 5 0 . 00 
FXR/MICROLAB SL-03N "Stub Stretcher, 0.3-6.0 GHz, 

100 Watts max., N(m/f)". . ........................ $ 75 .00 
GENERAL RADIO 874-LTL "Constant Impedance Trombone Line, 

0-44cm, DC-2GHz" .............................................................. $400 . 00 
HP 11590A-001 "Bias Network, 1.0-18.0 GHz, APCT ........................ $ 450 .00 
HP 11691 D "Directional Coupler, 22 dB, 2-18 GHz, 

N connectors" ............................................................................. $450.00 
HP 11692D "Dual Directional Coupler, 22 dB, 2-18 GHz".. . ......... $800.00 
HP 33327L-006 "Prag. Step Attenuator, 0-70 dB, 

DC-40GHz, 2.9mm" .. . .............................. $ 1000.00 
HP 778D-011 "Dual Dir. Coupler, 20dB, 0.1-2.0GHz, APCT ............. $450.00 
HP 8498A·030''30dBAttenuator, 25 Watts, DC-18GHz" .................... $ 500.00 
HP 87300C-020 "Directional Coupler, 20 dB, 1.0-26.5 GHz, 3.5mm" ... $ 4 7 5. 00 
HP K422A 'WR42 Flat Broadband Detector, 18.0-26.5 GHz" ............... $ 3 5 0. 00 
HP K532A "WR42 Frequency Meter, 18.0-26.5 GHz" . . ..... $ 45 0. 00 
HP K752C 'WR42 Directional Coupler, 10 dB, 18.0-26.5 GHz" .. $ 45 0 . 00 
HP K752D 'WR42 Directional Coupler, 20 dB, 18.0-26.5 GHz" ........... $ 45 0. 00 
HP K870A 'WR42 Slide Screw Tuner, 18.0-26.5 GHz" .. $ 2 7 5 . 00 
HPK914B 'WR42MovingLoad, 18.0-26.5GHz" . . .......... $ 250.00 
HP Q752D 'WR22 Directional Coupler, 20 dB, 33-50 GHz" ............. $ 65 0 . 00 
HP R281A WR28 x2.4mm(D Adapter . . ......... $600 .00 
HP R422A "WR28 Crystal Detector, 26.5·40 GHz" ............................ $ 4 0 0 . 0 0 
HP R752A "WR28 Directional Coupler, 3 dB, 26.5-40 GHz" ............... $450 .00 
HP R752D "WR28 Directional Coupler, 20 dB, 26.5-40 GHz" ............. $450 .00 
HP R914B "WR28 Moving Load, 26.5-40GHz" .................................. $ 250.00 
HP V365A 'WR15 Isolator, 25dB, 50-75GHz".. . ... $ 750 .00 
HP V752D "WR15 Directional Coupler, 20 dB, 50-75 GHz" ................ $ 65 0. 00 
HPX870AWR90SlideScrewTuner ................................................. $150.00 
HUGHES 45322H-1110/1120 "WR22 Directional Couplers, 

10or20dB,33·50GHz" .............................................................. $ 350.00 
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HUGHES 45712H-1000 "WR22 Frequency Meter, 
33-50GHz" ................................................................................. $ 750 . 00 

HUGHES 45714H-1000 "WR15 Frequency Meter, 
50-75GHz" .. . ... $ 900 . 00 

HUGHES 45722H· 1000 'WR22 Direct Reading Attenuator, 
0-50dB,33-50GHz" ................................................................ $ 1000. 00 

HUGHES 45724H· 1000 'WR15 Direct Reading Attenuator, 
0-50dB, S0-75GHz" .. . .................... $ 1000. 00 

HUGHES 45732H-1200 'WR22 Level Set Attenuator, 
0-25dB, 33-50GHz" ........................................................ .......... $ 250 . 00 

HUGHES 45752H-1000 'WR22 Direct Reading Phase Shifter, 
Q.360, 33-50GHz" .. . . ................ $ 1400. 00 

HUGHES 45772H-1100 "WR22 Thermistor Mount, 
-20to+10dBm,33-50GHz" ........................................................ $ 400 . 00 

HUGHES 47316H-1111 'WR10Tunable Detector, 75-110 
GHz, pos. polarity" . . ................................................ $ 600 . 00 

HUGHES 47741 H-2310 'WR28 Phase Locked Gunn Osc. , 
32GHz,+18dBm". . ... ............ ... ... $2000.00 

HUGHES 47742H-1210 'WR22 Phase Locked Gunn Osc. , 
42GHz, +18dBm". . ............................................. $ 2 7 50 .00 

KRYTAR 20102001 O "Directional Detector, 1-20 GHz, 
SMA(f/f)/SMC" .......................................................................... $ 200 .00 

KRYTAR 2616S "Directional Detector, 1.7·26.5 GHz, 
K(f/m)/SMC" .. . ............................. $ 200.00 

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

NARDA 3000-series "Octave Band Directional Couplers, 
Nconnectors" .. . ..................................... $ 1 50 . 00 

NARDA 3024 "Bi-Directional Coupler, 20 dB, 4-8 GHz" ... . ............... $ 3 7 5 . 00 
NARDA 3090 Precision High Directivity Couplers .............................. $ 225 . 00 
NARDA 368BNM "Coaxial Hih Power Load, 500 Watts, 

2-18 GHz, N(m)" .. . .................... $ 500 . 00 
NARDA 3752 "Coaxial Phase Shifter, 0-180 degJGHz, 

1-5GHz". . .......................... $ 900.00 
NARDA 3753B "Coaxial Phase Shifter, 0-55 deg./GHz, 

3.5-12.4GHz''. . ............ $ 950.00 
NARDA 4000-series "Octave Band Directional Couplers, 

SMA connectors" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 7 5 . 0 0 
NARDA 4247-20 "Directional Coupler, 20 dB, 6.0-26.5 GHz, 

3.5mm(f)". . ............. $ 200.00 
NARDA 5070-series Precision Reflectometer Couplers ..................... $ 3 0 0 . 0 0 
NARDA562 "DCBlock, 10MHz-12.4GHz, 100Vmax., N(m/f)" ......... $ 65 .00 
NARDA 765-10 "10dBAttenuator, 50Watts, DC-5 GHz, N(m/f)" ........ $ 165 .00 
NARDA 791 FM 'Variable Attenuator, 0-37 dB, 2.0-12.4 GHz" .............. $ 5 00. 00 
NARDA 792FF 'Variable Attenuator, 0-20 dB, 2.0-12.4 GHz" ............... $ 3 7 5 . 00 
NARDA 793FM "Direct Reading Variable Attenuator, 

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

0-40dB,4-8GHz". . ....................... $ 375.00 
OMNI-SPECTRA 2085-6010-00 "Crystal Detector, 1-18 GHz, 

neg. polarity, SMAm/f" ... . ............. $50.00 
PAMTECH KYG 1014 "WR42 Junction Circulator, 

18.0-26.5GHz" .......................................................................... $250 . 00 
SONOMA SCI. 21A3'WR42 Circulator, 20dB, 20.6-24.8 GHz" ............ $ 75.00 
TEKTRONIX 2701 "StepAttenuator, Q.79dB, DC-1 GHz" ................... $150 . 00 
TEKTRONIX WM782U 'WR19 Harmonic Mixer, 

40-60GHz" ... 
TRG B51 O 'WR22 Direct Reading Attenuator, 0-50 dB, 

33-50GHz" .. 
TRG V551 'WR15 Frequency Meter, 50-75 GHz" . 
TRG W51 O "WR 1 O Direct Reading Attenuator, 0-50 dB, 

. $ 1500. 00 

......... $ 900 . 00 
... $ 600 . 00 

75-110GHz''. . ................. $ 1000. 00 
TRGW551 'WR10Frequency Meter, 75-110GHz". . .. .. ......... $750 . 00 
WAVE LINE 100080 'WR28 Terminated Crossguide Coupler, 

30dB" .. 
WEINSCHEL 150-1 10 "Programmable Step Atten., 

. ····· $ 200 .00 

DC-18 GHz, SMA" ...................................................................... $450 . 00 
WEINSCHEL DS109 "DoubleStubTuner, 1·13GHz, N(m/f)" ............. $150 .00 
WEINSCHEL DS109LL "Double Stub Tuner, 

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

HP 37204A-003 "HPIB Extender, fiber-optic connection 
•unused"'... .. .................... $250.00 

HP 4934A-J02TIMS; CCITI option; battery power.. . $1 650 .00 
HP 59401A HPIB BusAnalyzer .. . ..... $375.00 
TAMPA MW. LAB BUC1 W-02W-CST "Ku band Upconverter, 

1 Watt 14.0-1 4.5GHzWR75 ' NEW'".. . ..................... $150 .00 
TEKTRONIX 141 1R-opt.04 "PAL TestGen.,w/SPG12,TSG11 .TSP1 1, 

TSG13,15,1o' ... . ..... .. $ 1400.00 
TEKTRONIX 147A "NTSC Test Signal Generator, 

with noise test signal" .............................................................. $ 8 0 0. 0 0 

EG&G/ P.A.R. 5302 I 5316 "Lock-in Amplifier, 100 mHz-1 MHz, 
GPIB / RS232C" ....................................................................... $2250.00 

FLUKE 2180A RTD Digital Thermometer .......................................... $500 .00 
HP59307A HPIBVHFSwitch. . ......................................... $200.00 
P.A.R. 5206-95.98 'Two-Phase Lock-in Amp., 

2 Hz-100kHz, GPIB". . .................... $ 1250 .00 
TEKTRONIX TM5003 TM5000-series 3-slot Programmable 

Power Module. . .... .................. $450 .00 
TEKTRONIX TM5006 TM5000-series 6-slot Programmable 

Power Module . . ...... ... ......... ... ...... ............ $500.00 
TEKTRONIX TM503 TM500-series 3-slot Power Module .. . .. $1 5 0. 00 
TEKTRONIX TM504 TM500-series 4-slot Power Module ................. $175.00 
TEKTRONIX TM506 TM500-series 6-slot Power Module ................... $250 . 00 
TEKTRONIX TM515 TM500-series 5-slot Portable 

Power Module ... ················ $250.00 
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Reader Feedback 
Dear Nuts & Volts : 

I am disappointed to see 
more time and energy wasted 
on the misguided bui lding of 

regenerative receivers . They 
stink. Because they don't require 
alignment, there is little useful 
experience to be gained in build­
ing them and their performance 
is lousy compared to super­
heterodyne receivers. With the 
possible exception of the passive 
TRF receiver for use in very spe­
cialized applications building any­
thing besides superhets is a waste 
of effort. 

Anonymous 

Dear Nuts & Volts: 
The most important observa­

tion in Louis Frenzel's article on 
current flow is that it really does­
n't matter. For example, Kirchoff's 
Laws - as universally applied by 
engineers, physicists, and techni­
cians - are formulated in terms of 
"algebraic sums," with the sign of 
each quantity determined by con­
vention. If it really irks you that 
someone has defined positive 
current flow at a junction to be 
conventional current flowing in, 
you can redefine it as electrons 
flowing out. The key is self-consis­
tency. 

But the convention of current 
flowing from the negative termi­
nal of a battery to the positive is 
not self-consistent - at least not 
with the bigger picture. Positive 
current flow from point A to point 
B is defined as a movement of 
positive charges from point A to 
point B - or equivalently, nega­
tive charge from point B to point 
A. A positive potential difference 
between point B and point A 
means the electric field vector 
points from A to B, and the force 
vector on a positive charge points 
in the same direction. In the 
model, Frenzel advocates current 
appears to flow uphill. 

Had Benjamin Franklin - the 
true culprit in this misunderstand­
ing - guessed right about the 
direction of the charge carriers he 
was observing , everything would 
be exactly the same as it is now, 
except what is now labelled the 
positive terminal of a battery 
would be marked negative and 
vice versa. To compare changing 
over from conventional to elec­
tron flow and changing from 
English to metric units is a bit of 
an oversimplification . Either we 
could legislate some illogical sign 
changes into Maxwell's equations, 
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akin to drawing a mustache on 
the Mona Lisa, or we could fix the 
"real world" by shipping power 
supplies and batteries with their 
terminals marked opposite to pre­
sent practice. The second choice 
would create disasters far greater 
than mere confusion. The current 
flow convention would then 
reflect "the truth" for most metals, 
but not for p-wafers or metals with 
complicated Fermi surfaces like 
tungsten. (Freznel's sanctimo­
nious description of his way 
reminds me of a certain right­
wing radio talk show host. No 
wonder he sees such emotional 
responses to the subject.) 

Franklin's true brilliance in 
this field - not to mention several 
hundred others - lay in the real­
ization that a signed number is 
appropriate for describing any 
electric charge, and that which 
sign describes which charge is 
arbitrary. At the risk of adding 
fuel to the fire, I think engineers, 
physicists, and college professors 
resist standardizing on electron 
flow not because they are old, 
stodgy, and resist change (most 
professors are engaged in state­
of-the-art research as a condition 
of their continued employment) , 
but because they see a bigger pic­
ture than technicians. 

David Liguori 
Albany, NY 

Dear Nuts & Volts: 
I know of Louis E. Frenzel. I've 

known of Lou since I began writ­
ing about electronics in 1960 
after reading many of his articles. 
I'm no Louis E. Fenzel - although 
I've written almost 100 articles for 
Nuts & Volts. 

And now that Joe Carr, 
Anthony Charlton , Herb 
Friedman, and so many of the 
other prolific electronics writers of 
the last century have gone to the 
big master grid in the sky, Louis 
E. Frenzel is one of the few 
remaining deans of electronics 
scribes, together with Forrest M. 
Mims Ill, Don Lancaster and, of 
course, T J Byers. 

However, I must disagree with 
Lou's favoritism of electron flow 
(EF) versus conventional current 
flow (CCF). (July 2002, Page 40.) 
While EF makes physicists com­
fortable , as an electronics hobby­
ist, I prefer to "go with the flow" -
positive to negative - for one 
basic reason: the arrows in semi­
conductor devices point that way! 
And, at 75, I'm old fashioned . 

Whenever I look at a circuit to 
try to figure out what is happen­
ing, I follow the arrows. If I try to 
use EF reasoning, I get hopeless­
ly confused - or more hopelessly 
confused! 

In all my hundreds of articles 
in many electronics magazines in 
the last over-40 years, admittedly 
written mostly for beginners and 
intermediate electronics hobby­
ists , I've strived for practical 
explanations over theory, always 
using positive-to-negative current 
flow for explanations of circuit 
action. I leave the atoms, holes, 
valences, doping, and such to 
those who dabble in theory, while 
I crank up the iron and build 
something .. . or I did until recent­
ly going partially blind. 

In one of my recent books 
(Simple Low-Cost Electronics 
Proj ects Butterworth­
Heinemann) , the circuit descrip­
tions for all 22 projects are 
explained in detail using current 
flow rather than electron flow. I've 
had no complaints. 

I'm a KISSer (Keep It Simple, 
Stupid) , not a KICKer (Keep It 
Complicated, Knucklehead - or 
they'll figure it out for themselves, 
and won't need you!) . 

Fred "Sparks" Blechman 

Dear Nuts & Volts: 
The direction current "really" 

flows is the direction that positive 
charge flows while moving from 
greater potential to lesser poten­
tial. That is the only direction it 
can possibly flow in order for the 
math to work out. If we redefine 
current flow to be the direction 
that electrons happen to move, 
then we must also define protons 
to have negative charge and elec­
trons to have positive charge. Is it 
really necessary to change the 
model of the atom simply to 
appease ornery individuals who 
are annoyed that the most com­
mon charge carrier happens to be 
negative? 

Christopher J. Burian 
Waltham, MA 
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CALL TOLL-FREE 

(800) 292-7711 Orders 
Only C&S SALES 

CALL OR WRITE 
FOR OUR 
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Se Habla Espanol Secure On-line Ordering @ cs-sales.com 
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Digital Multimeters Capacitance Meter 

Elenco Model M-1740 Elenco Model LCR-1810 Elenco Model LCM-1950 Elenco Model CM-1555 

11 Functions: 
• Freq. to 20MHz 

• Cap. to 20µF 

• AC/DC Voltage 

• AC/DC Current 

• Beeper 

• Diode Test 

• Transistor Test 

• Meets UL-1244 
safety specs. 

• Cap. 0.1 pF to 20µF 
• Inductance 1µH to 

20H 
• Resistance 0.010 

to 2,oooMn 
• Temperature -20°C 

to 750°C 
• DC Volts 0 - 20V 
• Freq. up to 1 SMHz 
• Diode/Audible 

Continuity Test 
• Signal Output 

Function 
• 3 1/2 Dig it Display 

Test Equipment 

• Large 1 B 3 3/4 Digit 
LCD 

• Autoranging Freq. 
to 4MHz 

• Cap. to 400µF 
• Inductance to 40H 

• Res. to 4,000MQ 

• Logic Test 
• Diode & Transistor 

Test 

• Audible Continuity 
Test 

• Measures capacitors 
from0.1pFto 
20,000µ.F. 

• 3 1/2 Digit LCD readout 
with unit indicator. 

• Zero control fortes! 
lead compensation. 

• Banana jack and 
special insertion jack 
included. 

Elenco Four Functions in One Instrument 

Model MX-93008 
Elenco Handheld 
Universal Counter 

1 MHz - 2.8GHz Features: 
• One instrument with four test 

and measuring systems: 
- 1.3GHz Frequency 

Counter 

- 2MHz Sweep Function 
Generator 

- Digital Multimeter 

- Digital Triple Power 
Supply 

Elenco Multi-Network Cable Tester 

Model TCT-255 Ill 
This tester is a convenient instrument for testing 
different RJ-11 and RJ-45 connectors and coax 
cables. Cables can be tested before and after they 
are installed. 
• Mapping Function 
• Tests cables before or after their installation. $ 7 5 
• Cable Identification (straight or reverse) 
• Pair Identification (straight or reverse) 
• Open or Short Testing 
• Low Battery Indicator 
• Auto Power-Off Function (30 s.) 

Soft Vinyl Zippered Case (Model C-90} included! 
TCT-255K - Multi-Network Cable Tester Kit - 539.95 

20MHz Sweep I Function Generator 

with Frequency Counter Model 4040A 

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

to 30MHz 
• Linear and Log Sweep 

Model F-2800 

Sensitivity: 
«1 .5mV@ 100MHz 
• <5mV @ 250MHz 
• <5mV@ 1GHz 
• <100mV @ 2.4GHz 

Features 1 O digit display, 16 segment and 
RF signal strength bargraph. 

Includes antenna, NiCad battery, and AC 
adapter. 

C-2800 Case w/ Belt Clip ......... .... $14.95 

Elenco RF Generator 

with Counter (100kHz - 1soMHz) 

Model SG-9500 

Featu res internal AM mod. of 1 kHz, RF 
output 1 OOMV - 35MHz. Audio output 1 kHz @ 
1V RMS. 

4 Fully Regulated Power Supplies in 1 Unit 

I). I 
JI 

4 DC Voltages: 3 fixed;+SV@ 3A, +12V@ 1A, 
1 variable; 2.5 · 20V @ 2A • Fully Regulated 
& Short Protected • Voltage & Current Meters • 
All Metal Case 

Elenco Power Supply 

Model XP-603 

• 0·30VDC @ 3A Output 
• 3A Fused Current Protection 
• Current Limiting Short Protection 
• 0.025Q Output Impedance 

Elenco 3MHz Sweep Function 

Generator w/ built-in 60MHz 

Frequency Counter 

Model GF-8046 

·•· , _ 

Generates square, triangle, and sine waveforms, 

andTTL,CMOSpulse. $199
0

95 10MHz Model 4017A 

SM Hz Model 4011 A 

2MHz Model 401 QA 

$325 

$259 

$225 f :l,fSili'·ifit·Ui SG-9000 (analog, w/o counter) $135 GF·B025 ·Without Counter $139.95 

Deluxe Soldering Stations 

Elenco SL-5 Series 
Electronically controll ed , ideal for professionals, students, and 
hobbyists. Available in kit form or assembled. 

As Low As 

• Cushion Grip Handle 
Soldering Iron (optional) with 
Grounded Tip for Soldering 
Static-Sensitive Devices. 
Easily Replaceable . Uses 
Long-Life, Plated Conical Tip. 

• Heavy Steel , Non-Slip Base . 

..._ • Iron Holder Funnel -
j Reversible , left or right side. 

, ••••••• • • Steel Tray for Sponge Pad. 

• Sponge Pad. 

Ordering Information: 

Model SL-5 - No iron . 

(Kit SL-SK) 

Model SL-5-40 - Includes 40W UL iron. 

(Kit SL-5K-40) 

® 

Weller® Low Cost Soldering Iron 
Model WLC100 

• Variable power control 

produces 5-40 watts . 

• Ideal for hobbyists, DIYers 

and students. 

• Complete with 40W iron. 

Elenco Oscilloscopes 
Free Dust Cover and x1, x2 Probes 

2 year Warranty 
S·1330 25MHz Delayed Sweep 

S·1340 40MHz Dual Trace 

S-1345 40MHz Delayed Sweep 

S-1360 60MHz Delayed Sweep 

S-1390 100MHz Delayed Sweep 

$439 
$475 
$569 
$725 
$895 

DIGITAL SCOPE SUPER SPECIALS 
DS·203 20MHz/1 OMs/s Analog/Digital $695 

DS·303 40MHz/20Msls Analog/Digital $850 

DS·603 60MHz/20Ms/s Analog/Digital $950 

....._ ___ E_le_n_co_S_n_a..;...p_C_ir_c_u_it_s r_M __ ___.I IE Ienco Educational Kits I ._I __ E_l_e_ct_ro_n_i_c_S_c_ie_n_c_e_L_a_b _ ____, 

SC-100 - 100 experiments 

549.95 

529.95 

Elenco's new Snap Circuits'" make learning electronics a "snap". Just follow the colortul pictures in out 
manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and 
much more. You can even play electronic games with your friends. All parts are mounted on plastic 
modules and snap together with ease. Enjoy hours of educational fun while learning about electronics. 
You can even create your own experiments! No tools required. 

Model MX-901 SW 

Short Wave Radio Kit 

Model AK-700 

Model M-1006K 
DMM Kit 

Model AM-780K 

Two IC Radio Kit 

sg_gs 

Model RCC-7K 
Radio Control Car Kit 

Model K4001 

Circle #35 on th e Reader Servi ce Card . 

Maxitronix 500-in-1 Electronic Project Lab Model MX-909 

Everything you need to build 500 exciting electronic projects: 
• Learn the basics of electronics. 500 

different electron ic experiments, special ~ • 
lighting effects, radio transmitter and . 
receivers, sound effects, cool games and 
MORE! 

• Includes built-in breadboard and an LCD. 

• Explore amplifiers , analog and digital 
circuits plus how to read schematic 
diagrams. 

• Includes 11 parts. 

• Lab-style manual included. 

• Requires 6 "AA" batteries. 

MX-908 - 300-in-1 Lab 

MX-907 - 200-in-1 Lab 

MX-906 - 130-in-1 Lab 
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Remote Control Tester 

• I am looking for a circuit to 
check TV / VCR remote con­

trols . The circuit should consist of 
an IR detector and a correspon­
ding circuit that would light an 
LED to show that the remote is 
working . It would be nice if I could 
fit the tester in a RadioShack 270-
283 project box. 

Bernie Petrasek 
via Internet 

• If all you want to do is 
check to see if the remote is 

emitting light, RadioShack sells a 
card (276-1099) that fluoresces 
when IR light strikes it. But I sus­
pect you have other plans for the 
signal, otherwise you wouldn't 
have asked for an LED indicator. 
Figure 1 is a simple circuit built 
around a GPl U52X IR receiver 
module that will fit in your desired 
project box. 

By the way, you don't need to 
drill a hole in the case to let in the 
IR light. It will penetrate the plas­
tic , albeit the range will be 
reduced by about half. 

Remote Control Relay 

• I wish to drive a small five­
volt relay from the output of 

remote IR receiver. The 
receiver is housed in a metal can 
and has three pins : +5 volts , 
ground, and output. 

Ken Schultis 
via Internet 

• From your description of 
the receiver, it sounds iden­

tical to the GPl U52X module I 
used in the Figure 1 circuit. This 
time, though, I'm adding an 
optoisolator. If you wish, the 
TLP624 can be replaced with a 
Darlington transistor, like an 
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MPSA14. The lOuF cap filters the 
output pulse and prevents the 
relay from chattering . 

Roll Your Own Drivers 

• In the June 2001 issue, 
you made a circuit for a 

sequential timer that controlled 
110 VAC lights. Recently, I 
restored an old railroad color posi­
tion light - the B & 0 R.R. type. 
It's about 3.5 feet in diameter and 
has two red, two yellow, and two 
green lights. The bulbs are 12 volt 
(1156) and each color-pair are 
wired in parallel. Could you alter 
your circuit for my 12-volt appli­
cation? My application would call 
for each color to be turned on for 
the same amount of time in the 
sequence. 

Herb Henry 
via Internet 

• Either of the circuits I pub­
lished in the March and 

June 2001 issues will work for 
your project. I recommend the 
4017 sequencer in Figure 3 
because it gives the evenly­
spaced intervals you desire 

Now to y our question: how 
to interface the output to your 
specific lights. I'm sure a lot of 
readers have the same question 
because I often publish schemat­
ics that almost fill their needs if 
only the output could be changed 
to match their specific device. So 
I'm going to serve up a medley of 
solutions that should let you inter­
face any popular device to any 
TTL-compatible output. Refer to 
the drawings in Figure 4 on the 
next page. 

In drawing (a), the output 
drives an LED when it's low; in 
drawing (b ), the LED lights when 
the output goes high. R 1 limits 
the drive current to about 10 mA. 

What•s Up: 
Two IR remote control receivers, a simple 
KVM switch, and the definitive chart of TTL 
output driver circuits. Looking for hard-to­
find parts? Sources for custom panel 
meters, USB-to-serial port converters, and 
used Tektronix scopes. How to earn a CET 
or A+ Certification, and some very techie 
cool web sites. 

For heavier loads, a tran­
sistor is used: ( c) turns on 
the transistor (and powers 
the load) when the output 
is high , (d) turns on the 
transistor when the output 
is low. The maximum load 
current for the transistors 
shown is about 600 mA. 
Figures (e) and (f) are iso­
lated drivers for DC and AC 
loads, respectively; output 
current is determined by 
the device itself. Circuit (g) 

+SV Figure I 

Radio Shack 

276-137 470 

Out 1-1--~vv--­
Vcc 

2 

GND 3 I1uF 

+SV Figure l 

Radio Shack 
----- ---------...... 275-232 

Radio Shack 
276-137 

Out t-1--1---''VV"v-­

Vcc 2 

GND 3 

I RATE I 
1M 

8 

1 

2N2222 

+9V 

4 

3 14 

6 555 

2 

1 5 

Io.1 Ia1 
- -- -

r-

4'4' 1111 

16 
Vdd R 15 

CLK 03 7 

4017 °2 4 Red 
01 2 Yellow 
DO 3 Green 

CE 

13 

- -- -



Electronics Q&A 

11MOB¥1 

R1 
470 

(a) 

+V 

+DC 

R3 
470 

(e) 

+V 

is an FET driver capable of deliv­
ering 450 mA when the output is 
high, and (h) drives a Hamlin reed 
relay capable of switching 0.5 
amps at 200 volts. 

Your project needs solution 
(d). Let's do a little math here to 
determine the type of transistor 
you need. Two 1156 lamps in par­
allel draw about four amps, which 
means you need to be looking at 
a power transistor and not a small 
2N2222 often found in my 
designs. The drive current of a 
TTL gate is between 10 mA and 
25 mA, where 10 mA is typical for 
chips like the 4017. That means 
we need a gain (Hfe) of 800 
(4A/ 5mA = 800) using a value of 
l k for R2. 

To obtain that much gain and 
current in a single package, we 
have to turn to a Darlington tran­
sistor; I lean toward the popular 
TIP series, which includes the 
TIP125. It's rated 5A at 60 volts , 
and is available from a number of 

LOAD 

sources. Of course, you'll need 
three TI Pl 25 transistors , one for 
each color. 

Customized Panel 
Meters 

• I need to locate a source 
for analog panel meters 

with a scale of 250 degrees, a 50 
uA or 100 uA full scale that's not 
affected by the panel material , 
and fast pointer response. I want 
to use these as instruments for 
auto/ ATV vehicles, so they have 
to be rugged, and would prefer 
new units over surplus. The major 
distributors seem to have dropped 
this line, and I'm definitely not 
interested in digital meter replace­
ments. I would greatly appreciate 
any pointers that you can provide. 

Joseph F. Richmond 
Joppa, MD 

Yes, these once-popular 
movements have given way 

'~1.1·1·tc:~t"ll"" lll'hll llll: ::: 
LCD F"LAT SCREEN REPAIRS 

LAPTOP DISPLAYS 

MONITOR DISPLAYS 

$79.CC 
+PARTS 

KIOSK DISPLAYS 

F'CR DETAILS: WWW.REPAIR.LC 0.CCM 
-

'~l.J"l"f[lt"l"UV'I ::: - 6605 SW Macadam Ave. - Portland, OR 97239 
Phone: (503) 452-8577 Fax: (503) 452-8495 e-mail: info@autotime.com 

Custom mounting and video walls at www.slim-screen.com 
Circle #53 on the Re ader S e rvic e Card . 

to digital displays. However, they 
still make them, but get your 
pocketbook ready, because they 
ain't cheap. Here are your best 
bets. 

Simpson Electric 
www.simpsonelectric.com/pdf / w 

ebpdfe/ 250%20ADC.pdf 

Her Rong Electrical Works 
www.herrong.com 

Beede Electrical Instrument Co. 
- build your own, USA built 

www.beede.com/ panel_meters.htm 

However, there is an alterna­
tive to th is expensive solution: 
LED gauges. 

Become A Professional 

• Please recommend sug­
gested reading material that 

wou d help me get up to speed for 
the National Occupational 
Competency Test for Electronics 

R2 
1k 

(d) 

(h) 

+V 

Q2 
2N3906 

LOAD 

Hamlin 
HE101 

(NOCTI). Although I have 35 
years in electronics and vocation­
al teaching , with a diploma from 
Devry of Chicago, I need this per­
mit to teach electronics at the 
grade and high-school level. Much 
to my surprise, NOCTI did not 
offer much help. 

Bob Eichman 
via Internet 

• Technology is advancing 
so fast that it takes a kid on 

a skateboard just to keep up with 
it. And you're not the only reader, 
young or old, who feels like you're 
being left in the dust. Fortunately, 
there are several sources available 
that can keep you up to speed or 
advance your education, no mat­
ter what your level of expertise. 

The NOCTI test consists of 
two parts: written and perform­
ance. The written test consists of 
approximately 200 multiple­
choice items and requires three 
hours to complete. It covers factu-

RADIO RESTORATION VIDEO 

Sft'/•-By-Step_ Guitf 
Olti-Rndio Re1•11ir 

Come along a s a 1936 Philco is transformed from 
"flea-marke t-find" to working, museum-ready 

show-piece! Along the way, you'll get b a sic tube 
theory, ba sic receiver theory, plus learn to trouble­
shoot your se t , test voltages, r ebuild Bake lite-block 

capacitor s, rep air an old lacquer finish with ou t 
stripping, and much m ore . For beginning- and 

intermedia te-level restorer s, or any old radio lover ! 
"This is the only video that shows an actual restoration from start to finish. I liked 
the length; not rushed, or full of short cuts ... well made, interesting & informative.• 

• F. Drost 
"As a recent recipient of your video, I am now attempting a cabinet improvement 

project on one of my favorite wooden table radios. Thanks!· • B. Amer 

"It is about time somebody put a video together! It's clear and detailed without 
being drawn out. If there is someone who wants to start in vintage radio, this tape 

wilt help them get off on the right foot!" - C. Lucchesi 

run time: 115 minutes 
c 2001 Bret's Old Radios 

ORDER TODAY! Send $29.99+ $3 S&H to: 
Bret Men assa 

c/o Bret's Old Ra dios 
P.O. Box 5 1671 

Den ton , TX 76206 
b retsoldradios@att.net 
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al knowledge, technical informa­
tion, understanding of principles, 
and problem-solving abilities 
related to the occupation . The 
second part is a performance test 
that's administered in a laboratory 
or industrial setting and consists 
of work assignments that require 
four to five hours to complete. It is 
designed to sample the manipula­
tive skills required by an occupa­
tion and, in your case, is most 
likely optional. 

I know, so far I haven't told 
you anything you don't already 
know. Yes, I can give you a long 
list of reading material that is 
much too boring and time con­
suming to make any sense. But I'll 
tell you a secret. If you can pass 
the CET (Certified Electronic 
Technician) test, you can pass the 
NOCTI test. Better news yet is that 
the people at CET encourage you 
to look at sample questions that 
are representative of the ques­
tions on the test (www.iscet. 
org/ certification/ associate.ht 
ml) , and they score your results . 
The resu lts will point out your 
weak and strong points. I strongly 
recommend this free offer for all 
serious hobbyists and profession­
als. 

Interested in other certifica­
tions that can improve your life 
and increase your income? Here 
is a short list. 

A+ Certification for Information 
Technology (IT) professionals. 

www .comptia.org 

Microsoft certifications: MCP, 
MCSA, MCSD, and more. 

www.microsoft.com/train 
cert/mcp/ default.asp 

Novell certifications: CNA, CNE, 
CDE, and more. 

www .novell.com/ education 
/certinfo/ 

Certified Internet Webmaster 
www.ciwcertified.com/ 

List and links of certifications 
around the web. 

www .certcities.com/ 
certs/other/ 

Serial To USB 

• I'm looking for a circuit to 
interface serial devices to a 

USB port. My old computer (with 
four serial ports) in my ham 
shack died, and I replaced it with 
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a laptop/ docking station with one 
serial port and one USB port. I'd 
like to build an adapter to convert 
a serial port to a USB port or, ide­
ally, four serial ports into one USB 
port. 

Don 
via Internet 

• Yes, I suppose you could 
make a converter built 

around Tl's 8052-based 
TUSB341 OVF serial-to-USB chip, 
but it's not an overnight project by 
any stretch of the imagination. 
Even if you could piece together 
all the hardware needed, there's 
still a small detail of programming 
the chip. 

What I'd do is buy a serial-to­
USB cable sold by many retailers. 
A single port interface cable costs 
between $25.00 and $50 .00 
(Figure 5), and a four-port inter­
face box will set you back 
$109.00 to $229.00. My sugges­
tion is to shop around. Here are a 
few places to start. 

Qif 'ii! 
B&B Electronics 

www.bb-elec.com/ convert_serial 
_port/usb_chart_nonisolated.asp 

Jameco 
www.jameco.com/ cgi-bin / ncom 
merce3/ProductDisplay?prmen 
br=91 &prrfnbr=4849&cgrfnbr 

=501 &ctgys= 

USBHardware 
www.sellusb.com/ usb-serial­

adapter.html 

Simple KVM Switch 

• I am trying to make a 
cheap KYM switch. I have 

two computers and one monitor, 
and want to switch between the 
two with one button. It seems like 
the monitor switching can easily 
be done with the analog multi­
plexers, but I'm not sure how to 
deal with the data lines for USB. 
Also, do I just connect all of the 
grounds for both computers and 
the monitor together, or should I 
switch them too? 

Shawn Jordan 
via Internet 

• As the computer industry 
grew in the early 1980s, 

many server rooms and data cen­
ters were faced with the problem 
of having dozens and even hun­
dreds of monitors, keyboards, and 
mice, taking up valuable rack 
space, and adding unnecessary 
heat issues. The KYM (Keyboard 
Video Mouse) switch was devel­
oped to solve the problem. These 
KYM switching products allow a 
single user to access multiple 
CPUs from a single monitor, key­
board, and mouse. 

Both graphical environments 
and mice were not common in the 
early 1980s, so the first switches 
only supported keyboard and 
video switching , and were very 
basic A / B type push-button 
switches. In addition to improving 
server manageability, heat dis­
bursement issues, and the space 
savings, there was a huge cost 
savings from not having to pur­
chase a separate monitor, key­
board , and mouse for each CPU. 

These type of KYM switches 
are still available, and sell for as 
little as $49.00. However, for mon­
itor switching alone, it's possible 
to build your own KYM using a 

handful of relays, as shown in 
Figure 6. Notice that only two 
relays are shown (it simplifies the 
wiring on the drawing). When 
building the switcher, the coils of 
all relays in the related bank are 
wired in parallel and switched 
together. RF relays are preferred 
for optimum performance, and 
the coil voltage can be changed to 
any voltage that's convenient for 
you . Be sure to take care in dress­
ing the wires to prevent crosstalk 
between the colors. 

Shopping For A 
Tektronix 

• T J, didn't you once highly 
recommend some retired 

guy who refurbishes and sells 
Tektronix oscilloscopes? I've 
looked through all my back 
issues, and I cannot find it! Would 
you please tell me where to find 
him? It's about time I bought a 
decent scope, and the Model 454 
looks pretty good: 150 MHz, dual 
trace, delayed sweep and, of 
course, Tektronix! 

E. Nicholas Cupery 
Senior Consultant 

Farba Research 

PC Monitor PC 

1 
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.. I haven't heard from this 
guy in a while , so I don't 

know what the story is. However, I 
was able to track down a handful 
of sources that sell this gem of a 
scope for a reasonable price. This 
list will be added to the PartFind 
file located on our web s ite 
(ftp ://nutsvolts .com/part find . 
txt). 

Tech-Systems Electronics, Inc. 
http://shop.store.yahoo.com/ tec 

hsystems 

Valley Comput e r Techno logies 
http: //home.earthlink.net/-vct/ vc 

tsale.htm 

Tektronix Oscilloscopes & 
Other S t uff! 

http://www.aactrinity.com/ tek­
troni.htm - fixer-uppers , too 

Gootee 
www.fullnet.com/ u/ tomg/ tek.htm 

Toronto Surplus & 
Scientific Inc. 

www.torontosurplus.com/ test 
/ scope.htm 

MAILBAG 

Dear T J : 
In the July issue , you 

responded to a reader named 
Hank (WD5JFR) who was looking 
for a 32. 768 kHz ultrasonic micro­
phone. You might want to inform 
him that a pair of transmitting and 
receiving transducers for 32.8 
kHz can be purchased from 

Ma rlin P. Jones & Assoc., Inc . 
(www.m pja.com), for $5.49 per 
pair. The part number is 12940-
UT, described on page 66 of their 
newest cata log #02-06. 

Dear T J: 

jerry L. W ilson, ACSZJ 
via Internet 

I have spent many an hour 
perusing the sources that you find 
and publish. However, the July 
column could use some clarifica­
tion. In Figure 4, there is a symbol 
for an electret mic rophone that 
seems to be unique. I thought that 
a microphone would be symbol­
ized differently. The schematic 
includes the necessary polarity 
and source load resistor. Then , in 
Figure 6 , the same symbol is 
used to represent a raw piezo 
disc , also with polarity markings. 
Does this part indeed have polari­
ty markings? 

Phillip Milks 
via Internet 

Yes, all electret and m ost 
piezo devices a re p olarized. 

TJ Byers 
Q &A Editor 

Check out the NV Bookstore 
on page 88. Our new expand­

ed listing has something for 

just about everyone. If you 

don't find what you need 

here, check our website at 

www.nutsvolts.com 

Secrets of RF Circuit Design 

$39
.95 by Joseph J. Carr 

Following up on the best-selling 
previous editions, this revised and 

updated guide gives you the best 
ways to design, build, and test 
today's radio frequency circuits. It's 
filled with functional projects and 
experiments that make it easy to 
apply RF principles to real-life 
applications. Joe Carr provides 
parts lists and component 
sources for every project, in 
chapters that cover how to: 
Design and build radio receiver 
circuits, RF bridges, amplifiers, 
receiver preselectors, simplified 

spectrum analyzers, and time 
domain reflectometers; Select, use, maintain, and repair 

variable capacitors; Design and wind inductor coils for radio circuits; 
Construct and ground simple wire antennas. 

This book takes you inside wireless technology with step-by-step, 
illustrated directions for dozens of usable projects. 

PERFECT FOR TECHNICANS, RADIO HOBBYISTS, AND ANYONE WHO 
WANTS TO PUT RF THEORY INTO PRACTICE 

*ideal for learning radio frequency circuitry 
*Detailed coverage of simple RF instruments, as well as UHF and 

microwave components 
*Complete troubleshooting guidance, too! Update of the favorite RF 

circuit guide of thousands of electronics enthusiasts! 

Order today from the Nuts & Volts Bookstore 
Call or order onl ine at 

w.n 

Practical Radio Communications 
Volumes 1 & 2 

This is a short course for beginners that teaches you 
how to work on broadcast equipment. 

M ost books assume you are going 
to design the equipment and use 

theory at the molecular level. This 
course keeps theory to an absolute 
minimum. We don't want to design it, 
we just want to know how to fix it. 

Starting with things as simple as 
"How to wire a mike plug," information 
is given in a logical, small dose learning 
pattern. Each section provides a build­
ing block for eventually getting an 
understanding of FM stereo and AM 
directional arrays. 

George Whitaker, the author, says, 
"When I was growing up in this busi­
ness, every book I could find was noth­
ing but mathematical formulas for 
designing equipment, with a little bit of 

practical information buried in them. I decided to turn it around and 
write a book with a lot of practical information and a little bit of math 
behind it. I never saw the need for me to know how to design a diode, 
I just wanted to know how to check to see if it was good or bad. I could­
n't find anything that would teach me troubleshooting procedure for a 
transmitter control ladder; that was what I needed to know. What I 
wanted was a book that said 'If you have these symptoms, first you ... ' 
After 40+ years in the business, I wrote one." 

$4S.OO each Volume or 
Both Volwnes for $80.00!! 

'" ~ ~ ~ 

OY'deY' thY'ou9h the Nuts &. Volts Book 5toY'e today! 
. Calf OUY' OY'deY' on[Y line at 1-S00-7S~-4624-

0Y' chee-k. out the On-Line Book 5toY'e at 
W'WW'. nutsv'_of ts. c::::.o111 
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We accept Visa, 
Mastercard,AmEx, Attention: TECHIESTUDS Fax:31a-424-9771 
and Discover 

To Order Call 1-800-227-3971 .shrevesystems.com 

MONITOR BLOWOUT! 

liiot· G>eals 
on New 

Monitors!!! 

H.P. 17" fixed res 
832 x 724 
ONLY .... $79 
H.P. 17" fixed res 
640 x 480 
ONLY. ... $79 

14,, VGA refurb ONLY. ... $49 

\t'J "f>\..t\ 
-\t\9 f,t\.. 15" 640x870 

\)~ f@:tf$ R~ster Full Page 
16" Rasterops fixed Display 
832 x 624 Refurbished Macs 

ONLY .... $69 ONLY .... $19 

14" Voxon VGA NEW 
ONLY .... $59!!! 
15" Voxon VGA NEW 
ONLY .... $79 

$5 and LESS SALE!!! 
minimum of $25, so start shoppin ' cheap ass! 

ONLY $2 Peltier Junction Blowout! 
with heat sink 

1 3/16"x 1 3/16" 

2 for $5 
PDA Genuine Leather 
Carry Case 
Let your palm pilot 
lead the life of luxury! ( $2.50 each for the slower nerds out there) 

Paper Shredders Global Village 
n Sale! Bronze Apple II 256K 

Memory 
Expansion Kit 
HM51256P-10 
only 25 cents! 

PrnteCJ y.01:1r F>rivacy! 
External 
Modem 
2400 
Bps/9600 
Fax ONLY $2 

without AC Adapter oNL v 25 cents! 

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

PAS16 Audio MM 
Spectrum 
For Mac LC Family16 
Bit Sound Editing Card 

Be sure to check us out on the web at http://www.shrevesystems.com for the best prices on Vintage Mac gear! 

Huge inventory! Huge savings! Shreve Systems Prices reflect a 2% cash discount and are subject to change without notice. Returns are 

$25 minimum order. ~~~~v~:~r~~ 1~:\ 1101 subject to a 15% restocking fee. Not responsible for typographical errors. 
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Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips by Jon Williams 

Stamp Applications 
Digital Data Recording 

Our project this month is a simple event recorder that will monitor up to 

eight inputs and record changes in the state of these inputs to an external 

EEPROM. We'll use a real-time clock for accurate timing and our design will 

scan the inputs every second. 

Figure 2 +5 

10 kn 

y first job after 
military service 
was working fo r 
a large turf irri­
gation compa­

ny. With a background in elec­
tronics, my focus was, of course, 
directed at irrigation controllers 
[sprinkler timers]. I got pretty 
good at fixing them and was 
quickly promoted to the testing 
group where I got to work with 
new designs. Working with new 
ones was much more fun that fix­
ing the broken ones. 

Keep in mind that a sprinkler 
controller is a real-time device 
designed to sequentially activate 
selected stations [outputs] at 
some predetermined time. In our 
lab, the standard piece of equip­
ment used to verify this behavior 
was a paper strip chart recorder 
(this was 18 years ago) . We'd pro­
gram the controller to run a test 
sequence and start the strip-chart 

PO 

P1 

P2 

+5 

INT\ SCL SDA 

PCF8583 

AO 

D 
32.768 kHz 

recorder, noting the time that the 
test was started. In the morning , 
we would verify the controller 
activity by reading the strip-chart 
markings. 

Why am I dredging up what is 
- electronically -ancient history? 
Well , a recent posting on the 
BASIC Stamp mailing list caused 
me to remember my time in the 
test lab. A Stamp user was look­
ing to build an event recorder 
using the BASIC Stamp. The post 
made me think about the good 
old days of paper strip-charts and 
the PC system we ultimately 
designed to replace them. I won­
dered what I could [simply] do 
with a stock BS2. As it turned out, 
the project is pretty neat. 

Just Save The Changes 

A big problem with the old 
strip chart-recorders is that they 
used paper to record activity and 

Figure I 

4.7k0 

+5 

WP SCL SDA 

24LC256 

AO A1 A2 

+5 

would happily spit out loads of 
paper - even if nothing was hap­
pening. If we equate paper to 
memory, this is really just a 
waste. A more efficient plan is 
simply to note the time when 
something changes. 

And that's what we'll do here. 
Our project this month is a simple 
event recorder that will monitor 
up to eight inputs and record 
changes in the state of these 
inputs to an external EEPROM. 
We'll use a real-time clock for 
accurate timing and our design 
will scan the inputs every second. 

Inside The "Box" 

I envisioned this project as 
something that would be used 
remotely - a smart "black box." 
This being the case, the interface 

Pin 
1 kn 

--
to the user is provided via the PC 
through the Stamp programming 
port. The heart of the circuit 
(Figure 1) is simply the Stamp 
and a couple of eight-pin dip com­
ponents (the EEPROM and RTC) . 
The circuit and battery can be 
easily packaged in a very small 
plastic or metal box. 

I will leave input conditioning 
up to you. For my test, I used a 
simple N.O. switch circuit as 
shown in Figure 2. If you want to 
monitor high-voltage devices or 
AC, the switch could be replaced 
by the contacts of a relay. Or, 

/ y Debug Terminal lt1 l!!I~ EJ 
Com Port: 
jcoM1 fil 

Baud Rate: 
Jssoo iJ 

Data Bb: Flow CoMol: e TX 
eRX Js iJ Ion :a 

~e .. Macros ... I fause I 

Parity: 

)None iJ Figure 3 

r OTA r ATS 
e OSR e CTS 

Close I 
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Stamp Applications 
even better, you could use an opti­
cal isolator. 

The hardware's pretty simple, 
isn't it? Well , the code really is too, 
albeit fairly long. As presented, 
the program uses up almost all of 
the Stamp's code space. Most of 
the program is fairly modular and 
we'll be taking advantage of some 
of the 12C code developed a cou­
ple of months ago - this time 
we'll put it to real use. 

Before we get into the detailed 
explanation, let's review what the 
program should do: 

• Read the number of records 
stored from the Stamp's EEP­
ROM. 

• Read the start date (month , 
day, year) from the Stamp's EEP­
ROM. 

• Draw the menu. 
• Wait for user input -update 

time while waiting . 

File ...... EventRecord .BS2 
Purpose ... Simple Event Recorder 
Author ... . Jon Williams 
E-mail ... . jwilliams@parallaxinc.com 
Started . .. 26 JUN 2002 
Updated ... 28 JUN 2002 

{$STAMP BS2) 

' Program Description 

• Respond to the user input. 

Response from the user can be: 

• "T" : Enter new time (hours, 
minutes, seconds) 

• "D" : Enter new start date 
(month, day, year) 

• "R" : Start recording 
• "V" : View stored records 

"C" : Clear records 

The last part of our planning 
is the storage of an event. As dis­
cussed earlier, we will only store 
changes that are detected. Here's 
how the bytes in an event record 
are structured: 

• 0 : Day (offset from start 
date) 

• 1 : Hour 
2: Minutes 
3: Seconds 
4: Inputs 

Listing I 

' This program scans the upper eight inputs for changes and, when detected, 
' records the new inputs with the day [offset] and time to an EEPROM 

' Event Record Structure : 
0 days offset from start date 
1 hours 
2 minutes 
3 seconds 

input scan 

' Revision History 

' I/O Definitions 

SDA CON 
SCL CON 
IntPin VAR 
New Inputs VAR 
TerrnIO CON 

' Constants 

PCF8583 CON 
EE24LC256 CON 

ACK CON 
NAK CON 

RecSize CON 
MemSize CON 
MaxRecs CON 

0 

In2 
InH 
16 

%10100000 
%10100010 

0 
1 

5 
32768 
MernSize I RecSize 
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' I2C serial data line 
' I2C serial clock line 
' interr upt input pin from RTC 
' inputs on pins 8 - 15 
' Terminal IO 

' device code for RTC 
' device code for EEPROM 

' acknowledge bit 
' no ack bit 

' five bytes per event record 
' assuming 1 24LC256 

Let me just explain byte 0 a 
bit further. Instead of storing the 
event date in a record (which 
would take four bytes) , we simply 
store an offset (number of days) 
from the start date of recording. 
This trims three bytes from the 
record, allowing more records to 
be stored. It also means that we 
don't have to send the date to or 
retrieve it from the PCF8583; the 
start date is simply recorded in 
the Stamp's memory for future 
reference. Let's get on with the 
code. 

In the variables section , you'll 
notice a comment about not 
changing the order of a group of 
variables. In this program, we will 
take advantage of the Stamp's 
implicit array structure of variable 
memory. A group of variables of 
the same size can be accessed as 
an array by using the first of the 

ByteSize CON 0 
WordSize CON 1 

Yes CON 0 
No CON 1 

TerrnBaud CON 84 
CrsrXY CON 2 
ClrRt CON 11 

' Variables 

device VAR Byte 
devAddr VAR Word 
addrSize VAR Bit 
i2cReg VAR Byte 
i2cData VAR Byte 
i2cWork VAR Byte 
i2cAck VAR Bit 

records VAR Word 
recNurn VAR Word 
oldinputs VAR Byte 

group as the array name and 
applying an index. Here's the 
group I'm referring to: 

dayOfs 
hours 
minutes 
seconds 
scan 

In the code, we can access to 
the same group using these 
names: 

dayOfs(O) 
dayOfs( 1) - same as hours 
day0fs(2) - same as minutes 
day0fs(3) - same as sec-

onds 
dayOfs( 4) - same as scan 
As you've certainly deduced 

by now, we'll use a loop counter to 
iterate through these variables. 

Let's move on to the EEPROM 
section; another place with some-

' byte-sized address (RTC) 
' word-sized address (EEPROM) 

' 9600- 8-N- l (matches DEBUG) 
' DEBUG Position Control 
' clear line to right 

' device to write/read 
' address in device 
' (bytes in address) - 1 
' register address 
' data to/ from device 
' work byte for TX routine 
' ACK bit from device 

' events stored 
' counter for view display 
' last event input data 

' do not change order of next five variables 
' -- program uses implicit array structure of user memory 

daysOfs 
hours 
rnins 
secs 
scan 

month 
day 
year 

response 
idx 

' EEPROM Data 

NurnRecs 
StartMonth 
StartDay 
Start Year 

' Initialization 

Init: 

VAR 
VAR 
VAR 
VAR 
VAR 

VAR 
VAR 
VAR 

VAR 
VAR 

DATA 
DATA 
DATA 
DATA 

Byte 
Byte 
Byte 
Byte 
Byte 

recNurn.LowByte 
recNurn .HighByte 
Word 

Word 
Nib 

Word 0 
6 
28 
Word 2002 

READ NurnRecs , records .LowByte 
READ (NurnREcs + 1) , records .HighByte 

' offset from start date 
' time of event 

' event data 

' start date 

' user response 

' stored records 
' start date of recording 

' retrieve record count 
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thing a little different. Storing data 
in the Stamp's EEPROM is easy 
and we do it quite frequently. I 
want to point out a little-used 
modifier of the DATA statement: 
Word. This lets us store a word­
sized variable as easily as putting 
it into a variable. The compiler will 
store the variable as two bytes, 
using the "Little Endian" 
approach (low byte first). Keep in 
mind that this modifier only works 
with DATA and not with WRITE 
or READ. For WRITE and READ, 
we still must deal with bytes. 

The initialization section is 
straightforward, simply reading 
the number of records stored and 
the start date from the Stamp's 
EEPROM. A short PAUSE is 
inserted to allow the DEBUG win­
dow to open before we get to draw 
the menu . 

Drawing the menu is easy and 
since we're using the DEBUG 

READ StartMonth , month 
READ StartDay, day 
READ StartYear, year .LowByte 
READ (StartYear + 1) , year .HighByte 

PAUSE 250 

' Program Code 

Main : 

window, we'll take advantage of 
the cursor positioning command 
and later, the ability to clear a line 
from the cursor position to the 
right. These commands only work 
with the DEBUG window, so if 
you decide to change the pro­
gram to work with a standard ter­
minal , you'll need to write your 
own positioning and "clean up" 
code. 

After the menu is displayed, 
we grab the current time from the 
PCF8583 - so let's go there. 
Jump down the routine called 
Get_ Clock. This routine uses the 
low-level 12C code to access the 
seconds, minutes, and hours data 
from the PCF8583. When retriev­
ing consecutive bytes from the 
PCF8583 (and other memory­
type devices), we must first set 
the starting address with a write 
command. Once the address is 
set, we can perform sequential 

' retrieve start date 

' let DEBUG window open 

DEBUG CLS ' display menu 
DEBUG "=~~==============" CR 
DEBUG " BASIC Stamp Event Recorder ", CR 
DEBUG "============~~", CR 

DEBUG CrsrXY, 0, 6 

DEBUG " [T] Set Current Time", CR 
DEBUG " [DJ Set Start Date", CR 
DEBUG " [R] Start Recording", CR 
DEBUG " [VJ View (", DEC records , ") Records", CR 
DEBUG " [CJ Clear Recor ds ", CR 

DEBUG CrsrXY, 0, 12 , "--> ", ClrRt 

Show Time Date : 
GOSUB Get Clock 
DEBUG CrsrXY, 4, 4 
GOSUB Display_Tirne 
DEBUG " 
GOSUB Display_Date 

Get User Input : 
DEBUG CrsrXY, 4, 12 

' show current time & date 

' wait for response 

SERIN TermIO, TermBaud, 900 , Show Time Date , [response] 
LOOKOOWN response , ["tTdDrRvVcC'' ]; response 
response = response I 2 
BRANCH response , [Set Time , Set_Date , Go_Record, View_Recs , Clear_Recs] 
GOTO Main -

' Menu Routines 

' --- Time 

Set Time : 
DEBUG CLS , "Set Current Time" 

Enter Hours : 
DEBUG CrsrXY, 0, 2, "Enter Hours (0 .. 23) ..... " ClrRt 
SERIN TermIO, TermBaud, [DEC2 hours] 
IF (hours > 23) THEN Enter_Hours 

Enter Minutes : 
DEBUG CrsrXY, 0, 3, "Enter Minutes (0 .. 59) ... ", ClrRt 

reads from that address. The 
PCF8583 will automatically incre­
ment its address pointer so we 
can do subsequent reads without 
having to send the next address. 

Since the PCF8583 uses BCD 
for the time registers, we will con­
vert to decimal with a bit of code 
that takes advantage of the 
HighNib and LowNib variable 
modifiers. This really isn't neces­
sary for the program, but as most 
of us are more comfortable deal­
ing with decimal numbers, it 
make sense to do it. 

With the time in hand, we'll 
put it in the display along with the 
current start date and wait for the 
user to press a key. If no key is 
pressed within 900 milliseconds, 
the SERIN line times out and 
goes back to the 
Show_ Time_Date code. What this 
does is create a "live" display, 
showing us the current time in the 

SERIN TermIO, TermBaud, [DEC2 mins] 
IF (mins > 59) THEN Enter_Minutes 

Enter Seconds: 

Re§ource§: 
Jon William!i 

jwilliams@parallaxinc.com 

Parallax 
www.parallaxinc.com 

PCF8583. 
When a key is pressed, it is 

decoded with a LOOKDOWN 
table. This will convert the 
response from a character to a 
value between zero and nine - if 
the key is valid. If the key isn't 
valid, the LOOKDOWN table will 
have no effect. Next, we divide by 
two, giving us a possible [legal] 
value between zero and four that 
will be used by BRANCH for our 
menu routines. If the key was 
legal, BRANCH will work. If not, 
the BRANCH statement will fall 
through and the code will restart 
at Main. 

DEBUG CrsrXY, 0, 4 , "Enter Seconds (0 .. 59) . . . ", ClrRt 
SERIN TermIO, TermBaud, [DEC2 secs] 
IF (secs > 59) THEN Enter_Seconds 

GOSUB Put Clock 
GOTO Main 

' --- Date 

Set Date : 
DEBUG CLS , "Set Start Date" 

Enter Month : 

' send new time to PCF8583 

DEBUG CrsrXY, 0, 2, "Enter Month (1. . 12) ... ", ClrRt 
SERIN TermIO, TermBaud, [DEC2 month] 
IF (month < 1) OR (month > 12) THEN Enter_Month 

Enter Day : 
DEBUG CrsrXY, 0, 3, "Enter Day (1. .31) ..... ", ClrRt 
SERIN TermIO, TermBaud, [DEC2 day] 
I F (day < 1) OR (day > 31) THEN Enter_Day 

Enter Year: 
DEBUG CrsrXY, 0 , 4, "Enter Year (2002+ ) .... ", ClrRt 
SERIN TermIO, TermBaud, [DEC4 year] 
IF (year < 2002) THEN Enter_Year 

WRITE StartMonth , month 
WRITE StartDay, day 
WRITE StartYear , year.LowByte 
WRITE (StartYear + 1) , year .HighByte 
GOTO Main 

' --- Record ---

Go Record : 
DEBUG CLS , "Recording ... ", CR, CR 

daysOfs = 0 
oldinputs = -Newinputs 

Wait For Int : 

' save start date in EEPROM 

' start today 
' force record on start 

IF- (IntPin = No) THEN Wait For Int ' wait for new second 
GOSUB Get Clock ' get current time 
IF (hours-<> 0) OR (secs <> 0) THEN Check Inputs 
daysOfs = daysOfs + 1 7 increment day counter 
IF (daysOfs = 0) THEN Stop_Recording ' if > 255 stop 

Check Inputs : 
scan = %11111111 
FOR idx = 1 TO 5 

scan = scan & Newinputs 
PAUSE 5 

NEXT 

' debounce inputs 
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The next section deals with 

code to handle each of the menu 
commands. The first two routines 
are identical, so we'll just discuss 
the first: Set_ Time. 

When we want to enter a new 
time, the screen is cleared and 
we're asked to enter the hours. To 
keep things simple (for the 
Stamp), we'll use the 24-hour for­
mat. The DEC2 modifier is used 
with SERIN to limit the number of 
characters accepted. If the value 
entered is out of range, we clear 
the entry and try again. The same 
technique is used to get the min­
utes and seconds. 

Once a valid time has been 
entered, it is sent to the PCF8583 
with the Put_ Clock subroutine. 
This routine works very much like 
Get_Clock; just going the other 
direction (data to PCF8583) . 

The heart of the program is, 
of course, recording data . When 

this option is selected, we'll clear 
the days offset counter, then col­
lect the current inputs and invert 
them. The reason for this is that 
we want to force the recording 
code to create an entry at the 
beginning. This way we have 
stored the starting time and initial 
state of the inputs. 

Let me get away from code 
for a bit and tell you about the 
Interrupt\ output of the PCF8583. 
This output is used to indicate 
alarms from the device (by being 
pulled low) . By default, it outputs 
a 1-Hz squarewave. This is perfect 
for us to trigger our new scan 
cycle. Each time this output goes 
low, we know it's a new second. 
Monitoring the Interrupt\ line is 
more efficient than continously 
reading the time and looking for a 
change. 

The code will loop at 
Wait_For_lnt until Stamp pin 2 is 

IF (scan = oldinputs) THEN Wait For No Int ' if same, skip 
save current scan oldinputs = scan 

GOSUB Put Record Listing l 
DEBUG DEC3 daysOfs , 
GOSUB Display Time 
DEBUG " -> ",-BINS scan, CR 

Wait For No Int: 
IF- (IntPin = Yes) THEN Wait For No Int 
GOTO Wait For Int 

' --- View ---

View Recs: 
IF- (records = 0 ) THEN Main 
DEBUG CLS 
DEBUG "Records ", CR 
DEBUG "Start Date : " 
GOSUB Display_Date 
DEBUG CR, CR 

DEBUG "Day Time 
DEBUG "--- --------

Inputs ", CR 
--------"I CR 

FOR recNum = 0 TO (records - 1) 
GOSUB Get Record 
DEBUG DECJ daysOfs , " 
GOSUB Display Time 
DEBUG " ", BINS scan , CR 

NEXT 

DEBUG CR, "Press a key . . . " 
SERIN TennIO, TennBaud, [response] 
GOTO Main 

' --- Clear 

Clear Recs : 
records = 0 
WRITE NumRecs , 0 
WRITE (NumRecs + 1), 0 
GOTO Main 

' Subr outines 

Display Time : 
DEBUG- DEC2 hours , 
RETURN 

Display Date: 

"·" . ' DEC2 mins , ":", DEC2 secs 

DEBUG-DEC2 month, " / ", DEC2 day, " /", DEC4 year 
RETURN 
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' save record in 24LC256 

' display record 

' wait f or high on int pin 

oops . . . 

' print header 

' print records 

' user escape 

' clear variable 
' clear EEPROM 

pulled low. When this happens, 
we grab the current time from the 
PCF8583. At first, this may not 
seem necessary if there was no 
new event. We have to do it 
though since we're keeping track 
of the days ourselves. So, if the 
current hours is zero (midnight) 
and the current seconds value is 
also zero, we've just hit a new day 
and we increment the daysOfs 
variable. If not, we simply skip 
ahead and look at the inputs. 

Since inputs can be "noisy," 
the code at Check_lnputs will 
debounce them. We've used this 
code before; it simply loops a few 
times and makes sure that an 
input doesn 't change (bounce) 
during the loop. Any non-chang­
ing input is passed through the 
loop as a good input. 

If there has been a change in 
the inputs, we'll save the change 
and record the event to our 

Put Record : 
records = records + 1 

24LC256 with the Put_Record 
subroutine. Let's go there. 

The Put_Record subroutine 
updates the record count and 
checks to make sure we still have 
room in the 24LC256 for data. If 
not, the program stops, otherwise 
we'll save the current scan time 
and inputs. The current record 
number is stored in the Stamp's 
EEPROM so we can retrieve it 
after a power loss or reset. The 
next step is to set up for the 
Put_Byte subroutine by selecting 
our device type and the address 
size. 

The Put_Byte routine is a gen­
eral-purpose update from older 
code that lets us use it for either 
the 24LC256 or the PCF8583 (if 
we want to set something other 
than the time). The update 
includes passing the device as a 
variable and a flag for the number 
of bytes in the internal address. 

IF (records > MaxRecs) THEN Stop Recording 
WRITE NumRecs , records.LowByte 

' update record count 
' check limit 
' store count in local 

EE PROM 
WRITE (NumRecs + 1) , records.HighByte 

device = EE24LC256 
addrSize = WordSize 

FOR idx = 0 TO (RecSize - 1) 
i2cData = daysOfs (iclx) 
devAddr = ((records - 1) * RecSize) + iclx 
GOSUB Write_Byte 

NEXT 
RETURN 

Get Record: 
device = EE24LC256 
addrSize = WordSize 

FOR iclx = 0 TO (RecSize - 1) 
devAddr = (recNum * RecSize) + idx 
GOSUB Read Byte 
daysOfs(ictX) = i2cData 

NEXT 
RETURN 

Stop_Recording: 
END 

' High Level I2C Subroutines 

' Byte to be written is passed in i2cData 
' -- address passed in devAddr 

Write Byte: 
GOSUB I2C Start 
i2cWork =-(device & %11111110 ) 
GOSUB I2C TX Byte 
IF (i2cAck =-NAK) THEN Write Byte 
IF (addrSize = ByteSize) THEN Wr Low Addr 
i2cWork = devAddr I 256 
GOSUB I2C_TX_Byte 

Wr Low Addr: 
i2cWork = devAddr // 256 
GOSUB I2C TX Byte 
i2cWork =-i2cData 
GOSUB I2C TX Byte 
GOSUB I2C=Stop 
RETURN 

' Byte read is returned in i2cData 
' -- address passed in devAddr 

' setup for Write_Byte 

' byte to store 
' caculate address in EE 
' write it 

' setup for Read_Byte 

' calculate address in EE 
' go get it 
' place in user variable 

' send Start 
' send write command 

' wait until [ee] not busy 

' send address high byte 

' send address low byte 

' send data 
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Read Byte: 
GOSUB I2C Start ' send Start 
i2cWork =-(device & %11111110) ' send write command 
GOSUB I2C TX Byte 
IF (i2cAck =-NAK) THEN Read Byte ' wait until [ee] not busy 
IF (addrSize = ByteSize) THEN Rd Low Addr 
i2cWork = devAddr I 256 ' send address high byte 
GOSUB I2C_TX_Byte 

Rd Low Addr : 
I2cWork = devAddr II 256 ' send address low byte 
GOSUB I2C TX Byte 
GOSUB I2C-Start 
i2cWork =-(device I 1) 
GOSUB I2C TX Byte 
GOSUB I2C-RX-Byte Nak 
GOSUB I2C-Stop -
i2cData =-i2cWork 
RETURN 

' send read corrunand 

' Write seconds , minutes and hours .. sequntial mode 
' -- variables are converted to BCD before sending to PCF8583 

Put Clock: 

' send device address 

' start with seconds reg 

GOSUB I2C Start 
i2cWork =-PCF8583 
GOSUB I2C TX Byte 
i2cWork = -2 -
GOSUB I2C TX Byte 
i2cWork = - ((secs I 
GOSUB I2C TX Byte 
i2cWork = - ( (mins I 
GOSUB I2C TX Byte 
i2cWork =- ( (hours 
GOSUB I2C TX Byte 
GOSUB I2C=Stop 
RETURN 

10) « 4) (secs 11 10) 

10) « 4) (mins 11 10) 

I 10) « 4) I (hours II 10 ) 

' Read seconds , minutes and hours .. sequntial mode 
' - - variables are converted from BCD storage format 

Get Clock : 
GOSUB I2C Start 
i2cWork =-PCF8583 ' send device address 
GOSUB I2C TX Byte 
i2cWork =-2 - ' send seconds reg # 
GOSUB I2C TX Byte 
GOSUB I2C-Start ' restart 
i2cWork =-(PCF8583 I 1) ' send read corrunand 
GOSUB I2C TX Byte 
GOSUB I2C - RX - Byte ' read back seconds 
secs = i2cWork .HighNib * 10 + i2cWork.LowNib 
GOSUB I2C RX Byte 
mins = i2cWork.HighNib * 10 + i2cWork.LowNib 
GOSUB I2C RX Byte Nak ' final byte - send NAK 
hours = i2cwork .HighNib * 10 + i2cWork.LowNib 
GOSUB I2C_Stop 
RETURN 

' Low Level I2C Subroutines 

' - -- Start 

I2C Start : 
INPUT SDA 
INPUT SCL 
LOW SDA 

Clock Hold: 

' I2C start bit sequence 

' SDA - > low while SCL high 

IF (Ins .LowBit(SCL) 
RETURN 

0) THEN Clock Hold ' devi ce ready? 

' --- Transmit ---

I2C TX Byte : 
SHIFTOUT SDA,SCL, MSBFIRST, [i2cWork\8] 
SHIFTIN SDA, SCL, MSBPRE , [i2cAck\l] 
RETURN 

' --- Receive ---

I2C RX Byte Nak : 
i2cAck = NAK 
GOTO I2C RX 

I2C RX Byte : 
i2cAck = ACK 

I2C RX : 

' send byte to device 
' get acknowledge bit 

' no ACK = high 

' ACK = low 

SHIFTIN SDA, SCL, MSBPRE , [i2cWork\8] 
SHIFTOUT SDA, SCL, LSBFIRST , [i2cAck\l] 
RETURN 

' - -- Stop 

I2C_Stop: 
LOW SDA 
INPUT SCL 
INPUT SDA 

high 
RETURN 

The device code is actually sup­
posed to be the write code for the 
device, but the program masks 
out the lower bit (read bit), just in 
case of an error. 

After getting an ACK from the 
device (it's ready), we'll check the 
address size. For the 24LC256, 
we'll send two bytes (high byte 
first) ; for the PCF8583, we would 
only send one byte. After that, it's 
a simple matter of sending the 
data byte and generating a stop. 

This code, as well as 
Get_Byte, are good copy-and­
paste code chunks for programs 
that use 12C devices. 

Back to Put_Record. A loop is 
used to iterate through the bytes 
in our event record. Now we can 
fully understand the earlier dis­
cussion of keeping the event vari­
ables in specific order in our defi­
nition section. It's not enough that 
they're defined, they have to be 
defined consecutively so that this 
loop code will send the correct 
information to the 24LC256. The 
24LC256 address for a given byte 
in the record is calculated and 
finally stored with Put_Byte. 

With the record stored, we'll 
display the change on screen and 
then check to the state of "inter­
rupt" pin. As I told you earlier, 
what we'll see on the input of pin 
2 is a 1-Hz squarewave generated 
by the PCF8583. If the storage 
and display of our record takes 
less than 500 milliseconds (I 
measured it at about 290 millisec­
onds with a BS2), then pin 2 will 
still be low when we're done. What 
we don't want to do, then, is go 
back to Wait_For_Interrupt -
because we'll just do things again 
unnecessarily. So, we'll just wait 
for this pin to go back high, then 
we'll jump to Wait_For_lnterrupt. 

To stop recording , we'll reset 
the Stamp or cycle the power. 
Back to the menu, we should see 
the correct number of stored 
records indicated. Pressing "V" 
will display them on screen. The 
code at View_Recs is responsible 
for the display. It uses a loop and 
Get_Record to retrieve the data 

' get byte from device 
' send ack or nak 

' I2C stop bit sequence 

' SDA - - > high while SCL 

from the 24LC256. 
Finally, we will want to clear 

our records for a new cycle. This 
is a simple matter of clearing the 
variable and writing zeros to the 
EEPROM locations that hold our 
record count. There's no need to 
actually erase the 24LC256 - this 
would simply be a waste of its 
available write cycles. 

Improvements 

What you'll notice is that 
there isn't a whole lot of code 
space left for improvements -
mostly because of all the DEBUG 
statements used to create our 
interactive display. We're going to 
solve that next time by using an 
external control program with 
Visual Basic. Until then, Happy 
Stamping! NV 

Future Horizons 
Advanced Technology 

Ambient Power Module 
Low cost circuit provides 

~ ,,,, up to 9 watts of electrical 
~ power from free-energy in 

the air. Can replace 
batteries in many devices. 
#PWRM Plans- $24.00 
#PWRZ Ready to use- $140.00 

Electronic Mind Control 

.. 

Control minds with this 
simple technology. 
Others will do anything 

you program them to. Get that raise you 
always wanted or reprogram your mind. 
#MIND Info/plans- $22.00 
#MINZ Ready to use- $190.00 

Cordless Phone Extender 

' 

Extend your cordless phone range 
to 50 miles. Place calls all around 
town. Great alternative to cell phones. 

#CPHE Plans- $23.00 

Ion Phaser 
Device rl~Fll9Plllll!!!I._._ 
emits an 
electrified 
stream of <liillt::::j~ 
special conductive fluid carrying 30,000 
volts capable of stunning an individual 
from 20 feet away. battery powered 
Handheld non-lethal device. 
#IPHA Plans- $49.00 
#IPHZ Ready to use- $990.00 

Traffic Light Buster 
Has been known to turn traffic lights 
green in many cities by the touch of 

a button. Emergency vehicles use it to 
pass through traffic lights quickly. Opens 
security gates in gated communities too. 
#TLBU Plans- $20.00 
#TLBZ Ready to use- $250.00 

Please add $6.00 Shipping/handling 

Call for a FREE Catalog 

Po Box 125 Marquette, Mi 49855 
(906) 249-5197 www.futurehorizons.net 
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• Transmitters 
• Receivers 
• Transceivers 
• Antenna 
• RF subassemblies 
• Radio Modems 
• Evaluation Kits 
• Ampl ifiers 
• Data encoders 
• Data decoders 

Typical Applications 

• RF remote control 
• Data communications 
• Wireless Audio 
• RF data acquisition 
• Wireless Securi ty 
• Robotics 
• Remote Sensing 
• Remote Monitoring 

Tel : +1(416)236 3858 
Fax: +1(416)236 8866 

abacom@abacom-tech.com 

Same Day Shipping-Visa, MasterCard, Amex, Diners Club cards welcome 

Semiconductors, Optos, LEDs , Lamps, Panel Meters, Wire , Cable , & 

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

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

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

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

Hardware, Cabinets, Racks, Cases.Test Equipment, Tools , Prototyping . ... 
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DIGITAL CLAMP METER 
MODEL ST I 0 I 0 

Ienco Electronics announces the introduc­
tion of a new Digital Clamp Meter that is 

rugged and ready to take on the tough jobs. 
The new Model ST1010 has many new 

features and meets the rigid CE and CS stan­
dards, for safe use of current clamp meters. 

The ST1010 is a 3-1 / 2 digit (2,000 count) 
LCD clamp instrument with the following fea-
tures: AC current to 1,000 amp; AC voltage to 
600 VAC; DC voltage to 1,000 DC; Resistance 
to 2M ohm; Frequency to 2KHz; Diode check; 
Continuity check (audible) ; and Data hold. 

It comes in a soft zippered carrying case with a 
drop proof waist strap. Insulation testing is available 
(optional). 

The ST1010 is an economical meter with a 
broad range of features and capabilities. The price is 
the lowest it has ever been and is affordable to every 
technician or student at $49.95 each. It is available for 
immediate delivery. 

For additional information, contact: 

ELENCO ELECTRONICS, INC., 
150 W Carpenter Ave., Dept. NV 

Wheel ing, IL 60090 
847-541-3800 Fax: 847-Sl0-008S 

Web: www.elenco.com/press/st I 0 I O.pdf 

NEW TECHNICAL VIDEO TEACHES 
THE FUNDAMENTALS OF 
OSCILLOSCOPE OPERATION 

YSPEC announces a -~-~-~ 
new techn ical video 

training tape designed to 
acquaint hobby ists and 
technicians with the fun­
damentals of using an 
oscilloscope. 

The VHS videotape is 
designed to take the mys­
tery out of using the instru­
ment to make basic signal 
measurements. It assumes 
no prior osci lloscope knowl­
edge and begins with a 
detailed presentation about 
scope controls, as well as inter­
preting displayed waveforms. 

The training video provides 
details on how to set up the various controls for making voltage and 
period m easurements for a wide range of signals including sine, 
square, and sawtooth waveforms. Duty-cycle and pulse-width meas­
urements are also discussed. Practical examples of common meas­
urements are provided, including how to measure the pulse width of a 
fuel injector. 

The train ing video also includes a free oscilloscope technical train­
ing manual. The manual offers many examples of waveforms meas­
urements and includes a number of exercises designed to increase the 
proficiency of the reader. A section on oscilloscope setup helps the 



user choose the proper time base, vertical sensitivity, and trigger mode 
based upon the type of signal being measured. 

The videotape is introductory-priced at $24.95 + $5.00 shipping 
and handling (continental US) . 

For more information, contact: 

SYSPEC, INC. 
P.O. Box 2546, Dept. NV 

Syracuse, NY I 3220 
1-877-SYSPEC I 

Web: www.syspec.com 

MBASIC VERSION 5.2 

asic Micro introduces the newest version of the MBasic Compiler. 
MBasic Version 5.2 offers: 32-Bit math; 32-Bit Floating Point; 

Dallas One Wire Support; lf .. Then .. Else .. Elseif .. Endif; Hardware PWM; 
Expanded LCD command; Read and Write Memory with Basic com­
mand; Basic Interrupts; Hardware Timers; Hardware Serial UART 
Hserin/ Hserout; In Circuit Debugger now has more features ; New 
Oscilloscope Software built in; Free Boot Loader Builder Included; and 
Free Boot Loader Interface Included. 

The ability to debug code in Basic without knowledge of Assembly 
makes this compiler one of the most versatile programming software 
packages available. With the added ability of being able to customize 
menu options, built-in task reporting, and multiple document support. 

MBasic Pro Version has more commands such as LCD, 12C, POT, 
PEEK, POKE, SPI, DO, WHILE, SWAP, SERVO, SPMOTOR. 

The compiler is ideal for the hobbyist, students, and professionals. 
With many applications you can control robotics, CNC, LCD, keypads, 
and more! 

Starting at just $99.95 for the MBasic Standard Compiler, with the 
ability to upgrade to MBasic Pro at any time. 

For more information, contact: 

BASIC MICRO, INC. 
2882 Orchard Lake Road, Dept. NV 

Farmington Hil ls, Ml 48336 
248- 427- 0040 Fax: 248-427-00S I 

Email: info@basicmicro.com 
Web: www.basicmicro.com 

INEXPENSIVE 8052BASIC 
DEVELOPMENT SBC FOR HOBBYIST 
AND INDUSTRY 

he 70691BASIC is designed to 
allow hobby­

ists and engineers 
alike to create 
highly sophisticat­
ed computer pro­
grams using easy­
t o - understand 
BASIC-52 language. 

Created by 
Intel , BASIC-52 is a 
high-level program-
ming language 
that is stored 
as part of the internal 
Read Only Memory of 
the 80C52 microcon-
troller. By incorporating this "smart chip," the programming of the 
70691BASIC is an easy matter. 

BASIC-52 programs can be saved in either of two ways. Download 
programs in ASCII format from 70691BASIC memory for subsequent 
saving on a hard drive or floppy disk. Or you can save the program on 
the supplied 2864 EEPROM (using accompanying BASIC-52 Utility 
Program) . 

Interfacing and circuit expansion is also an easy matter for the 
70691BASIC. Just like all of our SBCs; the '91BASIC contains a 40-pin 
header connector that picks up all major 80C52 terminals (ex. Port 1, 
Port 3, Hi-Order Address Line, etc.), thus allowing these points to be 
brought to your prototype board using an inexpensive ribbon cable 
(available from Digi-Key Corporation). 

The best feature of the 70691 BASIC is to allow fast , easy program 
development. 

With your program working just the way you want, BASIC-52 can 
now be transformed into SUPER FAST .ASM code by converting it with 
the Binary Technologies BCX-51 Compiler. When converted, this new 
program can then be placed into the EPROM chip of our 70691RAM 
board. Both 70691RAM and the 70691BASIC are 100% compatible 
with compiled BASIC-52 programs. 

For more information, contact: 

HOME TECHNOLOGIES FLA 
352-597- 7337 

Email: hometech@atlantic.net 
Web: www.HomeTechFLA.com 

Showcase your 
New Producfs here! 
Send all press releases, photos, 

and information to: 

Nuts & Volts 
New Product News 
4 30 Princeland Court 

Corona, CA 92879 

or email to 
newproducts@nutsvolts.com 
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The ComPort Tester 
By Jon J. Varteresian 

You have just finished building that new Gizmo of yours, plugged it into the Com Port 
on your PC, and POOF! Smoke starts billowing from the Gizmo! If only there was a 

way to test that ComPort to make sure it was still fully operational ... 

Introduction 

Consider this ... You have just finished building that new Gizmo of 
yours, plugged it into the ComPort on your PC, and POOF! Smoke starts 
billowing from the Gizmo! You frantically unplug everything in a 20-foot 
radius , but then what? How do you know the ComPort on your PC has 
survived the 'incident?' If only there was a way to test that ComPort to 
make sure it was still fully operational ... But wait! There is! 

Enter the ComPort Tester. The PC ComPort Tester will fully test all 
of your external PC ComPorts giving you detailed feedback and port sta­
tus. Attach the loopback connector described here, and with just one 
mouse click, you can exercise your ComPort through all its supported 
baud rates , as well as all the flow control signals. You can also attach 
the loopback connector to the end of a cable and test the cable, as well! 
Test results are reported in a status window for immediate feedback. You 
can also print and save the test results. The loopback connector is eas­
ily built from spare parts hanging around your lab and the software is 
free! Before we get into the details of testing a ComPort, a brief review 
of the PC ComPort is in order. 

The ComPort 

Just what exactly is a communications port, or ComPort? Ever 
since the dawn of the personal computer, people have wanted their PC 
to interact with their surrounding environment. They wanted to control 
equipment, monitor various things, or even just play a game with some­
body on another computer. Enter the ComPort, or serial communica­
tions port. The term serial communications is just a fancy way of 
describing how the data is actually transferred across the wires. All infor­
mation inside a computer is made up of 'words' that contain 8, 16, or 
32, or more bits. A bit is just a single piece of information . When these 
words are transferred across a serial port, they must be transferred one 
bit at a time since there is only one transmit wire. That is where the term 
serial comes from. Data transferred across the PC ComPort takes the 
form of eight-bit words. 

DB9F PC Communication 
LoopBack Connector 

GND 

RI 

DTR 
CTS 
TXD 
RTS 
RXD 
DSR ,,, 
DCD 
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Figure 3 

DB9F PC Communication 
Port Connector 

Symbol Name 
TXD Transmit Data 
RXD Receive Data 
CTS Clear to Send 
DCD Data Carrier Detect 

DSR Data Set Ready 

DTR Data Terminal Ready 

RTS Request To Send 

RI Ring Indicator 

GND 

RI 

DTR 
CTS Figure I 
TXD 
RTS 
RXD 
DSR 
DCD 

- PC Output 

- PCinput 

Description 
Serial Data Output from PC, or terminal. 
Serial Data Input to PC, or terminal. 
Asserts when the DCE is ready for (more) data. 
Asserts when the DCE detects a "Carrier," or 
connect signal. 
Asserts when the DCE is ready to begin a 
communication. 
Asserts when the DTE is ready to begin a 
communication. 
Asserts when the DTE is ready for (more) data 
from the DCE. 
Asserts when the DCE detects a ring. 

Hardware Properties 

Devices that use ComPorts for their communications are split into two 
categories. They are DCE (Data Communications Equipment) and DTE 
(Data Terminal Equipment). Data Communications Equipment are 
devices such as your modem, plotter, etc ., while Data Terminal Equipment 
are your computer or terminal. The job of the data terminal is to create 
and/ or process all serial communications, and the job of the data com­
munications equipment is to pass that data to and from the data terminal. 

The electrical specifications of the Com Port are contained in the EIA 
(Electronics Industry Association) RS232-C standard. It states many 
parameters such as: 

• A "Space" (logic 0) will be between +3 and +25 volts . 
• A "Mark" (logic 1) will be between -3 and -25 volts . 
• The region between + 3 and -3 volts is undefined. 
• An open circuit voltage should never exceed 25 volts. (In reference 

to GND.) 
• A short circuit current should not exceed 500mA. The driver should 

be able to handle this without damage. (Take note of this one!) 
• Maximum baud rate (bit transfer rate) of 20,000 bits per second. 

The items listed above are just some of the more important specifi­
cations found in the EIA RS232-C standard. Most users never need to 



The ComPort Tester 

know more than this , but if you do, you have to go look 
it up. 

ComPorts come in two "sizes:" The D-Type 25-pin 
connector and the D-Type nine-pin connector, both of 
which are male on the back of the PC (they have pins 
instead of sockets), thus you will require a female con­
nector on your device. The D-type 25-pin connector is 
hard to find and slowly disappearing from today's PC. 
Mostly, you will see the D-type nine-pin connector. The 
pinout for this connector is shown in Figure 1. This is 
what you will see when you look directly at the ComPort 
connector on your PC. Most D-type nine-pin connectors 
have the pin numbers molded into the plastic of the con­
nector itself. If you look closely, you should see them. 

The Null Modem 

GND 

TXD 

RXD 

Figure l A null modem (see Figure 2) is used to connect two 
DTEs or PCs together. This is commonly used as a 
cheap way to network games or to transfer files between 
computers using some protocol such as Zmodem or 
Xmodem. 

DB9F PC Comnunication 
Port Connector-UfE 

DB9F PC Comnunication 
Pott Connector-UfE 

The idea behind a null modem connection is to make a DTE or PC 
think it is talking to a modem or DCE, rather than another DTE, or PC. 
Any data transmitted from the first computer must be received by the sec­
ond, thus TXD is connected to RXD. The second computer must have the 
same set-up, thus RXD is connected to TXD. Signal Ground (SG) must 
also be connected so both grounds are common to each computer. 

The Data Terminal Ready is looped back to Data Set Ready and 
Carrier Detect on both computers. When the Data Terminal Ready is 
asserted active, then the Data Set Ready and Carrier Detect immediately 
become active. At this point, the computer thinks the virtual modem to 
which it is connected is ready and has detected the carrier signal. 

All that is left to worry about now is the Request To Send and Clear 
To Send. As both PCs communicate at the same speed, flow control is 
not needed, thus these two lines are connected together on each com­
puter. When the computer wishes to send data , it asserts the Request to 
Send high and as it's hooked together with the Clear to Send, it immedi­
ately gets a reply that it is okay to send and does so. 

DTE/DCE Speeds 

As stated before, a typical DTE is a computer and a typical DCE is a 
modem. Often people will talk about DTE-to-DCE and DCE-to-DCE 
speeds. DTE-to-DCE is the speed between your modem and computer, 
sometimes referred to as your terminal speed. This should run at the 
same or faster speed than the DCE-to-DCE speed. DCE-to-DCE is the link 
between modems, sometimes called the line speed. A DTE-to-DCE speed 
faster than DCE-to-DCE insures that all data that arrives at the DCE is 
processed by the DTE so no data is lost. 

For a 28.8K or 33.6K modem, we should expect the DCE-to-DCE 
speed to be either 28.8K or 33.6K. Considering the high speed of the 
modem, we should expect the DTE-to-DCE speed to be about 115,200 
BPS. (Maximum Speed of the 16550a UART.) 

Modern modems should have data compression built into them. 
When set up correctly, you can expect compression ratios of 1 :4 or even 
higher; 1 :4 compression would be typical of a text file. If we were trans­
ferring that text file at 28.8K (DCE-DCE), then when the modem com­
presses it, you are actually transferring 115.2 KBPS between computers 
and thus have an effective DCE-DTE speed of 115.2 KBPS. 

Some modem manufacturers quote a maximum compression ratio 
as 1 :8. For example, a 33.6 KBPS modem may get a maximum of 
268,800 BPS transfer between modem and PC. 

Flow Control 

Eventually the data transfer rate between our DTE-to-DCE is going to 

be faster than our DCE-to-DCE transfer rate. When this happens, data will 
probably get lost. You can't put jellybeans into a container faster than you 
are eating them. Sooner or later the jar will overflow making quite the 
mess, and probably getting you in trouble. In order to prevent this from 
happening , you have to have a way for the DCE to tell the DTE that it has 
too much data and it should stop sending it, and vice versa. Enter flow 
control. 

Flow control comes in two flavors: hardware and software. 
Software flow control, sometimes expressed as Xon/ Xoff, uses two 

characters Xon and Xoff. The ASCII 17 character normally represents 
Xon, and the ASCII 19 character normally represents Xoff. In reality, a 
DCE will only have a small buffer (16 to 64 bytes is common), so when 
the DTE fills it up , the DCE sends an Xoff character to tell the DTE to stop 
sending data . Once the DCE has room for more data , it then sends an 
Xon character and the DTE sends more data. This type of flow control 
has the advantage that it doesn't require any more wires as the charac­
ters are sent via the TXD/ RXD lines. However, it can substantially slow 
down communications on low baud rate links due to the extra traffic of 
the Xon/ Xoff bytes. Flow control here is not automatic. The PC must 
monitor the incoming serial data from the DCE and adjust the output flow 
as needed. If the PC is momentarily busy and doesn't have time to man-
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0 Comm111ucfllion Port Tester l!llilEJ 
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itor the incoming serial data from the DCE, it may send more data than 
the DCE can handle before shutting off the flow. 

Hardware flow control is also known as RTS/CTS flow control. It 
uses two wires in your serial cable rather than extra characters trans­
mitted in your data lines. Thus, hardware flow control will not slow down 
transfer times like Xon-Xoff does. Flow control here is usually per­
formed directly at the hardware level, thus its effect is immediate. When 
the DTE wishes to send data, it asserts DTR and checks the state of 
CTS. If CTS is active, the DTE will send data, if it is not active, no data 
will be sent. When the DCE wishes to send data, it asserts DSR and 
checks the state of RTS. If RTS is active, the DTE is ready for data, if it 
is not active ,no data will be sent. In this way, the DCE and DTE can 
control the flow of data thus insuring that their data queues do not over­
flow. 

That's a pretty good overview of the ComPort and serial communi­
cations. There are many good books on this subject. Pick one up if you 
want more. 

The Loopback Connector 

To assemble the loopback connector shown in Figure 3, all you 
need is a D-type nine-pin connector and a connector shell. Make the fol­
lowing connections: 

Connect pin 4 (DTR) to pins 1 (DCD) and 6 (DSR) 
• Connect pin 7 (RTS) to pins 8 (CTS) and 9 (RI) 

Connect pin 2 (RXD) to pin 3 (TXD) 

That's all there is to it! 

Software Operation 

After installing the software and starting the program, you should 
see the screen shown in Figure 4. 

The Communications Port tester has a full-featured help system. 
Help is context-sensitive, so just hit F1 wherever you are and a help 
screen will open before your very eyes. 

Be warned, sometimes a corrupt ComPort can effectively hang up 
a PC, thus causing it to effectively ignore your futile attempts to abort. 
Just be patient and the test will end giving you back control of your PC. 

The Main program screen consists of a Menu tree, a toolbar for 
commonly-accessed functions , a test results window, and some various 
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controls and buttons. Each section is described next. 

Menu Tree 

File-) Open . Select this menu pick when you want to retrieve pre­
viously tested ComPort data. Information is stored in .RTF or Rich Text 
Format. Windows and most word processors easily display this format. 
Picking this menu item will present you with a Windows standard open 
screen allowing you to select the results file you want to open. 

File-)Save . Select this menu pick whenever you want to save the 
information shown in the test results window. Information is stored in 
.RTF. Windows and most word processors easily display this format. 
Picking this menu item will present you with a Windows standard save 
screen allowing you to change the preset file name and other great 
options. 

File-)Print. Select this menu pick whenever you want to print the 
information in the test results window. Note that after a test has com­
pleted, you can edit the information in the test results window in order 
to annotate them for other people's viewing pleasure. Picking this 
menu item will present you with a Windows standard print screen a llow­
ing you to choose the system printer and other great options. You can 
a lso select the print icon from the toolbar, or the print button in the test 
results window. 

File-) Exit. Select this menu pick whenever you want to exit this 
program. 

Test-) Tes t . Select this menu pick to begin testing the selected 
ComPort. When the test has begun, this menu item will automatically 
change to an Abort menu item. Selecting the abort will stop the current 
test. You can also select the test button on the main screen. 

Test-) Abort . Select this menu pick to abort the current test. When 
the test has been aborted, this menu pick will automatically change 
back to a test menu pick. You can also select the abort button on the 
main screen. 

Test-) Com 1. Select this menu pick to choose Com 1. A check­
mark will appear next to the active ComPort in the menu list. The 
ComPort indicators on the main screen will also update, displaying the 
currently selected ComPort. You can also select the ComPort by click­
ing the menu buttons on the main screen. 

Test-)Com2. Select this menu pick to choose Com2. A check­
mark will appear next to the active ComPort in the menu list. The 
ComPort indicators on the main screen will also update, displaying the 
currently selected ComPort. You can also select the ComPort by click­
ing the menu buttons on the main screen. 

Help-) About . Select this menu pick to get more information about 
this program such as build dates, versions, contact information, etc. 
You can also review all of your system resources from this screen. 

Help->Help. Select this menu pick to get the help system. 

The ComPort tester automatically tests the selected ComPort 
throughout its complete baud range. You can adjust the starting and 
stopping baud rates with the supplied pull downs. Just click the drop 
down arrow next to each box and choose the baud rate of your choice. 
If a baud rate is not supported, the ComPort tester will skip that partic­
ular baud. A sample test result is shown in Figure 5. 

I have tested this software on every PC I could get my hands on 
including Windows 95, Windows 98, Windows NT, and Windows ME. I 
found that the flow control signals behaved slightly different on each 
system and the tests were adjusted accordingly. 

Should you suspect any problems with the software, please contact 
me at jventerprises@att.net. NV 

A CD with the program and an assembled loopback connector is avail­

able from JV Enterprises, P.O. Box 370, Hubbardston, MA 01452; o r 

www.jventerprises.com fo r $14.95 which includes the shipping. 

This covers the cost of the CD and loopback connector only. The soft­

ware is free . You can download t he software di rectly from www.jven 
terprises.com, just cl ick on the 'downloads' sect ion. 
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ActiveWire® USB 
Simple USB Interface! 

I 

• Works with MacOS 8/9, Win98/2K/ME 
FreeBSD and Linux! 

• 24Mhz CPU core with USB 
• Firmware downloadable via USB 
• 16 bit parallel lnpuUOutput 
• See web-site for add-on boards 
• All drivers, manuals, demos are on our 

web-site for immediate download! 
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ActiveWire, Inc. 
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Eledronic 
Surveillance Devices 

$39.99 

This is the book that 
security professionals, 

security system installers 
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waiting for. Paul Brookes 
launches straight into the 
practicalities of electronic 
surveillance with plenty of 

clear, detailed information on building the devices 
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• Usable range up to 200m 

• SAW controlled FM transmitter 

• 3V and SV versions 

• low power requi reme nts 

•TX power 1 OmW @ SV 

•Double conversion Superhet receiver 

•Plug in replacement for BiM-433-F 

Kenwood's FreeTalk Radios Make It Easy To Stay In Touch 
I t 's all about communication these days.Who's got what best plan for where 

and can you connect to the Internet anywhere, anytime. How many min­
utes across how many states and how many family members can you get to 
sign up on a plan. Too complicated. 

There is an alternative, however, that will accommodate most "commu­
nication" situations ... 

One of the most overlooked methods available today for keeping in 
touch with loved ones - or whoever - is with FRS (Family Radio Service). 
You don't have to take a test and the air time is always free . Take, for exam­
ple, Kenwood Communications new Free Talk radio (Model UBZ-LH 14). 
Designed for outdoor recreation activities, the UBZ-LH 14 is easy to use and 
small enough to take anywhere. It is equipped with premium features like 
voice scrambling and automatic channel selection, and operates over a two­
mile radius. FreeTalk radios operate on free airwaves designated as FRS by 
the Federal Communications Commission. In addition, two, three, four, or 
more people can take part in the same conversation. 

There are virtually limitless scenarios to use these radios in. Say you're 
going to an amusement park and the kids want to go to a different area or 
ride. Or, if you're at a campground and part of your group wants to go for a 
walk or bike ride. FRS makes it easy to stay in touch with each other. 

With the convenient headset, the "hands-free" capability is perfect for sit­
uations where you need use of both hands, but still need to talk. For exam­
ple, if you 're into boating, one of the hardest things about anchoring is having 
to either shout directions back and forth from one end of the boat to the 
other or else trying to use hand signals. 

What about when you're manueuvering a trailer or motorhome into a 
tight spot and have to try to stay within view of the driver's mirrors? Or, 
maybe you're traveling in a group and need to change the off-ramp you're 
going to or have to pull over. 

"Since their introduction, FRS two-way radios have become very popu­
lar," said Tom Wineland, Kenwood Communications president. "Our latest 

generation of Free Talks are designed with exclu­
sive features to offer more convenience and reli­
ability than those from any other manufacturer." 

New to this year's model is a "range in/out" 
detector and "channel scan." The range in/out 
detector lets users know if they are within 
transmission range or not.An icon shows up on 
the radio's LCD if the user is in range, or disap­
pears if the user is out of range .. 

Channel scan finds available channels for 
transmitting and receiving messages. If there's 
too much interference while you're having a 
conversation, the FreeTalk radio will automati­
cally scan channels in ascending order until a 
clear channel is located. 

An extra large liquid crystal display (LCD) 
allows users to quickly note channel settings and 
the status of all radio indicators. The display is 
illuminated for easy viewing at night or in dark­
ened rooms. 

FreeTalk radio provides users with 532 
channel combinations ( 14 channels, each with 38 talk groups) to make it easy 
to find one for uninterrupted conversations.A scramble mode maintains pri­
vacy and keeps unintended listeners from eavesdropping. Easily recognizable 
call tones can be sent between radios to let others in a group know who is 
trying to contact them. 

The new Free Talk, offered in black, yellow and platinum, has a suggested 
a retail price of $1 14.95 each. Kenwood Communications also offers three 
optional accessories, including a remote control speaker microphone (SMC-
34), a hands-free voice-activated headset (HMC-3), and a clip microphone 
with earphone (EMC-3). For more details go to www.kenwood.net. 
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Understanding and 
Using 'Norton' Op-
Amp ICs Part 2 

By Ray Marston 

Ray Marston concludes his look at Norton Current-Differencing Amplifier op-amp 
principles and circuits in this final part of this mini-series. 

L
ast month 's opening episode of this two-part mini­
series explained the basic operating principles of the 
Norton current-differencing amplifier (CDA) op-amp 
and presented a variety of practical applications of 

the popular LM3900 quad Norton op-amp IC. This month 's 
concluding episode presents a few more practical LM3900 
applications, and then explains the operating theory and 
practical applications of the LM359 high-performance dual 
Norton op-amp. 

LM 3 900 CURRENT-REGULATOR 
CIRCUITS 

Figures 1 to 4 show various ways of using individual op­
amps from the LM3900 quad Norton op-amp JC to make 
simple current-regulator circuits; note when using the 
LM3900 JCs that unwanted op-amps can be disabled by 
wiring their two input terminals to the IC's GND or low-volt­
age line. 

The Figure 1 circuit acts as a fixed ( 1 mA) current 
source, which feeds a fixed current into a load connected 
between Q 1 collector and ground almost irrespective of the 
load impedance (in the range zero to 14k). The circuit is 
powered from a regulated 15V supply. Potential divider R 1-
R2 applies a 14V reference (15V-1VO) to R3, so the op-amp 
output automatically adusts to give an identical voltage at 
the R4-R5 junction. This produces 1 VO across R5, resulting 
in an R5 current of 1 mA. Since this current is derived from 
QI emitter, and the emitter and collector currents of a tran­
sistor are almost identical, the circuit's collector acts as a 
fixed current source. The source current can be doubled (to 
2mA), if desired, by halving the R5 value, etc. 

Figure 2 shows a simple variation of the above circuit, 
in which the source current is independent of variations in 
supply rail voltage. In this case, the input is set at 2V7 below 
the supply rail value via Zener diode ZDl , so 2V7 is auto­
matically set across R4, which has a value of 2k7 and thus 
produces a fixed 1 mA source current from the collector of 
transistor Q 1. 

Figure 3 shows a simple 1 mA current sink, in which a 
fixed current flows in any load connected between the posi­
tive supply rail and Q 1 collector, almost irrespective of the 
load impedance. Here, the non-inverting terminal of the op­
amp is disabled, and 100% negative feedback is used 
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Figure I . Fixed-current source (I mA). 
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Figure 3. Simple I mA current sink. 
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Figure 6. Variable mark/space ratio 
generator. 
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Figure 2. Alternative current source 
(lmA). 
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Figure 4. Improved current sink ( 1 mA). 
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Figure 5. I kHz squarewave generator. 

between the output of the circuit (Ql emitter) and the inverting input I 
terminal. The voltage across R 1 thus equals the V be of the inverting ter-

minal and, since this is roughly 0.55V, a fixed current of about 1 mA 
flows through Q 1 emitter and R 1, and thus into Q 1 collector from any 
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programming 
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load that is connected. Note that the sink current of this circuit is not 
temperature compensated. 

Finally, Figure 4 shows an alternative type of current sink. In this 
case, the op-amp is fully enabled, and has a fixed reference of 2V7 
applied to its non-inverting terminal via R2. Consequently, the circuit 
automatically adjusts to generate 2V7 across R4 which , since it has a 
value of 2k7 , generates a current of lmA in the emitter and collector of 
Ql. This current can be varied, if required, either by varying the value 
of R4 or by varying the input voltage fed to R2. 

LM3900 WAVEFORM-GENERATOR CIRCUITS 

To conclude this look at the LM3900 quad Norton op-amp IC , 
Figures 5 to 9 show some useful ways of using its op-amps to make 
simple waveform-generator circuits. Figure 5 shows a lkHz squarewave 
generator, in which Cl alternately charges and discharges via Rl. When 
the output is high , R3-R4 are effectively connected in parallel , and Cl 
charges until the current flow into R2 equals that flowing into the non­
inverting terminal of the op-amp; this point occurs when the voltage 
across Cl rises to roughly two-thirds of +V. At this point, the circuit 
switches regeneratively, the output switches low, and Cl starts to dis­
charge via R 1. Under this condition, R4 is effectively disabled and the 
input current to the non-inverting terminal is determined only by R3, so 
Cl discharges until the R2 current falls slightly below that of R3. This 
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Figure 13. Inverting AC amplifier with supply-line bias­
ing and individual IN and OUT programming resistors . 

point occurs when the C 1 voltage falls to about one-third of +V. At this 
point the circuit again switches regeneratively, and the output goes high 
again. The action then repeats ad infini tum. 

The Figure 5 circuit is useful for generating squarewaves with fre­
quencies up to a maximum of only a few kHz; because of the poor slew 
rate performances of the LM3900 (0.5V / µS) , the output waveform has 
fairly poor rise and fall times. The circuit generates a symmetrical 
squarewave output. Figure 6 shows how the circuit can be modified to 
give a variable mark-space (M/ S) ratio output. In this case, Cl alter­
nately charges via Rl -Dl and the upper half of RVl , and discharges via 
Rl-D2 and the lower half of RVl. The M/ S ratio can be varied over the 
approximate range 1:10 to 10:1 via RVl. 

Figure 7 shows a simple modification of the above circuit, which 
causes it to act as a free-running pulse generator. In this case, C 1 alter­
nately charges via Rl -Dl and discharges via R2, producing an M/ S ratio 
of about 1 :60. Figure 8 shows how the basic Figure 5 circuit can be 
modified to act as a gated lkHz astable or squarewave generator by tak­
ing R3 to ground via R5, rather than directly to the positive supply rail. 
The circuit becomes active only when the gate terminal is pulled high 
(to the positive supply rail) . 

Finally, to complete this look at LM3900 applications, Figure 9 
shows how this month 's Figure 8 and last month 's Figure 16 circuits 
can be combined to make an audible-output over-temperature alarm, 
which generates a 1 kHz tone in a general-purpose acoustic piezo-elec-
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The LM359 is not as well known as 
the LM3900, but is an outstandingly 
useful Norton type of IC. The LM359 is, 
in fact, a high-performance IC that 
houses two identical Norton op-amps, 
plus a common biasing network, in a 
14-pin DIL package (see Figure JO) 
and can operate from a single-ended 
5Y to 22V power supply. Each of its op­
amps offers a 30MHz unity-gain band­
width, a 60V/µS slew rate, and a 72dB 
open-loop gain, and has many of its 
parameters fully programmable via 
one or two external resistors. 

0.01 0.02 0 .04 0.1 0.2 0 .4 1.0 0 .01 0 .02 0 .04 0 .1 0.2 0 .4 1 .0 

lset (rn)' mA lset (in)· mA 

The LM359's op-amps differ con­
siderably from those used in the 

Figure 17. LM359 slew rate. Figure 16. LM359 gain-bandwidth product. 

LM3900. Figure 11 shows the basic LM359 op-amp circuit in slightly 
simplified form. This consists, in essence, of a mirror-driven (via Ql -Q2) 
wide-band cascade amplifier (Q3 and Q4), which does not suffer from 
output-to-input Miller or parasitic feedback effects and thus gives an 
excellent high-speed performance, plus a Darlington emitter follower 
output stage (Q5 and Q6) . 

Note that a l 2pF capacitor is internally wired between Q4 collector 
(accessible at the COMP terminal) and ground, and that the Q3-Q4 
operating current can be programmed via the lset( in) current of the !C's 
internal biasing network, thus enabling the circuit's input bias current, 
slew rate, bandwidth, and supply current to be pre-set. Similarly, the 
operating currents of the Darlington output stage can be programmed 
via the Iset(out) currents of the internal biasing network, enabling the 
output sink current and supply current to be pre-set. 

Figure 12 shows the basic circuit of the !C's internal biasing net­
work, which controls both op-amps. Thus, the Iset(in) current can be set 
via suitable resistors wired between pin 8 and the positive supply rail, 
and the lset(out) current can be set via a suitable resistor wired between 
pin 1 and ground B. Alternatively, if lset(in) and Iset(out) are to have equal 
values, the current can be set via a single resistor wired between pins 1 
and 8. 

USING THE LM3S9 

The LM359 is usually used in linear amplifier applications and, in 
such cases, the design procedure involves two simple stages: the first 
being the design of the input biasing network, and the second the selec­
tion of the programming resistor value(s). 

The LM359 is biased in exactly the same way as the LM3900, using 
either voltage-reference biasing, supply-line biasing, or N x Ybe biasing, 
as shown in last month's Figure 6 and fully described last month. 
Programming involves the wiring of either a single resistor between pins 
1 and 8 of the IC, or of individual resistors between pin 1 and ground 
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and between pin 8 and supply positive, as mentioned above. Figures 13 
to 15 show three typical circuits that can result from the above options, 
together with their relevant design formulas. Thus, the Figure 13 circuit 
gives inverting AC amplifier action and uses supply-line biasing, and 
uses individual Rset(in) and Rset(out) programming resistors . The Figure 14 
circuit also acts as an inverting AC amplifier, but uses N x Ybe biasing 
and uses a single resistor for in and out programming. Finally, the Figure 
15 circuit acts as a non-inverting AC amplifier and uses supply-line bias­
ing and a single programming resistor. 

lset PROGRAM.MING 

The major operating parameters of the two LM359 op-amps can be 
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show the effects of this current on the 
individual parameters. 
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The gain-bandwidth product graph 
of Figure 16 is based on a xlOO invert­
ing amplifier fed with a lOMHz input 
signal, but is valid for all types of ampli­
fier. Thus, with a 1 OMHz input, it gives 
a gain of x60 and a gain-bandwidth 
value of 600MHz at an lset(in) current of 
1 mA, and a gain of x 1.1 and a gain­
ba ndwidth product of 1 lMHz at 
O.OlmA. The gain-bandwidth of the cir­
cuit is thus directly proportional to the 
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Note that the gain-bandwidth prod­
uct of the IC is also inversely propor-

1 0 I tional to the op-amp's Ccomp value (see 

Figure 19. LM359 output sink current. 
Figure 20. LM359 total su pply current (l set(in) = 
lset(out))· 

Figure 71), which is a fixed 12pF, but 

1 

which can be increased by wiring an 
external capacitor between the 'comp' 
terminal and ground. Thus, the gain-
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R 1 + 12V--vvv~--

75R 

~---------

In 

Figure 22. 
Wideband 
(>20MHz) x I 0 
non-inverting 
amplifier. 
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Figure 21. 
W ideband 
(>20MHz) 
x I 0 invert ing 
amplifier. 

C3 1pF 

R4 7k5 

C4~ 
R5 
20k 
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Figure 23. High-gain (x I 000) general-purpose wideband (SM Hz) 
ampl ifie r. 

Out 

programmed via the pin 1 and pin 8 lset currents of the IC. The gain­
bandwidth products, the s lew rate, and the inverting input bias current 
can be programmed via the pin 8 lset(in) current, and Figures 16 to 18 
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----- bandwidth values can be halved by 
doubling the effective Ccomr value via an external l 2pF capacitor wired 
between these two points. 

The s lew rate (see Figure 17) of the op-amp is also directly propor­
tional to lset( in )• but inversely proportional to Ccomp and can thus be 
varied via either of these quantities. The inverting input bias current 
values (Figure 18), on the other hand, are independent of Ccomp and 
depend solely on the lset(in) values. The output sink current (Figure 19) 
is variable via the pin 1 lset(out) current and is roughly 10 times that 
va lue. 

Note that, as already mentioned, the lset va lues can either be set via 
individual resistors or, if both lset values are equal, can be set by a sin­
gle resistor wired between pins 1 and 8. If individual resistors are used, 
each value is determined by: 

where V = V+ - 0.6V. In this case, the total current consumption of the IC 
(of the two op-amps) is roughly equal to: 

If only a single programming resistor is used, its va lue is dete rmined by: 

Rset = (V /!set) - 1 kO 

where V = V+ - 1.2V. In this case, the tota l current consumption of the IC 
roughly equals 37 x lset· Figure 20 shows the typica l consumption graph 
when using a l 2V supply. 

WIDEBAND AMPLIFIERS 

The most important application of the LM359 is as a video or wide­
band amplifier, and Figures 21 to 23 show three practical circuits of this 
type. The basic design principle of these circuits is as follows: 

The Figure 21 circuit is designed to be powered from a 12V supply, 
and to act as an xlO (= 20dB) inverting amplifier that gives a bandwidth 
of at least 20MHz when driven via a terminated 75-ohm (75R) line. This 
last requirement sets the R 1 value at 75R. The input is then AC-coupled 
via Cl , which is shunted by C2 to minimize its high-frequency imped­
ance. R2-R4 set the circuit's voltage gain. R2 must be small, but must 
not significantly shunt the Rl value; this gives R2 a sensible compro­
mise value of 750R. To give a voltage gain of xlO, R4 must be 10 ti mes 
greater than R2, and this sets the R4 value at 7.5k. 

To give maximum output voltage swing the op-amp output must be 
DC biased to a quiescent value slightly below ha lf-supply volts, and this 
is achieved by making R3 a bit more than twice the R4 va lue. A good 
compromise is 20k, which sets the output at 5.1 V. 

To give the required gain and bandwidth, the op-amp needs a mini­
mum gain-bandwidth product of 200MHz. An !bias value of 0.5mA gives 
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a gain-bandwidth of 400MHz, which gives a good margin of safety, and 
this can be programmed by giving R5 a value of 20k. 

ing value by the R3-R4 ratio. The 3dB bandwidth of the circuit extends 
from 2.5Hz to 30MHz, and is almost flat to 20MHz. 

To ensure a good high-frequency performance, the pin 12 supply 
pin is RF-decoupled to ground via C4. To give maximum bandwidth , C3 
(two twists of insulated wire) is adjusted on test. In practice, this circuit 
gives a 3dB bandwidth that extends from 2.5Hz to about 30MHz, and is 
absolutely flat up to 20MHz. 

Finally, to complete this look at Norton amplifier !Cs, Figure 23 
shows how both op-amps of an LM359 IC can be cascaded to make a 
general-purpose wideband amplifier with a nominal gain of xlOOO and 
a 3dB bandwidth that extends from 1 OHz to 8MHz. In this case, the op­
amps are each wired in the inverting mode, with a x33 gain set by the 
R3/ R1 or R6/ R4 ratio, and use N x V be biasing, with the N ratio set by 
R3/ R2 or R6/ R5. NV 

Fig ure 22 shows a non-inverting version of the wideband amplifier. 
In this case, the gain is determined by the R2-R4 ratio , and the DC bias-
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Exploring and Experimenting With Losers and Their Properties by Stanley York 

Laser Insight 
A

couple of issues back, 
I described a simple 
dye cell you could use 
in conjunction with 

the nitrogen laser that was 
described earlier this year. This 
time, I want to show you another 
approach to exciting a dye cell, 
using instead a flashlamp. 

If you have a still camera, 
there's a good chance that at some 
time you have used a flash attach­
ment and taken pictures in dim 
lighting situations. These camera 
flash units can put out quite a bit of 
optical power, and I have done 
some experiments with flash units 
on various dyes, with some quite 
interesting results. 

Did you know, for instance, 
that the dye found in washing pow­
der fluoresces in the blue/green 
region of the optical spectrum? 
You can easily see this if you put a 
small quantity of dry washing pow­
der in a shallow dish (use the kind 
of powder that has the blue specks 
in it), and go into a dark corner of 
your house. When your eyes have 
become dark-adjusted, take a cam­
era flash and hold it in contact with 
the dish , such that the washing 
powder is exposed to the light 
when the flash is fired . Don't look 
at the dish when firing, because 
when you remove the flash unit, 
you will want to be able to see the 
afterglow of the dye (Figure 15-1). 
The fluorescence doesn't last long, 
so you have to be fairly quick to 
expose the powder, then remove 
the flash unit. You'll see that not 
just the blue specks glow! 

I suspect that the dye involved 
here is one of the Coumarin vari­
ety, but none of the washing pow­
der manufacturers will tell me. In 

Olo to ~uit tube 

54 AuousT 2002/ Nuts & Volts Magazine 

any case, this dye is worthy of 
investigation as a laser dye, and I 
want to propose here that the sys­
tem I am about to describe may be 
used to excite the dye, thereby 
forming a simple pulse-pumped 
dye laser. 

Figure I 5-1. Camero flash unit 

This is only an experiment, I 
haven't tried it myself yet, so I can­
not guarantee that it will work, but 
it will make a very interesting chal­
lenge. So, you pioneers out there, 
test your ingenuity, build this sys­
tem, and make it work. Share your 
achievements with all our readers . 
There are no prizes, just the satis­
faction of achieving something no­
one has done yet. Who knows? We 
may be looking at a whole new 
breed of laser system .. . 

To dissolve the dye and sepa­
rate it from the soap is the first 
challenge, because the dye solu­
tion will be a weak transparent 
color, and must not be contami­
nated by soap or water. Some of 
the solvents mentioned in the pre­
vious dye laser article may be 
tried. I suggest trying methanol 
first. 

When you dissolve the dye, try 
to use fresh solvent, and if you can 
get it, use spectrophotometric 
grade. If you use solvent that's 
been sitting around for a while, it 
may have become contaminated 
by water. Most alcohols will pull 
water in from the air and quickly 
become saturated, rendering them 
useless for laser work. 

If you have an old camera 
flash unit you can afford to sacri­
fice, you can try to convert it into a 
small laser. You'll have to disas­
semble the unit and modify the 
flash, because you need to mount 
a small glass tube parallel to 

Glass tube 

\ 

Exciting the 
powder with a 
camera flash . 

the flashlamp 
(Figure 15-2). 

Remove the 
existing lens 
carefully, be-
cause you will 
need to replace 
it . Careful with 
the reflector too, 
it is very thin and 
fragile. Drill a 
hole through the 
side of the flash 
unit as close to 
the lamp as you 
can without 
touching it or the 
wiring to it. This 

Figure 
I 5-2. 
Modifying 
the camera 
flash. 

Original lens 

will provide maximum optical cou­
pling into the glass tube when it is 
mounted. As flash units vary wide­
ly in their construction, I'm using a 
simple type for illustration only. 
Your unit may be different, but you 
should follow the same basic mod­
ifications. 

The glass tube running parallel 
to the flashlamp should be approx­
imately the same size as the flash­
lam p itself, and should extend 
about 1/ 8"-1 / 4" beyond the flash 
housing on both sides. 

Find a piece of 3/8" thick plex-

Thru hole in Plexigloss block 

Figure I 5-3. 

Make sure intersection is not 
plugged-----------~ 

Dyetube holder 
and mirror 

mounts. 

~ 

Flash tube 

Dyetube 

iglass, and make two blocks as 
shown in Figure 15-3. The only 
dimensions I will give here are for 
the thickness of the material. 
Other dimensions will vary, 
depending on your flash unit and 
glass tube. Drill the hole in the 
block for a snug fit around the 
glass tube. You will need to epoxy 
the glass into the blocks to prevent 
loss of dye solution, and epoxy the 
blocks to the side of the flash unit. 
Keep the glass tube approximately 
centered between the blocks, and 
make sure the dye entry and exit 
holes are not plugged with epoxy, 
and that the glass tube does not 
obstruct the holes. 

Look at the enlarged section in 
Figure 15-3 for details of the tube 
placement. Put a bead of epoxy 
around the glass tube/Plexiglass 
interface, and a thin layer on the 
flash case, and hold the assembly 
together with tape or rubber bands 
until the epoxy sets. Figure 15-4 
shows the assembly. 

It is very important to get the 
two blocks as parallel as possible, 
as they will form the support for 
the end mirrors of this laser. Since 



this is such a small laser, there 
cannot be any adjustments on the 
end mirrors. If there is a slight mis­
alignment, the laser may still work, 
but at reduced output. 

If you have some small pieces 
of first-surface mirror available, 
now you can put them to good use. 
If not, you may have to sacrifice 
one. Epoxy a piece of first-surface 
mirror to one block, so that the 
hole in the block is facing the sil­
vered surface of the mirror. Place a 
bead of epoxy around the mirror, 
making sure to fill every small 
crevice. Be careful not to get epoxy 
on the mirror surface that faces the 
glass tube, though. 

If you look down the opposite 
end of the glass tube, you should 
see your eye reflected in the piece 
of mirror epoxied to the far side. 
On the other end of the tube, 
epoxy a small piece of plain micro­
scope slide. 

When the epoxy has set, fit the 

Laser Insight 
glass tubes with some flexible plas­
tic tubing to serve as a dye feed. 
The flexible tubing should be a 
snug fit around the glass to mini­
mize leakage. Get two glass jars, 
and partly fill one of them with 
plain solvent. Follow the arrange­
ment in Figure 15-5 to siphon the 
solvent back and forth between the 
jars to make sure there are no 
leaks. When the upper jar is 
almost empty, reversing the posi­
tions of the jars should allow the 
solvent to flow in the opposite 
direction. If you make the two flex­
ible tubes the same length, you'll 
be able to control the flow much 
easier. 

You should adjust the heights 
of the two jars until you get a slow 
uniform flow in each direction. Use 
books or pieces of wood as spac­
ers. The flow should be enough to 
cause a change of liquid volume 
during the flash recharge period. 
The flow should not be turbulent, 

as this will retard laser action. 
If you have no leakage prob­

lems with the dye solvent, the next 
thing to do is replace the front lens 
on the flash unit. Before you do 
however, you should cover the 
inside face of the lens with a couple 
of layers of kitchen foil, shiniest 

These blocks must be as 
parallel os possible 

Figure 15-4. 
Assembling the 
fiashlamp laser. 

side out. This will prevent the flash 
from interfering with any testing or 
experiments you may be doing, 
and it will also couple more of the 
emitted light back into the dye 
tube. Be careful when you add the 
foil. Don't let it get too far inside the 
flash housing, or you run a risk of 
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Laser Insight 

shorting to the flash tube. Glue it to the lens so that it cannot 
fall off or move around after you reassemble the flash unit. 

If you have a military background, you may have used 
(or heard of) an infrared ( eyesafe) laser rangefinder. These 
devices use an arrangement very similar to this set-up, but 
instead of using a dye solution, they use an Erbium-doped 
YAG rod as the laser medium. Erbium is one of the so-called 
rare-earth materials. This particular type of laser puts out an 
infrared beam at 1530-1660 nM. This wavelength is less like­
ly to cause retinal damage to the eyes, and is favored for the 
use of laser rangefinders used by the military. This wave­
length is generally referred to as the eye-safe region of the 
infrared. You may want to try other materials too. There are 
dyes in many household products, and some of these may 
fluoresce if driven hard enough. The difficult part is trying to 
extract the dye in its purest form from the host material. 

Have fun with this project, but remember, it is a laser no 
matter how low the output power is , and it is still dangerous. 
The power supply in the flash unit is quite powerful, and can 
give a nasty shock if you aren't careful. 

Booh 

Next month, I'll discuss a few methods of aligning a laser, and give a 
few tips and tricks that 1 have learned over the years. NV 
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~ MPU/ lnternet gateway software ~Data sheets and projects on line 

310 Ivy Glen 

~
AWC 

Check out our tools and PAK coprocessors for Basic 
Stamp, PIC, AVR, 805x, 68HC11, or any MPU. Our 
prototyping tools save your time and our PAKs add 
powerful features to your designs. Visit our Web site 
now for free tutorials, tools, and projects! 

League City, TX 77573 
(281) 334-4341 
(281) 754-4462 (fax) 

www.al-williams.com/ awce 

s62 PCBs 
And our layout software is FREEi 

bpr~'!i-.PCH - C:\PrOJf:c h \ MUontrollt>r\ MCControllrr.pch 

Fie Ed:t V'rew Layrut: ~ 

Download our FREE layout software 
Design your two-sided plated-through PCB 
Send us your design with just a click 
Receive your boards in a few business days 

Select our MiniBoard service and get three top quality 
2.5" x 3.8" PCBs for $62 - shipping included! 

[&] expresspcb.com • 
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ring technology event targeted at technology enthusiasts, hobbyists , 
user groups, and IT professionals who work and play in arenas as diverse 
as super-computing, animation, robotics, and wireless communications. 

Lulu Tech Circus events will be scheduled throughout North 
America. The first Lulu Tech Circus event will be held in Raleigh , NC, 
from September 27-29, 2002. 

"Lulu Tech Circus can meet the needs of the 'inner geek in all of us' 

www.SMDRework.com 
~ 

,,..~ .... >Wo" ....... ., 

800-394-'1 984 

Pro.,[efS:iona/ 

• Heavy duty commercial 
recorder - NOT improvised from 

consumer models 

• Applications information included 

Factory Direct 

COD's OK. Sorry, no credit cards. Free catalog USA only; other countries $5. Price Includes UPS to 48 States on Pre-Paid Orders 

Vikitt5 S~stems lttternatiottal 1 oo North Hill Drive #42, Brisbane, cA 9400s 

Phone (415) 467-1220 •Fax: (415) 467-1221 •Web: www.vikinginlcom 

Circle #87 on the Reader Service Card . 

EZ-EP DEVICE PROGRAMMER - $169.95 
Check Web! ! -- www.m2/.com 

Fast - Programs 27C010 in 23 seconds 

Portable - Connects to PC Parallel Port 

Versatile - Programs 2716-080 plus EE 
and flash (28. 29) to 32 pins 

Inexpensive • Best for less than $200 

• Correct implementation of manufacturer 
specified algorithms for fast, reliable 
programming. 

• Easy to use menu based software has 
binary editor, read , verify , copy, etc. 
Free updates via bbs or web. 

• Full over current detection on all 
device power supplies protects against 
bad chips and reverse insertion. 

• Broad support for additional devices 
using adapters listed below. 

Available Adapters 
EP-PIC(16C5x,61,62x.71 ,114) $49.95 
EP·PIC64 (1 6C62-5.72-4) $39.95 
EP-PIC12 (12C50x) $39.95 
EP-PIC17 (17C4x) 
EP-51 (8751,C51) 
EP-11E (68HC11 EJA) 
EP-110 (68HC71103) 
EP-16 (16M EPROMS) $49.95 
EP-ZB (Z86E02,3,4 .6.7,8) $39.95 
EP-SEE2 (93x.24x.25x,6Sx) $39.95 
EP-750 (87C750.1.2) 
EP·PEEL (ICT22v10.18v8) 
EP-1051 (89C1051,2051) 
EP·PLCC (PLCC EPROMs) 
EP-SOIC (SOIC EPROMs) 
EP-TSOP (TSOP EPROMs) $59.95 

Many Other Adapters Available 

M2L Electronics 
970/259-0555 

Fax:970/259-0777 
250 CR 218 

Durango, CO 81301 
CO orders please add 7% 

sales lax. 
h ftp :lwww. m 21. com 

Circle #88 on the Read e r Servi c e Card. 

LMr.Niccf] !iUMMER !iPECIAL!il THE BlST BATTERIES 
IN AMERICA I 

Packs & Charger for YAESU FT-SOR I 40R I 10R: 

FNB-40xh s•m-NiMH 7.2v 650mAh $41.95 
FNB-47xh !NiMHl 7.2v 1800mAh $49.95 
FNB-41xh f5wN;MHI 9.6v 1000mAh $49.95 

For YAESU FT-51R /4 1R I 11R: 
FNB-38 pack 15Wl 9.6v 700mAh $39.95 

For YAESU FT-530 I 416 I 816 I 76 I 26: 

FNB-26 pack !NiMHl 7 .2v 1500mAh $32.95 
FNB-27s csw NiMHI 12.0v 1000mAh $45.95 

For YAESU FT-411I470173 I 33 I 23: 

FNB-11 pack (5w) 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for AL/NCO DJ-580 I 582 I 180 radios: 
EBP-20ns pack 7.2v 1500mAh $29.95 
EBP-22nh pk(Sw) 12.0v 1000mAh $36.95 
EDH-11 6-Cell AA case $14.95 

For ICOM /C-Z1A I T22-42A I W31- 32A I T7A: 

BP-180xh pk INiMH> 7.2v 1000mAh $39.95 
BP-173 pack (5wl 9.6v 700mAh $49.95 

For ICOM IC-W21A I 2GXA TI V21AT:1e1ac> "'G"rl 

BP-132s (5w"''*'' 12.0v 1500mAh $49.95 

For ICOM /C-2SA T I W2A I 3SA T I 4SAT etc: 

BP-83 pack 7.2v 600mAh $23.95 
For ICOM 02A T etc & Radio Shack HTX-202 1404: 

BP-Sh pack 8.4v 1400mAh $32.95 
BP-202s pack IHTX.2021 7.2v 1400mAh $29.95 

For KENWOOD TH-79A/42A /22A : 

PB-32xh pack (NiMHl 6.0v 1000mAh $29.95 
PB-34xh pack (Swl';MHI 9.6v 1000mAh $39.95 
For KENWOOD TH-78 I 48 I 28 I 27: 

PB-13 (onaonalsozel) 7.2V 700mAh $26.95 
For KENWOOD TH-77, 75, 55. 46, 45, 26, 25: 

PB-6x N;MH w/ch lu • 7.2v 1200mAh 34.95 
Mail, phone, & Fax orders welcome! Pay with 

Mastercard I VISA I DISCOVER I American Express 

Call 608-831-3443 / Fax 608-831-1 082 

Mr. NiCd - E H. Yost & Company 
2211-D Parview Road, Middleton, WI 53562 

CALL OR WRITE FOR OUR FREE CATALOG! 
Cellular I Laptop I Videocam I Commercial & Aviation packs tool 

E-mail : ehyost@midplains.net 



to get out and share experiences, advancements, and ideas," said Bob 
Young, CEO, Lulu Enterprises (also, co-founder of Red Hat, Inc.). "From 
Princeton mathematicians to the guy who keeps your office network run­
ning - the technology enthusiast market is a vast and underserved one. 

"Let's face it, bass fishermen are better served by user-driven events 
than the much larger and more important technology user community. 
There are lots of technology events, but they are just too focused on the 
needs of the vendors and exhibitors to be much use or fun for the typi­
cal technology user. The mission of Lulu Tech Circus is to bring togeth­
er the extraordinary people, innovations, and concepts that define tech­
nology culture today," said Young . 

Plans for the first edition of Lulu Tech Circus include a wide variety 
of live and interactive experiences from which attendees can design their 
personalized days at the Circus - everything from master classes with 
animation experts and digital film screenings , to networking certification 

Continued on Page 87 

Circl e #93 o n th e Re ad e r Se rvice Card . 

Easy-to-Use Seetron Serial LCDs 
Inter face a sh arp L CD display t o y our BASIC St amp® or other micro­
controller project w ith ease. N o-solder w iring h ar nesses and easy 
m ounting kits avai l able t oo. See www.seetron.com today. 

• 3.2 x 1.4 in. super twi st L CD 
• 2400/9600 baud serial 
•Low (~2mA) current draw 

$45 
BPl·216N 

• Popular for use with BASI C Stamps® 

• 3.2 x 2 in . backlit L CD $49 
• 1200-9600 baud serial ILM-216L 

• Advanced protocol , 4 switch inputs 
• EEPROM for configuration sett ings 
• Favorite for OEM application s 

• 3.2 x 1.4 in. graphics LCD $99 
• 2400/9600 baud seri al SGX-120L 

• Font and 15 scr een s in EEPROM 
• Easily draw points, lines, screens 

• 3 x 2 in. supertwi st L CD $119 
• 1200-9600 baud serial TRM-425L 

• ESD-protected, 4x4 keypad input 
• Store up to 95 scr eens in EEPROM 

Scott Edwards Electronics, Inc. 
1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635 
phone 520-459-4802 • fax 520-459-0623 
www.seetron.com • sales @seetron.com 

More displays available, 
including bright VFDs. 
See www.seetron.com 

Circl e #92 on the Re ad e r Service Card . 

P.C.MOUNT 
TRANS­
FORMER • 120VAC in. 12.6V @ 800mA 
or 6.3V @ 1.6A out. Signal 
#PC-12-800. Size 1-7/8"W x 
1-1 /2"D x 1-5/8"H . Specs 
included. 
98N007 $3.95 each 

~s ·• 

UV Detector J! 
Subassembly 
Programmable. Made by 
Esterline Instrument Corp 
for Bio-Rad. Part Number 
201 CE. Unit consists of a 
Deuterium Lamp, Beam 
splitter, Lens that couples to 
sample chamber, (not in­
cluded} . and stepper motor 
driven mirror assembly 
which balances the sample 
output to the reference out­
put and produces a measur­
able value . Unit includes 
power supply for lamp, step­
per motor and pc board 9-1 I 
2" X 14" with 3 plug-in 
daughter boards. Units are 
new in box with final test 
sheets. Conne ction s for 
power, serial port hardware 
control, channel 1 and 2. 
analog outputs. 11 -3/4"W X 
9-1 /2"H X 19"D, we ight 
321bs. Believe the units were 
used to sample air quality. 
Operates on 100-240VAC 
50/60Hz 
22Z003 $64.95 each 

~--
0.0l~F 6.5 KV 
DC CAP 
95P017S 20 for $14.95 

SEALED 
LEAD ACID 
RECHARGEABLE 
BATTERY 
12V, 5A; 3%"W x 2%" D x 
414''H ; 4 lbs. ; Panasonic LC­
R125PI . Downloadable 
spec sheet with photo on 
our web site. 
22E010 $9.95 each 

RESISTOR RIOT 
1 /8, 1 /4, 1 /2 Watt , power, 
precision, fixed , adjustable , 
etc. Thousands of pieces. 
20P003 5 Lbs. - $9.95 

CAPACITORS 
BY THE POUND 
A good variety of all kinds 
of caps. 
20P004 5 Lbs. - $9.95 

50-LB. 
CARE PACKAGE 
Surplus goodies from Sili­
con Valley. This is not junk, 
just material we've acquired 
in quantities too small to 
catalog . Assortments may 
include ICs, caps, connec­
tors, bearings, diodes, hard­
ware, circuit boards, cables. 
Weird and wonderful stuff. 
Most folks are happy with 
the assortments we send 
and we often get re-orders. 
Try one. 
92U034 50 Lbs. $49.95 

GIANT 
FRESNEL LENS 
Build a solar furnace with 
one of our giant Fresnel 
lenses the size is approx 
31" x 41" . The material is a 
plastic sheet approx 1 /16" 
thick. NOTE: Shipping Via 
Airborne Express to the 
lower 48 states is $40.00, 
inquire about shipping to 
other locations 
22L004 $89.95 each 

STEPPER MOTOR 
CONTROLLER IC 
This surface-mount IC may 
be used with either two­
phase bipolar or four-phase 
unipolar motor configura­
tions. Application notes and 
spec sheets included. 
L6506D-S 10/$14.95 

MlNIA­
TURE 
BRASS 
PAD­
LOCKS 
Two keyed 
differently with 3 keys each . 
3/4"W x 1-1 /4"H X 5/16"D 
22Z005 $1.99 pair 

alltronics.com 
Mail Orders: P. 0. Box 730, Morgan Hill , CA 95038-0730 

Phone: (408) 847-0033 • Fax: (408) 847-0133 
Download our Catalog: http://www.alltronics.com 

Dealers Welcome by Appointment Visa, MIC, AmEx Accepted.All Sales Final. Cal~ornia Residents Add Sales Tax. 
Shipping Additional on All Orders. Prices Good 60 Days from Date of Publication and Subject to Change without Notice. 

Circle #90 on th e Re ader Service Card. 

Celebrating our 19th Year Of Service!! 

VISIT US AT WWW.UNICORNELECTRONICS.COM 

What Do We Have ? 

• TTL • 74LS •74C 
• EPROMS •EEPROMS •PAL's 
• GAL's •CMOS •Z80 
• Linear ·Generators • 8000 series 
• 6500 series • 6800 series •Capacitors 
• Oscillators ·Connectors ·Crystals 
• Trimpots • l.C. sockets •Switches 
• Diodes •Kits ·Tools 
• Vises •Laser Diodes •LED's 
• Vises •Transistors •Resistors 
• And much, much more! 

• Order Line - (800) 824-3432 • International - (724) 495-1230 • Fax Orders - (724) 495· 7882 

• Technical Support - (724) 495-1231 • $25.00 Minimum Order • UPS 3 day. Blue, Red, & Fed. Ex. 

Shipping Available (Ca ll for charges) • PA Res. Add 7 % Sales Tax • Open Mon-Fri 9:00 AM - 5:00 PM 

(EST) • Corporate Accounts I Quantity Discounts Avai lable • We accept MIC, VISA , Discover & AMEX 

with no surcharge • Call For FREE Catalog ($2.00 Outside U.S.) 

• W e Carry A Complete Li ne Of Electron ic Components • Ema il - unielect@aol.com 

Visit us on the web ! www.unicornelectronics.com Unicorn Electronics 
1142 State Route 18 

FREE s HIPPING!! on pre-paid orders Aliquippa, PA 15001 
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Build the Cook-Out Companion 
By Anthony J. Caristi 

The Cook-Out Companion allows you to play your stereo system indoors while listening to the same 
music outside. It's a wireless system that doesn't require you to set up speakers in your backyard. 

M 
any of us like to cook lunch or dinner in the backyard, or 
have a barbeque with friends during the nice weather. 
Usually music is part of the scene. But suppose you are 
not exactly fond of what is being heard on commercia l 

radio stations, and would much prefer to hear your favorite CDs? The 
answer to this is to build the Cook-Out Companion, which allows you to 
play your stereo system indoors while listening to the same music out­
side. It's a wireless system that doesn't require you to set up speakers in 
your backyard. 

This method of transmitting music is accomplished by taking 
advantage of a miniature, low-power, VHF oscillator chip that operates 
in the FM broadcast band. Its power is low enough to be perfectly legal, 
and it will not disturb your neighbor's FM reception. Your music is heard 
on any portable FM receiver(s) that you bring outside. Of course, you 
will be able to hear just monaural, and not stereo sound. 

Another use of this miniature FM transmitter is to use it to transmit 
voice and other sounds such as those in the bedroom of a sleeping baby 
or toddler. This is accomplished by adding a microphone to the circuit. 
This might come in handy if you have a small child and wish to listen in 
when he or she is sleeping in the bedroom. 

A common nine-volt transistor radio battery powers the circuit. 
Current draw is a scant four milliamperes, which allows many hours of 
pleasant listening. 

ABOUT THE CIRCUIT 

Refer to the schematic diagram. Power to operate the circuit is pro­
vided by a common nine-volt transistor radio battery. Other DC sources 
that supply at least seven volts, and up to 12 volts, may also be used. 
The battery is used to drive U 1, a fixed five-volt linear regulator IC, which 
powers the oscillator. 

The heart of the circuit is U2, a six terminal, miniature, surface 
mount integrated circuit developed by MAXIM. This is a self-contained 
VHF oscillator chip that contains the necessary elements of a voltage 
controlled Colpitts oscillator. The only external tuning component is the 
inductor, L 1. A built-in varactor is included on the chip so that frequen­
cy control and modulation is easily accomplished by applying a DC plus 
AC (audio) voltage to pin 3. 

Choosing the correct value of inductance sets the operating fre­
quency to within the FM transmitting band, 88 to 108 MHz. In this cir­
cuit, an inductor with a value of 390 nanoHenries (0.39 microHenries) 
allows the frequency of operation to occur near 100 MHz. R6 - the tun­
ing control potentiometer - provides adjustment of the operating fre­
quency within the FM broadcast band. 

Since U2 is a voltage-controlled oscillator (VCO), any modulation 
present on pin 3 of the chip will cause its frequency to shift in accor­
dance with the amount of voltage variation. The audio signal is provid­
ed by either the stereo system, or the output of the microphone (if so 
equipped) . 

The audio is presented to U2 through capacitor C5, where it is 
added to the DC bias provided by tuning potentiometer R6. The AC sig-

56" j_ 
r::l--l-,~-~' 1 
~ 3/4" 

PC BOARD 
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Figure l. A half-wave 
folded dipole antenna, 

driven by Cl and U2 pin 4. 
May be used to transmit 

the RF signal. 

Figure I . Printed layout of the 
PC board shown full size, as seen 
from the copper side. 

Figure l. Parts placement 
shown from the component side 
of the board . U2 is placed on the 

opposite side . 

81 

nal - riding upon the DC bias - will frequency modulate the oscillator. 
A nearby FM receiver, tuned to the carrier frequency, will be able to 
detect the modulation and recover the audio. 

The output circuit of the chip consists of a differential output ampli­
fier that is driven by the oscillator. This provides isolation between the 
two sections of the circuit and offers a differential output mode (pins 4 
and 6) that can be used to drive a balanced antenna. Alternatively, a sin­
gle wire, driven by one of the output terminals of the chip, can also be 
used as a quarter-wave whip antenna. 

CONSTRUCTION 

Since this circuit operates in the VHF band, printed circuit con­
struction is mandatory. Figure 1 illustrates the printed layout of the PC 
board , shown full size as seen from the copper side of the board. An 
etched and dri lled board is available from the source indicated in the 
Parts List. 

The first component that should be mounted to the board is U2, the 
oscillator chip. This is a surface mounted miniature component that is 
soldered to the bottom of the board. Use the following procedure: 

1. Gently clean the PC board using a steel wool pad. Be sure there 
are no contaminants, opens, or short circuits at or near the printed 
wiring . Pay special attention to the spaces between the copper pads for 
U2. Rinse and dry the board thoroughly. 

2. Locate pin 1 of U2, which may be indicated by a small dot on the 
top side of the chip. Pin 1 will always be in the lower left-hand corner of 
the chip as you hold it so that you can read the ID lettering of the part. 
Pin 1 of the corresponding copper pattern is indicated by a small dot. 

3. Place U2 in position , directly over and centered among the foil 
pattern. 

4 . Using a low-powered pointed soldering iron tip, carefully apply 
heat and solder between pin 1 of the module and the foil pad. Allow the 



Build t:he Cook-Out: Companion 

melted solder to flow, ensuring a good connec­
tion. CAUTION: Do not use too much heat or too 
much solder; to do so may cause the foil to lift off 
the board or form a short circuit between adja­
cent foil pads. 

5. Examine the assembly to be sure that all 
terminals of U2 are in the proper position over the 
pads. If not, repeat Step 4. 

6 . Solder the remaining terminals of U2 as 
described in Step 4. 

7 . Examine the assembly very carefully to be 
sure that all connections are solid, and there are 
no short circuits between adjacent foil pads. 

The remaining through-hole components 
may be inserted in the board and soldered in 
place as indicated in Figure 2. Use very short lead 
lengths for L1 , C6, and CS. Be sure to observe 

L 
R4 

proper orientation for U 1. An error here will result in an inoperative cir­
cuit and possible damage to U 1 and U2. 

Be sure to observe proper polarity of the electrolytic and tantalum 
capacitors, which are plainly marked on the body of the part. Follow 
Figure 2 , which shows how these components are mounted to the 
board. 

Note: If the microphone part of the circuit is not going to be used, 
do not install M 1, R4, and C4. If the circuit is to be used as a microphone 
transmitter only, do not install R 1 and R2. The electret microphone car­
tridge is polarized; be sure to observe proper polarity as indicated in the 
schematic diagram and Figure 2. 

Use a clip for the battery. This may be obtained from electronic 
parts distributors. Alternatively, you can salvage a connector from an 
old nine-volt battery and solder a red ( +) and black (-) wire to the ter­
minals . When doing so, remember that the polarity of the clip will be 
opposite to that of a battery. When finished , attach a new battery to the 
clip and use a DC voltmeter to be sure that the polarity of the wiring is 
correct. 

When the PC board is completed , check it carefully for any possible 
opens, shorts, errors, and bad solder connections. Any joint that is not 
shiny and smooth is suspect and should be redone by removing the old 
solder with braid. It is easier to correct mistakes now rather than later on 
if you discover that your transmitter does not work. 

A small enclosure may be used to house the printed circuit board if 
the quarter-wave antenna option is chosen. The left and right audio con­
nectors and S 1 may be mounted to the enclosure. The battery may be 

Bl - Nine-volt alkaline transistor radio battery 
Cl, C3 - 10 uFd 25-volt radial electrolytic capacitor 
C2 - 1 uFd 50-volt radial electrolytic capacitor 
C4, CS - 0.33 uFd 16-volt tantalum capacitor 
C6 - 0.002 uFd 50-volt polyester or mylar capacitor 
C7 - 0.001 uFd 50-volt ceramic disc capacitor 
CB - 0.01 uFd 50-volt ceramic disc capacitor 
Jl, J2 - Mouser 164-4215 or similar 
Lt - 390 nanoHenry inductor, Mouser 70-IM2-.39 or equal 
Ml - Electret microphone Mouser 25LM040 or similar 
Rt, R2 - 22K 1/4 watt carbon resistor 
R3 - 1 OOK potentiometer, PC mount 
R4 - lOK 1/4 watt carbon resistor 
R5 - 4. 75K 1/4 watt 1 % metal film resistor 
R6 - 1 OK potentiometer, PC mount 
R7 - 270 ohm 1/4 watt carbon resistor 
RB, R9 - 1K 1/4 watt carbon resistor 
St - SPST toggle or slide switch 
01 - 78L05 regulator IC 
02 - MAX2606 VHF oscillator IC 

Misc: Antenna, audio cables 

PARTS 
LIST 

SOURCES OF SUPPLY 

Mouser: 1-800-346-6873; www.mouser.com 
Digi-Key: 1-800-344-4539; www.digikey.com 

Note: The following parts are available from A. Caristi, 69 White Pond Road, 
Waldwick, NJ 07463. Etched and drilled PC board @ $12.75, U1 @ $3.00, U2 
@ $9.75. Please add $6.00 shipping/handling. 

U1 

78L05 

C3 
+ 

1ouF I 

L 1 

.39 UH 

R7 

2 

U2 
MAX2606 

C6 I ,002 UF 

5 

4 

ANT 

RS ~r 
1K .001 UF 

CB 

I .01 UF 

Figure 4. 
The Cookout 

Companion schematic. 

secured inside the enclosure using a suitable battery holder. 

ANTENNA 

The builder has two options for an antenna. One choice would be to 
use a quarter-wave whip, composed of a straight piece of stiff wire about 
28 inches long and fed from pin 6 of U2 through C7. Another method 
is to use a folded dipole half-wave antenna as depicted in Figure 3. This 
is a balanced antenna and is driven by the differential output of U2, ter­
minals 4 and 6 (through C7) . Using the dipole version provides twice the 
available RF driving voltage, and should provide greater operating 
range. 

It is best if the dipole antenna is driven directly by the circuit with­
out any connecting cable. This is accomplished by constructing the 
antenna on a flat piece of lumber about five feet long , and securing the 
printed circuit board in the center. 

Once the antenna style is chosen and wired to the c ircuit, the trans­
mitter is ready for test. 

CHECKOUT 

When you are certain that the circuit is properly wired, connect a 
source of audio (monaural or stereo) to one or both of the audio input 
jacks using the proper cable(s). If the microphone version of the circuit 
is to be tested, no audio source is required. 

Clip on a fresh nine-volt battery to the circuit. Alkaline types will pro­
vide greater operating time. 

Set up a portable FM radio nearby, and tune to the middle of the FM 
band where there are no broadcast stations operating. 

With S 1 turned on, adjust the tuning control , R6, until you hear the 
audio come through to the FM receiver, or you hear just silence if no 
audio is being applied to the transmitter. In this case, speak into the 
microphone to produce sound from the receiver. U2 requires a DC volt­
age level at pin 3 of about 1 to 2-1 /2 volts. Adjust the volume control , 
R3, for best audio fidelity. 

Once this adjustment is made, the checkout is complete and you 
may determine the operating range of the system by separating the FM 
receiver from the transmitter. Remember that best operating range will 
be attained when the transmitting antenna and receiving antenna are 
each oriented in the same direction , for identical polarization . 

If you are not able to obtain an RF signal that can be detected by 
the FM receiver, the oscillator is either not working at all , or its frequen­
cy is out of the FM band. Measure the battery voltage to be sure it is at 
least eight volts. Check the voltage at pin 5 of U2. Normal indication is 
between 4.75 and 5.25 volts. If not, check U1, Cl, and C2. 

Check the value of Ll. Check all components for the correct value 
and location in accordance with Figure 2. Examine U2 for solid solder 
connections, and be sure there are no solder bridges between adjacent 
foil pads and closely spaced conductors. 

A new alkaline battery will provide many hours of use. At the end of 
battery life, the operating frequency may drift or the audio may become 
distorted. At this time, replace the battery with a new one. NV 
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By Bob Vun Kannon 
Part 8 

RVK-Basic is a free Basic compiler for the Atmel AVR line of microcontrollers. You can download a copy 
of this compiler from the Nuts & Volts web site (www.nutsvolts.com). With this compiler, you can write 

and compile very fast, efficient programs for most of the AVR microcontrollers. 

In this month's article, we will investigate the ques­
tion of how to generate Pulse-Width Modulation 
(PWM) from your AVR microcontroller using RVK­
Basic. Also this month, we will investigate the 
generation and use of random numbers. 

What is PWM? 

Figure 1 shows how PWM can be generated from a free-running 
timer. If an eight-bit counter runs freely, its states in time will be 0, 1,2 
.... 254,255,0, 1, ... This is shown in the picture as a ramp function or saw­
tooth waveform at the top of the picture. In reality, there is no smooth, 
continuous ramp inside the microcontroller, just a series of well-defined 
states of the counter. It is very useful, however, to think of the counter 
state as being a ramp function . 

Superimposed on the drawing of the Timer Counts are horizontal 
lines representing two different specific counter states. The two I have 
chosen for purposes of this example are 95 and 190. 

I have constructed two possible output waveforms, which corre­
spond to the two different horizontal lines. Both output waveforms are 
constructed such that the output is low whenever the Timer Counts are 
greater than the state chosen to produce the PWM. For example, the 95 
OUTPUT is low whenever the Timer Counts are greater than 95. 

It is obvious that the 95 output produces less time high than low, 
while the 190 output is high more than it is low. Clearly then, the choice 
of where we place the horizontal line allows us to change the output 
waveform. It should be obvious then that by controlling horizontal line 
position (or PWM Command), we could make the output vary from low 
all the time to high almost all the time or anywhere in between. 

If we were using a microcontroller running on five volts , this would 
allow us to control the average output voltage from zero to essentially 
five volts, just by controlling the PWM command. 

Why would we want PWM? 

DC motors turn when you apply voltage to them. In general, the 
speed of the motor is proportional to the voltage you apply. That is, if 
you get X RPM at two volts, you should get 2X RPM at four volts. 

When we consider the average voltage of a PWM signal, we will 
quickly realize that the average voltage is the percentage of the time 
the PWM spends high times the peak value of the signal. For example, 
if you're using a 5V AYR and the PWM Command can range between 0 
and 255, the average voltage at the output of the PWM can be 
expressed by: 

Average Voltage= (PWM_Command / 256) * 5 volts 

It is not generally practical to drive a motor from the raw output of 
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the microcontroller. But it is very practical to buffer the raw output with 
a transistor that connects to the motor and the motor is connected to 
a higher voltage rail. In this situation , the PWM command will vary the 
voltage to the motor between 0 and almost the voltage rail , whatever it 
may be. A possible way to do this is shown in Figure 2. For the MOS­
FET, the choice will depend on the voltage and current it must handle, 
but you will generally want to choose a logic-level FET, perhaps an 
IRLR3410 might be considered. You might also want to put a small 
resistor - like 10 ohms - in series with the gate of the FET to damp 
ringing at the PWM output. A diode could also be placed on the output 
with its anode to ground to clamp ringing below ground. 

Another use for PWM driving a motor is to control the torque from 
a Torque Motor (a type of DC motor) . This is commonly done in auto­
mobiles to implement a Cruise Control. With a Torque Motor, the more 
voltage you supply to it, the more torque it produces and thus pulls 
harder on the throttle. So by controlling the PWM output of a micro­
controller, you could control the speed of your car. 

In general , any gadget that can be controlled by voltage can possi­
bly be controlled by PWM. So, if we can easily produce PWM from an 
AYR chip , we can control lots of things like cars, robotic arms and fin­
gers , battlebots, aircraft, and even spaceships. With PWM, even the sky 
is not the limit. 

How to generate PWM 

RVK-Basic has two PWM commands. One statement - PWM -
uses the TIMERl which is available in all AYR chips to produce PWM. 
TIMERl is actually a 16-bit timer, but the INIT mode of the statement 
allows you to set up the timer to be 8, 9, or 10 bits. There is also a 
PWM2 statement, which uses TIMER2, an eight-bit timer. TIMER2 is not 
generally available on all chips. 

Let's suppose that we want to generate a PWM output of about 400 
Hz from a 4 MHz processor, and we want it to be an eight-bit timer. The 
command to set this up is: 

PWM INIT 400,8 

Now to set the PWM to, let's say 50%, we would write 

PWM THRESHOLD 127 

We could also use an integer variable to do the same thing . 

Prescale Value8-bit counter 9-bit counter 10-bit counter ; 
1 15.6 KHz 7.81 KHz 3.91 KHz 
8 1.95 KHz 977 Hz 488 Hz II 
64 244 Hz 122 Hz 61.0 Hz ... 
256 61.0 Hz 30.5 Hz 15.25 Hz Ill 
1024 15.25 Hz 7.6 Hz 3.81 Hz -
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p% = 127 
PWM THRESHOLD p% 

That's how easy it is to control PWM. 
It should be fairly noted that the PWM command cannot generate 

just any old frequency. The possible frequencies are limited by the 
prescaler for the counter timer and the clock frequency of the micro­
controller. Table 1 is a simple example of what frequencies can be 
obtained when using a 4 MHz clock for the processor. 

The RVK-Basic compiler will choose the prescale value for you 
that gives the frequency closest to and above the frequency you spec­
ify in the PWM INIT statement. To avoid surprises, check the ASM 
file produced after you compile your program. There the actual 
output frequency will appear as a comment next to your PWM INIT 
statement. 

The pin for PWM output will vary from processor to processor. RVK­
Basic always uses OCl or OClA for the PWM output. 

A light dimmer 

As an example of PWM control, 1 will write a program to control one 
LED on a development board. This will work on either the STK200 or 
STK500 boards. 

What the program does is to gradually vary the brightness of the 
LED from off to on every 1.5 seconds. I have chosen a 2313 processor 
for this demonstration because it seems to be the smallest available, 
which has TIMER 1. 

DEVICE 2313 

MHZ 3.68 
REVISION RBS.BAS 011202.0-rvk 

EQU "B,3","PWMOUT" 
MAKEOUT "PWMOUT" 

PWM INIT 200,8 ' .. 8 bit counter at 400 Hz ... 

DO 
INCR var 
p% =var 
PWM THRESHOLD p% 
PAUSE 6 ' ... 0.006 * 256 = 1.5 second repetition period .. 

LOOP 

The reader is encouraged to change the INCR statement to a DECR 
statement and predict what the observable result will be before he actu­
ally runs the code on the development board. 

The reader is also encouraged to look in the ASM file to see that 
the PWM INIT statement produces an output frequency of about 244 
Hz. Then actually look at the PWM output from the AVR on an oscillo­
scope and verify its frequency. 

The reader could change this program to run on a larger processor, 
perhaps an 8535, if he has one lying around. If so, don't forget to 
include an "XMEM OFF" statement for this processor. See RB.TXT for 

AVR 

PWM I 
I 

V+ 

MOTO R 

N CHANNEL 
MOSFET 

255 

0 
I 90 TIMER COUNTS 
95 

950UTPUT 

1900UTPUT 

details. Also remember that OClA comes out on pin D,5 of the 8535. 
It is also very possible to produce PWM in software for situations 

where you might need multiple PWM outputs. Just set up a timer to 
free-run at as slow a repetition rate as your application can handle. 
Then in software, write a routine to read the timer and compare it to 
your PWM command value and either set or reset the appropriate out­
put bit based on the comparison. If you call this routine at least as often 
as the timer changes state, you will have PWM. So it is perfectly possi­
ble to turn a lowly AT90S1200 into a PWM engine with multiple outputs. 

With PWM control in hand, the reader is now considered armed and 
dangerous and able to control large motors with a tiny chip. 

Generating and using random numbers 

Christmas at my parents' house means the inevitable and perhaps 
interminable game of Aggravation with my sisters. This might be all 
fine and good except that I am convinced that one of my sisters cheats 
with a die . I do not understand how she consistently rolls all those sixes. 
So this year, I did something about it! Warm up your STK500 develop­
ment board and continue reading. 

Why random numbers? 

The ideal die, when rolled by normal people, will randomly produce 
an even distribution of numbers in the range of 1 through 6 (unless my 
sister is rolling) . Such random numbers are the very basis of many 
games, Aggravation being only one of them. 

Random numbers are also very useful in robotics. Consider an 
autonomous robot faced with an obstacle directly ahead of him. Should 
he turn right or left? Having the robot always turn right might work, but 
having him randomly choose a direction is much more interesting. And 
why not have the robot travel for a random amount of time before turn­
ing in a random direction? 

How to generate random numbers 

There is a conceptually simple method of generating apparently 
random numbers using a shift register and feedback . 

The shift register is a simple idea, implemented in RVK-Basic with 
a SHIFT instruction. A picture of a shift register will show you exactly 
how one behaves. In the following table, each successive row shows the 
state of the register after a shift to the left. That is, on each shift, each 
bit moves one position to the left and a zero is filled in the LSB (Least 
Significant Bit). 

1 
0 
1 
1 
0 

0 
1 
1 
0 
0 

1 
1 
0 
0 
1 

1 
0 
0 
1 
1 

0 
0 
1 
1 
0 

0 
1 
1 
0 
0 

1 
1 
0 
0 
0 

1 
0 
0 
0 
0 

Clearly, if this shifting process were carried on four more times, the 
shift register would become filled with zeros and remain in that dull 
state forever. So let's introduce a rule that will save the shift register 
from terminal boredom. 
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Instead of always putting a 0 in the LSB when we shift, let's put in 
the exclusive OR of the two most significant bits. That way, the bit intro­
duced in the LSB will sometimes be a 0, and other times a 1. Then the 
shifting table would look like the following. 

1 
0 
1 
1 
0 

0 
1 
1 
0 
0 

1 
1 
0 
0 
1 

1 
0 
0 
1 
1 

0 
0 
1 
1 
1 

0 
1 
1 
1 
1 

1 
1 
1 
1 
0 

1 
1 
1 
0 
1 

In this case, it is not at all clear where the shift register is going. 
Remember that interesting shift registers are happy shift registers! 

In theory, if we use a shift register N bits long and apply proper 
feedback, the register can be shifted 2/\N-1 times before it repeats a sin­
gle state. So, using one byte for a shift register we could get 255 differ­
ent numbers from it before it repeats. A 16-bit reg ister could give us a 
sequence of 65,535 apparently random numbers before it repeats. 
Unfortunately, it's not always quite that simple. 

In the example just given, we performed an exclusive-OR on bits 7 
and 6 and fed that back into bit 0 . In reality, this would give a sequence 
length of 63, not 255. If we had chosen bits 7 and 5 we would get a 
length of 30, while bits 7 and 4 give a length of 217. It is a very non­
trivial problem to locate which configuration of feedback points will 
give a maximum length sequence 

For my needs for a dice simulator, I chose a 16-bit pseudo-random 
sequence generator (PSRG). I readily found two feedback configura­
tions that would both give a maximum non-recursive length sequence. 
These are indicated in the source code for the program. 

I am reproducing the program here in Listing 1. I wrote the pro­
gram for an 8515 because that chip is normally supplied with each 
STK500 kit and it has a full eight bits for both the B and D ports. 

To make the STK500 work for this program, you must plug the B 
port to the LEDs and the D port to the switches. (This should also work 
on the older STK200 boards.) 

The first new thing the reader of RVK-Basic will notice is the EEDA­
TA statement. This statement simply places a byte or more of data in 
the EEPROM of your chip. This data will be read later in the program. 

DEVICE 8515 
MHZ 4 
XMEM OFF 

EXIT DO 
END IF 

LOOP 

Note well , that the very first EEDATA statement assigns a label 
"FIRST:" to the first byte of EEPROM DATA. This will be used later as a 
base address when reading the data. 

The EEPROM in this program contains two tables for the use of the 
program: referred to as "FIRST:" and "PATRN:" . "FIRST:" is the table of 
which lights to turn on for each of the six possible results from rolling the 
die. A 1 indicates a lighted LED. "PATRN:" is the table of light patterns 
for display while the user has a key depressed. This is just a light show. 

The main program is very simple. Wait for a key press, then com­
pute a random number in the range of 1-6, then display the result. 

The GETKEY routine deserves only a small comment. It waits until 
a key is pressed and while waiting, it continuously calls random num­
bers from the PRSG. This makes it impossible to predict the next num­
ber because the number depends both on the sequence produced by 
the PRSG and on the length of time the user holds the key down. 

The RND routine simply calls the SHFGEN routine and returns a 
number in RND%. 

SHFGEN is where the real work is done. It first uses fbmask% to 
look only at the bits in prsgen% which are required for feedback, then 
counts the number of those bits that are set and complements the actu­
al feedback element, fb2-, each time a 1 is found. This is the equiva­
lent of performing an exclusive-OR on all the bits indicated by 
fbmask%. The actual generator - prsgen% - is then shifted one left 
and feedback is applied to the LSB. 

If you have a sister who cheats with the die at Aggravation (or 
Monopoly or whatever) , just compile, assemble, and then download 
this program (both the program and the EEPROM data too) into an 
8515 and you will put a stop to her shenanigans. 

I found that this greatly reduced the occurrence of sixes that my sis­
ter rolled, but she still managed to win anyway. Some things never 
change. 

I trust you will find ample use for this PRSG in many other projects, 
especially ones like BattleBots where your sister is not involved. 

I also used the pseudo-random generator from the DICE program 
to create a Simple Simon program (see sidebar). In this one, the con­
troller shows you increasingly complex patterns of lights and you are 
required to echo the pattern by pushing the buttons in the same order. 
When you get it right , lights race up and down the display. Get any but-

'==BEGIN LITEOFF==================~~====~~ 
output: port B 

REVISION DICE REV. 011224.0-rvk ' .. .. now display num on lites ... STACK 2 

DIRPORT D,IN ' .. pushbuttons 
OUTPORT D,&HFF ' .. set pull-up resistors 

DIRPORT B,OUT ' .. LED output 
GOSUB LITEOFF ' .. all LEDs off 

prsgen% = &HFFFF ' .. initialize pseudorandom 
' .. sequence generator 

prsmsk% = &H9COO ' .. initialize prs gen mask for 
' .. max length sequence 
' .. &H801C will also work ... 

EEDATA FIRST:,&BOOOOOOOl 
EEDATA ,&BOOOOOOll 
EEDATA ,&BOOOOOl 11 
EEDATA ,&BOOOl 1011 
EEDATA ,&BOl 101011 
EEDATA ,&BOl 110111 
EEDATA ,&601111111 
EEDATA ,&Bl 1111111 

EEDATA PATRN:,&BOl 111110 
EEDATA ,&Bl01ll101 
EEDATA ,&Bl 1011011 
EEDATA ,&Bl 1100111 
EEDATA ,&Bl 1011011 
EEDATA ,&610111101 

patent = 0 

MAIN: DO 
GOSUB GETKEY ' .. wait for new keypress = >key 
DO 

GOSUB RND ' .. get random number in rnd% 
rnd% = rnd% AND 7 
num = rnd% 
IF num > 5 THEN '..num must be 0 -5 only 
ELSE 
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READ disp,FIRST:,num 
disp = disp XOR &HFF 
OUTPORT B,disp 
pause 300 

LOOP 

'=====BEGIN GETKEY=~~==================== 
output: key 
uses: gkey-
waits for key release 

'================================================ 
STACK 2 

GETKEY: DO ' ... wait for any key press 
INPORT key,D 
GOSUB RND ' ... scramble generator .. 
IF key I &HFF THEN 

EXIT DO 
END IF 

LOOP 

DO ' .. wait for re lease ... 
GOSUB RND ' ... scramble generator. . 
!NCR patent 
IF patent > 5 THEN 

patent = 0 
ENDIF 
READ temp,PATRN:,patcnt 
OUTPORT B,temp ' .. . display pattern while 

PAUSE 100 
INPORT gkey-,D 

' ... waiting .. 

IF gkey- = &HFF THEN 
EXIT DO 

END IF 
LOOP 

RETURN 
'===END GETKEY========================== 

LITEOFF: OUTPORT B,&HFF 
RETURN 
'====END LITEOFF========================== 

'===BEGIN RND====================~~===== 
output = rnd% 

'=================================--============== 
STACK 2 

RND: GOSUB SHFGEN '. .shift the generator 
rnd% = prsgen% 

RETURN 
'=====END RND==================-~~~===== 

'=====BEGIN SHFGEN====-~======~-~====== 
output = prsgen% 
uses: fb% fb2- fb 1 % 

'=--==========================--==--=========---====== 
STACK 2 

SHFGEN: fb% = prsgen% AND prsmsk% 
fb2- = 0 
FOR shfgnl - = 1to16 

fbl % = fb% AND 1 
IF fb1 % I 0 THEN 

fb2- = fb2- XOR 1 
END IF 
SHIFT fb%, l ,RIGHT 

NEXT 
SHIFT prsgen%, 1,LEFT 
IF fb2- I 0 THEN 

prsgen% = prsgen% OR 1 
END IF 

RETURN 

LISTING 
I 

'====END SHFGEN========~-~=~~===--~=== 
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ton wrong and the controller squawks at you by flashing all the lights. 
Try this on your STK500 board. By all means have your sister play 

the game. That will put her in her place. Better still, have my sister play 
the game! Happy computing! NV 

I 

DEVICE 8515 

MHZ 3.68 

XMEM OFF 
REVISION SIMPLE SIMON REV. 020103.0-rvk 

DIRPORT D,IN 
OUTPORT D,&HFF 

DIRPORT B,OUT 
GOSUB LITEOFF 

DIM lites@[20] 

prsgen% = &HFFFF 

prsmsk% = &H9COO 

oldkey = 0 

.. pushbuttons 
' .. set pull-up resistors 

' .. LED output 
' .. all LEDs off 

.. record of lite numbers .. . 

' .. initialize pseudorandom 
' .. sequence generator 

' .. initialize prs mask for max 
' .. length sequence 

' .. &H801C will also work ... 

maxgam = 20 ' ... max number of lites allowed in game 

MAIN: DO 
GOSUB getnky ' .. wait for new keypress => key 

numlit = 0 ' .. start a new game 
DO 

!NCR numlit 
IF numlit > maxgam THEN 

numlit = maxgam 
END IF 

' ... .... Set up a new game ..... . 
oldnum = 15 ' ... any illegal number wi ll work 
GOSUB LITEOFF ' .. . clear display 
PAUSE 400 
FOR i = 1 to numlit ' .. . init the array lites@[] 

DO 
GOSUB GETNM7 ' .. get rnd number 0-7 in nm7 

IF nm7 I oldnum THEN 
EXIT DO 

END IF 
LOOP 
oldnum = nm7 ' .. remember last number 
ptr = i - 1 
lites@[ptr] = nm7 
GOSUB DISPNM ' .. display the light for nm7 ... 
PAUSE 400 
GOSUB LITEOFF 
PAUSE 200 

NEXT 

FOR i = 1 TO numlit 
ptr = i - 1 

' ...... ... Play the game ........ . 

curnum = lites@[ptr] 
lost = 0 
oldkey = 0 
GOSUB GETNKY ' ... wait for keypress into key .. 
GOSUB KEYPSN ' ... convert key to its position 
IF key I curnum THEN 

lost = 1 
EXIT FOR 

ENDIF 
NEXT 

IF lost I 0 THEN 
OUTPORT B,O 
PAUSE 500 
GOSUB LITEOFF 

' ...... . end game ... ....... .. ... . 
' ... display a lost game .. . 

PAUSE 200 
OUTPORT B,O 
PAUSE 500 
GOSUB LITEOFF 
IF numlit >2 THEN ' ... next game easier ... 

numlit = numlit - 2 
ENDIF 

ELSE ' ... display a won game .... 
temp = 1 
FOR i = 1 TO 7 ' ... walk light up ... 

bout = temp XOR &HFF 
OUTPORT B,bout 
PAUSE 100 
SHIFT temp,1,LEFT 

NEXT 
temp = &H80 
FOR i = 1 TO 7 ' .. walk light down .. . 

bout = temp XOR &HFF 
OUTPORT B,bout 
PAUSE 100 
SHIFT temp, 1,RIGHT 

NEXT 
GOSUB LITEOFF 

END IF 
LOOP 

LOOP 

'=====BEGIN DISPNM====================== 
output: port B 
input: nm7 
uses: ctrdpn-

'================================================= 
STACK 2 

DISPNM: bout = 1 
ctrdpn- = 0 
DO 

IF ctrdpn- = nm7 THEN 
EXIT DO 

END IF 
!NCR ctrdpn­
SHIFT bout, 1,LEFT 

LOOP 
bout = &HFF XOR bout 
OUTPORT B,bout 

RETURN 
'=====END DISPNM=========================== 

'===BEGIN GETKEY====================== 
' output: key 

uses: gkey-
waits for key release 

'==-----===========================--=--===--========== 
STACK 2 

GETKEY: DO 
INPORT key,D 
GOSUB RND ' ... randomize generator 
IF key I &HFF THEN 
OUTPORT B,key ' ... display the key 

EXIT DO 
END IF 

LOOP 
key = key XOR &HFF 

DO ' .. wait for release ... 
INPORT gkey-,D 
IF gkey- = &HFF THEN 

GOSUB L!TEOFF ' ... clear the display 
EXIT DO 

END IF 
LOOP 

RETURN 
'=====END GET KEY============================== 

'===BEGIN GETNKY=========~-=============== 
' output = key 

input oldkey 
Gets any new keystroke into key 

'==--==-----======--====------===----==------====------== 

STACK 2 
GETNKY: DO 

GOSUB GETKEY 
IF key I oldkey THEN 

oldkey =key 

SIMPLE SIMON 
EXIT DO PROGRAM 

END IF 
LOOP 

RETURN 
'==END GETNKY~~=====~~~~~~===== 

'=BEGIN GETNM7=====~--==~-===~~-= 
' gets a number 0-7 into nm7 

uses: nm7 temp% 

GETNM7: FOR inm7 = 1 TO 3 
GOSUB RND 

NEXT 
temp% = rnd% AND 7 
nm7 =temp% ' .. random number, 0-7, in nm7 

RETURN 
'==END GETNM 7=======================~~=== 

'==BEGIN KEYPSN===~~-============== 
' output: key 

input: key 
uses: kp 1- kp2-

' converts position to a number. if bit 5 is 
' pressed (key = &H20) key will become 5. 

STACK 2 
KEYPSN: kpl - = 0 

FOR kp2- = 0 TO 7 
TEST kp3-, key, 0 
IF kp3- I 0 THEN 

key = kp2-
EXIT FOR 

END IF 
SHIFT key, 1,RIGHT 

NEXT 
RETURN 
'=====END KEYPSN=============================-

'===BEG l N L ITEO FF=============================-

output: port B 

STACK 2 
LITEOFF: OUTPORT B,&HFF 
RETURN 
'=====END LITEO FF=============================-

'=~~=BEGIN RND===~--====~---~===~-===== 

' output = rnd% 
'==--====================--=====--===---============= 

STACK 2 
RND: GOSUB SHFGEN ' .. sh ift the generator 

rnd% = prsgen% 
RETURN 
'= = ==END RND===========================~-

'==BEGIN SHFGEN============~-===~~-== 
' output = prsgen% 

uses: fb% fb2- fb 1 % 
'=--======================================--======= 

STACK 2 
SHFGEN: fb% = prsgen% AND prsmsk% 

fb2- = 0 
FOR shfgn1 - = 1 to 16 

fb1 % = fb% AND 1 
IF fb1 % I 0 THEN 

fb2- = fb2- XOR 1 
ENDIF 
SHIFT fb%, 1,RIGHT 

NEXT 
SHIFT prsgen%, 1,LEFT 
IF fb2- I 0 THEN 

prsgen% = prsgen% OR 1 
END IF 

RETURN 
'=====END SHFGEN===~~=====~-~======== 

www.ti.com/ gadgetorama2002 ?H~??H~??H~? 
Be sure and submit your address change to Nuts & Volts at least six weeks 
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Find out how you could win over $5,000!! 
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The Events Calendar is a free 
service for publicizing electronic 
events such as amateur radio 
hamfests, flea markets, etc. If 
your organization is sponsoring 
an event and would like a free 
listing, contact us at least 60 
days in advance. Include your 
flyer, name of the person to 
contact, and phone number. 
While we strive for accuracy in 
our calendar, we cannot be 
responsible for errors or can­
cellations. The information con­
tained in this column is for the 
use of the readers of Nuts & 
Volts and may not be repub­
lished in any form without the 
written permission ofT & L 
Publications, Inc. 

All listing information 
should be sent to: 

Nuts & Volts Magazine 
Events Calendar 
430 Princeland Court 
Corona, CA 92879 
Phone 909-371-8497 
Fax 909-371-3052 
Email 
events@nutsvolts.com 

AUGUST 
2002 

AUGUST 2-3-4 

OH - MIDDLEBURG HEIGHTS -
Convention. Buckeye Belles, 440-
327-3832. Email : kc4iyd@arrl.net 
Web: www.geocities.com/ kc4iyd 
OR - PORTLAND - Convention. 
Willamette Valley DX Club, 360-
256-7437. Email : k7ar@arrl.net 
Web: www.wvdxc.org 

AUGUST 3 

MI - ALPHA (UPPER PENINSU­
LA) - Hamfest. Iron Range ARC, 
906-875-3803 
NY - ITHACA - Hamfest. 
Tompkins County ARC, 607-257-
6066. Email : jdreid@lightlink.com 
Web: www2.compcenter.com/ 
- tcarc/ 
OH - COLUMBUS - Hamfest. 

COMPUTER SHOWS 
ACP Computer Show & 
Swapmeet 714-558-8813 

jferguson@acpsuperstore.com 

www.acpsuperstore.com 

AGI Shows, 317-299-8827 

E-Mail: info@agishows.com 

http://www.agishows.com 

Blue Star Productions 
612-788-1901 

www.supercomputersale.com 

Computers And You 
734-283-1754 

www.a1-supercomputersales.com 

Computer Central Shows 
630-782-4625 

Fax 630-834-2594 

E-Mail: cc@gats.com 

www.computercentralshows.com 

Computer Country Expo 
847-662-0811 

Web: www.ccxpo.com 

Five Star Productions 
810-379-3333 
E-Mail: jeff@fivestar 

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

www.gibraltartrade.com 

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

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

MarketPro, Inc., 201-825-2229 
www.marketpro.com 

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

ComputerShow, 770-663-0983 
E-Mail: narisaam@aol.com 
Web: www.shownsale.com 

Northern Computer Shows 
978-744-8440 
E-Mail: inquiries@ncshows.com 
Web: ncshows.com 

Peter Trapp Computer Shows 
603-272-5008 
Web: www.petertrapp.com 

-
Voice of Aladdin ARC, 614-846-
7790. Email : kb8kpj@cs.com 
PA - LEWISTOWN - Hamfest. 
Decatur Township Fire Co. 
grounds. JV ARC & the Decatur 
Township Fire Co. 717-242-1882 

AUGUST 3-4 

KY - LEXINGTON - Convention . 
National Guard Armory. Bluegrass 
ARS, Inc. , 859-253-1178. Email : 
jrbarnes@iglou.com 
OH - CAIRO - Hamfest. Cairo 
Community Center. Northwest OH 
ARC, 419-641 -5623. Email: 
w6mdn@hotmail .com 

AUGUST 4 

NY - WILLIAMSVILLE -
Convention. Lancaster ARC, 716-
683-8880. Email: luke@towncoun­
tryflorist.com Web: http://ham 
gate 1.sunyerie.edu/ -larc 

AUGUST 10 

IL - QUINCY - Hamfest. Western 
IL ARC, 217-222-4467. 
Email : w9awe@arrl.net 
Web: www.qsl.net/ w9awe 
MI - JACKSON - Hamfest. 
Jackson Community College. 
CARS, Inc. , web: www.w8jxn.org 
WI - BARABOO - Circus City 
Swapfest. Sauk County 
Fairgrounds, Hwy. 33. Yellow 
Thunder ARC, Inc. , 608-356-2313, 
email n9udo@arrl.net or 608-643-
6908 days, 608-643-6453 eves. 
Web: www.qsl.net/ ytarc/ hamfest 
.htm 

AUGUST 11 

IA - AMANA - Hamfest. 38th Ave. , 
Summerfest grounds. 319-24 7-
0558 eves. 
Email: kcOek@mchsi.com 
Web: www.cvarc.rf.org 
IL - PEOTONE - Hamfest. 
Hamfesters Radio Club, 708-756-
7984. Email : wb9wfr@arrl.net 
Web: www.hamfesters.org 
IN - GREENTOWN - Hamfest. 
Kokomo & Grant County ARCs, 
765-668-4814. Email: 
k9nqw@arrl.net Web: www.grant 
arc.com/ greentown.html 
MD - WESTMINSTER - Hamfest. 
Carroll County Ag Center, 
Email: n3sb@qis.net Web: 
www.qis.net/-k3pzn/ tailgate.htm 
PA - MATAMORAS - Hamfest. 
Matamoras Airport Park. Tri-State 
Amateur Radio Assn ., 570-491-
4808. Web: www.qsl.net/ k3tsa/ 

PA - SHREWSBURY - Hamfest. 
Email: w3pn@yahoo.com 

AUGUST 16-17-18 

CA - ESCONDIDO - Convention. 
San Diego AR Council , 858-566-
8887. Email : gwroos@aol.com 
Web: www.hamcon.net/ sd2002/ 
index.html 

AUGUST 17 

FL - FT. PIERCE - Hamfest. Indian 
River Community College, 3209 
Virginia Ave. 561 -465-5204, email: 
KD4SPW@arrl.net 
KS - CHANUTE - Hamfest. Zion 
Lutheran Activity Center, 1202 W. 
Main. Chanute Kansas AARC, 620-
431-6402 or 620-431-0930. 
OH - FRIENDSHIP - Hamfest. 
Portsmouth Radio Club, 7 40-456-
1616. Email : kj8ww@zoomnet.net 

AUGUST 17-18 

AL - HUNTSVILLE - ARRL 
Alabama Section Convention. Von 
Braun Center, 700 Monroe St. 256-
880-8004. Web: www.hamfest.org 

AUGUST 18 

IN - LAFAYETTE - Hamfest. 
Tippecanoe Country Fairgrounds. 
Tippecanoe ARA, 765-743-8305. 
www.w9reg.org 
MA - CAMBRIDGE - Hamfest. MIT 
Radio Society / Harvard Wireless 
Club/ MIT UHF Repeater Assn. , 
email : wlgsl@mit.edu (617-253-
3776 9am-5pm.) Web: http:/ / web. 
mit.edu/ w 1 mx/ www / swapfest.html 
OH - WARREN - Hamfest. 
Trumbull Campus Kent State Univ. 
Work Force Bldg. Warren ARA, 
330-847-8478. 
Email: mccaman@cboss.com 
Web: www.onecom.net/ wara/ 

AUGUST 24 

IN - LAPORTE - Hamfest. County 
Fairgrounds. LPARC, 219-324-
7525. Web: www.k9jsi.org 

AUGUST 24-25 

MA - BOXBORO - Convention. 
Holiday Inn Conference Ctr. ARRL 
New England Division. 
www.boxboro.org 

AUGUST 25 

IL - CATLIN - Hamfest. VCARA 
Communications Center, Harrison 



Park W. Addition . 
Email : VCARA@Talk.to 
Ml - LAPEER - Hamfest. Lapeer 
Center Bldg ., 425 County Center 
Dr. LCARA, 810-245-3907, 
Email: w8lap@arrl.net 
Web: www.w81ap.com 

AUGUST 31-SEPTEMBER I 

NC - SHELBY - Hamfest. 
Cleveland County Fairgrounds. 
SARC, 704-462-4910. 
Email : w4jl@shelby .net 

SEPTEMBER 
2002 

SEPTEMBER 7 

KY - LOUISVILLE - Hamfest. 
Bullitt County Fairgrounds . Greater 
Louisville Hamfest Assn ., Inc., 812-
294-4905. Email: wd4ixl@juno.com 
Web: www.thepoint.net/-glha 
NY - BALLSTON SPA - Hamfest. 
Saratoga County Fairgrounds. 
Saratoga County RACES Assn. , 
Inc., 518-587-2385. 
Email: lake@capital.net 
PA - BARTONSVILLE - Hamfest. 
Monroe County Vo-Tech. Eastern 
PA ARA & Pocono AR Klub, 570-
424-2174. Web: www.qsl.net/ n3is 

SEPTEMBER 8 

OH - FINDLAY - Hamfest. 419-
423-3402 

SEPTEMBER 13-14-15 

IL - PEORIA - Hamfest. Exposition 
Gardens Fairgrounds, 1601 W. 
Northmoor Rd. 309-692-3378. 
Email: w9uvi@arrl.net 
Web: www.w9uvi .org 

SEPTEMBER 14 

Ml - GRAND RAPIDS - Hamfest. 
Forest Hills Northern High School. 
GRARA, 616-458-9029. 
Email: hamfest@w8dc.org 
Web: www.w8dc.org/ swap.htm 

SEPTEMBER 15 

MA - CAM.BRIDGE - Hamfest. MIT 
Radio Society / Harvard Wireless 
Club/ MIT UHF Repeater Assn ., 
email : w1 gsl@mit.edu (617-253-
3776 9am-5pm.) Web: http://web. 
mit.edu/ wl mx/ www / swapfest.html 
NY - BETHPAGE - Hamfest. 
Briarcliffe College. LIMARC, 516-
520-9311. Web: www.limarc.org 

SEPTEMBER 21 

FL - NEW PORT RICHEY -
Hamfest. New Port Richey 
Recreational Center, 6630 Van 

Buren Rd. Suncoast ARC , 727-848-
0353. Email : trobin@homemail.com 
PA- SCHNECKSVILLE -

Lake County Fairgrounds. Chicago 
FM Club, 
Web: www.chicagofmclub.org 

Assn ., of Cleveland, Inc. , 216-999-
7388 or 1-800-CLE-FEST. Email: 
info@hac.org Web: www.hac.org 

Hamfest. Schnecksville Fire Dept. 
The Delaware-Lehigh ARC, Inc., 
610-258-9802. 

SEPTEMBER 22 SEPTEMBER 28 

Email: malcolm4@ptd.net 
http://www.dlarc.org 

CT - NEWTOWN - Hamfest. 
Edmond Town Hall. Candlewood 
ARA, 203-438-6782. 

NJ - LAWRENCEVILLE -
Hamfest. NJ National Guard 
Armory , Eggerts Crossing Rd. 
DVRA, 609-882-2240. SEPTEMBER 21-22 Email : wljma@aol.com 

IL - GRAYSLAKE - Radio Expo. 
OH - BEREA - Hamfest. Cuyahoga 
County Fairgrounds. Hamfest 

Email : abbott0903@aol.com 
Web: www.w2zq.com 

I 

Tired of Expensive Inkjet Cartridges? 

Save 90% on Inkjet Inks ! 
Refill kits Black (8 oz) Color (4 oz C, Y, M) #of Refills Cost/Refill Kit Price 
Printer (Call for Others Not Listed!\ Black I Color Black I Color Black I Color 
HP500 Series, 400, Officejet 300, 350, Fax 7 14 4.71 2.85 32.95 39.95 
HP600 Series , Officejet 500 , 570, 600, 610 630, 700 7 14 4.71 3.21 32.95 44.95 
HP820C, 855C, 870C, 1000C, 1150C, Copier 120, 210 6 12 6.67 3.33 39.95 39.95 
HP720C, 722C, 712C, 880C, 890C, 895C, 1120C, 1170C 6 12 6.67 3.75 39.95 44.95 
HP900C Series, P1000 Series, Officejet G55, G85, G95 6 12 6.67 3.75 39.95 44.95 
HP2000C Pro Color Printer, 2200, 2500 6 12 6.67 3.75 39.95 44.95 
Canon BJ-10, 200 , 210, 240, 250 Apple StyleWriter 1200,1500 14 20 2.15 2.00 29.95 39.95 
Canon BJC-4000 Series, 2000 , 5000 Series, Multipass Series 60 60 0.50 0.67 29.95 39.95 
Canon BJC-6000, 3000, S400, S450, S600, Multipass 755 14 8 2.85 1.67 39.95 39.95 
Epson Stylus Color 500 , 200 20 17 1.50 2.35 29.95 39.95 
Epson Stylus Color 400, 600, 800, 850, 1520, Photo 20 17 1.50 2.65 29.95 44.95 
Epson Stylus Color 440, 660, 670, 740, 760, 860 20 17 1.50 2.65 29.95 44.95 
Epson Stylus Color 480, 580, 880 NEW 20 17 1.50 2.65 29.95 44.95 
Lexmark 3200, 5700 , 211 , 212 , 231 , 232, 15 17 2.67 2.35 39.95 39.95 

Compaq IJ300, IJ600, IJ700, IJ750, IJ900 Xerox XJ8C 15 17 2.67 2.65 39.95 44.95 
Lexmark Z42, Z51 , Z52, Z83, Compaq IJ1200, A1000 NEW 15 17 2.67 2.65 39.95 44.95 
Lexmark Photo kit for 3200, 5700, 7000, 7200, Z42, Z51 , Z52 9 3.11 27.95 
Lexmark 2030, 2050, Execjet II/lie, Medley 4C, Compaq IJ200 10 17 3.00 2.35 29.95 39.95 
Xerox HC 450, XJ4C , XJ6C 22 12 1.36 3.33 29.95 39.95 
New Combination Kits Black dye 4 oz I Color 2 oz each 44.95 
New Combination Kits Black pigmented 4 oz I Color 2 oz each 49.95 

Save 30 • 60% on New Compatible Cartridges 
Quantity Discounts for 3 or 6+ cartridges Mix and match 

Printer 
(Call for Others Not Listed!) 

Canon BJC-4000 Series, 2000 , 5000 Series, Multipass Series 
Canon BJC-6000, 3000, S400, S450, S600, Multipass 755 
Canon BJC-70, 80, 85 (3 pack Black I 3 pack color) 
Epson Stylus Color, Color Pro, Pro XL 
Epson Stylus Color II , lls, 200 
Epson Stylus Color 400, 500, 600, 800, 850, 1520, Photo 
Epson Stylus Color 440, 660, 670, 740, 760, 860 
Epson Stylus Color 750, 900, 980, 1200 
Epson Stylus Color 480, 580 , 880 NEW 
Epson Stylus Color 777, 870, 875, 1270 Requires Empty Return ! 

BLACK Cartridge COLOR Cartridge 
Qty 1 I 3 I 6+ Qty 1 I 3 I 6+ 
4.50 I 3.83 I 3.69 10.95 / 9.31 I 8.98 
7.95 I 6.76 I 6.52 7.50 I 6.38 I 6.15 
9.95 I 8.46 I 8.16 14.95 / 12.71 / 12.26 
9.95 I 8.46 I 8.16 13.95/11.86/11.44 
9.95 I 8.46 I 8.16 13.95/11.86/11.44 
9.95 I 8.46 I 8.16 13.95/11.86/11.44 
9.95 I 8.46 I 8.16 13.95/11.86/11.44 

10.95 / 9.31 I 8.98 15.95 / 13.51 / 13.08 
10.95 / 9.31 I 8.98 14.95 / 12.71 / 12.26 
11.95 / 11.95 / 11.95 15.95/15.95/15.95 

Quality Inks and Toners for: New Combination Black I Color Kits 
HP Epson Lexmark 
Canon Apple Xercn 

4 oz black dye I 2 oz C,M,Y color - $44.95 
4 oz black pigmented I 2 oz C,M,Y - $49.95 

lnk#ef 
Mon - Fri 8:30-5:30 PDT 11 :30-8:30 EST 

Sout~-x5jrr Call or see us online! 

www.inkjetsw.com 1-800-44 7-3469 
(480) 668-1069 Fax (480) 668-0959 
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NY - HORSEHEADS - Hamfest. 
Chemung County Fairgrounds. 
ARAST, Inc. , 607-738-6857. Email : 
info@arast.org Web: www.arast.org 

SEPTEMBER 28-29 

VA - VIRGINIA BEACH - Hamfest. 
Pembroke Mall. 
Email: hamfest@exis.net 
Web: www.vahamfest.com 

ILL 
ILi 
c 0 R 

3.6 Volt 1200 mA 
Lithium-Ion Cell 

Sony# 18650. Rechargeable lithium-ion 
cell with solder-tabs. Ideal for high 
energy battery packs. 
0.72" dia. x 2.56" long. 

CAT# BTE-1200 

I 50 for $3.00 each 

All-Weather Flexible 
Thin Film 6 Volt Charger 

Flexible thin film solar module designed to 
charge 6 Volt nickel cadmium, nickel metal 
hydride or gel cell packs. Module encapsu­
lated in Tefzel@EV A for weatherproofing. 
Flat copper leads extend outside of encapsu­
lation to faci litate connection. Can be 
mounted on curved surfaces. 7.2 Volts @ 

100 mA. 11.31 " x 3.87". $2995 
CAT# SPL-675 each 

Mini-Right Angle Gearhead 
Motor w/ Control Circuit 

Omron # R2DG-41 . These ~""'"""'"' 
unusual little motors have v 
built-in control circuits 
that allow them 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. Motors are in good condition, 
removed from equipment. Hook-up instruc­
tions included. Large quantity available. 

CAT# DCM-110 
NEW LOWER PRICE! 

$3
25 10 for $3.00 each 
each 100 for $2.25 each 

OCTOBER 
2002 

OCTOBER 6 

IA - WEST LIBERTY - Hamfest. 
Muscatine County Fairgrounds. 
ICARC, 309-537-3678. 

Email: kcOaqs@qsl.net 
Web: www.qsl.net/kcOaqs 
IN - BEDFORD - Hamfest. 
Lawrence Co. Fairgrounds. 812-
849-0095. Email: chairman@ 
hoosierhillshamfest.org 
Web: www.hoosierhillshamfest.org 
OH - .MEDINA - Hamfest. County 
Career Center, 1101 W. Liberty St. 
Medina Hamfest Committee, 330-
273-1519 after 7pm. 
Email: n8tzy@m3net.net 

QUALITY Parts 

FAST Shipping 

DISCOUNT 
Pricing 

N 

115 Vac Dual-Speed 

Two-speed 
induced draft 
blower for heating 
and cooling 
applications. 
Thermally 
protected, 
ball-bearing," 
shaded-pole ~ 

motor. 
3000 / 1900 RPM. Rated 115 Vac@ 0.95 
Amps. 5 MFD/ 370 Vac capacitor. Steel blow­
er housing and wheel , 9.75" x 8.75" x 3" with 
3.75" x 2.75" exhaust port. Overall width , 
including motor, 7.5. " Four mounting flanges 
on 2. 75" x 1 0.25" centers. 12" pigtail leads. 
UL, CSA. 

CAT# CF-148 $15 00 
I 1 o for $12.00 each I each 

NCD/NMH Battery Charger 
with 4 AA Cells 

~~~g~~~~~~~;~9 . = = ~ = 
metal hydride § § § § 
(NIMH) and nickel 
cadmium (NICO) batteries. .~;w•~l.A 
Built-in charging control 
charges at optimum 
rate for safe charging 
and maximum battery 
life. Charges NiCd in 
4 hours, NiMh in 7 hours. Reverse polarity pro­
tection . LED indicators show charging status. 
Includes 4 NIMH AA 1600 mAh batteries. Don't 
miss this opportunity to get batteries and a 
charger at a special low price. Our regular price 

for batteries, alone, is $14.00. $1995 
CAT# BC-39 each 

5mm Blue LED Special 

High-brightness blu~e-L_E_D_._1-00_0_M_C_D_. ~ ~ Water-clear in off state. Special price. 

CAT# LED-86 10 for $1.50 each $17 5 100 for $1.15 each 
each 1000 for 95¢ each 

Durable plastic S.P.D.T. momentary 
pushbutton switch frequently found 
in arcade games. Useful in any 
application requiring a large, 
rugged pushbutton switch. 
Button operates a 10 Amp 
snap-action switch. Plunger is 
0.86" diameter. Bezel is 
1 .33" diameter. Threaded 
bushing is 1 .1" diameter and will 
mount in panels up to 0.75" thick. 
Includes large plastic mounting nut. 
Available in two colors: 

RED SWITCH 
CAT# PB-211 

BLACK SWITCH 375 
CAT# PB-216 $ each 

Incredible Price! 

This piezo siren emits 
a piercing 100 db 

warble tone that ~ 
is uncomfort- " 
able for anyone 
nearby. Only 
2.3" long x 1.7" x 1.5" , it has an 
adjustable metal mounting bracket and comes 
with 6' of wire. Operates on 9-12 Vdc. 
Includes a clip for operation with a 9V battery. 
Ideal for auto or home alarms. Large quantity 
available. CAT# ES-12 

$300 10 for $2.50 each 
each 100 for $1.50 each 

680 uf 40 Vdc Capacitor 
Switching Power Grade 

Cornell Dubilier #300681 M040JEB ~ 
Lon.g life, ultra-low ESR capacitor · . . 
designed for switching power 
suppl ies and UPS battery stiffening S; 
applications. 20°/o tolerance. ', 
1052 C. 1" diameter x 1.23" high. 
Three leads for stab1l1ty and 
reverse-proof mounting. 

6 5 CAT # EC-684 ¢ 
each I 100 for 40¢ each 

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

MAIL ORDERS TO: 

ALL ELECTRON/CS CORP. 
FAX (818) 781-2653 • INFO (818) 904-0524 

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

II MANUFACTURERS - We Purchase EXCESS INVENTORIES ... Call, Write, E-MAIL or Fax YOUR LIST. ii 
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OCTOBER 12 

NJ -WASHINGTON TOWNSHIP 
- Hamfest. Westwood Regional 
Jr/Sr High School, 701 Ridgewood 
Rd. BARA, 201-664-6725. Email : 
k2zo@arrl.net Web: www.bara.org 
TX - DENTON - Hamfest. Denton 
Civic Center, 321 E. McKinney St. 
Denton County ARA, 940-390-
5338. Email: kd5kjz@yahoo.com 

OCTOBER 19 

FL - JACKSONVILLE - Hamfest. 
Morocco Shrine Auditorium, 3800 
S. St. Johns Bluff Rd. Greater 
Jacksonville Hamfest Assn., 907-
269-8714. www.jaxhamfest.com 
FL - ORLANDO - Hamfest. Bahia 
Shrine Center, 2300 Pembrook Dr. 
Bahia Shrine, Bob KG4ECC, 407-
834-9481 
.Ml - SAULT STE. MARIE -
Hamfest. Chippewa County 
Fairgrounds. Eastern Upper 
Peninsula Amateur Radio, 906-
635-0215. 
Email : wa8old@sault.com 
TN - OAK RIDGE - Hamfest. 
Fraternal Order of Eagle's Bldg ., 
1650 Oak Ridge Tpke. Oak Ridge 
ARC, 865-670-1503. 
Email: d.bower@ieee.org 

OCTOBER 20 

IL - GODFREY - Hamfest. Lewis & 
Clark Community College. Lewis & 
Clark RC, 618-462-4212. 
Email: n9fhh@exi.com 
.MA - CAMBRIDGE - Hamfest. MIT 
Radio Society / Harvard Wireless 
Club/ MIT UHF Repeater Assn. , 
email: wlgsl@mit.edu (617-253-
3776 9am-5pm.) Web: http:// web. 
mit.edu/wl mx/www /swapfest. html 
NY - QUEENS - Hamfest. NY Hall 
of Science parking lot, Flushing 
Meadow Corona Park, 47-01 11 lth 
St. The Hall of Science Amateur 
Radio Club, 718-898-5599. 
Email: WB2KDG@Bigfoot.com 
PA - SELLERSVILLE - Hamfest. 
Fire House, Rt. 152. RH Hill ARC, 
215-679-5764. 
Web: www.rfhill.ampr.org 

OCTOBER 26 

.MN - ST. PAUL - Hamfest. 
Touchstone Energy Place, 
Rivercentre. 763-535-0637. 
www.hamfestmn.org 
MO - KIRKWOOD - Hamfest. 
Community Center, 111 S. Geyer 
Rd. St. Louis ARC & Gateway to 
Ham Radio, 314-638-4959. 
Email : slw@partyline.net 

OCTOBER 27 

MD - WEST.MINSTER - Hamfest. 
Carroll County Ag Center, Email : 
n3sb@qis.net Web: 
www.qis.net/ - k3pzn/ta ilgate.htm 



HAM6EAR 

SATELLITE TV. Complete selection of C 
& Ku band equipment, WWW.DAVES 
WEBSHOP.COM 

l.4GH:z: ATV - 8 channel TRANS­
MITTERS AND RECEIVERS. 3SmW 
output power, I video channel , 2 audio. SMA 
connectors. NTSC/PAL compatible. Includes 
I /4 wave rubber duck antenna. Standard fre­
quencies are: 2398, 2405, 2412, 2416, 2420, 
2428, 243S, 2442 MHz. Custom frequencies 
are available. See ad in this section for power 
amplifier. $79/each for transmitter. 
$79/each for receiver. EzATY. Visit 
our web-site for dealers or order on-line at 
www.4atv.com 

I .lGH:z: ATV - 8 channel TRANS­
MITTERS and RECEIVERS. 75mW 
output power, I video channel, 2 audio. SMA 
connectors. NTSC/PAL compatible. Includes 
I /4 wave rubber duck antenna. Standard fre­
quencies are: I 2SO, I 2S5, 1260, 1265, 1270, 
1275, 1280, 1290 MHz. Custom frequencies 
are available. $79/each for transmit­
ter. $79/each for receiver. EzATV. 
Visit our web-site for dealers or order on­
line at www.4atv.com 

l.4GH:z: POWER amplifier with power 
supply. I 0-40 mW input, I (one) watt output 
with in-line SMA connectors and built-in 
heat sink. Approx. 2" x 2" x S/8" size. 
Frequency range 2.3GHz-2.5GHz. 
$189/each. Compatible with all ATV prod­
uct lines. See our website for more info on 
accessories and transmitter and rece iver 
modules. EzATY. Visit our web-site for deal­
ers or order on-line at www.4atv.com 

SUPER HIGH GAIN 14 dbi flat antenna 
with N or SMA connector tuned for 2.3-2.5 
GHz. Use with 2.4GHzATV 8 channel trans­
mitter or receiver. $I 79/ea. SPECIAL 
PRICE. EzATY. Visit our web-site for dealers 
or order on-line at www.4atv.com 

WANTED: ROCKWELL-Collins HF-80 
equipment, 8S I S-1 , 237B-3 log periodic, 
Collins literature. Jim Stitzinger 661-259-
20 I I, 661-259-3830 (fax), jstitz@pacbell.net 

NEW ICOM IC-VS VHF 5.5W handheld 
with full keypad, CTCSS/DCS 
encode/decode, tone scan, I I OOmAh battery 
and charger+ optional battery case $199.99. 
Easy modification for full TX I 36- I 74MHz.To 
order call 1-800-977-0448 or visit 
http://www.nsiradio.com/ 

ICOM F-1 I I 6ch VHF SW business 
band handhelds with rap id desktop chargers, 
2-tone decode, scan, PUDPL only $269.99. 
Call 1-800-977-0448 or order online 
http://www.nsiradio.com/ 

VACUUM TUBE§ 
WAl\ITED 

BATTERIE§/ 
CHAR6ER§ 

THE SMART BATTERY CHARGER 
for lead acid or gel cell batteries. Can be left 
connected to the battery INDEFINITE­
LY, will not overcharge! Standard kit is I 2V 
@ I amp. This kit is I 00% complete. For the 
kit order# I SO-KIT at $S9.9S. For an assem­
bled and tested unit, order # 150-ASY at 
$79.9S. CA residents add 7.75% sales tax. 
Add $6.SO per unit shipping. MC/VISA 
accepted. A&A Engineering, 2521 W. La Palma 
#K,Anaheim, CA 9280 I. 714-952-2 1 14, FAX 
714-952-3280. www.a-aengineering.com 

SONEIL CHARGERS. Newest technolo­
gy, constant current, switching chargers. 
Individual chargers at wholesale prices from 
authorized distributor. Guaranteed lowest 
prices. S70-735-5053 or http://www.Diver 
s e EI e ct ro n i cS e rv ices. co ml son e i I_ ch a rg 
ers.htm for prices and info. 

CB­
§CAl\ll\IER§ 

240+ CHANNEL CB/HAM/FRS/COM­
MERCIAL radios: AM/FM/SSB/CW export/ 
domestic: RCI , TEKK, Motorola, Uniden, 
Cobra, Alinco, Kenwood. Mies, antennas, lin­
ears, meters, mod books, manuals, schemat­
ics, night scopes, and tons more stuff! 
Catalog $3. MAXTECH , Box 8086, New 
York, NY I 0150. 718-547-8244. www.penny 
circus.net 

CB MODIFICATIONS! Freq­
uencies, books, kits, high-perfor­
mance accessories, plans, repairs, 
amplifiers, I 0-meter conver­
sions. The best since I 9761 
Catalog $3. CBCI, Box 30655NV, 
Tucson, AZ 8575 I. 
www.cbcintl.com 

COMPUTER 
HARDWARE 

DATA ACQUISITION: This very com­
pact and low-cost kit will allow virtually any 
PC to be used for quick and easy data acqui­
sition and control. It connects to any stan­
dard parallel printer port, and despite its tiny 
size provides eight analog inputs, four digital 
inputs , and four digital outputs. 
www.electronickits.com 

BEST PRICES! 533 MHz systems loaded 
$27S . GigaHertz systems $349. Scanners, 
printers, motherboards, software at liquida­
tion prices. 714-778-0450 email cci@sur 
fside.net 

DEC EQUIPMENT WANTED!! ! We 
are buying DEC systems, boards, terminals , 
drives and peripherals . Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list.We buy, sell, and trade. KEY­
WAYS, INC .. 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

)f/!! 
VGA TO COMPOSITE (NTSC) VIDEO 
CONVERTER - ULT-2000. Handheld . 
Powered from keyboard with S-video and 
RGB outputs, too. 3: I zoom control with 
many extras. $99/ea. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

UsedComputer.com IS your online 
used computer equipment marketplace. 
Notebooks, desktops, printers, parts, free 
classifieds, I OO's of dealers, quantity deals, 
information.Visit UsedComputer.com today. 

MicroPricer.com® 
comparisons on new 
appraisals on used 
MicroPricer.com today. 

SHOWS price 
equipment, and 

equipment. Visit 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

COMPUTER 
§OFTWARE 

KEYSTROKE LOGGER: This new soft­
ware hides in the background on your com­
puter allowing you to view what other peo­
ple have been doing on the install ed com­
puter. Great for monitoring the children or 
the wife . www.spousewatcher.com 

FREE!!! CD-ROM and software disk cat­
alog. MOM 'N' POP'S SOFTWARE, PO 
Box 15003-N, Springhill , FL 34609-0 I I I. 
www.momnpopsware.com 

___,_.!!!J ••·-I 
WWW.SCHEMATICA.COM FOR pro­
fessional freeware and shareware.Active and 
passive filter design , 555 designer, linear sim­
ulators. 

WANTED MICROSOFT: Windows, 
Office, Server software. Complete sealed 
packages, or manuals, or CDs only. 914-738-
6830. 

I-MAC MONITOR or power supply 
problems? We have schematics for this . 
Along with 4,000+ other reverse engineered 
prints in 21 catalogs. For retomingent infor­
mation, write or check out our web site. 
Bomarc Services, Box I I 13, Casper, 
WY 82602. 307-234-3488. bomarc.org 

COMPUTER 
EIJUIPMEl\IT 

WANTED 
WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
331 I /540-745-2322). 

DEC EQUIPMENT WANTED! !! We 
are buying DEC systems, boards, terminals , 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list.We buy, sell, and trade. KEY· 
WAYS, INC .. 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

BUYING SCRAP PC motherboards and 
plug in cards; paying $0.50 per pound. 386 & 
486 CPUs (chips on ly) $12 per pound. 
Pentium CPUs, $4.SO per pound . Cables, 
$0.1 S per pound. New Jersey Tpk, exit #9, 
(New Brunswick). Other stuff, call Lee @ 
732-6S 1-9700. We pay cash or PayPal. 

TE§T 
EOUIPMEl\IT 

DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list.We buy, sell, and trade. KEY· 
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

A-COMM ELECTRONICS: we buy and 
sell test equipment. http://www.a-comm.com 
11891 E. 33rd Avenue, Aurora, CO 800 I 0. 
Tel: 303-341-2283, fax 303-341-2293. 

POCKET TESTBENCH, inexpensive 
RS-232 virtual instrument, with oscilloscope, 
logic analyzer, counter, and generator modes. 
New WST-1 00. www.oricomtech.com 
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CHECK OUR growing line of audio test 
instruments: data sheets, user guides, soft­
ware . TDL Technology. Inc., 
www.zianet.com/tdl. 

GIANT DIRECTORY ONLINE: Over 
500 dealers in used test equipment, used 
semiconductor production equipment, sur­
plus lasers, optics, vacuum equipment, etc. 
Test equipment auction and rental sites, US 
and foreign dealers, manual dealers, too' 
No registration or cookies. 
www.big-list.com 

MODEL 321 quickly and accurately mea­
sures virtually any type of cable, pinpoints 
breaks. No need to know manufacturer's 
specifications, or NVP. For further informa­
tion write or fax: CABLE DYNAMICS, 
PO BOX 34594, Phoenix, AZ 85067, tel/fax 
623-931-6262. 

USED TEST equipment sale specials. 
Equipment on sale. Check our web page to 
see what equipment we are offering at our 
lowest prices! www.calibration.com 
Instrument Repair & Rental Labs, Inc., 1-888-
573-5468. Colorado 303-469-5335. Mail to 
sales@testequip.com 

FEITEK PROVIDES repair, calibration 
and traceable certifications of test equip­
ment. Free estimates. We buy, sell and trade 
all makes of test equipment. Visa and 
MasterCard accepted. Check out our inven­
tory and specials at WWW.FEITEK.COM 
2752 Walton Road, St. Louis, MO 631 14, 314-
423-1770. 

!iECURITY 

ALARM LAND.COM SECURITY 
devices for professionals. Motion detectors, 
panels, contacts, CCTV, and more. Fax your 
order to 732-840-1390. 

SURVEILLANCE-COUNTERSUR­
VEILLANCE: I buy and sell used equip­
ment. Steve 410-879-4035. 

KEYSTROKE LOGGER: This tiny piece 
of hardware installs between your keyboard 
wire and computer in seconds. Then it logs 
all keystrokes, which you can view at your 
convenience. www.spousewatcher.com 

2.4GHz WIRELESS transmitter 
/receiver kit. ASK-2008-TR. 8 fre­
quencies uP controlled 2.300 to 2.481 MHz, 
video NTSC/PAL with 2 channels of audio 
for development testing. 12 VDC/ I 00 mA for 
both transmitter and receiver. Includes 2 
rubber duck antennas. $125. Mateo, Inc ., 
Schaumburg. IL, 1-800-719-9605, 
sales@matco.com or vi sit/order on-line at 
www.matco.com 

• 
9 VOLT IR sensitive B/W high res 
430 TVL camera with optional black 
low-profile swivel adjustable enclosure. Pin 
hole or Std. lens type. 6, 8, and I 2mm lens 
are available. I /3" CCD, 3.6mm/F2.0 lens 
included; works from 7.S-1 3 VDC, highest 
voltage range in market. 0.08 lux, 1.27" x 
1.27" x 0.5"D pinhole or I" deep standard. 
$49 each. Enclosure: $8; optional lens: 
$18. Dealers welcome. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

AS- I 004 WIRELESS 2.4GHz, FCC 
approved. 2.4GHz transmitter & receiver 
with audio! Capable handling total of 4 wire­
less cameras, range: > 300'. Built-in camera, 
400 TV line . Reduced price! 
$1 79/system. Additional cameras, 
$I I 0/ea. Mateo, Inc., Schaumburg, IL, 1-
800-719-9605, sales@matco.com or 
visit/order on-line at www.matco.com 

~~ 
RECEIVER• METER A Handheld Counter·Sur;ei/ance Meter 

So Sensitive It's Like a Wideband Receiver! 

BROADBANO : 10 MHz to 4.5 GHz usible range 
' HIGHLY SENSITIVE : Detec~·C-Overt~deoandAudioBugs 

at 20 ~ · i4 GHz leale<l'mkrowaveovens at4a ~ 

Fol C-Omputer Wireless Selllp, RR Sniffer, RF Une Leakage 

DUAL MODE : UHEAR ·For measuring weikest s~nals 
DETECTION : LOGARITHMIC. 100-0:1 djnamic signal range 
SENSITIVITY CONTROL : > 20 dB manually adjuste<I gain 
80 HR. OPERATION [Awfoi): With 2 AA alkaline batteries 

ANALOG METER and LED DISPLAYS : The LED display for distaoce and nighfflllll 

SllfNT VIBRATE MODE : Switchable ~brator for s~naf detection witho~ direct ~ewing 

Including shipping and handling $8 IJ 
(CA. residents add 8% Sales Tax) 7 

Alan Broadband Company 
93 Arch Street 

Redwood City, Ca. 94062 

Phone : 1888) 369·9627 

FaxlPhone: 1650) 369-9627 

www.zapchecker.com 

•••••••••••••••••• m•~•~••~••~ 

SECURITY DISTRIBUTORS needed 
for our complete line of products. See our 
product features in the center color spread 
on page 47. www.matco.com and 
call 1-800-71 9-960 s. I. 

o=o 
~· , .. ,._ 

40 DAYS and 40 NIGHTS 
RECORDER.Time lapse, with remote , can 
be activated by either contact closure or 
continuous duty operation with standard T-
120 tape. ES-8960 at $339. Mateo, Inc ., 
Schaumburg. IL, 1-800-719-9605, 
sales@matco.com or vi sit/order on-line at 
www.matco.com 

WEATHER RESISTANT OUTDOOR 
CAMERAS. WR-700 type , high impact 
tempered glass with stand. Black & white 
(430 lines), or color (420+ lines) available . 
Standard 3.6mm lenses with optional lenses 
of 6, 8, and 12 mm at $20 extra. B/W 
$1 19/each. Color $179/each. Small 
compact size with sun shield. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

SEE THE NEW MATCO PRODUCT 
FEATURES AND PRICES in the color 
center spread on page 47. 

LOW-COST video cameras for home, 
hobby, robotics, nanny monitoring. 
www.helltek.com 

HI-TECH SECURITY: Electronics, com­
puters, internet, financial, energy, phone, 
communications, surveillance, privacy, poly­
graphs, physical survival , electronic harass­
ment, stealth technology, vehicles, occupa­
tion, many more' CONSUMERTRON­
ICS. www.tsc-global.com Catalog $3: 
PO 23097, Albuquerque, NM 87192. 
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S" AND S.S" LCD high definition 
color monitors w/stereo. 960 x 240 
pixels w/brightness and tint controls. 
Attractive enclosure with built-in speaker. 
Great for security or general purpose use. 
Both models have a small compact foot­
print, with an ultra-bright display, RCA inputs 
NTSC or PAL. Special price with regulated 
power $249/each. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sa les@matco.com or visit/order on-line at 
www.matco.com 

16 CHANNEL MULTIPLEXER 
MUX-1600. Display 4, 8, and 16 video 
outputs directly on a TV or security monitor. 
This is the only device which allows full 
screen display of video on VCR playback (see 
40 days and 40 nights recorder) . Plenty of 
options including tilting, zoom, individual gain 
adjustments, etc. Reduced price! $799/ 
each. Special 4 channel version, 
MUX-400, $429/each. Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

14" B/W high resolution SECURI­
TY MONITOR. A standard 12" monitor 
is just too small for most applications. 
Attractive dark gray enclosure with audio 
and built-in speaker. 75 ohm termination 
switch for balancing with all types of CCD 
board cameras and other video inputs. 
$I 3 9/each. Mateo, Inc ., Schaumburg, IL, 1-
800-719-9605 , sales@matco.com or 
visit/order on-line at www.matco.com 

14" COLOR - high resolution 
SECURITY MONITOR w/4 channel 
switcher. High impact enclosure with 
modern front panel 4 channel video and 
audio switcher. High quality speaker built-in. 
Components purchased separately would 
exceed $500. Price slashed to $249/each. 
Mateo, Inc ., Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

I 

CAMERA DISTRIBUTION Box, 
XF-2SO-DC/XF-2SO-AC. Connect 
your cameras directly to power source with 
screw terminals or plug in using a 2.1 mm 
connector. Special price: $59 (DC 
version) and $49 (AC version). Can 
use pre-molded SO foot video/power 
cable A-402-CA $1 S. Mateo, Inc., 
Schaumburg, IL 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www. matco.com 

INFRARED CAMERA for under­
water or all-weather use, AX-808 
(B/W) or AX-808-C (color) . Designed for 
lake water to depths of 85 feet. Enclosed 
LEDs illuminates up to a distance of 20 feet. 
12 volt operation. Color $149, B/W 
$99. Mateo, Inc., Schaumburg, IL, 1-800-719-
9605, sales@matco.com or visit/order on­
line at www.matco.com 

4 PORT video capture card with 
remote internet access, DVRC-4; 
$3 39. Remotely view an~ 4 NTSC video 
cameras over your internet connection. 
Sophisticated motion sensing option allows 
camera to be activated by motion or time. 
500 MHz or higher; 98/2000/XP, NT com­
patible. Installation time under I 0 minutes. 
16 channel unit is also available, bundled with 
PC. Mateo, Inc., Schaumburg, IL, 1-
800-71 9-960 S, sales@matco.com 
or visit/order on-line at 
www.matco.com 

WIRELESS COLOR rechargeable 
2.4GHz system,ASK-7003-TR. 150 foot 
range. Includes camera/transmitter, receiver 
and built-in battery pack with charging sys­
tems. Range 150 feet. High volume sell­
er! $1 59. Mateo, Inc., Schaumburg. IL, 1-
800-719-9605 , sales@matco.com or 
visit/order on-line at www.matco.com 

HI-TECH SPECIAL PROJECTS 
SECURITY HARDWARE, CON­
SULTING: Numerous building, vehicle, per­
sonal, communications security devices , sys-
tems, technologies , countermeasures. 
LONE STAR CONSULTING, 
INC. Catalog online: 
www.lonestartek.net, 915-474-0334. 

QUAD PROCESSOR works with 
VGA monitor, QVS-104-CV. NTSC 
inputs , composite outputs as well as output 
for direct connection to VGA monitor. Saves 
cost of expensive high-grade security moni­
tor, $269. Mateo, Inc., Schaumburg, IL, 1-
800-719-9605 , sales@matco.com or 
visit/order on-line at www.matco.com 

COLOR & B/W board cameras 
w/cases, BX-120-LC (350 lines color) $89; 
BX-125-LC (380 lines color) $99, sub-minia­
ture BX-123-AU (420 lines B/W with audio) 
$69. Mateo, Inc., Schaumburg. IL, 1-800-719-
9605, sales@matco.com or visit/order on­
line at www.matco.com 



KX-880 AND KX-880-C. WITH SPE­
CIAL sun shield and weatherproof/water­
proof design with swivel bracket. Standard 
3.6 mm lens.Will work with Mateo Scanning 
Motor. 420 TVL B{W, $89/each. Color 
350 TVL, $119/each. Mateo, Inc., 
Schaumburg, IL P: 1-800-719-9605, 
sales@matco.com or visit/order on-line at 
www.matco.com 

11 VOLT mobile 960 hour time 
lapse with audio, MS-6960 12 vdc/ I 000 
mA operation with remote control and cig­
arette adapter connector. $349. Shock­
mounted optional case available for portable 
operation. Mateo, Inc., Schaumburg, 
IL, 1-800-719-9605, sales@mat 
co.com or visit/order on-line at 
www.matco.com 

LAW ENFORCEMENT, 1.4 GH:z: 
wireless cell camera system with 
receiver; $419 with low-lux 5 volt 
Panasonic camera and detachable antenna. 
Omni-directional pattern; 4 hour run time; 
over-night charger included. Various RF 
power options available . Mateo, Inc., 
Schaumburg, IL, 1-800-719-9605, 
sales@matco.com or visit/order 
on-line at www.matco.com 

!iATELLITE 
EQUIPMEl\IT 

SATELLITE REPORT: Find all the latest 
in satellite descrambling in this 54-page 
report. Lists all the cheapest and reliable 
sources for hacked cards and equipment. 
www.electronickits.com 

SATELLITE TV. Complete selection of C 
& Ku band equipment, WWW.DAVES 
WEBSHOP.COM 

WHOLESALE PRICING. Call, fax, or 
email for free catalog of over 1,600 items 
from satellites, cable, security, telephone wire 
and connectors. Quality pricing, fast shipping 
& great discount pricing.Your accessory con­
nection. Call SkyMarketing @ 1-866-637-
4965 or 219-489-7525. Fax: 219-489-2285. 
Email: skymark@fwi.com or visit us on the 
website at www.skymarktech.com 

FREE SATELLITE TV Buyer's Guide. Low 
prices on big dish systems, upgrades and 
parts. Upgrade to digital with new 4DTV 
receiver or sidecar. Best prices on little dish 
systems, too. Backed by Skyvision's technical 
expertise, YOU CAN do it yourself! 
www.skyvision.com Call 1-800-334-
6455. 

SATELLITE UNUSUAL, free to air 
explained, preprogrammed receivers, parts, 
low prices, full line satel lite. 
http://www.mpeg2fta.com 

MILITARY 
!iURPLU!i 

ELECTROl\llC!i 

AUDIO - VIDEO 
- LA!iER!i 

PRO AUDIO & video gear, all types of 
tubes, components, and unusual collectibles 
atWWW.bibbtek.com Call Tom @856-222-
0636, fax to 856-222-0638 for printed list. 
Credit cards welcome. 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

CABLE TV 

CABLE REPORT: This 50 page report 
contains all the latest in how cable systems 
have been compromised. Including cheap and 
reliable sources for test chips and equip­
ment. www.electronickits.com 

CABLE PARTS! Computer parts. Call for 
great prices or visit us on the web: 
HTTP://WWW.Chipwizards.com or call 
407-739-7573. 

POSITIVE AND negative cable TV filters. 
www.gofilters.com 1-800-235-8080. Mike is 
back, give us a call. We can help in all situa­
tions. 

CABLE TV CONVERTERS. Wholesale 
pricing, full warranties. Scientific Atlanta 8580 
$20, SA 8590 $23, 8600 $25. Jerrold DPV7 
$20, BB/CFT $25, CFT 2254 $35. Free 
nationwide shipping, I 0 lot minimum orders. 
Masterpiece 125 channel converters $45 
delivered . CODs welcome. Converters, 
parts, and accessories . Covers, lenses, 
remotes, cords, and data crystals. Call toll 
free 877-915-3727. 

CATV. CABLE converters 125 channel 
$45. SA 8600, SA 8580 converters $19.99. 
Jerrold DPV 7212 $19.99. CFT 2014 $19.99. 
Pioneer 6310 $22.99. Dealers call for more 
info. 214-552-0078. 1-888-959-5589. 

ABC WHOLESALERS, Inc. Importer & 
distributors of the Multitech 4500 & 5000 
series 125 channel new basic converter. Our 
monthly unmodified specials in lots of I 0 
with new remote are Scientific Atlanta 8600 
$25 ea., SA 8580 $19.95 ea., Jerrold BB 7312 
$25 ea., Jerrold DPV 7212 $19.95 ea. ,Jerrold 
CFT 2014 & 2254, Pioneer 63 I 0 $25 ea. 
Large quantities please call for wholesale 
dealers price. We have all models replace­
ment remotes. Se habla espanol. 1-800-5 I 0-
1924. 

115 CHANNEL converters: $35. Also 
specializing wholesale on raw unmodified 
boxes, as low as $5 each. 866-270-5838. 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

CABLE PARTS for all makes and 
models, raw boxes at low prices. 
Call 1-888-816-0800. No NY 
sales. www.chipplace.com 

THE FOUNDER of Cool Box is now 
introducing the Premier & Optima Series to 
the public, with new RRI technology. For 
details , v1s1t http://www.alltren 
dusa.com 

TELEPHOl\IE/FAX 

PHONE MANAGER: This unit looks 
exactly like a Caller ID, except it records 
time, date, and length of all outgoing calls. 
www.spousewatcher.com 

SAVE MONEY, wholesale pricing, cables, 
connectors, accessories for computers, net­
works, audio, video, and telecommunications. 
www.RogersSystems.com or 1-800-366-
0579. 

HI-TECH SECURITY, TECHNOLO­
GY BOOKS: Phones, cellphones, faxes, 
pagers, voice mail, answering machines, PBX, 
internet, communications, energy meters, 
many more! CONSUMERTRONICS. 
www.tsc-global.com Catalog $3: PO 
23097, Albuquerque, NM 87192. 

HI-TECH SPECIAL PROJECTS 
TELEPHONE HARDWARE, CON­
SULTING: Phones, internet, communica­
tions, surveillance, security, remote inter­
faces, energy meter, much more! LONE 
STAR CONSULTING, INC. Catalog 
online: www.lonestartek.net, 915-
474-0334. 

CELL PHONE internal antenna booster. 
As seen on TV. $5 ea. $I ea. per I 00. 1-877-
723-8584. 

COMPOl\IEl\IT!i 

WANT TO Buy: ICs, military & aircraft 
relays, diodes, transistors, connectors, tanta­
lum capacitors, electronic test equipment & 
most components. Hoffy Electronic Ent., E­
Mail: Hoffie I I 6S@aol.com 818-718-1165, 
FAX 818-341-5506. 

PELTIER INFORMATION DIREC­
TORY ONLINE: Information site on 
Peltier devices (thermoelectric 
cooler/heater/generator modules). Tips, 
manufacturer directory, surplus sources, etc. 
Free. No registration . www.peltier­
info.com 

PCB PROTOTYPES FOR $26 

http://www.olimex.com/pcb 
FR-4, 0.062", 1/1oz copper, 6.3"x3.9", double side, 

plated thru holes, solder mask, component print, 
production in 3-5 working days, made in Bulgaria, 

no import tax to USA and Europe 

ELECTRONIC COMPONENTS, kits, 
test equipment, books, tools, and 
supplies for hams, hobbyists, and busi­
nesses. Many hard-to-find items like variable 
capacitors, vernier dials and drives, coil 
forms , magnet wire , toroids, more. 
www.oselectronics.com 

MATCO WILL design, engineer, and 
develop a 2.4GHz wireless 8 channel solu­
tion for your remote applications. FCC 
approved. Mateo, Inc., Schaumburg, IL 1-800-
719-9605. E-Mail: nsales@matco.com Web 
site www.matco.com 
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SWITCH SUPERMARKET large vari­
ety toggle, rotary, LEDs bipolar 2 & 3 leads, 
grain of wheat, free list. Fertik's, 5249 "D" St., 
Philadelphia, PA 19120. Ph/fax 215-455-2121 . 

Instruments design contest. 
You could be 

the big cash winner!! 

SMT ADAPTERS. Snap-apart PCBs, pin 
strips in many patterns. Soic, qfp, tssop, qsop, 
sot, and more. Find your solution at 
www.beldynsys.com 

MICROCOl\l­
TROLLER!i 

PIC & ATMEL PROGRAMMERS 
from $15.95 and $29.95! Visit www.electron 
ics 123.com for complete details. Amazon 
Electronics, Inc. Toll free 1-888-549-3749. 

PIC, AVR and MSP430 
DEVELOPMENT TOOLS 

http://www.olimex.com/dev 
PIC - PROGRAMMERS, ICD, PROTOTYPE BOARDS FOR 8, 18. 28 and40 

pin PICs. AVR - PROGRAMMERS. PROTOTYPE BOARDS FOR 8. 20. 28, 

40 and ATMEGA AVRs. MSP430 - JTAG FLASH EMULATION TOOL, 
PROGRAMMERS. PROTOTYPE BOARDS FOR Fl 121 . Fl 23. F413 and F149 

PIC PROGRAMMERS: Several different 
programmer kits that you can build yourself 
all the most popular PIC and Atmel chips. 
www.electronickits.com 
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ATOM MODULES/Starter Pack­
ages. Lowest starter package prices . 
Program in Basic. In-Circuit Debugger. 
Modules starting at $59.95. Starter packages 
at $139.95. www.elproducts.com -
Online ordering or call 248-515-4264. 

PROGRAM THE 8052 in Basic with our 
inexpensive development single board com­
puter. The 70691 BASIC comes 
assembled/tested & contains Micromint's 
80C52 control ler, which allows programming 
through the serial port of PC. The 
70691 BASIC contains a large breadboard 
area, SK RAM/ROM, hi-address decoder, 40-
pin header connector and a 2864 EEPROM 
that al lows auto-startup of your saved pro­
grams. Programming software included. $75 
plus $4.75 S/H. Also learn how to program 
the 80C52 with this BASIC-52 Users Manual 
on 3.Sin disk $5. Sokolowski, 9356 
Merriweather Dr., Brooksville, FL 34613 or 
www.HomeTechFLA.com 

Al\ITIQUE 
ELECTROl\llC!i 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales 
literature. Floyd, VA 24091-0341 (540-763-
331 I /540-745-2322). 

DEC EQUIPMENT WANTED! !! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS), CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list. We buy, sell, and trade. KEY­
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

RADIO TUBES and phono. needles. 870-
347-2281. 

Nuts & Volts Magaz ine/AuousT 2002 71 



WANTED: OBSOLETE computers & 
electronics for ACP PC Museum. Contact 
Dave at 714-558-8813.dcfree@aol.com 

AVIATIDl\I 
ELECTRDl\llC!i 

PUBLICATIDl\l!i 

BASIC STAMP 2 users:"lnside the BASIC 
Stamp II" tells how the PBASIC interpreter 
works, how code is stored in EEPROM, how 
to optimize code for space and speed. 160 
pages, 50 illustrations, many examples. See 
http: //members.aol.com/stamp2book Send 
$29.95 check or money order (US funds) to 
Brian Forbes, 147 Flying Cloud, Foster City, 
CA 94404-1 30 I . 

ROBOTIC§ 

ARobot KIT from Arrick Robotics uses 
the BASIC Stamp II. Quality metal construc­
tion. Easy to assemble and very expandable. 
$235. http://www.robotics.com/arobot 

ROBOT KITS: Over 30 complete robot 
kits from beginner to advanced at 
www.electronickits.com 

MOTOR CONTROLLERS: PWM 20A 
to 50A, 12 to 36 volt models, from $40. 
Easy RC: Control board accepts standard 
RC pulses to control speed and direction of 
motor controllers. RC weapons control 
boards: I to 3 devices. Joystick inter­
face controllers. Soneil chargers: best 
pricing available. Mention this ad for free 
ground shipping. Info 570-735-5053, 
www.DiverseElectronicServices.com email 
carl@DiverseElectronicServices.com 

ROBOT BOOKS.COM visit our web 
site for reviews of robotics books, plus robot 
kits, toys, movies, and magazines' 
www.robotbooks.com 

PIC-BASED bot controller boards, 
OOPic-compatible and 28-pin versions, new 
multi-servo controllers, 
www.oricomtech.com 

ZAGROS ROBOTICS sells, high current 
motor drivers, sonar units, optics, encoders, 
processors, and much more. Find everything 
you need to build your own robot! Zagros 
Robotics, 314-768- 1328, PO Box 460342, St. 
Louis, MO 63146. info@zagrosrobotics.com 
http://www.zagrosrobotics.com 

STEPPER MOTOR drivers, interfaces, 
breakout boards, and accessories for CNC 
projects . Use with DanCAM, CNC-Pro, 
TurboCNC, Masters , EMC , and others. Visit 
us at www.pmdx.com 

PLAl\l!i - KIT§ -
!iCHEMATIC!i 

ELECTRONIC KITS: Hundreds of elec­
tronic kits and projects. Where else except 
www.electron ickits.com 

TRUE COLOR ORGAN. Seven fi lters, 
adjustable. Mic or line fed. AC or DC light up 
your life. Schematic & all info., $21.50. Dan M. 
Lawson, PO Box 1249, 239 Vernon St. , 
Roseville, CA 95678. 

HI- TECH SURV IVAL: Electronics, com­
puters, internet, energy, phones, medical, 
financial , security, physical survival, electronic 
harassment, many more! C ON-
SUMERTRONICS. www.tsc-glo 
bal.co m Catalog $3: PO 23097, 
Albuquerque, NM 87192. 

BUILD A SOLAR PANEL - generate 
electricity cheaper and better than commer­
cial panels! Complete illustrated instruc­
tions. E-book available for immediate down­
load. www.buildasolarpanel.com 

GENERATE STEREOSCOPIC 3D 
video using cheap board cameras for robots, 
RIC vehicles, telepresence and other pro­
jects. 50+ page booklet explains how 
schematics, parts lists, drawings and photos. 
Visit http://stereo-video.home.att.net 

Ml!iCELLAl\I EDU!i 
EL0ECTRDl\llC!i FDR 

!iALE 

Electronics Manufacturing 
Technology, Inc. 

Bare PC Boards 
¢ Design & Layout 
¢ Single, Double, & Multi-Layer 

PC Board Assembly 
Q SMT & Thru-Holc 
¢ Final Assembly & Test 

Product Engineering 
"Proto(ype and Production" 

I 0945 Reed Hartman Hwy. , Suite 11 2 
Cincinnati , Ohio 45242 

(513)791-4000 Fax: (513)791-4408 
sales@ pcboardsinc.com 

www.pcboardsinc.co m 

ANAHEIM WIRE PRODUCTS. DIS­
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items availab le 
from our stock: Hook up wire, Automotive 
primary wire, GXL, SXL, Plenum cable, Teflon 
wire, Multi-conductor cable, Irrad iated PVC, 
SO-CORD, Mi l-Spec wire, Building wire, 
Welding cable, Battery cable,Telephone wire, 
Shrink tubing, Cable t ies, Connectors. W ire 
cut & st rip to specs. If interested, please call 
1-800-616-7540, FAX: 7 14-563-8309. 
Visa/MC/Amex. SEE US ON THE INTER­
NET: http://www.anaheimwire.com OR E­
Mail : info@anahei mwire.com 
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~Ila 
Manu factured by, Electronics Manufacturing 

Technolo2y, Inc. (EMT) 

Scrolling LED Signs 
• Wireless Keyboard 

• Includes Windows Software 

• Text and Graphics Display 

• Clock Functions & Scheduler 

• Real Time (ASCII) Mode 

• 16,000 Character Memory 

• RS-232 & RS-485 Serial Ports 
for multiple sign networking 

fli~h Intensity Wide ViewinJZ A nf(le Color LED 's 

I 0945 Reed Hartman Hwy., Suite 11 2 
Cincinnati , Ohi o 45242 

(513)791-4000 Fax: (513)791-4408 
sales@ briteliteled.com 

www.briteliteled.com 

HARD-TO-find parts: PTV screens, mod­
ules, chassis, flybacks, tuners, tubes, for all 
brands. Manuals. 478-272-6561. Scarborough 
TV, 1422 Old River Road, East Dublin, GA 
31027. scarboroughstv@pcnow.net 

PORTABLE CARD SWIPER. Swipe 
any card with this incredible tiny device and 
the complete data on the magnetic stripe is 
stored instantly in its memory. Stores over 
I 00 swipes at one time. Powered by a small 
camera battery. It can be use remotely on 
any type of card with a magnetic stripe. 
After the magnetic stripe information is 
saved, you may download the information to 
any computer or laptop. Applications: data 
collection , trade shows attendance , confer­
ence attendance, classroom attendance and 
many others.We have many different models 
and magnetic stripe reader/writers. See our 
web site: www.mobilecardread 
ers.com Or write for free catalog. The 
Information Center, PO Box 876, Hurst, TX 
76053. 817-589-7891. 

RS485/422/232/TTL 
• Converters 
•Repeaters 
• Fiber Optics 
• Digita l 1/0 
• Mult id rop RS232 
• Custom Units 
• Auto T X Enable 

Extensive Interface Product Line 
RS232 " Extension Cords" 

Up to 115.2 Kbps, 4000 ft.++ 
Large Multidrop Networks. 
Isolated Units. Smart Units 

Remote Relay "Extension Cords" 

Call the RS485 Wizards at 
(513) 874-4796 

RES R.E.Smith 
www.rs485.com 

ZENITH KEYBOARD terminal. 63 
keys, DECVT-52 compatible.TTL 110, RS-232 
serial an d Centronics parallel ports, compos­
ite video output, bui lt -in modem, unused in 
original box with manual and schematics. 
$35 . 619-449-9040, or order online at 
www.CBMart.com. 

SURPLUS & REFURBISHED ELEC­
TRONIC EQUIPMENT including repair 
and experimenter parts and accessories. 
Many hard to find and one of a kind items: 
audio, video, communications, computer, 
security, telephone, and test equipment. 
Service manuals, cables, cabinets, capacitors, 
connectors, displays, ICs, LEDs, motors, 
potentiometers, re lays, resistors, switches, 
transformers, transistors, vacuum tubes , and 
much more. SMC ELECTRONICS 
w w w.smcelectronics . com 

1 AXIS SOLAR TRACKER PCB assembly 
$73. Add your I 2VDC source & drive sys­
tem to track the sun. Info: 
http://members.shaw.ca/theanalogguy 

Ml!iCELLAl\IEOU!i 
ELECTRDl\llC!i 

WAl\ITED 
WANTED : BALANCING machines & 
vibration analyzing equipment manufactured 
by the following: Spectral Dynamics, 
Hofmann, Bentley Nevada, Schenck, IRD 
Mechanalysis, Gishott. Contact Mike Park at 
E.T. Balancing, 12823 Athens Way, Los 
Angeles, CA 90061. 310-538-9738, FAX: 310-
538-8273. 

WANTED: TUBES, radios , transmitters, 
receivers, gyros, bearings, connectors, relays, 
lamps, synchros. Hyness Company, 709B 
Delair Road, Monroe Twp., NJ 08831 . Phone: 
609-395-1 I 16, FAX 609-395-1 I 17. 

DEC EQUIPMENT WANTED!!! We 
are buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific Micro 
Systems (SMS) , CMD, Datability, Dilog, DSD, 
EMULEX, other DEC compatibles. Please 
contact us for a quote or fax/email your 
equipment list.We buy, sell, and trade. KEY­
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com 

WANTED: EXCESS ELECTRONIC 
COM P O N ENTS, BOARD-LEVEL 
COMPONENTS; MILITARY COM­
PONENTS; ICs, MEMORY, TRAN­
SISTORS, DIODES, CAPS, RELAYS, 
ETC. CALL LPS 561-439-14$3 
FAX 561-439-04$3. 

WANTED: TUBES & sockets. All kinds 
and quantities. A/B carbon resistors . Sprague 
black beauties/vit Q caps. Western Electric 
audio equipment & tubes. Contact Charlie 
760-955-8279, fax 760-245-4760. 
cdlske60@earthlink.net 

Dl\ILll\IE 
!iERVICE!i 

EDUCATIDl\I 

ISA DIGITAL/ANALOG BOARD. 
Great for experimenters , des igners, and stu­
dents. 27 digital 110 li nes. Eight 8-bit AD 
inputs, one with mike preamp. Two 8-bi t DA 
outputs, one wi th audio power amp. Buffered 
data , address and contro l lines, plus 3 spare 
selects for expansion. Bare board only $20, 
kits and assem bled ava ilable. More informa­
tion, a FREE tutorial and source code at 
www.learn-c.com. 



MAGICIAN IS available to solve your RF 
problem. I will teach you in my laborato ry 
how to do it. Young engineers and techni­
cians are welcome. SMT prototyping up to 
3GHz for customers. Minaret Radio, John 
Horvath ph : 909-943-3676. Ask for my 
resume. 

HOT INTERNET TIPS. Over 30 mind 
boggling internet ideas that will dazzle your 
senses! 1-900-740-1616 Ext. 5626 $2.99 per 
min. Must be 18 yrs . Serv-U 619-645-8434. 

BU!ill\I E!i!i 
OPPORTUl\llTIE!i 

AFFILIATES WANTED: If you have a 
website you can earn a I 0% commission for 
every person that you refer to our site. 
See complete details at 
www.spousewatcher.com 

Classified Ad Instructions 

TYPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not 
all caps) on a separate piece of paper. Spell out words when submitting 
handwritten copy. Calculate t he number of words and multiply it by the 
appropriate rate (see RATE PER WORD section). Include any charges for 
bold and/ or CAPPED words. any artwork costs that would be applicable. 
Choose the appropriate classification for your ad(s) to appear in (see below). 
If no classification is indicated, it will be placed in Misc. Electronics or wher­
ever we deem most suitable. Enclose your name, address, phone number, 
and Nuts & Volts account number from your mailing label (if available) 
for identification purposes. Include full payment - CLASSIFIEDS RUN ON 
A PRE-PAID BASIS ONLY - and mail your completed order to: 

NUTS & VOLTS MAGAZINE, 430 Princeland Ct. , Corona. CA 92879 

RATE PER WORD 
The ad rate for current PAID subscribers is SOC per word . All others pay 
$1.20 per word. There is a $9.00 minimum charge per ad per insertion. 

BOLD WORDS AND/OR CAPS 
Words to be set in bold or CAPS are each 1 0¢ extra PER WORD. BOLD 
CAPS are 20¢ extra per word. The first two words of each ad are bold 
capped at no charge. Indicate bold words by underlining. Words normally 
written in caps (e.g., IBM) and accepted abbreviations such as VAC or MHz 
ar e NOT charged as all cap words. Use a two-letter abbreviation for stat es. 

PHOTOS, DRAWINGS 
A photo or drawing may be run at t he top of your classified ad for an addi­
tional $10.00 (1 " depth max.) for camera-ready art. No wording is allowed 
in this area. 

EMAILING/FAXING AD COPY 
You may email or fax in ad copy or changes before the closing date (5:00pm 
on the 1st) using MasterCard or Visa. Include credit card expiration date, 
the name that appears on the card, a daytime phone number, and your Nuts 
& Volts account number. Email ad(s) to classad@nutsvolts.com or fax to 
909-371-3052. Ads without credit card information will not be listed as 
received until payment is received in full. WE DO NOT CALL, EMAIL, OR 
FAX BACK VERIFICATION OR QUOTES OF EMAILED AND FAXED-IN 
ADS. For verification of emailed or faxed-in ads, please call 909-371-8497. 

DEADLINE 
Prepaid ads received by 5:00pm on the closing date (1st of the month) 
will appear in the following month's issue. Ads postmarked through the 1st, 
but received after the closing dat e, will be placed in t he next available issue. 
No cancellations or changes after the 1st. Cancellations and changes must 
be submitted in writing. 

IMPORTANT INFORMATION 
All classified ads are running copy only. No special positioning, centering, dot 
leaders, extra space, etc. is allowed. All advertising in Nuts & Volts is limit­
ed to electronically related items ONLY. All ads are subject to approval 
by the publisher. We reserve the right to reject or edit any ad submitted. 
We do not take ad copy or changes over the phone. We do not bill for clas­
sified ads. Repeat ads or ads run in multiple classifications within the same 
issue are allowed. Paid subscribers may run ads at the 60¢ rate only 
through their subscription expiration date. NO REFUNDS. Credit only. No 
credit for typesetting errors will be issued unless you clearly print or type 
your ad copy. 

Choose a category for your ad from these classifications. 

REPAIR!i­
!iERVICE!i 

(E)EPROM PROGRAMMING done 
quickly and economically. One day turn 
around typical. Simple copy $3 per device. 
Also prototyping, design, and consulting ser­
vices available. Call or send SASE to: Lu:zer 
Electronics, 4013 North 
Bayberry, Wichita, KS 67116. 
316-687-1117, FAX 3 16-687-
3103 . 

HI-TECH HARDWARE, CONSULT­
ING, PLANS: Unique, original , made-to­
order, special needs, controversial SPE­
CIAL PROJECTS, TECHNICAL 
COACHING, WEBSITE DESIGNS. 
Elect ronics, com puters, internet, energy 
meters, phones, radionics, security, physical 
survival, electronic harassment. Design, cre­
ate , modify, repair, consult! LONE STAR 
CONSULTING, INC. Catalog online: 
www.lonestartek.net, 915-474-0334. 

WELD ALUMINUM WITH 
PROPANE! EZ, INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., TAY­
LORS, SC 29687. l-800-547-WELD(9353) 
FAX 864-244-6349. http://www.durafix.com 

ENGINEERING TECHNICIAN 
AND SERVICES: SMT 0402/fine pitch 
prototype, debug, testing DC - 3GHz. Protel 
99SE schematic capture and PCB layout. 
Short projects to long-term R&D support. 
San Diego area. On-line portfolio: 
http://members.cox.net/sd_tech/. Email: 
sd_tech @cox.net 

Subscribe to Nuts & Volts 
I 800 783-4624 

www.nutsvolts.com 

"Encyclopedia of 
Electronic Circuits" 

Vol 7 
by Rudy Graff 

C>NLV 
$39.95 

Designed for quick reference 
and on-the-job use, the 
Encyclopedia of Electronic 
Circuits, Volume 7, puts over 
1000 state-of-the-art electronic 
and integrated circuit designs at 
your fingertips . Organized alpha­
betically by ci rcuit type, this col­
lection includes designs from 
industry giants such as Advanced 
Micro Devices, Motorola , Tele­
dyne, General Electric, and even 
right here in Nuts & Volts. 

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

10% off the list price!! 
(See ad on page 88 for ordering details 

and other titles currently available.) 

Secrets of RF Circuit Design 
by Joseph J. Carr 

Following up on the best-selling previ-
ous editions, this revised and updat­

ed guide gives you the best ways to 
design, build, and test today's rad io fre­
quency ci rcuits. It's fi lled with functional 
projects and experiments that make it 
easy to apply RF principles to real-life 
applications. Joe Carr provides parts 
lists and component sources for every 
project, in chapters that cover how 
to: Design and build rad io receiver 
circu its, RF bridges, amplifiers, receiv­
er preselectors, simplified spectrum 
analyzers, and time domain reflec­
tometers; Select, use, maintain, and 
repair variable capacitors; Design 
and wind inductor coi ls for radio 
circuits; Construct and ground sim­

ple wire antennas. 

This book takes you inside wireless technology with step-by-step, illustrated 
directions for dozens of usable projects. 
PERFECT FOR TECHNICANS, RADIO HOBBYISTS, AND ANYONE WHO WANTS TO 

PUT RF THEORY INTO PRACTICE 
* ideal for learning radio frequency circuitry 
*Detailed coverage of simple RF instruments, as well as UHF and microwave 

components 
*Complete troubleshooting guidance, too! Update of the favorite RF circu it 

guide of thousands of electronics enthusiasts! 

Order today from the Nuts & Volts Bookstore 
Call 1-800 783-4624 or order online at 

www.nutsvolts.com 
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September Is 
Back-To-School Time 

By Gordon West 

... You get to write next year's Technician test 

F
ederal Communications Commission (FCC) Rule 97.503(b) 
indicates that a written examination for an entry-level ham 

license and an upgrade must be constructed as to prove that 
the examinee possesses the operational and technical qualifi-

cations required to properly perform the duties of an amateur service 
licensee. FCC Rule 97 .507 (b) states that each question set administered 
to an examinee must utilize questions from the applicable question 
pool. FCC Rule 97.523 indicates that it is the responsibility of all of the 
Volunteer Examiner Coordinators to cooperate in maintaining the ques­
tion pools, and this responsibility is carried out in the VEC's Question 
Pool Committee (QPC). 

The QPC is presently soliciting Technician class Element 2 ques­
tions and answers from the general public and ham radio operators for 
the new Technician class entry-level test that goes into effect July 1, 
2003. 

The process of rewriting an entire examination is enormous. It is 
carried out by the following QPC members: 

Scotty Neustadter W4WW, Chairman 
Bart Jahnke W9JJ 

• Fred Maia W5YI 
• John Johnston W3BE 

The submission of new-ham, entry-level, Technician class, Element 
2 questions for consideration by the QPC must be accomplished imme­
diately! Licensed ham operators who wish to submit questions or sug­
gestions to the QPC may do so at qpc@arrl.org. This will send their 
proposed questions and/ or suggestions to all of the committee, and the 

QPC indicates they have received some initial inputs on the proposed 
question pool syllabus, and are hopeful they will get more input to the 
actual question writing. 

The proposed draft syllabus for the new Element 2 amateur radio 
examination was released for public comment a few months ago with a 
closing date of May 9, 2002. The closing date for question input to the 
QPC is August 31 , 2002. This leaves us with not much time to get busy 
creating new, fresh, entry-level , Technician class questions that will fit 
into the following subelement sections: 

Subelement Tl FCC Rules, five questions on the examination 
Subelement T2 Methods of Communication, two questions on 

the examination 
Subelement T3 Radio Phenomena, two questions on the 

examination 
Subelement T4 Station Licensee Duties, three questions on the 

examination 
Subelement TS Control Operator Duties , three questions on the 

examination 
Subelement TG Good Operating Practices, three questions on 

the examination 
Subelement T7 Basic Communications Electronics, three 

questions on the examination 
Subelement TB Good Engineering Practice, six questions on the 

examination 
Subelement T9 Special Operations, two questions on the 

examination 
Subelement TO Electrical, Antenna Structure and RF Safety 

Practices, six questions on the examination 

For every one possible test question on the exam, the pool may con­
tain up to 10 possible questions to study. With 35 test questions, the 
pool must contain at least 350 test questions. You may see the draft syl­
labus in detail with additional explanations of each group by logging 
onto the ARRL web page at www.arrl.org. 
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Double-check the date that questions are due and make sure you 
are within the time frame for your question and four possible answers to 
be considered. FCC Rule 97 .507(b) indicates that General and 
Technician class operators may prepare question sets for Element 2 
exams. Grandfathered Advanced class operators and Extra class oper­
ators may also submit test questions. 

If you're not a licensed amateur operator, I encourage you to take 
part in this Technician class examination rewrite by logging onto the 
ARRL web page, downloading the new Element 2 syllabus, and emailing 
the Question Pool Committee at qpc@arrl.org. Your suggestions to the 
committee will certainly be appreciated since they are coming from 
someone with a technical background who has not yet passed their 
entry-level Technician class ham test. So even though you are not a 
licensed amateur operator, your suggestions to the overall question pool 
for obtaining a brand new ham license will certainly be reviewed . 

Suggested questions should specifically spell out exactly where in 
the syllabus the question is intended . The question is emailed to the 
QPC in your own words, as clear and as short as possible. You would 
then supply four multiple-choice answers which places a heavy burden 
on the author. It requires writing one absolutely correct answer, and 
three absolutely wrong , but very plausible, answers. 

Further, each question and answer set must also indicate where the 
QPC may look up a reference to this question for authentication . This is 
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a job in itself; and unless the question you submit is 
really off the wall, I wouldn't worry about pouring over a 
textbook to find an exact match. Just get the question 
and four possible answers into the QPC within the time 
frame. 

If you wish to view the present Element 2 entry-level 
Tech test, you can see it at www.hamtest.com, or 
www.arrl .org/arrlvec/ pools.html. 

John Johnston of the QPC comments, " ... The 
questions should be such as to encourage learning of 
the material. Making the questions harder than required 
not only discourages possible candidates , it encourages 
rote memorization of the correct answers. An increasing 
number of successful examinees appear to openly 
admit they learned nothing from the qualifying exami­
nation experience. This development could be the 
underlying reason why there is so much concern about 
the exam being dumbed down." Johnston was formerly 
with the FCC and helped construct the brand new 
Element 2 entry-level examination syllabus with Fred 
Maia W5YI. 

"The questioners, apparently, do not accept the 
notion that memorizing the answers to a series of ques­
tions is a valid way to learn how to operate an amateur 
station properly," adds Johnston, who wants to encour­
age all licensed ham operators to beat the deadline and 
propose new entry-level Element 2 Technician class 
questions that will replace old Element 2 Tech ques­
tions due to expire June 30, 2003. 

So the new July 1, 2003, entry-level Tech test 
depends on input from both licensed amateur opera­
tors, as well as suggestions from those of you with a 
technical background who have yet to take your entry­
level exam. The QPC members are a divergent group of 
individuals with backgrounds ranging from rocket sci­
entists to retired FCC G-men. The committee, in my 
opinion, has become so rigid in the past to work with 
new ideas that all of the present question pools have 
become stagnant. For the past several years, each ques­
tion pool receives a topical review and small change 
here and there, but no pool in the past - under the con­
trol of the QPC - has ever undergone a complete 
rewrite that is now before us for our comments, sugges­
tions, and new-question input. The Question Pool 
Committee must spend hundreds of collective hours 

pouring over the old and newly suggested questions, all this without pay 
and in between their normal work week. While any and all questions are 
appreciated, the QPC asks each question submitter to review the style 
of how old questions and answers have been incorporated in the old 
pool , and follow this style for new questions and answers. The more pro­
fessional your question input, the greater chance of that question 
appearing on next year's entry-level examination . 

If ever you wanted to make a difference on the ham radio entry-level 



••• 

How to Submit Suggested Element 2 Questions. 
(1) All proposed questions must be no longer than 210 characters including 

spaces and punctuation. {Three lines of 70 characters each.) This requirement 
exists to facilitate implementation of computer testing and use of software-generat­
ed examinations by VE teams. Try to be concise as much as possible. 

( 2 ) Each question must be accompanied by four possible multiple-choice 
answers only one of which is correct. Be certa in that the three incorrect answers are 
definitely wrong and cannot be construed as correct. Each multip le choice answer 
is limited to 140 characters. (Two lines of 70 characters.) 

(3) Include any schematic diagrams or symbols that are necessary to answer 
the question. It is desirable to have more than one question relating to a single dia­
gram. A text-on ly version of the question also would be helpfu l for use in examina­
tions for the sight impaired. 

(4 ) The question comprehension level should be on the Middle or Junior High 
School reading and math skills level. Remember that many youngsters are adminis­
tered the beginning Technician Class examination. 

(5) It is very helpful to include a reference from a published source confirming 
the correct answer. Questions on FCC Rules should reference the appropriate regu­
lation. 

(6) All suggested questions should be on the topics included in the syllabus 
(outline) listed here. Indicate the "Subelement" and ''Topic" number at the top of the 
question. For example, a question on Ohms Law would list "Subelement: T7 , Topic: 
T7 A" above the question. 

(7) Here is an example of a properly submitted question: 
Subelement: T7 , Topic: T7 A 
Correct Answer: D 
Reference: Part 97.3(b)(6) 

What is the term for the average power supplied to an antenna transmission line 
during one RF cycle at the crest of the modulation envelope? 

There will be approximately 350 to 400 questions in the new Element 2 
pool. It will be released to the public on December 1, 2002 and the new 
Element 2 questions must be used in all Technician Class examinations 
administered on or after July 1, 2003. 

examination beginning next July 1, 2003, now is the time. You have 

only a few days to meet the deadline for submitting your new Element 
2 Technician class questions and answers to the Question Pool 
Committee. If every ham submitted just one or two questions for the 
entire pool, the QPC would have more than enough material to work 
with. 

Let's hear from you all , ham and non-ham alike! NV 

llEW EXTRA CLASS 
STUDY MATERIALS 

Gordon West WB6NOA announces the release of 
his new Extra class Element 4 FCC license prepa­

ration book and six long-play audio cassettes. Both the 
book and tapes cover the new Extra class test ques­
tions effective July 1, 2002, through June 30, 2006. 

"My book and tapes will instantly explain that the 
new longer Extra class question pool is absolutely no 
harder to learn than the original question pool," com­
ments West, well known for his humorous style of ama­
teur radio and commercial radio training books and 
audio cassettes. 

"The all new Extra class test is actually easier to 
prepare for because some of the complicated old ques­

tions were eliminated, and all new questions are actually reworked Advanced 
class and old Extra class questions," adds West, who has identified the most new 
questions on the Extra class test as the simple new rules and regulation topics. 

The West six-tape audio course parallels the book and adds all of the radio 
sounds behind many topic areas within the question pool. You will hear the 
sounds of PSK-31 , get a laugh out of some repeater calls, and you won't believe 
your ears when you hear the incredible sounds of phantom voices bouncing off 
an aurora. 

The book and tapes cover all 801 questions, answers, and an upbeat descrip­
tion of the correct answer. West also revea ls some of his classroom secrets on 
how to spot many of the technical correct answers before you begin to work out 
the problems on your calculator. All calculator keystrokes are clearly explained for 
those hams who may be a little rusty with trigonometry! 

"I make the learning process fun - passing the Extra class test is simply a 
formal pre-requisite to the real learning that takes place after our students get 
onto their new privileges on the airwaves," adds West, best known for his training 
of eight out of 10 newly licensed hams and upgrade students with his nationwide 
classes, books, and audio tapes over the past 35 years. 

All Gordon West training materials are published by .Master Publishing, 
Inc., and all of his materials are available at ham radio dealers throughout the 
country and mail order from the W5YI Group by calling 1-800-669-9594. Gordon 
West Technician and General class books for beginners are available at all 
RadioShack stores throughout the country. 

West regu larly travels throughout the country attending hamfests and offer­
ing training classes, and his on-the-air activities exemplify his active participation 
in the amateur radio service. 

A. Peak transmitter power 
B. Peak output power 
C. Average radio-frequency power 
D. Peak envelope power 

(8) If you are offering a suggested revision to an existing question, indicate the 
number of the question your are revising. The current Element 2 question pool may 
be found at: www.arrrl.org / arrlvec/ pools.html. 

(9 ) Suggestions for new multip le cho ice questions should be directed to each of 
the following four QPC members: 

Scotty Neustadter W4WW - w4ww@arrl.net 
Bart Jahnke W9JJ - vec@arrl.org 
Fred Maia W5YI - w5yi@w5yi.org 
John Johnston W3BE - Johnston.John 1@worldnet.att.net 

The ten topics and questions currently in effect are: 
( 1) FCC rules, nine questions; (2) Operating procedures, six questions; 

(3) Radio propagation, three questions; (4) A m ateur rad io practices, four questions; 
(5) Electrical principles, three questions; (6) Circuit components , two questions; 
(7) Practica l ci rcuits , two questions; (8) Signals and emissions, two questions; 
(9) Antennas and feed lines, two questions; and (10) Radio frequency safety, three 
questions. (Total: 35 questions) 

The ten topics in new Element 2 syllabus are: 
(1) FCC rules, five questions; (2) Methods of communication , two questions; 

(3) Radio phenomena, two questions; (4) Station licensee duties, three questions; 
(5) Control operator duties, three questions; (6) Good operating practices, three 
questions; (7) Basic communications electronics, three questions; (8) Good 
engineering practice, six questions; (9) Special operations , two exam questions, 
and ( 10) Electrical , antenna structure , and RF safety, six questions. (Total: 35 
questions.) 

Two Step Tuning 
Step One: Pick up microphone. 
Step Two: Transmit. 

(Please note: HF Tuning doesn't get much easier than this.) 

SGC Smartuner TM 
HF Automatic ~ntenna Couplers 

"For me and my radio dollar, there isn't a better coupler made!" 
jack Hucbschcn N9XRO 

Power Input: From 1.SW - Up to SOOW* 
HF Frequency Range: From 1MHz - Up to 60MHz* 

Up to 4 ,000,000 element combinations* 
Five Sensor Devices *Specs differ per model 

"Undoubtedly the best piece of hamgear I have ever owned." 
Ronnie Kane K9Ml'fl 

Marine, Commercial, Amateur Radio, 
Aviation, Special Applications 

Starting at $249 

www.sgcworld.com 
Toll Free (800) 259-7331 • Tel (425) 746·63 10 • fax (425) 746-6384 • Email: sgc@sgcworld.com 

Mailing: PO Box 3526, Bellevue, WA 98009 • Shipping: 13737 SE 26th St. Bellevue, WA 98005 USA 
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Port I: Baseband Communications by Louis E. Frenzel 

Open Communication 
HOW TO PUT I 0 POUNDS INTO A FIVE-POUND BAG Or Squeezing Higher Data Rates Into Narrower Bandwidths 

T
oday, most communi­
cations and all network­
ing are done digitally. 
The main exceptions 

are conventional telephones , 
AM/ FM/ TV broadcasting , and 
most two-way radio. But plans are 
already under way to make these 
digital before long. Most new cell 
phones use digital technology for 
voice. High definition (digital) TV 
is here now. Satellite TV is digital 
as are the new satellite car radios. 
And we will soon be getting Voice 
over IP (Internet Protocol) phones 
that transmit voice in digital pack­
ets via the Internet. 

The essence of all this digital 
transmission technology is that 
information (voice, video , etc.) is 
translated into digital form and 
sent serially over some communi­
cations medium. The medium 
can be a twisted-pair cable, a 
coax cable, a fiber optic cable, or 
free space radio waves. Whatever. 

The key specification of any 
data transmission system is 
speed, that is , how fast the bits 
can be streamed out over the 
transmission medium. And it is 
the bandwidth of the medium that 
really limits how fast the data can 
be transmitted. Bandwidth refers 
to the range of frequencies that 
the medium covers. 

This article and the one to fol­
low, explain how maximum speed 
is obtained with minimum band­
width. And you really need to 
know this! The concept of how 
bandwidth and data rate are relat­
ed is fundamental to the under­
standing of all modern communi­
cations systems and products. 
And knowing this explains so 

Figure 2. Alternating binary 
Is and Os produce a square­
wave with bit time t and cycle 
period T. 
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one bit time 

much about what is going on in 
all communications devices and 
services whether it is cell phones , 
home networks enterprise net­
works , wireless radio, or the 
Internet. The really good news is 
that if you know this, all the future 
columns here and articles on 
communications in this magazine 
will be easier to understand and 
enjoy. 

In this first part, "Baseband 
Communications ," I explain 
about digital data , data rate, 
bandwidth , and how data is trans­
mitted directly over a cable. In the 
second part (which will appear in 
the October issue) , "Broadband 
Communications," I cover modu­
lation techniques that not only 
speed up data on cables, but also 
make high-speed wireless data 
transmission possible. 

Digital Data 

Data communications take 
place by sending the binary 1 s 
and Os serially (one bit at a time) 
over some transmission medium 
like a cable or by radio. Figure 1 
shows how the eight-bit word 
10101100 is sent electronically 
with two voltage levels. The key 
characteristic of this serial bit-by­
bit scheme is the data rate or 
speed of transmission. Data rate 
is expressed in terms of bits per 
second (bps) , kilobits per second 
(Kbps), megabits per second 
(Mbps) , or gigabits per second 
(Gbps) . This speed or data rate is 
directly related to the time of 
occurrence of one bit (t) . 

Data rate = 1 / t 

one cycle 

T 

L 
T = 2t 
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--------- 8-bit word 

0 0 

MSB 

Time 

I 
I 
I 
I Binary 1 

- - - - - - 1- · voltage 

0 0 

LSB 
Binary 0 
voltage 

Figure I. A binary serial data signal. Each bit is transmitted one at a time. 
This one shows the most significant bit (MSB) being transmitted first, but in 
some schemes, the least significant bit (LSB) is sent first. 

If the bit time is 1 micro­
second ( 1 x 10·6 ) , then the data 
rate is 

Data rate = 1/ 1 x 10·6 

1,000,000 bps or 1 Mbps 

If you happen to know the 
data rate and want to know the bit 
time, you just rearrange the for­
mula : 

t = 1/ data rate 
A data rate of 9600 bps has a 

bit time of 
t = 1/ 9600 = .000104 second 

or 104 microseconds (µS) 

A good way to analyze a seri­
al data stream like this is to 
assume alternating binary Os and 
1 s so the signal looks like that in 
Figure 2. You can see that adja­
cent bits form one cycle (one pos­
itive pulse and one zero period) of 
a squarewave. The total time for 
this cycle (T) is called the period 
of the wave and is equal to two bit 
times or T = 2t. If we have a signal 
with a data rate of 50Kbps, the bit 
time is 20 microseconds. The 
period T then is 40 microseconds. 
Remembering the relationship 
between period and frequency - f 
= 1 / T - you can quickly figure 
out that we are dealing with a 
squarewave with a frequency of 

f = 1/ (40 x J0-6) = 25,000 Hz 
or 25 kHz 

Now, the big question is how 
much bandwidth does it take to 
transmit this signal with minimum 
distortion and attenuation (loss)? 

Duh ... what is bandwidth? 

Bandwidth 

Bandwidth is the frequency 
range passed by a given circuit or 
medium . Or it refe rs to the 
amount of frequency spectrum 
occupied by a specific signal, like 
the squarewave we just discussed . 
It is equal to the difference 
between the upper and lower cut­
off frequencies of the circuit. BW 
= (f2 - fl). See Figure 3. The lower 
(fl) and upper (f2) cut-off fre­
quencies are those frequencies 
where the output voltage drops to 
70. 7% of its value over the pass 
band. Also known as the half­
power or 3 dB sown points, these 
frequencies define the upper and 
low limits of the circuit bandwidth. 

For instance, bandwidth is the 
same as the frequency response 
of a circuit. A stereo amplifier 
may have a frequency range from 
30 Hz to 22000 Hz. The band­
width is 22000 - 30 = 21970 Hz. 
Or, we can just round this off to 
22000 Hz or 22 kHz. The amplifi­
er passes audio signals with fre­
quencies in this range. 

Or consider the bandwidth of 
the ordinary telephone line which 
is from about 300 to 3000 Hz. 
That is a bandwidth of 3000 - 300 
= 2700 Hz. The frequency of voice 
fits in this range. 

A low pass filter, or one that 
passes all frequencies up to an 
upper cut-off value including DC 
or 0 Hz, has a bandwidth equal to 
the upper cut-off frequency. An 
example is a voice filter that cuts 
off all frequencies over 4 kHz. Its 



bandwidth is 4000 - 0 = 4000 Hz 
or 4 kHz. 

In radio or wireless, the band­
width refers to the amount of elec­
tromagnetic spectrum assigned 
to a specific service. AM radio 
stations get 10 kHz, FM stations 
get 200 kHz, and TV stations get 
6 MHz of bandwidth. Cell phones 
get 30 kHz, 270 kHz, or 1.25 MHz 
depending upon the type of sys­
tem used. 

Oh No ••• Not FourierU 

Okay. You now know about 
the speed of serial binary signals 
and bandwidth. Now let's put 
them together to see how they are 
related. 

If you ever had any formal 
education in electronics, you have 
probably heard about the Fourier 
theory. Back in the 1700s, this 
French guy Fourier figured out 
that any non-sinusoidal wave can 
be described as being made up of 
a sinewave (called the fundamen­
tal) with a frequency equal to that 
of the frequency of the non-sinu­
soidal wave to which has been 
added one or more harmonic 
waves. 

A harmonic is a sinewave that 
is some integer multiple of funda­
mental. For example, the second 
harmonic of a 1 kHz fundamental 
sinewave is a 2 kHz sinewave, the 
fifth harmonic is a sinewave with 
a frequency of 5 kHz, and so on . 
Fourier provided us with some 
higher level math that lets us fig­
ure out just what the frequency 
content is for any given non-sinu­
soidal wave. 

The squarewave or alternat­
ing 1 s and Os we talked about ear­
lier (Figure 2) is a classical 
Fourier case. It is made up of a 
fundamental sinewave to which 
has been added an infinite num­
ber of odd harmonics (3, 5, 7, 
etc.) . Think of it as a signal gen­
erated by multiple signal genera­
tors all connected in series so that 
all the different sinewaves add 
together algebraically in phase. 
The composite output wave is the 
squarewave. 

The higher frequency har­
monics are responsible for the 
fast rise and fall times of the 
squarewave. But as it turns out, 
the higher harmonics have such 
low amplitude that we usually 
ignore them since they have such 
a small influence on the actual 
shape of the composite signal. 
Yet, when you see a squarewave, 
you should automatically think 
Fourier. That is, don't just see a 

Open Communication 
squarewave, instead , imagine that 
what you have is a bunch of har­
monically related sinewaves trav­
eling together. The best way to 
visualize this is in the frequency 
domain as Figure 4 illustrates. 
(See the sidebar on Time vs. 
Frequency Domains.) 

Now, here is the point. If you 
want to transmit or amplify this 
squarewave, the transmission 
medium or amplifier must pass 
not only the fundamental 
sinewave, but most of the har­
monics. Good squarewave trans­
mission or amplification results if 
at least the 7th to 9th harmonics 
are passed. 

Going back to the 50 kbps 
signal described earlier, remem­
ber that its frequency is 25 kHz. 
Let's assume that we get a good 
squarewave if we transmit up to 
the 7th harmonic or 7 x 25 kHz = 

175 kHz. What this means is that 
the bandwidth of your transmis­
sion medium or amplifier must be 
at least 175 kHz. This is a pretty 
wide bandwidth. Bummer ... 

If you limit the bandwidth by 
cutting off the higher harmonics, 
what happens is that the signal 
becomes rounded off. The rise 
and fall times of the squarewave 
increase and the abrupt changes 
of voltage levels are smoothed 
over resulting in a signal that 
looks more analog than digital. 
Figure 5 shows what happens as 
the upper cut cut-off frequency is 
lowered and bandwidth is nar­
rowed. If you reduce the band­
width to a frequency equal to the 
signal frequency, you effectively 
eliminate all harmonics from the 
output resulting in a sinewave of 
that frequency, in our case here 
25 kHz. 

In communications electron­
ics, the major goal is more band­
width. But so often, the case is we 
have no control over the band­
width. We take what the cables 
give us or the spectrum assigned 
to us by the FCC. 

You should realize that nearly 
all transmission media such as 
cables and most electronic cir­
cuits essentially act as low pass 
filters . All have some upper cut­
off frequency because of the cir­
cuit or media characteristics. If 
that cut-off frequency is too low 
compared to the frequency con­
tent of the signal you are trans­
mitting or amplifying , you elimi­
nate or at least greatly attenuate 
the higher order harmonics and 
therefore distort the signal. 

A quick, simple measure of 
the upper cut-off frequency and 

Bandwidth 

r ---------------~-------s_w _____ ( ___________ _ max. output 

70.7% down 

fl 

Frequency --------1~ 

f1 = lower cut-off f2 = upper cut-off BW = f2-f1 

Figure 3. Bandwidth is the range of frequencies covered by a circuit or 
transmission medium and is the difference between the upper and lower 
cut-off frequencies. 

bandwidth of a circuit or medium 
is to put a squarewave with a very 
fast rise time through it. 
Remember that the rise time (t,) 
of a rectangular wave is the time 
it takes the signal to rise from its 
10% amplitude point to its 90% 
amplitude point as Figure 6 
shows. Then, measure the rise 
time of the squarewave at the out­
put of the circuit or medium with 
an oscilloscope. Plug the output 
rise time value into the formula 
below to get the real bandwidth. 

BW = .36/ t, 

If the measured rise time is 80 
nanoseconds, the bandwidth of 
the medium or circuit is: 

BW = .36/(80 x 10·9 ) = 4.5 MHz 

To summarize the basic prin­
ciple here, we can say that the 
wider the bandwidth , the higher 
the data speed can be before the 
filtering action of the medium or 
circuit rounds off the signal into a 
sinewave and begins attenuating 
the daylights out of it. 

Narrower bandwidths can 

Fundamental 

/ 

only accommodate lower frequen­
cies and slower data rates. Limit 
the bandwidth and you limit the 
speed. This is important to know 
because invariably it seems like 
virtually anything you do in elec­
tronics tends to limit or reduce 
bandwidth. 

On the other hand, electron­
ics is an on-going quest for higher 
speeds. Every engineering design 
battle being fought today has to 
reconcile this speed-bandwidth 
trade-off. 

What Shannon 
Discovered 

Earlier, we said that if the 
bandwidth was equal to 25 kHz, 
we could transmit a 50 kbps sig­
nal through it although the output 
will be a sinewave rather than a 
squarewave. Nevertheless , we 
could rejuvenate this signal by 
squaring it up in comparator or 
Schmitt trigger. This relationship 
holds up for any bandwidth and 
speed so we can express it math­
ematically as 

C =2B 

Figure 4. A frequency domain 
display showing the content of a 
squarewave. Each heavy vertical 
line represents the amplitude of 
a sinewave component as 
defined by Fourier theorem. 

3rd harmonic 
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(A) 

input 

outp ut 

Figure 5. A squarew ave o r dat a signal is disto r ted by the circu it o r 
medium and shows up as a rounding o f the signal at t he output. 

C is the channel capacity or 
data rate in bps. B is just the 
bandwidth in Hz of the communi­
cations channel. If the bandwidth 
is 25 kHz, the data rate is 

C = 2(25 kHz) = 50 kbps 

You can rearrange this to find 
bandwidth from data rate or: 

B = C/ 2 

To transmit a 10 Mbps signal , 
you must have a bandwidth of at 
least: 

B = 10 Mbps/ 2 = 5 MHz 

This simple relationship pret­
ty much defines the outer limits of 
data speed. In reality, the data 
rate is not only affected by the 
bandwidth, but also the noise in 
the system. Remember that noise 
is any random interference that 
occurs in a circuit or along a 
cable used for transmission. The 
greater the noise, the lower the 
speed for a given bandwidth. The 
relationship above just assumes 
no noise which is never the real 
case. 

This basic relationship 
between speed, bandwidth , and 

• 

noise has been known for about 
54 years since Claude Shannon of 
Bell Labs (now Lucent 
Technologies) discovered it and 
published it in 1948. 
Mathematica lly, it says that: 

C = 3.32Blog(l + S/ N) 

C and B are as defined earlier, 
while S/ N is the power signal to 
noise ratio . The expression log 
means the common logarithm 
easily found on a calculator. For 
example, if the bandwidth is 25 
kHz as before, but the signal-to­
noise ratio is 1000/ 1 - which is 
sort of typical for a communica­
tion system - the maximum data 
rate would be: 

C = 3.32 (25,000)log (1001) = 

249,036 Hz or about 249 kbps 

Yikes! Adding in the effect of 
noise seems to give us even high­
er speeds in a given bandwidth. 
Unfortunately, Shannon's law 
gives us a maximum theoretical 
value that in reality cannot be 
achieved with a binary signal. As 
you will learn in the next article, it 
will take a multilevel signal to get 
that kind of data rate in a narrow 
bandwidth with noise. 

+5V.------ ------

4.5V. (90%) - - - - - - - - - - - -

I 
I 
I 
I 

I I 
0.5V. (10%) --1-------- _J __ 

I I 
I I 

OV. 

I I 
tf 

tr 

Rise time Fall time 

Time ------• 

Figure 6. The w ay t o figure the rise and fa ll t ime of a pulse. 
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TIME DOMAIN VS. FREQUENCY DOMAIN 

T here are two basic ways to look at a complex electronic signal. First, you can 
view the signal on an oscilloscope. What you see is the signa l voltage vary­

ing over (with respect to) time as in Figure 2. This is how we normally look at or 
see signa ls in our minds. But there is another way. 

Remembering that a complex, non-sinusoida l signa l is made up of a funda­
menta l sinewave plus many higher order harmonics, we can visualize the signa l 
as a composite of individual sinewaves at different frequencies. This is what we 
call a frequency domain display. The squarewave in Figure 2 is made up of a fun­
damental sinewave plus odd harmonics. A frequency domain display is shown in 
Figure 4. Note that the display shows the amplitude of each sinewave as a line at 
its specific frequency. In many fields of electronics, a frequency domain display 
actua lly gives a better pictu re of what the signal really represents. This is espe­
cially true in commun ications. 

To get a real frequency domain display, all you have to do is use a piece of 
test equipment called a spectrum analyzer. It looks like an oscilloscope in that it 
has a cathode ray tube (CRT) display. But what you see on the screen is fre­
quency on the horizontal axis instead of time. You will actually see something like 
that in Figure 4 if you apply a squarewave. 

Another way to get a frequency domain output is to use what is called the 
Fast Fourier Transform (FFT). This is a mathematical procedure carried out on 
a computer to give the frequency content of a signal. The complex signal is first 
digitized by a fast analog-to-digital converter. The binary output is then processed 
by a FFT algorithm program in a computer, usually a fast digital signa l proces­
sor (DSP) chip. The output is a plot of the signal frequency spectrum. DSP FFT 
is widely used in communications applications. 

Baseband Transmission 

So, let's apply what you now 
know. First of all , baseband trans­
mission is the process of applying 
the serial binary data signal 
directly to a cable so that it travels 
from transmitter to receiver. Much 
of network communications uses 
this method. The telephone sys­
tem uses baseband . Ethernet 
local area networks (LANs) and 
SONET (synchronous optical net­
work) fiber metro and wide area 
networks, and the Internet back­
bone use baseband . RS-232, 
USB, and IEEE] 394 computer 
interfaces are baseband. 

When you apply a high-speed 
digital signal to a cable, the cable 
has a major effect on the signal. 
The most commonly used cables 
are twisted-pair and coax. These 
cables are not just connecting 
wires as in AC power cords or 
speaker cables. Network cables 
are transmission lines. When the 

length of the cable is greater 
than about .1 A, (one-tenth 
wavelength ) of the signal to 
be transmitted , the cable 
becomes a transmission line 
and acts like a complex reac­
tive circuit rather than just 
wire with resistance. (Note: 
One wavelength (;\) is equal 
to 300 divided by the fre­
quency in MegaHertz or A = 

300/ fMHz) The equivalent cir­
cuit of a transmission line is 
shown in Figure 7. You may 
recognize it as a big low pass 
filter with series inductances 
and resistances and parallel 
or shunt capacitance. 

Just imagine what hap­
pens when you apply pulses 
to this. The shunt capaci-

tances charge through the series 
resistances and inductances. 
Because of that thing called time 
constant, it takes a finite amount 
of time for the cable capacitance 
to charge. If the speed of the puls­
es is too fast, the capacitance will 
not fully charge before the pulse 
shuts off and the next one comes 
along. Therefore, the output of 
the cable is a somewhat rounded 
version of the input. 

The cut-off frequency of a 
transmission line depends upon 
many factors such as the induc­
tance and capacitance per foot 
and the length. Type of insulation 
(dielectric) in the cable has a 
major impact. In any case, twist­
ed-pair telephone cable and cate­
gory 5 (CATS) Ethernet cable can 
handle low speeds nicely and 
high speeds over shorter lengths. 
Coax has a huge bandwidth and 
can handle signals up to almost 1 
GHz depending upon length, but 
the attenuation is enormous for 
higher frequencies and greater 
lengths. But because both types 
of lines are low pass filters , they 
do filter out the higher-level har­
monics in any digital signal 
applied to them . 

The cut-off frequency of the 
equivalent low pass filter varies 
with the length. The result is 
severe rounding of the signal. As 
long as cable lengths are kept 

reasonably short (less than about 
100 feet or so), the digital data 
shows up at the other end without 
too much attenuation , distortion 
and rounding. Now you can see 
why cable length and type are so 
important in any data transmis­
sion scheme. 

To transmit data over longer 
distances, the signal can be reju-



venated every 100 feet or so, and 
reshaped and then retransmitted. 
This is a real pain and very expen­
sive so we do everything we can 
to avoid this , but it is done. 

Another approach is to switch 
to fiber optic cable where the dig­
ital data turns a laser off and on 
and transmits the data as infrared 
light pulses. Or finally, you can 
modulate the data onto a carrier 
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Open Communication 

and transmit it on a cable or by 
radio (wireless). Transmitting 
data by modulating it on a carrier 
is known as broadband, and that 
is the subject of Part 2 of this 
article. NV 

R L 

T T T T 
Open Communication is a bi-monthly 
column. Part 2 will appear in the 
October 2002 issue. 

Figure 7. The equivale nt circuit of a t ransmission li ne is a low pass filter 
whose cut-off frequency is determined by the cable length and character­
istics and the signal freque ncy. 
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Questions & Answers 

QUESTIONS 
I need an RF generator for 

an AM radio and one for a two­
meter radio. A chip is okay. 

#8021 Steven Sabean 
El Centro, CA 

am still using my 
Commodore 64C. I have a 
Memory Expander (COM­
MODORE 1764), but no pro­
gram for using it. Can someone 

This is a READER TO REA DER 
Column. A ll questions AND 
answers wil l be provided by Nuts 
& Volts readers and are intended 
to promote the exchange of ideas 
and provide assistance for solving 
problems of a technical nature. All 
questions submitted are subject to 
editing and w ill be published on a 
space available basis if deemed 
suitable to the publ isher. All 
answers are submitted by readers 
and NO GUARANTEES WHAT­
SOEVER are made by the publish­
er. The implementation of any 
answer printed in this column may 
require varying degrees of techni­
cal experience and should only be 
attempted by qualified individuals. 
Always use common sense and 
good judgement! 

Send all material to Nuts & Volts 
Magazine, 4 30 Princeland Court, 
Corona, CA 92879, OR fax to 
(909) 371-3052, OR email to 
forum@nutsvolts.com 

ANSWER INFO 
• Include the question number 
that appears directly below the 
question you are responding to. 

• Payment of $25.00 will be sent 
if your answer is printed. Be sure 
to include your mailing address if 
responding by emai l or we can 
not send payment. 

• Your name, city, and state, will 
be printed in the magazine, unless 
you notify us otherwise. If you 
want your email address printed 
also, indicate to that effect. 

• The question number and a short 
summary of the original question 
will be printed above the answer. 
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tell me where to get a program or 
give me the listing for a basic pro­
gram? 
#8022 Robert W. Ritchey 

via Internet 

I need a high voltage power 
source, similar to what my high 
school chemistry teacher had, to 
conduct some electrical experi­
ments. He could adjust the volt­
age and current using knobs and 
had various connectors for differ­
ent implements. The voltage 

• Unanswered questions from a 
past issue may still be responded 
to. 

• Comments regarding answers 

printed in this co lumn may be 
printed in the Reader Feedback 
section if space allows. 

QUESTION INFO 
To be considered 
All questions should relate to one 
or more of t he following: 

I) Circuit Design 
2) Electronic Theory 
3) Problem Solving 
4) Other Similar Topics 

Information/Restrictions 

• No questions wil l be accepted 
that offer equipment for sale or 
equipment wanted to buy. 

• Selected questions wi ll be print­
ed one t ime on a space available 
basis. 

• Questions may be subject to 
editing. 

Helpful Hints 

• Be brief but include all pertinent 
information. If no one knows what 
you're asking, you won't get any 
response (and we probably won't 
print it either) . 

• Write legibly (or type). If we 
can't read it, we'll throw it away. 

• Include your Name, Address, 

Phone Number, and email. Only 
your name, city, and state w ill be 
published w it h t he question, but 
we may need to contact you. 

would like to Power for 
the circuit. build a buzzer cir­

cuit that would 
wake me up at night 
whenever someone 
enters our backyard 
through our side 
gate. 

Switch SI would be 
Timer TI that turns mounted on the gate 

to the backyard. the device on/off 
~ ____ r----'~ from JO pm to 6 am 

Wiring running 
from the gate 

Cl 

to my bedroom. '-------' 

I've provided a 
schematic of what I 
think it might look 
like and would be very thankful 
for any help. 

range was 10,000 to 250,000 
volts and ran on a 120 volt outlet. 
I cannot locate this in any lab sup­
ply books or in any electronics 
supply places. Please help me so 
1 may do some of the experiments 
in your magazine. 
#8023 David Laney 

daffet I 968@hotmail.com 

Does someone have a 
schematic and parts list of a LED 
third brake light that flashes a few 
times and then is on? Or where 
can 1 find a kit? 
#8024 Dorian Pond 

via Internet 

I need to be able to measure 
and record the voltage coming 
into my house with my PC. I'm 
looking for a circuit that will trans­
late 240 Vac into something that I 
can read through the serial port of 
my PC. 
#8025 Duncan Hudson 

Chagrin Falls, OH 

I have an LED sign by 
Dynasty Classics in Compton, 
CA. It has a serial port on the 
back for the keyboard. Can it be 
interfaced to the serial port of a 
PC and what program would I 
need to change the message? I 
wrote to them, but didn't receive 
any response. 
#8026 Robert W. Ritchey 

via Internet 

Does anyone have a cheap 
and dirty design for an analog 
video signal level monitor. I would 
like to use it with my CCD cam­
eras to detect motion in their field 

CI is the circuit that would 
turn on an LCD diode and a 
buzzer to wake me up. 

George Peschke 
hueygeorge@attbi.com 

of view. Any help would be appre­
ciated. 
#8027 Norm Walton 

KBOSAX 
nw2258@micoks.net 

ANSWERS 
[5029 - MAY 2002] 

Looking for a 230V circuit to 
rais e the current in to a Lamp at 
dusk, and also remove the cur­
rent surge into the filament and 
prolong its Life. 

Referring to "Edison" type 
lamps with tungsten fi laments. To 
prolong your lamp life, lower the 
operating voltage. A 10% lower 
voltage will double the lamp's life; 
a 20% lower voltage will quadru­
ple the lamp's life. This can be 
done with a small transformer 
that bucks out 10% of the voltage 
fed to the lamp. If you want to 
make your lamps last forever, 
connect two same-wattage lamps 
in series, so they run on half the 
voltage. They are not as bright, so 
use bigger lamps. 

You can buy devices that stop 
the inrushing current when the 
lamp is turned on. PowerMizer is a 
disk that is inserted under each 
bulb, allowing the lamp to light 
more gently . On the web, go to: 
Galaxymall.com/products/Ever 
lastProducts/Power.Mizer.html . 

Joseph Kish 
Clackamas, OR 

[6024 - JUNE 2002] 
I have an application for sa l­

vaged motors from hard drives. 



TECH FORUM 
[7026 - JULY 2002] 

I'm trying to build a remote 
control circuit to toggle four 
relays on/off using a Linx 
Technologies Keyfob CMD­
KEYX-4 18 transmitter/ encoder 
and a matching Linx RXD-418-
KH receiver/decoder. Could 
someone design a circuit to do 
this or give me some sugges­
tions. 

The Apr. '02 issue of Nuts & 
Volts contained a remote control 
article that used Linx RF mod­
ules with Motorola encoder and 
decoder. The receiver c ircuit 
illustrated how a relay can be 
toggled on and off by the trans­
m itter. 

The Linx modules 
specified, include a dif­
ferent encoder and 
decoder, but the princi­
ple of operation is the 
same. 

If a MC145027 
decoder is used 
instead of the 
MC145028 as shown 
in the Apr. '02 article , 
four relays ca n be tog­
gled on and off by the 
transmitter. To accom-
plish this , the transmit-
ter should be equipped 
with four DPST push-

+3V 

The MC145027 decoder con­
tains four data output terminals 
(pins 15, 14, 13, and 12) that 
correspond to the four data 
inputs of the encoder chip in the 
transmitter. 

When one of the four switch­
es is closed to transmit, one of 
the address lines of U 1 is set to 
logic one for a unique data con­
figuration. The corresponding 
data output terminal of the 
MC145027 in the receiver (pins 
15, 14, 13, and 12) will then go 
to logic one. This voltage can 
then be used to operate a JK flip­
flop - as shown in the article -
to toggle the desired relay. 

-

Anthony Caristi 
Waldwick, NJ 

16 

2 

3 

4 

s U1 

6 

7 

9 

10 button switches as 
shown in the accom­
panying diagram. 

FOUR DPST SWITCHES 
ALLOW FOUR CHANNEL 
OPERATION. 

- 100K 

My problem is that I don't know 
how to w ire them. They appear 
to have some contro l circuitry 
buil t in, and have severa l con­
necting wires. For example, a 
Nidec 451 5-3BCA -01 
(P/N004060802) has six con­
necting wires. I 'd like to get this 
motor to run at fu ll speed. 

The six wires indicates that it 
is most likely a n e lectronically 
commutated DC motor. Three 
wires are fo r a three-phase brush­
less stator winding in de lta con­
nection and the othe r three a re for 
the rotor position sensors. 

There are several integrated 
brushless commutator !Cs, such 
as the LM621 or MC33035 on the 
market, specifically designed to 
do just that. Look at which IC is 
being used and get the data sheet 
from the manufacturer. 

Another approach is to find 
units where the motor control cir­
cuitry is on a separate board and 
use it with the motor (you need to 
identify power, enable, forward , 

and maybe other signals) . 
Walter Heissenberger 

Hancock, NH 

[7028 - JULY 2002] 
I 'm looking fo r a parts 

so urce for a p rojectio n dia l 
rad io fro m the 7 930s. Fa i r 
Radio Sa les does not carry the 
projection dia l film or other 
p ar ts . I rem ember the name 
"Antique Electronics Supp ly " 
from a few years ag o, but I do 
not know if they are still in b usi­
ness and have wha t I need. 

Antique Electronics 
Supply is alive and well and can 
be found at: phone 480-820-5411 ; 
web www.tubesandmore.com. 

Another company which may 
be more helpful is Rock-Sea 
Enterprises , who specializes in 
dial scales for antique radio gear. 
Their address is: 

Rock-Sea Enterprises 
323 E. Matilija St. , # 110-241 

Ojai , CA 93023 

[6026 - JUNE 2002] 
I was wondering what cir­

cuit is behind the flash trigger 
on a 35mm SLR camera. I mea­
sured the flash trigger and it 
read around 0-.05 VAC. When I 
press the shutter button it 
jumps to .33 VAC, then trickles 
back down. 

I would like to trigger a 
relay or turn on a transistor, 
but this AC voltage is so low. 
Wha t kind of simple circuit do I 
need? 

#1 A simple non-contact 
device that will provide a 
switched output is a slave strobe 
module, which should be avail­
able from better camera stores. 
Or, you could roll your own. 
Home-made or store bought, 
these devices utilize a phototran­
sistor which detects the flash 
from the camera being fired and 
turns on an output transistor 

Supply 

Or any other low-voltage, low­
current apparatus attached to it. 
You will find "light detector" cir­
cuits in just about any electron­
ics hobbyist magazine, including 
Nuts & Volts, or check 
RadioShack for any simple pro­
jects books. They are a good 
source for many parts also, 
should you wish to build your 
own. 

Lee 
via Internet 

#2 The flash trigger (hot shoe 
or "coaxial" contact) is a simple 
low-current Normally-Open 
switch contact that closes when 
you depress the shutter. Just 
feed that contact into a TTL or 
CMOS inverter (i.e., 7404) and 
have the inverter drive the tran­
sistor (or other driver) control­
ling your "high current" device. 

Ken Simmons 
Auburn, WA 

Load Voltage 
br iefly , 
which 
fires a 
s I ave 
st r obe 

IOK A 
1/4 W I 

connect­
ed to the 
module. 

Hot Shoe Cence1-

Hot: Shoe Gn,t.md 

[6025 - JUNE 2002] 
Cadmium zin c telluride 

(CZT) devices make grea t 
nuclear radiatio n d etectors, 
bu t I've been unable to find 
any circu it d iagrams to build 
one. H as anyon e had any 
experience w ith these? 

A radioactive source 
changes the resistance of the 
cadmium sulfide photocell. 

The transistor amplification 

R1 

o, o, ? K 

IN6 3 IN63 

~ c, Cz 
'\, 2s 25 

R6 
o, o, 251('. 
ING3 IN63 

(or CMOS 

equiv.) 

l/2W 

2N222 or similar 

Switched Load 

converts the variation into a sig­
nal that actuates a relay or other 
control element. You can use 
more sensitive [or la rger sen­
sors] like the Cadmium Zinc cell 
and also increase the gain on the 
transistor amplifier circuit by 
using additional stages or higher 
gain transistors to increase the 
sensitivity. 

Chris 
Bieber, CA 

----
OUTPUT 
TO 
CON lflOL 
ELEM( NT 

'-------------~~-------------' K' X 1.000 

A web site that will also point 
you to othe r sources is: 
www .antiqueradios.com/. 

Phil Shewmaker 
Louisville, KY 

[5022 - MAY 2002] 

log color TV in the kitchen, via 
its component v ideo inputs. 

There are four questions in 
this Tech Forum that revolve 
around converting video from one 
format to another and it's no won-

I need a circuit to convert der. Movies, television, and cam-
component v ideo (Y,Pb,Pr) from eras developed as inventors 
my HDTV display in the living sought ways of producing visual 
room to standard NTSC output, information or conveying it from 
to display on my standard ana- one location to another or storing 
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I'm looking for a high-voltage circuit 
tied to a car spark plug, to be used as an 
ignitor on a gas cooking grill. The unit I 
rem ember ran on a 12-volt, one-amp bat­
tery and used a car automotive coil. 

"points and condenser" car. C1 
reduces sparking of the points and 
increases the high voltage pro­
duced. 

T1 can be almost any car igni­
tion coil , for either a "points and 
condenser" or electronic system, if 
it is easy to mount and connect. 

One type which looks good is 
the one used on many Chrysler 

+ 

0.5ohm 

20 watt 
R1 

12V 
81 

Gas Grill lgnitor 

Coil 
T1 

Spark 
Plug 

#1 Here is a circuit which I built a few years 
ago as a tester for automotive ignition coils. It 
should work as a gas grill ignitor. It is similar 
to the circuit used in the old "breaker points 
and condenser" ignition systems. 

vehicles in most of the 80s, specifi- S1 0.47 
C1 cally on the 1983 Chrysler LeBaron , 

the 1987 Plymouth Caravelle, and 
the 1987 Dodge one-half ton full-
size van. 

This coil is a cylindrical shape 
with the + and - terminals clearly 
marked and easy to connect to. (If 
the + and - terminals are reversed , 

S 1, a normally open push-button switch, 
replaces the points. The plug will fire each 
time the switch opens. (The circuit for elec­
tronic ignitions is almost the same, but the 
points are replaced by a power transistor. The 
electronics controls the power transistor.) S1 
should be a large-type switch , as the current is 
fairly high while the switch is closed. 

R 1 can be 0.5 or 0.4 7 ohms, or two 1 
ohm, 10-watt resistors in parallel. 

the circuit will still work, but the spark will be 
weaker.) If this coil is used, it will be necessary 
to make or buy a mounting clamp. If one is 
purchased, the type used on the 1983 
Chrysler and the 1987 Plymouth should be 

easy to mount (the one on the 1987 Dodge 
van is not). 

The value of C1 was determined by mea­
suring the capacitance of a cap used in an old 

Possible modifications include a larger 
resistance for R 1 to reduce the current drawn 
and still get a satisfactory spark; changing the 

value of C1, which might make a bet­

#2 A 555 timer chip operating in astable mode, 
driving an NPN power transistor such as 2N3055, 
makes a good driver circuit for an automobile igni­
tion coil. 

capacitor values, the spark characteristics can be 
controlled. A capacitor placed across the primary 
of the coil as shown may help in producing a 
stronger spark. 

ter spark; and increasing the gap of 
the spark plug from that usually used 
in an engine. 

An idea for improving the circuit 
- which I don 't have time to try - is 
to use a solid-state circuit. A power 
transistor would replace S 1, and be 
driven by a simple pulse generator. 
There have been circuits published 
for a single 555 IC with variable pulse 
rate and variable pulse width (duty 
cycle) , which would drive the power 

The timer chip generates a non-symmetrical 
squarewave at pin 3, which simulates the opening 
and closing of the breaker points of an automotive 
ignition system. The values of the resistors , and the 
timing capacitor connected to pins 2 and 6 , deter­
mine the duty cycle and frequency of the square­
wave. By experimenting with the resistor and 

The high-voltage output of the ignition coil can 
be fed to an ordinary spark plug, which produces 
the spark. The body of the plug must be connect­
ed to circuit common (battery negative) . 

P O W ER 

.1 
4 8 

12V 
3 

+ 
555 

7 
47 UFO TIMER 

25V 2 
6 

0.1 UFO 

Do You Repair Electronics? 
For only $9.95 a month, you 'II receive a wealth of information: 

Repair data for TV, VCR, monitor, audio, camcorder, & more. 

Over 100,000 constantly updated problem/solutions plus ... 
• TechsChat live chat room. • UL/FCC number lookup. 
• Private user discussion forums. • Hot tips bulletin board. 
• Automated email list server. • Manufacturer information. 

To access Repair World. direct your internet browser to http://www.repairworld.com 

RepairWorld.com 
Electronix Corp. 1 Herald Sq. Fairborn, OH 45324 (937) 878-9878 

---------------- - -- - --- -- -------
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Anthony Caristi 
Waldwick, NJ 

HIGH VOLTAGE 
LJ--~ 

TO SPARK PLUG 

transistor. 
I think I would start with a pulse 

rate of about 20 Hz with a 50% duty 
cycle. It would be necessary to pro­
tect the transistor from pulses gener­
ated in the coil. To find a suitable pro­
tective circuit, I would start by looking 
at circuits for automotive electronic 
ignition . Several were published in 
electronic magazines in the 60s and 
70s. If power to the circuit is switched 
by a push-button switch, a "continu­
ous" spark will be produced as long 
as the switch is closed. 

Bill Stiles 
Hillsboro, MO 

l ~ 
Introducing a pocket programmer 

with true Universal Out ut 

Remote control from other apps, (e.g. 
Visual Basic). Substitutes high priced 

each pin of 40 pin ZIF-socket. 1300+ devices down to l.3V. No adapter universal programmers e.g. ALL·ll 

device library / lifetime free updates. required for DI L devices. 8 Hrs. (HILO) or LAB·TOOLA8 CADVANTECH) 

Programs 8/16-bit EPROM'S, operation on battery (AC charger Providing virtually matching perfor· 

EEPROM's, O·PO\Ver RAM, FLASH, Included). Runs WIN 98, NT, ME, mance at only 1/3· 1/5 the price. 

Serial EEPROM's, GAL, PALCE, 2000,XP with Hex/Fuse Editor. Info, orders, softwr: 619-702-4420 

-;.:1:11;;.1.1;gq111ls .. IMl~ijil.ta;;.41tJ.11.11;;;.4111; 
Circl e #39 o n the Reader S e rvice Card. 
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Years ago, before complex counter chips, 
dividing a frequency was done with RS or JK 
flipflops . It's easy to divide by a multiple of two, 
but 3, 5, or 7 required special configurations of 
the FFs. I wonder if anyone has retained these 
odd configurations so I don't have to reinvent 
them. 

do this sort of dividing. However, here are the 
schematics to accomplish your task. Keep in mind 
the output is not a single clock pulse in width. For 
example, the divide by 5 circuit has a 3 :2 duty cycle. 
Also, in order for these circuits to function, all of the 
Set and Reset pins must remain at ground potential. 

#1 Digging through dusty files, I found an article 
that answers your exact question: how to configure 
divide by N counters, using discrete flip-flops (and 
gates) for arbitrary N. 

A better way to accomplish this type of division 
would be to use 4017 counter. That way your out­
put pulse would be 1 clock pulse in width for counts 
0 through 9. The divide by 10 output has a 50% duty 
cycle. 

"Divide-by-N Circuit has 50/ 50 duty cycle" by 
David A Scott, Naval Weapons Center, China Lake 
in EDl'f magazine for July 5, 1973, pages 95 and 
97. 

This article provides a design technique, and 
demonstrates it for N = 3,4 ,5,6, 7, and 11. Divi de By 3 

Other articles from the 70s show division tech­
niques using shift registers (7496) , presettable syn­
chronous counters (74LS191) , or CMOS counters 
(40161) . 

CLK 
JN 

If you will send me an email address, I can scan 
it and email it to you. 

OfV f <:IG By 5 

Chuck 
mcgregorc@yahoo.com 

CLK 
J N 

#2 It rea lly makes no sense to use J-K flip-flops to 
Ofvf d& By 1 

it for future use. 
Industries grew up around 

these inventions using incompati­
ble means to accomplish what on 
the surface seems to be a similar 
function. 

Today "video" means NTSC, 
PAL, SECAM, DSS, composite, S­
video (Y/ C) , YUV, RGB, and those 
are just some of the analog "stan­
dards." 

"Video" also means HDTV, 
DTV, MPEG-2, YCrCb, and a few 
assorted digital "standards." 

"Video" also means the signal 
we send to our computer moni­
tors such as CGA, DYi, EGA, 
MDA, VGA, MAC, etc. "Video" 
even means the different resolu­
tions possible on the same moni­
tor (640 x 480 "video" is different 
from 800 x 600 "video") . 

Finally when you rent a 
"video" you are referring to a 
medium that can be VHS tape, 
DVD, or a pay-per-view video 
"stream" from a satellite. 

Murphy's Law rules this entire 
kingdom and very few "stan­
dards" are easily inter-converted. 
Moreover, with 26 letters of the 
alphabet capable of forming over 
17,000 three-letter acronyms 
(TLAs) , I'm inclined to believe the 
number of types of "video" will 
increase for several years to 
come (and that ignores NTSC, 
MPEG, HDTV, and SECAM who 
have all broken through the three 
letter barrier). 

[6028 - JUNE 2002] 
I have heard that it 's p oss i­

ble to control an air condition­
er or other large motor, with 
PWM. I'd like to build a circuit 
that takes a TTL level PWM sig­
na l and switches 230 volts DC 
20 or 30 amps at a 20 kHz ra te 
to add specialized sp eed con­
trol to my table saw. 

I 've had IGBTs mentioned 
as a so lution, but I don't know 
what they are. 

#1 You are indi rectly describ­
ing an inverter, a device which 
takes AC, converts it to DC and 
then back to AC, allowing you to 
vary the frequency . The bad 
news is that most inverters have 
a limited frequency range and 
current on output. Most inverter 
applications I've seen, involve 
modest speed control, are three 
phase, and handle 10-15 amps 
maximum. 

In addition, many motors for 
these applications are listed as 
"inverter rated," and while I am 
not sure just what that means, I 
suspect it includes different con­
struction techniques to allow the 
motor to perform well over a var­
ied frequency range. 

Inverters usually contain a 
modular lGBT (Insulated Gate 
Bipolar Transistor) array to per­
form the power switching func­
tion, with a microprocessor con-

~ OJT 

Raymond Buck 
Phoenix, AZ 

trolled front end to determine fre­
quency, control voltage and cur­
rent, and monitor parameters 
such as phase loss, motor over­
load, etc. While it would be pos­
sible to control a table saw motor 
via inverter, it might be much 
cheaper to go "low-tech" and 
swap pulleys. Search the Internet 
for "inverters" and you will find a 
wealth of detailed information for 
your application . 

Lee 
via Internet 

#2 First of all , you need to find 
out which motor is in your table 
saw. If it is an inexpensive one, 
with integral motor, you have 
most likely an AC series motor. 
Then you can use an inexpen­
sive TRIAC type variable speed 
control (they are typically made 
for routers). These units sell for 
about $25.00 and it will be hard 
to beat this. If you have an induc­
tion motor, then I suggest you 
read Electric Motors and Control 
Techniques by Irving M. Gottlieb. 
You will find all the necessary 
information there. 

IGBT's are Insulated Gate 
Bipolar Transistors and are 
specifically designed for switch­
ing applications and have low 
drive requirements. 

Walter Heissenberger 
Hancock, NH 

PICmicro MCU development tools 
from microEngineering Labs, Inc. 

www.melabs.com 

LAB·X Experimenter Boards 
Assembled development platforms. "~-­
Each has RS·232 serial port , in­
circuit programming connector, 
power supply, plus other hardware. 

LAB·X1for40-pin (shown)· $199.95 

LAB-X2 for 28 or 40·pin MCUs - $69.95 

LAB-X3 lor18-pin MCUs • $119.95 

PicBasic and PicBasic Pro Compiler 
Write programs for PICmicro MCUs in 
BASIC. Can be used in Windows or 
DOS (includes Windows editor/IDE 
software). 
PicBasic Compiler · 599.95 
PicBasic Pro Compiler - 5249.95 

EPIC Plus PICmicro Programmer 
Programs the following PICmicro ---­
MCUs: PIC12Cxxx, 12CExxx, 
14COOO, 16C505, 16C55x, 6xx, ?xx , 
84, 9xx, 16CE62x, 16F62x, 7x, Bx, 
87x, 17C7xx, and 18Cxxx (some 
MCUs require adapters). Software for 
Windows and DOS. Requires two 9V 
batteries or AC adapter (not 
included). Adapters available for various device packages. 

Bare PCB w/software - 534.95, Assembled - $59.95 
Assembled w/AC adapter, cable and ZIF adapter - $99.95 

PICProto Prototyping Boards 
$8.95 to $19.95 

High-quality blank prototyping boards for 
PICmicro MCUs. Holds your microcontroller, 5· 
volt regulator, oscillator, capacitors, DB9-25 
connector. 

micm(:9:,ng;nem115 ~ @nc. 

t= Phone: (719) 520-5323 ii 
!:!!l!J Fax: (719) 520-1867 

Box 60039, Colorado Springs, CO 80960 

For product information 
or to order on line, 

visit our website at: www.melabs.com 

Circl e #55 on th e Reade r S e rvic e Card . 

The RF Connection 
ri~~ 213 North Frederick Ave. E N 

~ Suite 11 NV 
T 
/, Gaithersburg , MD USA 

____ .... 20877 

http://www.therfc.coml 

Complete Selection of MIL-Spec Coax, RF 
Connectors and Relays 

UG-21B/U N Male for RG-2131214 ........ $5.00 
UG·21DIU N Male for RG-213/214 ....... . $3.25 

N Connectors for 99131Flexi4XL/9096 

UG-21819913 .... $6.00 PinsOnly ..... . $1 .50 
UG-21Dl9913 .... $4.00 Extra Gasket... .. 75 

Amphenol 83-1SP-1050 PL-259 ...... .... $0.90 
UG-176/U Reducer RG-59/8X .. 25 or 5/$1.00 
UG-175/U Reducer RG-58/58A .25 or 5/$1 .00 
Silver Teflon PL-259/Gold Pin 

........ ..... $1.00or 10/$9.00 

MIL-Spec Coax Available (Teflon, PVC llA) 

New Product: Belden 9913F. 9913 with 
High Density PE Foam dielectric, stranded 
center cond. and Duobond Ill Jacket. ......... .. 

.. ... .................. 80/ft or $76.0011 OOft 

Also New: 9092 , RGBX with Type II Jacket 
Intro Price ... ... .. ................ .... $23.00/1001! 

Call for Specials of the Month 

Full Line of Audio Connectors for learn, 
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 

8001783-2666 
3011840-5477 
3011869-3680 

Circl e #56 on th e Read e r Service C ard . 85 
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I have a portable CD player I'd like to play through the radio 
speakers in my car. I thought of buying a FM transmitter that 
would allow the player to act like another FM sta tion - but they 
seem way overpriced. 

Can someone provide m e an inexp ensive, circuit I can build? 

#1 I think you are overlooking several limitations of your FM trans­
mitter idea to transmit your CD player to your car radio. 

1) Most of the FM transmitters you will find or can build are mono 
transmitters with only "phone" audio quality. 2) Even if you can find a 
stereo FM transmitter, you will have to modify it to accept 
a much higher level of audio from your CD earphone out­
put. 

POWER 

You did not mention what kind of car radio you have. 
If your radio has a built-in cassette player as most standard 
car radios in the past 10 years are , your solution is much 
simpler. All you need is a simple Cassette Adapter ($10-
$20) , which is designed specifically for this purpose. 

If your radio doesn't have a cassette player, you can AUDIO L 
probably replace the radio with a new one with a built-in CD INPUT R 
player for about $100.00, which is probably cheaper than 
your original FM transmitter idea. 

In short, a sense of humor 
and a sense of history are helpful 
in dealing with the present confu­
sion. 

I agree the MC1377 won't 
work and you are going to need 
some kind of scaling to get the 
16:9 HDTV picture to look decent 
on your 4:3 TV. You face the 
same choice as broadcasters. Do 
you "chop off" the left and right 
sides of the screen or do you pro­
duce "letter box" video for the 
kitchen? Most video conversions 
are not do-it-yourself projects, but 

Haim Sandel 
Phoenix, AZ 

that's for you to decide based on 
your own skill and desire. 

Check the companies and 
sites below. This list spans $89.00 
to $1,000.00+ products and some 
of the web sites have tutorials 
explaining the theory and trade­
offs to various conversions. 

Standards Organizations 
www.atsc.org 
www.fcc.gov 

www.mpeg.org 
www.smpte.org 

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT 
DON'T PITCH EM'· SEND THEM FOR REBUILDING ! • SAVE$$ 

WE FIX WHAT CAN'T BE FOUND. (OR AFFORDED } 
WE PROVIDE QUICK SERVICE. I EXTEND LIFE OF OLDER EQUIPMENT 
WE OFFER FREE QUOTES. I FREE RETURN IF QUOTE IS REFUSED. 

• WE PROPERLY DISPOSE OF YOUR OLD CELLS BY RECYCLING. 
'-='""--===""---"""-'--' 

#2 A simple FM transmitter can be constructed using a Maxim 
MAX2606 integrated circuit, as shown in the diagram. The MAX2606 is 
a voltage-controlled VHF oscillator chip that operates in the FM broad­
cast band. A nine-volt battery supplies power to the circuit. 

The Left and Right audio output of the CD player is coupled to the 
voltage control input of the chip, where it will frequency modulate the 
oscillator. Two potentiometers are included in the circuit to control vol­
ume and oscillator frequency. Since this will be used inside of a vehi­
cle, only a very short wire will be needed for an antenna. 

78L05 

+5V 

+ .39 UH 

IrnuF }JuF 

22K 

Anthony Caristi 
Waldwick, NJ 
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MAX2606 
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22K I ,002 UF FM TRANSMITTER 
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Affordable Converters 
www.aitech.com 

www.focusinfo.com 
www.jandr.com (PSC-1106 PC to 

TV $90.00) 
www.matco.com (UL-2000 VGA 

to Composite $99.00) 
www.polarisusa.com 

Broadcast Quality 
Converters 

Communication 
Specialties, Inc. 

55 Cabot Court 

REFILL INKS FOR 
INKJET PRINTERS 

Refill your old cartridge and 
save. All refill kits come 
with instructions and need­
ed materials for refilling 
inkjet cartridges. Available 

Hauppauge, NY 11788 
Tel: (631) 273-0404 
Fax: (631) 273-1638 

www.commspecial.com 
"Scan Do" video converters & 

"Deuce" video scalers 

Analog Way 
75 Maiden Ln . 

New York, NY 10038 
Tel: (212) 269-1902 
Fax: (212) 269-1943 
www.analogway.com 

Extron Electronics 
1230 S. Lewis St. 

Anaheim, CA 92805 
Tel: (714) 491-1500 
Fax: (714) 491-1517 

www.extron.com 

FOCOS Enhancements 
1370 Dell Ave. 

• WEINSTALLNEWNl-CADORNl-MHBAT7ERIESINTOYOUR CASE. ijJ 
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL. 

WE GNE YOU A 12 MONTH WARRANTY. 
• WE WILL BE HERE WHEN YOU NEED US I EST. 1986 
, WE SAVE YOU .... MONEY ··•• $$$$ 

WE SERVICE RECHA RGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS. 

for Canon , Epson , Hewlett Packard, Apple, 
Compaq, and Lexmark printers . 

Campbell, CA 95008 
Tel: (408) 866-8300 
Fax: (408) 866-4859 
www.focusinfo.com 

RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS. SCIENTIFIC, SURVEILLANCE 

GENERAL ELECTRIC UN IDEN RADIO SHACK 
MPD PLS MPA 4850P $ 34.50 APX650 1050 1105 $ 32.50 HTX 202/404 $ 22.50 
MPD PLS MPA 4860P $ 39.50 101010701100 $ 32.50 NEW NiMh HTX pack 
MPR MPS MPX 7631777 $ 39.50 1120 1200 Series $ 32.50 8.4V 1660mAh $ 39.60 
MONOGRAM 4506P113 $ 37.50 BP2500 650mAh $ 19.50 KEN W 0 0 D 

BP205 1600mAh $ 22.50 PB216133134 $ 28.60 
MAXON SA·11551160 S 39.95 IC OM PB71819113/14118 $ 34.60 

MOTOROLA 
MX300 HT600 MT1000 STX 
NTN 4686 4824 6414 $ 37.50 
NTN 6447 6621 6646 $ 37.50 
NLN 6860 NTN 4327 $ 39.50 

BP2 I BP3 IBP22 $ 19.60 KNB617112114116 $ 34.60 
BP6 I BP23 I 24 $ 27.60 PB10126126/32 $ 24.60 
BP7 I CM7/ BP8 $ 34.60 CORDLESS DRILLS 
BP16711741180 $ 34.60 50% MORE CAPACITY. 
CM14011411166 $ 41 .60 

YAESU 
MIDLAND FNB3 4121416 $32.95 

Any brand 7 .2V $ 21 .60 
Any brand 9.6V $ 29.60 
Any brand 12.0V $ 36.60 
Any brand 14.4V $ 39.60 
Any brand 18.0V $ 44.60 

70-810 816 819 821 $ 39.96 FNB19 21 26 27 38 $ 32.95 
826 826 832 836 860 $ 39.96 FNB 10 1117 26 36 $ 23.95 

See our web pages about rebuilding battery packs used for Land Surveying. 

BATTERY REBUILD SERVICE 
FOR INFORMATION ABOUT YOUR REQUIREMENTS ... CONTACT US: 
USE THE EASY INFO. REQUEST PAGE AT http://www.primecell.com 
PHONE OR FAX : (B14) 623-7000 E-MAIL TO: sales@primecell.com 
SEND PACKS FOR FREE QUOTATION BY: UPS, FEDEX, OR US MAIL 

CUNARD ASSOCIATES INC., 9343 US RT 220, Bedford, PA 15522 
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HARD-TO-GET ~ 
PRINTER RIBBONS ~-'1.J 

Gorilla Banana, Commodore, Texas Instruments, 
Centronics, Riteman, Apple, Printronix, Star 

Over 300 different ribbons in stock. 
All ribbons new, not re-inked. 

Check our web page or write for complete price list . 

Circl e #77 on t he Reade r Se rvice C ard. 

Folsom Research 
11101-A Trade Center Dr. 

Rancho Cordova, CA 95670 
Tel: (916) 859-2500 
Fax: (916) 859-2515 

www.folsom .com 

FSR 
244 Bergen Blvd. 

West Paterson, NJ 07424 
Tel: (973) 785-4347 
Fax: (973) 785-4207 

www.fsrinc.com 

Bob Miller 
Trenton, NJ 



News Bytes compete in all three events. 

Continued from Page 59 

Robots can be a modified RC car or toy, a modified robot kit, or a 
totally homemade creation. Weapons will be allowed for most of the are­
nas, so builders can be creative. For more details, check out the ClRC 
website at http://www.circ.mtco.com. 

and Local-Area-Network Gaming tournaments. Lulu Tech Circus also 
plans to actively involve user groups in the event via special meeting 
places and presentation opportunities. www.SMDRework.com 

~ 
II"....,_,...,~~ 

Keeping with the circus theme, the event is divided into five rings -
Artis Teka (Graphic and Media Arts) , Expansive Education, Gear and 

Gadgets , Fun and Games, and Extreme Computing. More information 
specific to these "rings" can be found at www.lulutechcircus.com. 

The format of Lulu Tech Circus gives attendees the freedom to focus 
on their area of interest, yet have 

800-394-"1 984 

the opportunity to experience the 
expanse the event has to offer in 
other technology areas. A signa­
ture feature is the Village Green, a 
gathering place for user groups 
and technology lovers of all ages. 
Information tables and meeting 
facilities are part of the Village 
Green, and are featured at each 
Circus event. 

"Holding the first Lulu Tech 
Circus in Raleigh reflects on the 
overall health of the technology 
sector in the Southeast. For all 
the bad news about this industry 
recently, the number of new ven­
tures and successful technology 
companies in the Resea rch 
Triangle area is a positive state­
ment for North Carolina," said 
Will Jahnke, President of Lulu 
Tech Circus, Inc. 

Registration, future venues, 
and more information a re avail­
able via the website at 
www.lulutechcircus.com. 

Show hours and location for 
the Raleigh edition of Lulu Tech 
Circus: September 27-29, 2002; 
Friday 12-9, Saturday 10-9, and 
Sunday 10-6 at the North 
Carolina Fairgrounds. 

CIRC Hosts N ew 
Remote-Controlled 
Robot Competition 

Series 

The Central Illinois Robotics 
Club (C IRC ) will be hosting 
Kilobots™ 
RemoteControlled 

a new 
Robot 

Competition Series, November 
9th. 'Kilo' refers to the robot's 
mass limit of lkg (2.205 lbs) . 

There is no size limit; howev­
er, the robots will need to negoti­
ate 12" wide halls, so a design of 
7" to 9" wide would be a good 
idea. 

There will be three main 
events the robots can compete in. 
The events are: Kilobot 
Challenge™, Kilobot Bash™, and 
Kilobot Sumo™. Each one is 
slightly different, but with a little 
ingenuity, one robot could easily 

35 WATT LPFM STEREO TRANSMITTER-,- - , 

. "'--·--- it . 
= \:0:/ . . ;. -(). . 

,I 35W RF output, VSWR protected 
,I Automatic audio & power controls 
,I Digital synthesized PLL 
,I Full front panel control 
,1110/ 220VAC, 12VDC operation 

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

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

and save 9V Battery operation. 
ECG1 Electrocardiogram Heart Monitor Kit $34.95 
CECG Matching Case & Knob Set $14.95 
ECGP1 O Replacement Reusable Probe Patches (10-Pack) $7.95 

PG13 
PS12 

IG7 
AC125 

PLASMA GENERATOR flt- · 
~ ,I Generate 2" sparks to a hand held screwdriver! 
I ,I Build your own plasma balls! 

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

Plasma Generator Kit 
14VAC Output Power Supply 

$59.95 
$19.95 

ION GENERATOR - t- · 
,I Generates negative ions with a blast of fresh air! 
,I 7.SKV DC negative, 400uA - that's a lot of ions! 
,I Steady state DC voltage, constant current, not pulsed! 
Learn the basics of ion repulsion by building this ion generator! 
Creates a continuous blast of fresh air charged with a ton of 
ions. Perfect for pollution and air freshening; just smell those 
ions! Solid state wind generation; you' ll be amazed! 

Ion Generator Kit 
110 VAC Power Adapter 

$59.95 
$9.95 

TOUCH-TONE TONE GRABBER -.-.;fvf · 
./ New-built-in RJ11 phone jack 
./ Large memory holds over 500 numbers 
,I Big bold 8 digit display, auto insertion of dashes 
,I New-output latch jack 
Dialed phone numbers on the radio. repeater codes, con­
trol codes, anywhere touch-tones are used, you can read 

and store them' All new design for 2002. Capture those tones with the TG2! 
TG2 Tone Grabber Tone Reader Kit $59.95 
CTG2 Matching Case & Knob Set $14.95 
AC125 110 VAC Power Adapter $9.95 

Ci,.cle #91 o n the Read er Service C ard. 

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

·---.... light level drops, it automatically changes to B&W 
1 and turns on its built-in IR illumination, with 10 IR 
' LEDs. Powered by 1 2VDC and terminated with a 

professional BNC connector. BIWJ only model 
also available if color is not needed. Both in heavy anodized black housing. 
CCD309 Color/B&W IR Waterproof Bullet Camera $169.95 
CCD308 B&W IR Waterproof Bullet Camera $1 09.95 
AC125 110 VAC Power Adapter $9.95 

•®'@'*WJttMii&+\\1Jii:11911111@11@tJl[t]@• 
ril/~rf.WBuilt in IR illumination! 
.... ,,,.., ,I Sees in total darkness! 

,I Black aluminum housing with swivel bracket 
What a deal! This miniature BIWJ video camera has 6 
high power IR LEDs built into it to provide illumina­
tion in total darkness! No need for external IR illumi­
nators. Attractive black aluminum housing easily 
mounts at any angle with the built-in swivel bracket. 
Runs on 1 2VDC, and includes professional BNC out­
put plug-in harness. 

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

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

PROFESSIONAL FM STEREO RADIO STATION 
,I Synthesized 88 to 1 08 MHz with no drift ! 
,I Built-in mixer - 2 line inputs and one 

microphone input! 
,I High power module available for export use 
,I Low pass fi lter for great audio response 

Our FM100 is used all over the world by serious 
hobbyists as well as churches, drive-in theaters, 

and schools. Frequency synthesized PLL assures drift-free operation with simple 
front panel frequency selection. Built-in audio mixer features LED bargraph 
meters to make setting audio a breeze. The kit includes metal case, whip antenna 
and built-in 110 volt AC power supply. 
FM100 Super-Pro FM Stereo Radio Station Kit 
FM1 OOWT 1 Watt, Wired Export Version 

$249.95 
$399.95 

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

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

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

, alone or as building blocks for more complex projects. 
~-.......... TS4 Tickle-Stick Shocker $9.95 

BN9 Super Snoop Amplifier Kit $8.95 
BL 1 LED Blinky Kit $3.95 
TD1 Tone Encoder/Decoder Kit $6.95 
TT7 Touch Tone Decoder Kit $19.95 
CP03 Code Practice Oscillator Kit $9.95 
LITS Universal Timer Kit $8.95 
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Robotics 

The Robot Builder's Bonanza 
by Gordon McComb 

A major revision of the 
bestselling "bible" of 
amateur robotics build­
ing - packed with the 
latest in servo motor 
technology, microcon­
trolled robots, remote 
control , Lego 
M indstorms Kits, and 
other commercial kits. $24.95 

Microcontrollers 

Handbook Of Microcontrollers 
by Myke Predko 

This reference is the 
first guide to cover all 
the most common types 
of microcontrollers. 
With its from-the-bot­
tom-up approach, this 
book/CD-ROM package 
gives you all the information you need 
to simplify the job of selecting the 
right microcontroller and writing an 
applica tion for it. $54.95 

Programming & Customizing 
the 8051 Microcontroller 

by Myke Predko 
Programming and Customizing th e 
805 I Microcontro/ler 
puts you in control of 
the 8051 's architecture 
and instruction set -
and even supplies a 
baker's dozen of ready­
to-build example appli­
cations, programs, and 
circuits. Best of all , the 
included CD-ROM supplies source 
code for the book's experiments and 
applications. $39.95 

Programming & Customizing 
the HC I I Microcontroller 

byTom Fox 
Applica tions bazaar for '];;;!!Ir:~ 
the 68HC11 microcon- I [ 
trailer. Squeeze every 
last drop of power out 
of Motorola's wildly 
popular family of 
68HC 11 true 8-bit single 
chip computers! From 1i...,.r.i!:'l'l':'I_. 

basics to complete 
applications. $39.95 
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Programming & Customizing 
PICmicro Microcontrollers 

2nd Edition 
by Myke Predko 

This book is a fully 
updated and revised 
compendium of PIC 
programming informa­
tion. Comprehensive 
coverage of the 
PICMicro's hardware 
architecture and soft­
ware schemes comple­
m ent the host of experi­
ments and projects 
making this a true, "learn as you go" 
tutorial. $49.95 

PICmicro Microcontroller 
Pocket Reference 

by Myke Predko 
Designed to comple­
ment Programming & 
Customizing the PICMl-

CRO, this book contains P.,1.C •. M •. ,l.·.c.r,,o.· 
a minimum of verbiage . . . 
and serves as an imme- ,..,k .. Rofrrro« 

diate device, code and --.-----
circuit look-up for expe- :::.::·:;:=_ 
rienced PJCMICRO 
applications designers. 
$29.95 

Programming & Customizing 
the BASIC Stamp Computer 

by Scott Edwards 
This edition moves you briskly from 
electronic foundations 
th rough BASIC Stamp 
"Boot Camps" and an 
intell igent traffic signal 
simulation to build a 
robotic bug with 
whisker sensors , a 
time/ temperature dis­
p lay, and a data-loggin 
thermometer. $39.95 

PIC Microcontroller Project Book 
by John lovine 

This project-oriented ·~-~---. 
guide gives you 12 com­
p lete projects, including: 
using transi stors to con­
trol DC and AC motors, 
DTMF phone number 
logger and distinct ring 
detector and router ... 
home automation using 
X-10 communications ... digital oscillo­
scope ... simulations of fuzzy logic and 
neural networks ... and many other 
applications. $29.95 

The Nuts & Volts of BASIC 
Stamps Vol. I & 2 

In 1995, Scott $29.95 
Edwards began each 
authoring a col­
umn on BASIC 
Stamp projects 
in Nuts & Volts 
Magazine. The 
column quickly 
became a 
favorite of Nuts & Volts readers and 
continues today with Jon Williams at 
the helm. The Nuts and Volts of 
BASIC Stamps is a collection of about 
75 of these columns. 

Radio & RF 

Secrets of RF Circuit Design 
3rd Edition 
by Joe Carr 

This revised and updat- r-.•••111 
ed guide gives you the 
best ways to design, 
build, and test today's 
radio frequency circuits . 
It's filled with projects 
and experiments that 
make it easy to apply 
RF principles to rea l-life 
applications. $39.95 

Practical Antenna Handbook 
4th Edition 
by Joe Carr 

The most popular book 
on antennas ever writ­
ten . This edition blends 
"the theoretical con­
cepts that engineers 

PRACTICAL 
ANTENNA 

HANDB~~ ~ 

and others need to 
design practical anten­
nas, and the hard­
learned practical 
lessons derived from actually building 
and using antennas." $49.95 

Beginners Handbook of 
Amateur Radio 4th Edition 

by Clay Laster 
The revised edition of 
the most trusted guide 
in ham radio is here. 
This edition delivers all 
the guidance you need 
- from radio and elec­
tronics fundamentals 
needed to set up a 
transmitter to the 
newest equipment to revisions to the 
FCC rules and tests. $34.95 

Handbook of Radio & Wireless 
Technology 

by Stan Gibilisco 
Containing more than 
1,000 concise articles, 
this one-stop source of 
user-friendly insight pro­
vides blanket coverage 
of one of the fastest­
growing areas in com­
munications from anten­
nas and transmission lines, to analog 
and digital modulation techniques, to 
satellite, space, and laser communica­
tions. $44. 95 

Electronics 

Practical Electronics For Inventors 
by Paul Scherz 

This experiment-orient­
ed guide is loaded with 
over 750 hand-drawn 
images that support 
author Paul Scherz's 
crysta l-clear, fully 
detailed instructions, 
showing you how to 
turn theoretica l ideas 
into real-life gadgets. $39.95 

Guide To Understanding 
Electricity & Electronics 

by Randy Slone 
For the tru e beginner, there's no better 
introduction to electrici­
ty and electronics. You'll 
also find 25 complete 
projects that enhance 
your electricity / electron­
ics mastery, including 
15 new to this edition, 
and appendices packed 
with commonly used 
equations, symbols , and supply 
sources. $24.95 

Digital Electronics Guidebo 
With Projects WR~.,. 
by Myke Predko 

Perfect for electronics 
hobbyists and students 
- even complete begin­
ners - who want to 
understand digita l logic 
and build their own low­
cost logic circuits. 
Featuring more than 20 
projects with step-by-step directions for 
designing , constructing , and interfac-
ing easy-to-do TTL (Transistor-
Transistor Logic) circuits. $34.95 

BATTERIES FOR EVERY 
ELECTRONIC APPLICATION 

Authorized Sanyo Battery Distributor 

See us at batterystore.com 

21 years of Battery experience 

TNR Technical, Inc. 
Sanford , FL• 800-346-0601 

Santa Ana, CA • 800-490-8418 

Circl e #57 on the Reade r Service C ard. 



Understanding Automotive 
Elect ronics Fi~h Edition 

by Wi ll iam B. Ribbens 
This edition of 
Understanding 
Automotive 
Electronics covers 
the most recent tech­
nological advances 
in operation and 
troubleshooting of 
electronic systems 
and components. 
This is a practical text, suitable for the 
automotive technician, student or 
enthusiast. It includes low-emission 
standards, on-board diagnostics and 
communications, digital instrumenta­
tion, and digital engine control. 
$34. 99 

Encyclopedia of Electronic 
Circuits Vol. 7 

by Rudy Graff 
Designed for quick 
reference and on-the­
job use, the 
Encyclopedia of 
Electronic Circuits , 
Volume 7, puts over 
1,000 state-of-the-art 
electronic and inte­

·-·/··· ' ...... ~.~·~ 
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grated circuit designs at your finger­
tips. This collection includes the latest 
designs from industry giants such as 
Advanced Micro Devices, Motorola, 
Teledyne, GE, and others, as well as 
your favorite publications, including 
Nuts & Volts! $39.95 

High Voltage 
Homemade Lightning: Creative 

Exper ime nts in Electricity 
by RA Ford 

Enter the wide-open 
frontier of high-volt­
age electrostatics 
with this fascinating , 
experiment-filled 
guide. You'll discover 
how to make your 
own equipment, how 
electricity is used in 
healing, and the workings of many 
experiments in high potential physics! 
$24.95 

Troubleshooting 

Circuit Troubleshooting 
Handbook 

by John D. Lenk 
Heavily illustrated with ~---~ 
diagrams and schemat­
ics, it uses a standard , 
easy-to-follow format to 
help readers understand 
and troubleshoot a wide 
range of circuit types, 
and provides proven cir­
cuit testing techniques 
for all levels of instrumentation. 
$39.95 

Electronic Troubleshooting 
2nd Edition 

by Dan Tomal and Neil Widmer 
This updated tool gives 
all the fundamenta ls 
needed to do successful 
servicing and repair 
work, blending tradition­
al theory with the very 
latest insight into mod­
ern electronics technolo-
gy. Time-saving tables, 

'I-··· 
ELECTRONIC " 
m~ournooTl!~;1 

. -A _itt.: 

charts, and illustrations pinpoint equip­
ment problems in a snap. Numerous 
reference guides, ru les of thumb, and 
tricks of the trade all combine to assist 
in troubleshooting the full spectrum of 
devices and products more easily than 
ever before. $39.95 

Miscellaneous 

The Hacker Diaries: Confessions 
ofTeenage Hackers 

by Dan Yerton 
Through fascinating 
interviews with FBI 
agents, criminal psy­
chologists, law-enforce­
ment officials-as well 
as current and former 
hackers-you'll get a 
glimpse inside the 
mind of today 's . ..!.. 
teenage hacker. Learn •---• 
how they think and understand the 
internal and external pressures that 
pushed them deeper and deeper into 
the hacker underground. $24.99 

This Month's Featured Titles 
The Do-It-Yourself PC Book 
An Illustrated Guide to Upgrading and 
Repairing Your PC 
by Kyle MacRae $24.99 

This highly illustrated fu ll-color guide is the easi­
est way to master the art of upgrading, main­

taining, and repairing your PC. Written with humor 
and simplicity, The Do-It-Yourself PC Book 
demystifies and explains the inner workings of 
your computer and makes it easy fo r anyone to 

The 
Do-lt-YourseH 
PC Book 

give their old machine a boost or keep their new one in perfect working 
order. Each chapter featu res clear explanations and step-by-step instruc­
tions while the accompanying full-color photographs show you every pro­
cedure and component. 

PICMicro Microcontroller Pocket 
Reference by Myke Predko $29.95 

D esigned to complement Programming & Customizing the PICM/­
CRO, this book contains a m inimum of verbiage and serves as an 

immediate device, code and circuit look-up for experienced PICMICRO 
applications designers. 
CONTENTS 

Conventions Used In This Book. 
PICmicro MCU Park Number Feature Comparison. 
Device Pinouts. 
PICmicro MCU Instruction Sets. 
PICmicro MCU Processor Architectures. 
PICmicro MCU Register Mappings. 
Built-In Hardware Features. 

;°i<(,\{i1' . \ll\L 

P!Cmicro MCU Hardware Interfacing. 
PICmicro MCU Programming. 
PC Interfaces. 
Useful Code Snippets. 
16-Bit Numbers. 
P!Cmicro MCU Operations Tables. 
PICmicro MCU Application Debugging Checklist. 
Constants and Data Tables. 
Miscellaneous Electronics. 
Formulas. 
Resources . 

--~~ -

PICMicro· 
MI Cll O COHTIO LL E ll 

Pal11et Rl!fl!rl!ncl! 

Atrli t t' lltllt1P 

Call 1·800·783-4624 today! or order online at www.nutsvolts.com WE ACCEPT VISA, MASTERCARD, AMERICAN EXPRESS 

Prices do not include shipping and may be subject to change. Ask about our 10% subscriber discount on selected titles. 

Lynxmotion, When you're tired of playing with toys! 

Jlt I 

I I 

I 
Lynxmotion, Inc. ~' Tel: 309-382-1816 
PO Box 818 11if!'r.~~ t• Fax: 309-382-1254 
Pekin, IL 61555-0818 ~ liifnxmo IOn sales@lynxmotion.com 
www lynxmotion.com Visit our website or ask for our free catalog! tech@lynxmot1on.com 

68HC11 & 68HC12 
Microcontroller Modules! 

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

~! ~~~x~.!~~~!l~::dule from $49 ~~:!!~~;!s~::l~~ily 
•from $79 " .. 

MicPulluP~-11™ A~a~tYl 2™ Family 
•compact 2-inch x 2- inch 68HC11 module from $68 •choice of 832, 060/ DG128 

•from $99 ·· 

Mic~ulUlMYl~,.M 
• lowe$t-cost BDM pod! 

A~8r.Ji-11™ F8rnily 
• 68HC11 modules with lots of I/O lines from $63 

• only $7.9! .,. 

Toll-free: 1-877-963-8996 
Application Cards Availabte: 
• stepper motor driver 
•voice record/playback 
•LCD/keypad/PC keyboard 
• data acquisition. OAC Te c Cu1 u I us:> i C8 I 
• CAN • ethernet • more! --.....___-=-- Af:iiS -=i~_____.---

Visa•MasterCard 
Discover•Amex 

963-8996 ~~ Fax: 
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www.web-tronics.com www.web-tronics.com 

High Tech Video system w Audio 
Includes TWO B/W Cameras w sound & I.R. (night vision) ONE 
5.5" BIW Monitor with Built-Jn adjustable Switching(from 2 to 20 
seconds)& two 60 ft. pre-wired cables. Everything you need to set 
up a high tech video monitoring system at home, office,restaraunt 
warehouse or use it as a baby monitor. Easily hooks into VCR for 

Auto-Temp Solder 
Station with 
Ceramic Element 

With Ceramic Heating 
Element fo r MoreAccurat 
Temp Adjustment 

Video Recording also 
item # Dual View 

Fantastic Price! 
$119.00 ea 
($109.00 ea. qty 4) 
view extensive details@ web sit 

- ate 

r 
24-960 Hour Time 
LapseVCR's 
12VDC version 
and 
JJg,VAC version 

$349.00 ! 
Details @ web siteunder 
miniature camera section 

Removable Hard Drive Rack 
ALUMINUM FRAME & CARRIER! 
3 COOLING FANS I 
AUTO-CLOSE FRONT DOOR! 
OUR NEW "BEST CHOICE" Hard Drive Rack 
features aluminum frome & carrier for rugged 
performance & heat disippation.Also, 3 internal 
cooling fans provide even m o re help with heat 
dissipation. Includes key lock, LED activity light, 
Auto-eject handle design & ground wire.Available 
for IDE ULTRA DMA66/I00/133 &also ultra wide 
SCSI version. AMR-3F (IDE Ultra DMA) .............. $17.95 

AMR/UWSCSI (ultra wide SCSI) .. $22.95 

Trinle Outnut Bench Power Supply 
"'"'"~with four 3 1/2 digit LCD Displays 

Output : 0-30VDC x 2 @ 2 AMPS 
& 1 ea. fixed output (ii>, SVDC 

Source Effect: <0.02% +lmV 
Load Effect: <0.01 % +sm V 
Ripple & Noise: <lmVrms 
Dimensions: 365 x 265 x 164 mm 

CSI3002D-3 ..... $169.001nput Voltage: llOVAC+/-10% 
(g!y 5+ ... $159.00) Detailsatwww.web-tronics.com 

Mini CCDs (B/W & Color) 
Sensational NEW Design for Small Observation 

3 Conductor Grounded 
Power Cord 
250°C-480°C (470°F-
9000F) 
Fast Heating Feature 

Easy to Nav~~arch Engine 
Includes :i1yWorks antlY 
That Re Added Const In Busine s 

Cameras. Smaller and Better! 
Ultra Miniature Design 
Black & White Versions Only 25mm x 
25mm or More Info See www.web-tronics.com Nev.rlterns Since 1971 Color Versions Only 32mm x 32mm 
Available in Standard Lens or Pinhole 
Lens CCD B&W Board Cameras 

ASIC CCD Area Image Sensor 
Extremely Low Power Consumption 

• 0.5 Lux Min Illumination 

etailed Specs o 
the Web 

• Built-In Electronic Auto Iris for Auto Light Compensation 
Detailed Specs on the Web 

VM1030PA-B 30mmx30mmx2Smm,Pinhole lens, 12y l39,oo any qty. 

VM1030A 30mmx30mmx26mm, Standard lens, I 2V 139.00 any qty. 
VM1035A 42mmx42mmx2Smm,Standard lens, I 2V with back light compensation $49.00 any qty. 
VMCB21 44mmx38.Smmx28mm, with 6 infra-red LEDs, I 2V $49.00 any qty. 

VM1036A 32mmx32mmx2Smm,Standard lens I 2V,reverse mirror image feature 149.00 any qty. 

B& ~ Color & Powerful 
Nlghr Vision Model Bullet CCD Cameras 
•Smart Rugged Metal Housing ~ 

: ~;t~~'::emly Low Power Consumption Detailed Specs on the Web 
• CCD Area Image Sensor for Long Camera Life 
• Built·ln Electronic Auto Iris for Auto Light Compensation 
• No Blooming, No Burning 
• 0.1 Min Lux Illumination (B&W), 1 Lux Min Lux Illumination (color) 

All Include Pre-Wired Cable Harness 
for Video & Power 
12V Regulated Power Supply Required (120mA typical 
power consumption) 
0.1 LUX Rating (BIW), 1 LUX (color) 
CCD Area Image Sensor for Long Camera Life 
Back Light Compensation Circuit 
Built-In Electronic Auto Iris Lens 

VMCW-H11A32mmx32mmx30mm,Color CCD with standard lens, pre-wired 
cabling for video/audio, 12VDC Power $1Q9.00 1199.00 5 or more 

VMCW-H12A 32mmx32mmx I 9mm, Color CCD with pinhole lens, pre-wired 

cabling for video/audio, I 2V DC Power Input $] 09.00 / $99.00 5 or more 

VMPS-718A 25mmx25mmx30mm, BfW CCD with standard lens, pre-wired cabling 
for video/audio, I 2V DC Power Input $49.00 / 145.00 5 or more 

VMPS-250A 2Smmx2Smmx I Smm, BfW CCD with pinhole lens, pre-wired cabling 

for video/audio, 12V DC Power lnput $49.00
/ 145.00 s or more VMBLT1020 B&W,21 mm{D)xSSmm{L) s49,oo any qty. 

VMBLT1020WB&WWeatherproof,21mm(D)x58.Smm(L) $69.00 anyqty. 

VMBLT JC19BW CO LOR! Weatherproof , 17mm(D)x88mm(L) SJQ9.00 any qty. 

WDB-5007S Powerful ni ht vision camera(26 IR LED.§) $159.00 $139.00/ 5+ O'Scope Offer 

3 0MHz! ONLY $299! COLOR CCD Mini Board Cameras 
Low Power Consumption 
1 Lux Illumination 
Built-In Electronic Auto Iris for Auto 
Light Compensation 
Internal Synchronization 
12Volts 
400 TV Lines 

VM3010PA 33mm x 33mm x 18mm pinhole lens .... .... $99.00 any qty. 
VM3010-A 33mm x 33mm x 18mm standard lens ....... $99.00 any gty 

DC to A C Power Inverters! 
15 0 watt up to 3 000 watt models! 

lSOw modified sine wave:$29.95(G-12-0JSB) 
300w modified sine wave:$39.95 (G-12-030) 
150w pure sine wave:$69.00 (G-12-JSOS) 
300w pure sine wave:$109.00(G-J2-300S) 
800w modified sine wave:$139.00(G-12-800) 
I OOOw modified sine wave:$179.00(G-12-100) 
3000w modifed sine wave(phase corrected), 

(G-12-300) ................. .... $489.00 

See Our web site/or DETAILED Specs.! 

Our Most Sophisticated DMM We Sold Over 800 Last Year! 
with RS-232 Interface & Software, 3-3/4 Digit, 4000 Count 
Auto-Ranging with Analog Bargraph 

• True RMS Mode 
• I OM Hz Frequency Counter 
• Time Mode with Alarm. 

Clock, and Stop Watch 
• Dual Display 
• I 0 Location Memory 
• Min, Max. Avg and Relative 

Mode 
• Decibel Measurement 
• Cap and Ind. Measurement 
• Temperature Mode (CIF) 

• K Type Temperature Probe Included 
• Pulse Signal for Logic & Audible 

Test 
• Continu ity/Diode Test 
• Logic Test 
• Auto Power O FF/"Keep ON" Mode 
• Fused 20A Input with Warning 

Beeper 
• Back Light 
• Oara Hold/Run Mode 
- Safet y Design ULI 244 & VDE-041 I 
• Protective Holster 
• Silicon est Leads 

Reg. $169 

More Details on 
OIX 

l\e!)Si/e 

PROTEKS06 

$99.00 ! 
Item# 
CSl9803R 

*Digital & Analog Display, 
3999 counts & 42 segment bar graph. 

* Autorange & Manuarrange 
*DATA HOLD, Min/Max Relative 

Measurement 
*Storage Data DISPLAY /RECALL 
*True RMS f AC voltage & current 
*Back Light 
*ADP Measurement:400mV+/-3% 
*Continuity & Diode test 
*Power Source: AC or DC 
See details @ web site 

•Dual Channel 
•Dua/Trace 
• Vert Trigger 

#OSC-1030 

• I Year C.S.I. Warranty! 
Includes I oscilloscope probe 

Manufactured for CSI by a leading 
O.E.M. manufacturer. See our website 
for detailed specifications! 

Digital Read Out 3Amp Bench Power Supplies 
Available in 0-30 volt & 0-50 volt versions 

High stability digital read-out bench power supplies featuring constant voltage 
and curre nt outputs. Short-circuit protection and current limiting protection is 
provided. Highly accurate LED accuracy and stable line regulation make the 3000 
series the perfect choice for lab and educational use. 

Line Regulation: 2x I 0 ·• +I ma 
LED Accuracy: Voltage ±1 % +2 digits 

Current ± 1.5% + 2 digits 
Wave Line Noise: $ I mvrms 

New! 
Dimensions: 29 1 mm x I 58mm x I 36mm Lower Prices 

CSI3003 :0-30v/0-3amp 1-4 / $89.00 

CSl5003 :0-50v/0-3amps l-4 / $109.00 

5 +I $85.00 

5+ I $99.00 

Bookmark our WEB Site! Many more Power . 
------~~ 

Supplies are Available. Look Under Test Equipment 



PC based Digita1 Stora1 
Oscilloscope, 200HHz 
SGS/s equiv. sampling, 
USB interface 

Digital Storage Oscilloscope Module 

Convert any PC with USB 

interface to a hi gh performing 

Dig ital Storage Osci ll oscope. 

This is a sophisticated PC 

based scope adaptor providing 

performance compatible to 

mid/high level stand a lone 

products costing much more! 

Complete details & software 

download @ our web site under 

test equipment. 

item# 200DSO $799.00 

Intelligent DMM with item# cs1345 
PC Interface 

*Auto-Ranging 
*Dual Display 
*Confom1s to IEC I 0 I 0 

Extensive Details @ 
www.web-tronics.com 

*3999 counts & 38segment 

bar graph di splay $44 50 ' 
*DC voltage(autoranging) • • 
*AC voltage (auto ranging) 
*Temperature measurement Ships with Rubber 
* Res istance (auto ranging) Boot, RS-232 cable, 
*capacitance 
*diode testing 
*transister check 
*audible continuity 

Software 
& Test Leads & 
K-probe 

Intelligent Multi-function Digital Counter 

An intelligent multi-function counter controlled 
by an 8-bit micro-controller with eight-digit 
high bright LED display. Four measuring 
functions(frequency, period, totalal mode 
& self-check).Also,a I OM Hz OSC.OUT. 
Frequency Measurements: 1" 1:<..W 
CH A, Range 10 to 100Mhz fEM 

0-18V Bench 

input voltage: 11 OYAC 
output: 0-18VDC 
Current: 0-2A 

Power Supply Source Effect:<0.02%+ l m V 
Load Effect:<O.O I% +5mV 

LCD Display Ripple & Noise: < Im Ynns 

1 5+ 
$59.95 $52.95 
item # CSI 1802D 

~ SoftTube Heatshrink 
2:1 shrink ratio 

LO 

Sold in 4 ft lengths 
Sold Bulk on Spool 
Extremely Low Prices 
Many diameters NEW ! 
Many colors _J 

PLEASE VISIT OUR WEB SITE 
FOR SELECTION & PRICES 

~~==~- www. WEB-TRON I CS.corn 

RF Field Strength Analyzer 
The 320 I is a high quality hand-held RF Field 
StTength Analyzer with wide band reception 
ranging from I OOkHz to 2060MHz.The 320 I is 
a compact & lightweight portable analyzer & 
is a must for RF Technicians. Ideal for testing, 
installing & maintenance of MobileTelephone 
Comm systems, Cellular Phones,Cordless 
phones, paging systems, cable &Satellite TY 
as well as antenna installations.May also be 
used to locate hidden cameras using RF 
transmiss ions 

Extensive Tech Details & a Special Offer 
At Our Web Site (www.web-tronics.com) -----

~ FLUKE 
Circuit Specia · sts now carries 
FLUKE TEST EQUIPME T 

CE 

~149.00 

- - -- -- - item# CSL 6l00 

!! www.WEB-TRONICS.com 

CHB, Range 100Mhz to 1.3CHz ' 
DETAILS AT OUR 
WEB SITE under TEST EQUIPMENT Visit our web site & view 

our extensive offering of new 
FLUKE TEST EQUIPMENT. 
Just go to our home page & select 
TEST EQUIPMENT. 

r LED's/Megabright Blue, White, GREAT PRICES! 
luminous 
intensity @ 1 l O+ 
20111A 

We've got great deals .......... . 
New! 

Megabright Blue Smm (L7l 13PBC/G) 1400 $1.95 $1.50 FLUKE COLOR SCOPES 

Megabright Blue 3mm (L 7104PBC/G) 600 $1.95 $1.50 

100+ 
$1.25 
$1.25 
$1.35 

I 
MultiTurn Cermet Potentiometers ----Megabright White Smm (L7 114PWC/G) 600 $2.15 $1.59 

more technical details @ our web site under SEMICONDUCTORS 
PRICED TO SELL! (WIW1012 series) 

22 TURN RECTANGULAR 
(standard values from 100 ohm to 2 meg) FLASHING red 3mm (L36BHD) .......... as low as $.28 ea! 

r
, ,_ ' Single Turn 114" 

, t) OUR NEW SELF-LOCKING CABLE TIES SQ. Cermet Pots 
(Horiz. & Vertical) 

l 10+ 100+ 500+ 
$0.89 $0.79 $0.55 $0.49 

UL approved ylon 66, 94V-2, white color,acidproof, alkaliproof, good insulation 
& long lasting Sold in Bags of I 00 pcs, Buy at prices usuaUy reserved 
for large bulk purchasers!!!!!!! CHECK PRICES BELOW! 

GL3 series= 2.5 m.m. width/ GL4 series= 3.5 m.m. width/GLS series =4.Sm.m. 
widthGLS series= 7.0 m.m. width/ GLIO series= 9.0 m.m width/ GLl2 series= 
12 m.m.width ......... 100 pcs per bag 
item length price item len2th price 
GL3- l 00 4 inch $.25/bag GL5-400 I €' inch "$2.49/bag 
GL4-l 50 6 inch $.49/bag GLS-200 8 inch $ 1.99/bag Industry 
GL4-200 8 inch $.79/bag GL8-300 12 inch $2.79/bag Best 
GL4-250 I 0 inch $1.15/bag GL8-400 16 inch $3.99/bag 
GL4-300 12 inch $1.29/bag GLI0-400 16 inch $5.49/bag 
GL5-200 8 inch $.99/bag GLI 0-500 20 inch $6.15/bag 
GL5-250 I 0 inch $1.39/bag GL I 0-600 23.5 inch $9.29/bag 
GL5-300 12 inch $1.69/bag GL I 0-800 31.5 inch $13.99/bag 
GL5-350 14 inch $2.29/bag GL l2-650 25.5 inch $12.49/bag 

Pricing! 

Stocking standard 
valuesfrom 100 ohm 
to 1 Meg 

26 TURN 3/8" SQ Top Adjust 
(standard values from 100 ohm to 1 meg) 

I 10+ 
$ 1.09 $0.99 

(WIW1036 series) "H" 1 10+ 100+ 
$0.79 $0.69 $0.55 

100+ 
$0.75 

500+ 
$0.45 

500+ 
$O 65 (Wl~3296 · senes) 

Cermet Prices shown are per value/ More Details @ www.WEB-TRO ICS.com 

Standard 5MM & 3MM LEDS/Red/Green/Yellow 
MoreDetails @ www.WEB-TRON/CS.com 

Red-Diffused 5mm (L53HD) 
Green-Diffused 5mm (L53GD) 
Yellow-Diffused 5mm (L53YI)) 
Red-Diffused 3mm (L934HD) 
Green-Diffused 3mm (L934GD) 
Yellow-Diffused 3mm (L934YD) 

1 10+ 100+ 1000+ 
$.12 $.08 $.05 $.04 
$.14 $.09 $.06 $.05 
$.15 $.10 $.07 $.06 
$.12 $.08 $.05 $.04 
$.14 $.10 $.07 $.04 
$.15 $.11 $.08 $.05 

Visit our website for a complete listing of our offers. We have over 8,000 electronic items on line @ www.web-tronics.com. P,.., 
based data acquisition, industrial computers, loads of test equipment, optics, I.C's, transistors, diodes, resistors, potentiometers, 
motion control products, capacitors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printe 
circuit supplies for PCb fabrication, educational D.l.Y.kits, cooling fans, heat shrink, cable ties & other wire handleing items, 
hand tools for electronics, breadboards, trainers, programmers & much much more! Some Deals you won't believe! 



c om.101 
The Stamps in Class program was created to provide educators, 
students and engineers the material they need to learn microcontroller 

programming and interfacing. We've published six curriculum 
for you to choose from . Each curriculum has its own strengths 
in introductory PBASIC programming , sensor calibration 
and interfacing, data logging, motor control and PID control 
(proportional - integra l - derivative). See the descriptions on our 
Stamps in Class web site (www.stampsinclass.com) or download 
the books for a quick review. Each text has an accompanying 
parts kit which you can purchase from Parallax or build your own . 

Educators stock their classes with the Board of Education Full Kit 
(28102). The Board of Education is the project board for BASIC Stamp 
microcontroller projects, including the Stamps in Class curriculum. The 
board was designed in coordination with our educational customers to 
teach microcontroller interfacing and programming. Even if you aren't 
using the Parallax published curricula, the Board of Education is still 
an ideal set of hardware for instructor-authored lessons. The Board of 
Education is available in a Full Kit that includes a BS2-IC module, power 
supply, and serial cable, or may be purchased individually (#28150). 

Getting the class started with our Robotics! 
curriculum is easy with Parallax products. The Boe­
Bot (28132) is a wheeled robot with a well-developed 
educational tutorial demonstrating the essentials of motor control, sensor 
interfacing and program structuring . The Boe-Bot has a number of add­
ons for line following, sonar and speech generation. 

Once you've learned the Boe-Bot, try moving on to the Advanced 
Robotics curriculum featuring the Toddler ( #27310, #27311). This 
bipedal robot has 34 unique movements, and is capable of almost 
everything a Boe-Bot can do but requires much more emphasis on 
programming and software/hardware interaction. 

Educators can send students home with the new BASIC Stamp 
Homework Board. These boards were designed in response to requests 
from educators who desired a low-cost BASIC Stamp 2 that students 
could either take home or dedicate towards a permanent project. Less 
expensive than a Board of Education Full Kit. Available in 10 packs with 
either a breadboard (#28157) or through-hole (#28158) prototype area. 

For more information visit www.stampsinclrus.com 
or call toU.free in the US at 888 .. 512 .. 1024 

Circl e 154 on Reader Service C ard. 


