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We Only Skimped Onihe Pricf 
Introducing The Fluke Series 10 From $69?5 

Actual size: Easy to carry, 
easy to use. 

New! V Chek ": For fast accurate 
checks on power sources and 
supplies, set your meter on V Chek - 
and let it do the rest. V Chek will 
determine continuity/ohms; if voltage 
is present, it will automaticalty 
change modes to measure AC or DC 
volts, whichever is detected. For most 
initial troubleshooting checks, here's 
the only setting you need to make. 

Fluke quality: Made in the USA by Fluke, 
with the same rugged reliability that's made 
us the world leader in digital multimeters. 
Count on hard -working high performance - 
and a two -year warranty to back it up. 

Large, easy -to -read display: 
4000 count digital readout. 

New! Min/Max record with relative 
time stamp and Continuity Capture": 
Makes intermittent problems easier to 
find. Records highs and lows -and 
"time stamps" when they occurred. In 
continuity mode, opens or shorts as br 
as 250 .us are captured and displayed. 

=in ' , rim AM 

o l_I.1_I.1_I.IJ M 
MAX El MIN 'n11 -i1- LoZ /J 

Autoranging with manual option: 
Your choice. depending on your situation. 

Sleep Mode: Shuts itself off 
if you forget, extending long 
battery life even further. 

Capacitance: Autoranging from 
.001 uF to 9999 AF. No need to carry 
a dedicated capacitance meter. 

For high performance at Fluke's lowest price, g 
your hands on the new Series 10. Stop by your 
local Fluke distributor and feel what a powerful 
difference the right multimeter makes -at the 
right price. Fora free product brochure or the nan 
of your nearest distributor, cart 800 -87 -FLUK 

New! Slide switch and a 
few pushbuttons control 
all functions: Designed for 
true one -hand operation. 

Fast, accurate tests 
and measurements: 

AC and DC voltage 
measurements to 
600 volts, ohms to 

40 MO; audible 
continuity test; 

and diode test. 

Fluke 10 

$69.95- 
4000 count digital 

display 
1.5% basic dc volts 

accuracy 
2.9 % basic ac volts 

cc aucy 
1.5% basraic ohms 

accuracy 
Fast continuity 

beeper 
Diode Test 
Sleep Mode 
Two -year warranty 

Fluke 11 

$79.95 - 
V Chek'" 
Capacitance, 

.001 to 999911F 
4000 count digital 

display 
0.9% basic dc 

volts accuracy 
1.9% basic ac volts 

accurac 
0.9 % basiy c ohms 

accuracy 
Fast continuity 

beeper 
Diode Test 
Sleep Mode 
Two -year warranty 

'Suggested U.S lis price. 

Fluke 12 

$89.95 - 
V Chek'" 
Min /Max recordin 

with relative 
time stamp 

Continuity 
Capture'" 

Capacitance. 
.001 to 9999 pF 

4000 count digita 
display 

0.9% basic dc 
volts accuracy 

1.9% basic ac voll 
accuracy 

0.9% basic ohms 
accuracy 

Fast continuity 
beeper 

Diode Test 
Sleep Mode 
Two -year warrant! 

Optional holster witt 
tilt -stand available 

Safety-a Fluke standard: 
Designed to meet UL1244, 
IEC 1010, CSA and VDE safety 
requirements; extensive 
overload protection built in. 

New! TL75 Hard Point' Test Leads: 
Comfort grip with extra strong tips 
for extended service life. 

Audible Continuity: 
To perform fast continuity 
checks, just listen for 
the beep; no need to watch 
the display. 
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Today's personal computers 
are powerful data -processing ma- 
chines, but they are limted in that 
they depend on you to input that 
data. They lack the ability to 
sense and act upon real -world 
events. But now it's possible to 
link your PC to the outside world. 
The Experimenter bridges the 
gap between your computer and 
its environment by allowing infor- 
mation to be input from various 

types of sensors. The computer 
peripheral provides eight inputs 
capable of voltage measurement, 
four timer /counter inputs, and 34 
digital I/O terminals. With the Ex- 

perimenter, you can build such 
projects as a computerized 
weather station,a PC -based 
home -security system, or a com- 
puter- controlled robot. It works 
with virtually all computers. Turn 
to page 31 for all the details. 
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PRECISION DIGIT4L SCALE 

Build this 
electronic scale 

and weigh objects 
precisely In the 
0 to I.3 pounds 

!0 to 600 grams) r, 
range. 

tittot 

Leam how to multiply. divide. square. 
and get square toots of analog variables 
with an analog multiplier. and put that 
shill to work in your experiments and 
projects. 

r. 
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Ultravariable Pulse Generator 
0.5 to 5MHz 

Run, Triggered, Gate, Single -Sh% 

Independent width and space con 

*Variable 50S2 output 

Model 4001 

Audio /Sweep Generator 
Sine /Square/Triangle 

1 Hz to 100kHz 

*Variable DC offset 

Sweepable 100:1 

Model 2001 $178.50 

PULSE SPACING PULSE W ICTN 

HIOTH VERNIEI 

(7GLORAL SPECIALTIES 

$199.95 

a IU /V 1h anso 

YDDE J RAMIE 

1FUNCTION GENERATOR 

2MHz Sweep Function Generator 
0.2Hz to 2MHz 

Duty- cycle, symmetry controls 

5052 output 

VCO input 

Model 2002 $219.95 
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2D02 FUNCTION GENERATOR 
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Digitally Synthesized Generator 
DC to 1.6MHz 

*Trigger, Sweep, Burst, Hop and a,At 

Internal/External Sweep 

'Sine, Square, Triangle, Ramps 

*Optional RS -485 communications port 

16 programmable memories 

Model 2003 

2003 SYNTHESIZED FUNCTION GENERATOR 

$499.95 

Compare the specifications and the prices of these four instruments 
with the competition. Then compare the labels. Global's say "Proudly 
Made in U.S.A. ". Designed and manufactured in our Connecticut factory 
with the value and quality that Global is known for. The competitors, they 
look alike because they are. Different names on the front. The same label 
on the back. "Made in Taiwan ". 

With Global you'll get a Good Buy, and can say Good -bye to imports. 

ã"Can't Wait? Call...1- 800 -572 -1028 

SPECIALTIES® 

70 Fulton Terrace 
New Haven, CT 06512 M 

FAX 468 -0060 

© 1992 Interplex Electronics A004 
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WHAT'S NEWS 
A review of the latest happenings in electronics. 

The First Amendment versus 
BBS 

Does the right to free speech ex- 
tend to statements posted on a 
computer bulletin board? That's the 
basic question being probed in a 

lawsuit brought against Peter De- 
Nigris, a Suffolk County, NY gov- 
ernment worker, by Medphone, a 

medical equipment company based 
in Paramus, NJ. The company, 
claims to have lost between $30 
million and $40 million due to 
plummeting stock values as a direct 
result of a series of statements that 
DeNigris posted on the Prodigy on- 
line service. Prodigy was not named 
in the suit. Medphone claims that 
the statements were deliberate 
falsehoods intended to damage the 
company. DeNigris counters that 
his on -line statements were true 
and that they were protected by the 
First Amendment. 

DeNigris, who lost $9000 on 
Medphone stock more than a year 
before he began using Prodigy, 
posted his first message about 
Medphone in July, 1992: 
"Medphone gets great publicity, but 
the stock will go nowhere. Having 
been a shareholder, I caution you 
against the hype the company man- 
ages to get out. That was followed 
by about 25 additional negative 
messages over the next 90 days. 
According to Medphone, some of 
the DeNigris' messages accurately 
predicted the stock's performance 
the following day, and the overall 
effect of the on -line statements 
caused the stock to drop from 
$1.75 to 37.5 cents a share. 

Computer bulletin boards, which 
provide real -time, instant communi- 
cations, fall somewhere between 
having a conversation between 
friends and reading a newspaper or 
magazine. This case will determine 
whether relatively uncensored BBS 
postings -which have potential au- 
diences of more than two million 
people -have the same protection 
under the First Amendment as do 
spoken words and printed articles. 

Winning inventors 
There were 41 winning high - 

school students in the Eleventh An- 
nual Duracell /NSTA Scholarship 
Competition. The winning battery- 
powered inventions were chosen in 
March at Duracell headquarters in 
Bethel, CT, from a field of 100 final- 
ist projects. 

PRIZE -WINNING DEVICES in the elev- 
enth annual Duracell /NSTC Scholarship 
competition include the first prize Accel- 
erometer (front) and, clockwise, the Por- 
table Launch Base, the Electronic 
Precision Vise, the Katakana Black- 
board, the Stoveguard, and the Car Jack 
Jinx. 

The $10,000 first -place schol- 
arship went to Aaron James Passey, 
a senior from Bothell, WA, who de- 
signed and built an accelerometer, 
an electronic device that measures 
and visually displays acceleration 
and changes in acceleration in real 
time. Second place $3000 schol- 
arships went to six students with 
interests in mechanics, electronics, 
engineering, and physics, whose in- 
ventions ranged from a portable 
launch base with the ability to indi- 
vidually or simultaneously launch 
multiple model rockets to the "Car - 
Jack Jinx," a remote -controlled de- 
vice that lets a car owner turn off the 
engine to foil a thief. Ten more stu- 
dents received third place $500 
scholarships, while 25 others re- 
ceived cash awards of $100 each. 

The competition is open to U.S. 
high -school students, grades nine 
through twelve. They must build a 

battery- powered device that is edu- 
cational, useful, or entertaining. 

Thermoelectric generator 
Scientists at the GE Research 

and Development Center (Sche- 
nectady, NY) earlier this year dem- 
onstrated to officials of Rochester 
Gas and Electric Corporation 
(RG &E) the technological viability of 
a "continuous" gas furnace, a resi- 
dential heating unit that would con- 
tinue to operate even during a 
lengthy power outage. The tech- 
nology centers on a solid -state ther- 
moelectric generator that can 
directly convert heat from the com- 
bustion of natural gas into 100 to 
300 watts of electricity, which is 
more than enough to operate the 
blower and other electrical require- 
ments of a standard home -heating 
system. The breadbox -sized device 
could be built into new gas furnaces. 
Unlike gasoline- and kerosene - 
powered generators used as emer- 
gency backups, the thermoelectric 
system can run unattended, is main- 
tenance free, and does not require 
the homeowner to store potentially 
hazardous fuel. 

GE PHYSICIST DR. LIONEL LEVINSON 
tests a thermoelectric generator used in 
prototype "continuous" gas furnaces. 

The RG &E- funded project in- 
cluded the construction of a small, 
70 -pound heater -generator system 
with thermoelectric output. The test 
unit directly converted the heat from 
the combustion of diesel fuel into 
160 watts of electric power. Approx- 

continued on page 90 



A Shocking Offer! 
Now you don't have to be enrolled at CIE to receive our 
introductory Electronic and Electricity Lesson Modules. 
This program is available for a limited time to non- 
students for the shockingly low price of only $99.50. 

With CIE's patented AUTO -PROGRAMMED method 
of learning you will quickly learn and then master the 
basics of electronics and electricity and then move on to... 
DC /AC circuit theories, fundamentals of bi -polar junction 
transistors (BJT), field effect transistors (FET), wiring, 
diagram and schematic readings, component identifica- 
tion, soldering techniques... and much, much, more. This 
introductory offer includes 
the first 39 lessons in CIE's 
Associate in Applied Science 
in Electronic Engineering 
Technology Degree. 

Your commitment to CIE 
ends with your payment, but 
CIE's commitment to your 
success just begins when 
you receive your lessons, 
exams, binder and equip- 
ment. This special introduc- 

tory price includes all the benefits and assistance CIE 
normally extends to its full time students. You'll be entitled 
to unlimited access to CIE's faculty and staff to assist you 
in your studies via a toll free 800 number six days a week, 
24 -hour turnaround on grading your submitted exams, 
CIE bookstore privileges, a patented learning method, 
reference library, access to CIE's electronic bulletin board 
and a free issue of CIE's school newspaper The Electron. 

And best of all, when you decide to continue your 
electronics education in any of CIE's programs you'll 
receive full academic credit for successful lessons 

submitted and a $100.00 
Tuition Credit Certificate. 

All this knowledge and 
support will put you on the road to 
understanding digital electronics, 
automotive and industrial 
electronics, microprocessing 
principals, computer systems, 
telecommunications and much, 
much, more. 

$100.00 Tuition Credit 
Academic Credit 
Free issue of The Electron 
Build your personal burglar alarm 
Toll Free Instructor Assistance 
24 -hour grading 
CIE bookstore privileges 

39 theory and hands -on training 
lessons and exams. 

Patented learning method 
CIE electronic bulletin board 
privileges 

H Yes! Send me 
Electronic and 
and Equipment. 

Name: 

Street: 

CIE's Introductory 
Electricity Lessons 

A7323 

Total Merchandise: 

Ohio Residents 

California Residents 

Total This Order: 

Shipping and 

Method of Payment/Amount 

Personal 

Master Card 

$99.50 

add 7% Sales Tax: 

add 6 1/2% Sales Tax: 

Handling 

Check or 

Charge: $5.00 

Apt #: Enclosed: 

City: _ _ 

State: 

Money Order 

Visa Discover _ 

Zip. 

Age: - - - Phone ___._1 
Card 

Signature. 

Expiration Date: 

BOOKSTORE 
1776 East 17th Street 
Cleveland, Ohio 44114 

CHARGE BY PHONE! I= 9 AM to 4:30 PM Eastern Time: 
1- 800 -321 -2155 ext. A7323 

oucro` 



VIDEO NEWS 
What's new in the fast -changing video industry. 

Cable vs. TV sets. Cable TV 
and consumer electronics products 
such as TV sets and VCR's are be- 
coming less compatible as time 
goes by, and there's fear that the 
situation will become far worse with 
the development of digital transmis- 
sion. The Cable Act of 1992 orders 
the FCC to improve the interfaces 
between cable and the products 
used in the home to receive them. 
The first results in the Commis- 
sion's inquiry are not encouraging. 

The two sides could agree on 
nothing except that the situation 
needs improving. The consumer 
electronics industry, through the 
Electronic Industries Association 
(EIA), said cable was to blame for 
virtually all the problems, while the 
National Cable TV Association 
(NCTA) put the onus on the man- 
ufacturers. Particularly targeted for 
censure by the EIA was cable sys- 
tems' increasing tendency to 
scramble all channels, thereby ren- 
dering useless such TV features as 
picture -in- picture and wireless re- 
mote control, as well as ability to 
record one channel while viewing 
another. 

NCTA, in turn, blasted TV man- 
ufacturers for poor tuners which it 
said make cable boxes necessary, 
and for telling consumers their sets 
are "cable ready," thereby need- 
lessly raising their expectations. 
NCTA urged a return to a standard 
back -of -set baseband interface 
such as Multi -Port, developed by 
the two industries years ago. EIA 
retorted that its members spent mil- 
lions of dollars installing Multi -Port 
connectors on the rear of their sets 
but the cable TV industry refused to 
go along. The end of the discussion 
is not yet in sight. 

Channel mapping. Com- 
plicating the problem of TV -cable in- 
terface is a new practice by cable 
systems, becoming increasingly 
widespread, known as "channel 
mapping." This is a system whereby 

channel numbers assigned by cable 
systems to the various programs 
they carry bear no relationship to 
the frequency the channel is sup- 
posed to occupy. A 10- year -old pre- 
liminary standard developed by the 
cable and TV industries assigns a 

specific frequency to each cable 
channel, from 1 through 99 (cur- 
rently this standard is in the process 
of being amended to include chan- 
nels above 99). 

In channel mapping, the cable 
systems apply to each channel 
number a frequency that only their 
own converter boxes understand. 
For example, CNN might be listed 
as Channel 10 (whose standard fre- 
quency is 192 -198 MHz), but it ac- 
tually would be sent out on 
240 -246 MHz, which is Channel 27 
under the standard. However, the 
set -top boxes provided by the cable 
system are "mapped" to tune to 
240 -246 MHz when Channel 10 is 

dialed. This naturally creates havoc 
with those cable subscribers trying 
to tune these channels on a "cable 
ready" TV without a box. In Manhat- 
tan, for example, more that 10 chan- 
nels have been mapped to come in 

on changed channel numbers. 
Since pay -per -view programming is 
very profitable for cable systems, 
and a cable box is required to re- 
ceive pay -per -view programs, a sub- 
scriber might think that channel 
mapping is simply designed to ha- 
rass him into using a cable box so 
that he can be sold pay -per -view 
programs. 

Not so, say the cable operators. 
The re- mapping, they say is virtually 
required under the cable act, given 
the inadequate shielding in TV sets. 
The Act requires VHF broadcast 
stations to be carried on their 
broadcast channels, but that would 
result in direct off -air pickup inter- 
ference in many sets if they were 
carried on their actual frequencies. 
Another advantage of channel map- 
ping, the cable systems say, is that 
it permits uniform newspaper listing 

DAVID LACHENBRUCH 

of programs by channel in any view- 
ing area. The third advantage is that 
it makes pay programs easy to tune. 
For example, the viewer can select a 
variety of movies and starting times 
on a single channel, but in reality, 
that channel covers a number of fre- 
quencies, which are changed with 
each selection. So far as the viewer 
is concerned, 11 pay movies are on 
Channel 35, for example, when in 
reality they may be on 10 different 
frequencies. 

Measuring picture tubes. 
The introduction of widescreen TV 
sets with 16:9 aspect ratio CRT 
screens is complicating the issue of 
measuring screen sizes. The sub- 
ject was already complicated 
enough before the arrival of the new 
sets. 

For example, do you know that if 
you ship a 27 -inch TV set to Cana- 
da, it gains two inches when it 
crosses the border, and when you 
unpack it, lo and behold, it's a 29- 
incher? Similarly, a set shipped from 
Japan will shrink when it reaches 
American waters! That's because 
the U.S. TV industry measures 
screen size in a way that differs from 
the methods of all other countries. 

The U.S. TV measurement meth- 
od dates back from before commer- 
cial TV. The first significant use of 
cathode -ray tubes was in os- 
cilloscopes. The size of the screen, 
which was circular, was measured 
as a diameter. The first mono- 
chrome TV sets also had round 
faces, and they were measured in 

diameter. With the introduction of 
the rectangular tube, the same 
method of measuring the screen 
was kept, but now it was from cor- 
ner to corner. 

In the 1950's, the Federal Trade 
Commission (FTC) ruled that this 
"overall" diagonal measurement 
was deceptive, because it included 
the thickness of the glass walls of 
the tube. It mandated that measure - 

continued on page 90 
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KELVIN CATALOG $3 
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100 Basic 150 Basic+ 200 Advanced PRO 400 
Standard Features - Models 100, 150, 200 & 400 

AC & DC VOLTAGES DC CURRENT 
RESISTANCE CONTINUITY TEST- Buzzer 
DIODE TEST 31/2 Digit LCD LOW BATTERY 

INDICATOR ACCURACY +/- 0.5% RDG 
BATTERYTEST TRANSISTOR 20MHzFREO 
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$1 
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4 data IN switches and 4 LED displays. 

Stock No. 840460 99$' 
COMMUNICATION TRAINER 
WIRE - FIBER OPTIC - INFRARED 

TMS MOWN. SPED ALI 

BONUS 
U65í Your 
REE - 

KELVIN 100 
Multimeter 

mtt you Scope order. 

Ideal for schools! 
Exdore the technology of communications with 
WIRE, FIBER OPTIC-8 INFRARED; one seehp 
which incorporates 3 technologies. 

Stock No. 840515 MR 5275 

BREADBOARDS 

uof i..K-h4-.- 
.110114 rt 

- ` .l 

KELVIN 94 The Ultimate Meter 

Stock No Poet Contacts YOURCOS 

680093 0 500 $ 4.28 

680097 0 840 6 5.$$ 
680098 2 1380 $11 n 
680 100 4 2390 $22." 

WIRE JUMPER KIT 
Pr. -cut, Pre- Stripped 
330289 140 Piece Set $ 4!5 
330290 350 Piece Set $ 8.°5 

R - Hz - dBm -True RMS -Lo is Probe 
WALL TRANSFORMERS 

The only meter with 0.1 % Accuarcy on DC 
Voltages, built -in True RMS, Freq Counter 
to 20MHz Res: 10 Hz, LCR- Inductance 
Tester Res: 10 uH, DC /AC Voltages 
Res:0.1mV Ohm Meter Res 0 1 ohms 

12 INSTRUMENTS IN ONE - 

AC & DC VOLTMETERS, 
AC & DC CURRENT, dBm, 
OHMMETER, DIODE TESTER 
AUDIBLE CONTINUITY TEST, 
20 MHz FRED COUNTER, 
CAPACITANCE METER, 
INDUCTANCE METER, 
LOGIC PROBE 

TRUE RMS PLUS 

Model 94 

#930111 

$1 9995 

E GINE 
A ALYZER PLUS 

Model 95 #990112 

$-I 9995 

Standard Features plus - 

TEMP, TACHOMETER & 
DWELL ANGLE TESTER, 
DUTY CYCLE, 10M OHM 
IMPEDANCE, ANALOG BAR 
GRAPH, K -TYPE TEMP 
PROBE, ALLIGATOR CLIP 
TEST LEADS, INDUCTIVE 
PICKUP CLIP, 6' TEST LEA 
& DELUXE CARRYING CASE 

WALL TRANSFORMER 
BATTERY 
ELIMINATOR 

CENTER NEGATIVE 

WOO( NO TYPE. FweO. 

220084 9V DC/500 mA 

220068 12V DC'500 mA 

MALE JACK 
ROOk NQ TYPE 

370048 2.1 mm Male 

.49- 0.39/10. 

.4161P 

$3.95 - 
54.25.. 

TEST ACCESSORIES 

20 MHz SCOPE 
Dual Trade 2 Yr Warranty-Parts 8 La$bnor r $38 Stock No. 740086 5 

40 MHz SCOPE 
Dual Tray& vile, Delayed Swamp 

t Yr Wr.anty -Parts 8 Labor 

Stock No. 740086 $655 

100 MHz SCOPE 
3 Channel, 8 Trace with Delayed Sweep 
2 Yr Warranty -Parte & Labor 

Stock No. 740089 61,295 

HITACHI - DIGITAL STORAGE 
MODEL VC -6025 50 MHz SCOPE 
AUTORANGE, 20MSe, RS-232 PORT 
3 Yr Wrrrhty -Prb & Labor 

Stock No. 700074 52,595 

FLUKE - SCOPEMETER 
MODEL 97 FULLY LOADED 
HANDHELD, 5016ax, DUAL CHANNEL 

Stock No. 710046 81,795 

DISCOUNTED PRICES! 
FLUKE 

AUTHORIZED DEALER 
FLUKE 79 Series II '175 
FLUKE 87 True RMS $295 

FLUKE 45 $595 

FLUKE 3 YEAR WARRANTY 

2 MHz FUNCTION GENERATOR 
Output SINE, TRIANGLE, SQUARE WAVE, 
PULSE, RAMP SLEWED SINE WAVE 

Stock No. 720098 $199$5 

100 MHz MULTIFUNCTION COUNTER 
8 MGR LED DISPLAY *nu DECIMAL POINT 

Stock No. 720099 $189$5 

150 two RF SIGNAL GENERATOR 
100104z b 1504NZ COVERAGE 
450MHz IN HARMONICS, AM MODULATION, 
INTERNAL OR EXTERNAL, 0 - 100% 

Stock No. 720022 '219 

DC POWER SUPPLY 
CONTINUOUSLY VARIABLE - 
TWO SEPARATE LED DISPLAYS, GREEN 
READOUT FOR VOLTAGE B RED READOUT 
FOR CURRENT 

ak N.. 81100 38 ... 30V 03A $295 
«a N.. 690039 .. 60V ®1.5A $295 

POWER SUPPLIES 
WITH ANALOG DISPLAY METER 
ADJUSTABLE OUTPUT on.000E I MOMENT 

18V / 1A Single Output 
seek N.. 690040 $155 

1 BV it A, 30V / 0.5A Dual Output 
«a N.. 590041 $215 

Standard Features - Models 94 & 95 
DC /AC VOLTMETERS AC/DC CURRENT 
OHM METER DATA HOLD RELATIVE Moo 
FREO COUNTER to 4 MHz (Model 95) 
AUDIBLE CONTINUITY TEST DIODE TEST 
MAX/MIN AVERAGE MEMORY RECORD 
10A HIGH -ENERGY FUSE PROTECTION 
AUTO SLEEP & AUTO POWER OFF 

MEASURES TTL, DTI., RTL, CMOS 
Stock No Model YOUR COST 

740071 LP10A 17 MHz 119" 
740007 LP25A - 25 MHz 53959 
740080 LP50A - 50 MHz 54959 

LOGIC PULSER 
SWRCHAB LE 0.5400 PULSE RATE, 100n,A 

Stock No. Model YOUR COST 

740073 PR41 $4995 

COMPONENTS 
WHOLESALE PRICES! 

(10 Pc. Min.) 

Stock No TYPE YOUR COST 
600021 555 TIMER 1.20 ea 

600029 556 DUAL TIMER $.40 ea 

600039 LM556 PPL .60 ea 
FUNCTION GENERATOR 

600018 741C OP -AMP '.30 ea 
INTERNALLY COMPENSATED 

600026 1458 OP -AMP '.35 ea 
DUAL 741C OP AMP 

630041 2N2222 '.20 ea 

630383 PN2222 '.08 ea 

600023 7805 Voltage Reg 1.36 ea 

SIUCON CONTROLLED RECTIFiER 
(Sznta to GE C106C1) 4.0 amp, 100PIV 
600014 '.89 ea '.79 eá10. 

THERMISTER - 100 ohm 
110097 '1.35 ea 11.00 ea/20. 
THERMISTER - 10K ohm 
110097 .... '1.35 ea '1.00 ea/20. 

PROJECT PARTS 
Project 
Speaker 
2', 8 Ohm, .1 Watt 
Stock No. 350009 

59 0 

Pro e c t 

BUZZER 
3 . 9 Volt DC, 80 db 
Stock No. 680089 
'1.59 ea 

$1.39 ea / 10. Oty 

Soldering 

Swo wie, TAND 
LONG LIFE TIP 
Stock No. 990098 

$3.95 ea 

LEDT13 
Stock No. Color 100. co 
260020 RED '.05 ea 

260027 GREEN '.08 ea 

260026 YELLOW '.08 ea 

260078 2 COLOR 1.32 ea 
RED/GREEN 

XENON STROBE 
Stock No. TUBE 
2Ero50 
'2.95 ea 
$2.50 ea / 20. ay 
TRIGGER COIL 
for X.nonStrobe Tube 
Stock No. 320037 
'1.25 ea 
' .89 ea / 20+ Oty 

INFRARED LED 
IR Pair, LED infrared 
transmitter 
and receiver 
Stock No. 260061 

$1.95 ea 

NEON LAMP 
NE2, 2- Load 
Stock No. 260003 
'.15 ea 
5.12 ea /100+Oty 

PHOTO CELL 
Photo Call - 450 ohm 
Stock No. 260017 
S .65 ea 

$ .45 ea /20. Oty 
Photo Cell - 1.5K ohm 
Stock No. 260018 

' .65 ea $ ,45 ea /20+ Oty 

PUSH - BUTTON SWITCH 
PUSH-OFF 

Stock No. 270021 
'.55 ea 

`NO 
loo0. oy 
1.045 ea 

1.07 ea 

1.07 ea 

1.29 ea 

$ .49 ea / too. 0ty 

SUB -MINIATURE MOMENTARY 
SWITCH 
Stock No. $90002 
'.35 ea 
5.28 ea / 100. Oty 

MINIATURE TOGGLE SWITCH 
Stock No. 270034 
' .90 ea Type SPST 

$ .79 ea 150.Oty 

CIRCLE 181 ON FREE INFORMATION CARD 
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Q&A i 

Write to Q & A, Electronics Now, 500 -B Bi- County Blvd, Farmingdale, NY 11735 

SOFTWARE RESET 
I am using an IBM XT as a pro- 

cess controller, and I find that I 

often need to reset the entire 
system -both manually and au- 
tomatically -under the control 
of the software I'm using. The 
motherboard I'm using is from a 
real IBM XT and it has no provi- 
sion for resetting it. Is there 
some circuit I could build that 
will let me do this ? -B. Schif, 
Jaibee, FL 

A lot of people think that there's 
nothing you can do with an outdated 
but still functional computer. This in- 
cludes XT's, Apple II's, and even the 
prehistoric Timex Sinclair. I'm using 
one of those old timers as the 
"brains" of a home controller, so I'm 
glad to find that someone else out 
there has had more or less the same 
idea. 

Any computer that gives you ac- 
cess to its bus through slots is a 

good candidate for long life - 
there's more to a computer than just 
word processing, running games, 
and using other software. 

Adding a reset capability to an XT 
is pretty simple -as long as it uses 
an 8284 IC as its main clock gener- 
ator. Although I don't have a sche- 
matic for the IBM XT, I know there's 
an 8284 on the motherboard, so 
you won't have any trouble adding a 

reset button to it. Once you know 
how to add manual reset, triggering 
it with software shouldn't be difficult 
either. 

Although I can't be certain about 
the details, the clock circuit built 
around the 8284 is probably pretty 
close to the schematic shown in Fig. 
1. I haven't put in component values 
because they're going to vary from 
motherboard to motherboard. 
What's important here, however, is 

that simply grounding pin 11 will 
cause the 8284 to generate a reset 
pulse for the 8088. All you need is a 

normally open, momentary, SPST 
switch connected between pin 11 

8 and ground and you've finished the 

FIG. 1- ADDING A RESET to an XT is 
simple if it has an 8284 IC as its main 
clock generator. Grounding pin 11 of the 
8284 will cause it to generate a reset 
pulse. 

installation of a manual reset switch. 
If the IC's aren't clearly numbered 

or, as is sometimes true, the IC's are 
house- numbered, you can find the 
8284 by tracing back from pin 21 of 
the 8088, its reset input. The loca- 
tion of the 8284 should be close to 
that of the 8088 on the board. An- 
other clue for locating it is that it 
should be next to the 14 -MHz crys- 
tal that's used as the basis of the 
system clock. 

You can't connect a manual 
switch to the reset pin of the 8088 
because the power -up sequence of 
the 8088 is really picky about varia- 
bles like pulse width and shape. The 
8284 takes care of all that for you, 
and one of its main jobs is to reset 
the 8088. 

Resetting under software control 
is a bit trickier than doing it manually. 
You didn't go into the specifics of 
your setup, so I don't know what 
kind of I/O you have available. But if 
you're using the XT as a controller, I 

imagine you have some hardware 
that decodes and responds to spe- 
cific I/O commands. You must re- 
serve one of them for reset. 

The manual switch can be located 
in parallel with a small relay that is 

activated under the control of your 
software. Once you have the relay in 
place, resetting the XT is simply a 
matter of sending the appropriate 
word out the port, decoding it, and 
then using that to energize the relay. 
That's the easiest way to do it and, if 
I had your problem, that's the way I'd 
solve it. 

Because the XT will be reset, you 
don't have to worry about resetting 
the relay. The system bootup pro- 
cess performed by the BIOS will 
take care of that function for you. 

MIXED FAMILIES 
I know this is an elementary 

question, but I've just started 
studying logic design and I want 
to be able to use IC's from dif- 
ferent logic families in the same 
design. My problem is that the 
CMOS part of the design has to 
run on nine volts, but the TTL 
part has to run on five volts. Is 
there some conventional way to 
do this kind of thing ? -T. 
Melvin, Darian, CT 

From the moment that CMOS 
logic first appeared on the market, 
people have been mixing it with TTL 
logic. Some of the incentive for 
doing that disappeared when the 
74CXXX CMOS equivalents of TTL 
chips were developed. However, if 
you have a reason for using the stan- 
dard members of both logic families 
in the same design, you must take 
special measures to accommodate 
them. 

The simplest way to handle your 
problem is shown in Fig. 2. The 
schematics there should tell you all 
you need to know about mixing the 
two families together -even if each 
side of the design is working off a 

different voltage. While there are no 
special requirements for the TTL 
IC's, you should use a 4049 hex 
inverter /buffer on the CMOS side 
when unequal power -supply volt- 
ages are used. 

The 4049 has a lot more muscle 
than other standard CMOS gates, 



Just like these 
Fully Trained 
Electronics 
Professionals 

"Thanks to CIE I have tripled my previous 
salary, and lam now in a challenging and 
rewarding new field where only the sky is 

the limit" 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods 

"CIE was recommended tome by my boss. 

It was appealing since I could study at my 

own pace at home and during business 
travel." 
Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices, Inc. 

"I loved the flexib lily CIE offered. It was the 

only way I could continue both school and 
my demanding job." 
Britt A. Hanks 
Director of Engineering 
Petroleum Helicopters, Inc. 

"I liked the way the school was set up with 

laboratory assignments to enforce 
conceptual learning. The thing which 

impressed me the most about CIE's 
curriculum is the way they show application 
for all the theory that is presented." 
Daniel N. Parkman 
Missile Electro-Mechanical Technician 
U.S. Air Force 

Completing the course gave me the ability 
o efficiently troubleshoot modern 

microprocessor based audio and video 
systems and enjoy a sense of job security." 
Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

CIE is the best educational 
value you can receive if you 
want to learn about 
electronics, and earn a good 
income with that knowledge. 
CIE's reputation as the world 
leader in home study 
electronics is based solely 
on the success of our 
graduates. And we've 
earned our reputation with 
an unconditional commit- 
ment to provide our students 
with the very best electronics 
training. 

Just ask any of the 
150,000 -plus graduates of 
the Cleveland Institute of 
Electronics who are working 
in high -paying positions with 
aerospace, computer, 
medical, automotive and 
communications firms 
throughout the world. 
They'll tell you success 
didn't come easy...but it 

did come...thanks to their 
CIE training. And today, a 
career in electronics offers 
more rewards than ever 
before. 

career skills. Each lesson is 

designed to take you step - 
by -step and principle -by- 
principle. And while all of 
CIE's lessons are designed 
for independent study, CIE's 
instructors are personally 
available to assist you with 
just a toll free call. The result 
is practical training... the kind 
of experience you can put to 
work in today's marketplace. 

LEARN BY DOING...WITH 
STATE -OF- THE -ART 
EQUIPMENT AND 
TRAINING. 
CIE pioneered the 
first Electronics 
Laboratory 

1934; 
electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 
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CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to- everyone 
school. CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS... 
IT'S THE ONLY SUBJECT 
WE TEACH! 

CIE PROVIDES A 
LEARNING METHOD SO 
GOOD IT'S PATENTED. 
CIE's AUTO -PRO- 
GRAMMED® lessons are a 
proven learning method for 
building valuable electronics 

Course 
and the first 
Microprocessor 
Course. Today, no 
other home study 
school can match CIE's 
state -of- the -art equipment 
and training. And all your 
laboratory equipment, books 
and lessons are included in 

your tuition. It's all yours to 
use while you study and for 
on- the -job after you 
graduate. 

PERSONALIZED 
TRAINING....TO MATCH 
YOUR BACKGROUND. 
While some of our students 
have a working knowledge of 
electronics others are just 
starting out. That's why CIE 
has developed twelve career 
courses and an A.A.S. 
Degree program to choose 
from. So, even if you're not 
sure which electronics career 
is best for you, CIE can get 
you started with core lessons 
applicable to all areas in 

Send for CIE's FREE Course Catalog and 
See How We Can Help Your Career Too! 

ttttt <s 

YES! I want to get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 
representative contact you - there 
is no obligation.) 
Please Print Clearly AE52 
Name 

Address 

City 

State Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
O Veteran 

Active Duty 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street 
Cleveland, OH 44114 

A School of Thousands. L A Class of One. Since 1934. 
11 



S VOLT5 S VOLTS CROS VOLTAGE 

TTL TO C4405 i.Vir ` 
EQUAL SUPPLY VOLTAGES 

TTL TO OROS lY/Tff 
UNEQUriL- vOL,7;46415- 

C41O5 VOLTAGE 5 VOLTS 

CROS TO TTL GY/Tff 
EQdi¢L SdaPLY 704Tr16E5 

CA105 TO TTL. AV/ TN 
UNE41-/AL SUPPLY VOLT¡¢E_ 

FIG. 2 -TO USE CMOS AND TTL family parts in the same logic design, you must take 
special precautions. 

/SUPER 12 HOUR RECORDE 
CALL TOLL FREE 

Modified Panasonic Slimline 

6 hrs per side 

120 TDK tape furnished. 

AC/DC Operation. 

Quality Playback. 

Digital Counter. 

Durable Lightweight Plastic. 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

PHONE RECORDING ADAPTER 

Starts & Stops Recorder 
Automatically When 
Hand Set is Used. 
Solid State! 

FCC Approved $28.50* 
VOX VOICE ACTIVATED CONTROL 
Solidstate Adjustable 
Sensitivity. Voices & 
Sounds Activate Recorder 
Adjustable Sensitivity 
Provisions for Remote 
Mike $28.50* 

* Add for ship. & handling. Phone Adapter & Vox 
$2.00 each, Recorders $5.00 each. Colo. Res add 
tax. Mail Order, VISA, M /C, COD's OK. Money Back 
Guar. Qty Disc. available. Dealer inquiries invited. 
Free data on other products. 

AMC SALES INC. 193 Vaquero Dr. 
Boulder, CO. 80303 

Phones (303) 499 -5405 1- 800 -926 -2488 
FAX (303) 494-4924 

Mon-Fri 8 -5 MTN. TN. TIME 

CIRCLE 108 ON FREE INFORMATION CARD 

Earn up to 
$30 an hour 
and more! 

Learn at home in spare time. 

?1 No previous experience needed! 

No costly school. No commuting to class. 
The Original Home -Study course prepares 
you for the "FCC Commercial Radio- 
telephone License." This valuable license is 
your professional "ticket" to thousands of 
exciting jobs in Communications, Radio - 
TV, Microwave, Maritime, Radar, Avionics 
and more...even start your own business! 
You don't need a college degree to qualify, 
but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy, fast and low 
cost! GUARANTEED PASS You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

comm= PRODUCTIOnS 

L 

FCC LICENSE TRAINING, Dept. 90 
P.O. Box 2824, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 

ADDRESS 

CITY STATE ZIP 

and it works a lot better as a voltage 
translator or current driver in this 
kind of application. If the logic inver- 
sion done by the 4049 is a problem 
for you, you can put two of the inver- 
ters together or replace it with the 
4050, a noninverting version of the 
4049. 

I'm using the 4049 in the sche- 
matic for two reasons. The first is 
that spare inverters are usually 
handy to have available on the 
board. The second reason is that, in 
these days of dwindling numbers of 
suppliers who service the hobbyist 
market, it's often easier to find a 

4049 than a 4050. 
There are other ways to mix logic 

families. Some are more elegant 
and some are simpler, but none of 
them are easier and, for sure, none 
is cheaper. 

MEMORY BOOST 
I want to add more memory to 

my IBM compatible but, after go- 
ing through some mail -order 
catalogs, I'm confused about 
the type of chips to buy. My 
motherboard uses SIMM's, and 
it seems that there are two dif- 
ferent types available on the 
market. For instance, one kind is 
described as 1K x 8, and the 
other is described as 1K x 9. I 

know the extra bit has some- 
thing to do with checking data 
but I'm not sure. What's the dif- 
ference?-H. Bansh, Denver, 
CO 

For reasons known only to the 
original hardware designers of the 
IBM PC, an entirely separate mar- 
ket was created for the people who 
manufactured memory for IBM's 
family of personal computers. I 

don't know why they did that, but 
then again, I don't know why the 
dinosaurs disappeared from the 
earth either. 

Although the PC uses the same 
definition for a byte as every other 
computer ever made (8 bits), it was 
decided that each byte would have 
nine bits associated with it. Eight of 
them would store the data and the 
ninth would be known as the "parity 
bit." That extra bit is used as a 

check on the validity of its associ- 
ated byte. If you've been using an 
IBM clone (or, to be kind, a compati- 
ble), the chances are that you've 



lad the computer come to a grind- 
ing halt with the somewhat myste- 
rious message "Parity Error at 
XXXX:XXXX." That happens when 
the parity check fails, and the BIOS 
decides that everything you've been 
doing for the last couple of hours 
should be lost. 

The parity check is one of the 
crudest forms of a validity check 
you can imagine. All it takes is one 
error to make the entire computer 
lock up. 

A parity check is a form of addi- 
tion that's done on the eight bits 
making up each byte, and the result 
of the operation- either a one or a 

zero -is stored in the ninth (parity) 
bit. If the data bits have an even 
number of 1's, the parity will be set 
to 1. ff the number of 1's contained in 

the data bits is odd, parity will be set 
to zero. 

To understand why I call this a 

really crude check, just consider the 
odds of having a parity error caused 
by a real error in the data it's sup- 
posedly checking. As a simple ex- 
ample, let's see what kind of 
insurance we can get from a parity 
check when we're dealing with a 

four -bit digit. 
1. One possible value has none of 
the bits set high. 
2. Four possible values have only 
one of the bits set high. 
3. Six possible values have only two 
bits set high. 
4. Four possible values have only 
three of the bits set high. 
5. One possible value has all of the 
bits set high. 
Because there are only sixteen pos- 
sible values when dialing with a 4 -bit 
digit, everything works well if we're 
transferring a "0" or an "F," but the 
odds of having a parity check catch 
an error with the other 14 digits are 

only 62.5% in the worst case and 
75% in the best case! 

Although anybody with earlobes 
can see that a parity check is really 
no check at all, you're still stuck with 
the fact that you need memory that 
has nine bits available for each 
byte -a x 9 part -in order for your 
machine to work properly. 

The Macintosh doesn't bother 
with parity checking, and uses only 
eight bits for each part -a x 8 

SIMM. Maybe the folks at Apple 
know something we don't. t2 
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Electnxiics EnáláLQ 
Keypad Programmable and 

LCD Readout at Analog Prices 

A New Standard in Low Cost linear 
Programmable Power Supplies 

Output Vohage /Current Programming and Reodback vio L(D 

Panel Data Entry with Front -Panel Keypad Power-off 

Memory Voltage and Current Step -up /Step -down Function 

Microprocessor Controlled Superior Line /Load Regulation 

Output Enable /Disable Optional RS -232 Interface for 

Remote Operation (standard on LPS -3051 Intelligent Forced - 

Air Fan Operation 

American Reliance, Inc. 
9952 E. Baldwin Place, El Monte, CA 91131 

(800) 654-9838 Fax: (818) 575 -0801 

CIRCLE 182 ON FREE INFORMATION CARD 

SIGNAL LLiMiNATOR 

çr,.rvnsr2329 

SIGNAL ELIMINATOR 

30.3 

CABLE TV 50dB NOTCH FILTERS for inter- 
ference removal or channel censoring. Filters 
are user -adjustable to desired channel # or 
frequency. Eight Models available, each for 
certain channels: 2 & 3; 4 to 6; 7 to 13; 14 to 
17; 18 to 22; 23 to 29; 30 to 36; 95 to 99 plus 0 

& 1. Just $30 each or 3 for $75, includes 
shipping. ONE MONTH MONEY BACK, fast 
delivery. Visa, MC, check or M.O. (C.O.D. is 

$5 extra) Huge discounts for higher quan- 
tities. STAR CIRCUITS, P.O. Box 94917, Las 
Vegas, NV 89193. Call 24 hours 
1- 800 -535 -7827. 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $940.00 per each insertion. 

Fast reader service cycle. 
Short lead time for the placement of 

ads. 
We typeset and layout the ad at no 

additional charge. 

Call 516 -293 -3000 to reserve space. 
Ask for Arline Fishman. Limited number 

of pages available. Mail materials to: 
mini -ADS, ELECTRONICS NOW, 500 -B 
Bi- County Blvd., Farmingdale, NY 
11735. 

FAX: 516 -293 -3115 
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TWO TRANSMITTERS IN ONE! 5 MINUTE 
ASSEMBLY! MONEYBACK GUARANTEE! 
New Law Enforcement grade device on a 

single chip is the most sensitive, powerful, 
stable room transmitter you can buy. Uses 
any 3V -12V battery. Or attach to telephone 
line to monitor all telephone conversations 
over 1 mile away without batteries! 100mW 
output! 80- 130MHZ. Receive on any FM radio 
or wideband scanner. VT -75 microtransmitter. 
$49.95 + 1.50 S &H. VISA, MC, MO. COD's 
add $4.00. DECO INDUSTRIES, Box 607, 

Bedford Hills, NY 10507. 914 -232 -3878. 
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Programmable Power Supplies 

... for the Price of Standard 
Linear Power Supplies 

GPIB Interface Standard Voltage /Current 

Programming and Readback via LCD Panel Power - 

Off Memory Voltage and Current Step -up /Step -down 

Function Output Enable /Sisabk Superior Line/Load 

Regulation Remote Sense Function Programmable 

Overvoltage and Overcurrent Protection Software 

Calibration Voltage /Current Outputs Controllable with 

External Voltage (single output models only) 

American Reliance, Inc. 
9952 E. Baldwin Place, El Monte, (A 91731 

(800) 654-9838 Fax: (818) 575 -0801 
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LETTERS 
Write to Letters, Electronics Now, 500 -B Bi- County Blvd., Farmingdale, NY 11735 

MPC -2 CORRECTION 
A mistake appeared in the sche- 

matic for my MPC -2 article (Elec- 
tronics Now, May 1993) -probably 
as a result of a recent change in the 
schematic -capture software that 
I've been using. The schematic is 
missing a connecting line between 
the phone -line side of Cl and the 
relay wiper on one side of C3. The 
error appears only on the schematic 
itself; the foil pattern is correct. The 
corrected schematic appeared in 
the June issue, as part of the 
"Phone Line AutoCoupler" project. 
I apologize for any inconvenience 
that might have resulted. 
MIKE HAGANS 

HAMFEST HAPPENING 
The Zero -Beaters Amateur Radio 

Club will hold its 31st annual ham - 
fest on Sunday, July 18 at the Bernie 
H. Hilleman Park (Washington Fair- 
grounds) in Washington, MO, from 
6 AM to 3 PM. There will be food 
and refreshments, flea- market bar- 
gains, seminars, dealer displays, 
and non -ham displays. Exams will 
be conducted by volunteer exam- 
iners on a walk -in basis starting at 
10 AM; bring your original license 
and a photocopy. Admission and 
parking are free. Vendors can a rent 
space for $4.00. For more informa- 
tion, write to me at P.O. Box 24, 
Dutzow, MO 63342; call 
314 -459 -6581 or 314 -239 -0060; or 
talk -in at 147.240 + repeater. 
ED SOUTHALL, WDOELL 
Dutzow, MO 

GET OFF THE MICROSOFT 
BANDWAGON! 

Jeff Holtzman's Computer Con- 
nections column has become little 
more than a Microsoft propaganda 
machine; it offers scant technical 
information and nothing else of any 
value. Even Don Lancaster occa- 
sionally interrupts his dogmatic 
tirades to offer some potentially 
useful information. Most of us un- 

14 derstand that competition is 

good -not something to be dis- 
couraged as Mr. Holtzman does 
with his fatalistic disregard of any- 
thing that doesn't come from Moth- 
er Microsoft. 

It seems that Mr. Holtzman's Mi- 
crosoft bias is more than just prag- 
matic, though, when he bashes CD- 

I -the OS -9 -based interactive mul- 
timedia standard from Sony and 
Philips -in favor of VIS. His reason 
seems to be that the Tandy system 
is based on a version of Microsoft 
Windows that has been retrofitted 
for embedded systems use. 

But, as Mr. Holtzman himself said 
in his April 1993 column, "people 
buy cars, not engine, transmission, 
and chassis." Consumers won't 
buy a home -entertainment system 
just because it comes from Micro- 
soft. OS -9 is much better suited to 
the task, being a time -proven pre- 
emptive multitasking embedded 
real -time operating system. I sus- 
pect that Mr. Holtzman really knows 
very little about CD -I and OS -9, and 
probably couldn't care less. In light 
of the one -sidedness in Elec- 
tronics Now's computer section, 
I think it's fair to request a little 
space for an alternative viewpoint. 

An operating system like Micro - 
ware's OS -9 would provide a solid 
foundation for operating systems of 
the future. OS -9 is composed of any 
number of discrete modules that 
link the kernel to the hardware. The 
interface between these "black 
boxes" is simple and well -docu- 
mented, so any programmer can 
write new device drivers. 

OS -9 is easily reconfigured be- 
cause the modules are not compiled 
together. It can be stripped down to 
bare essentials for embedded sys- 
tems, run on a desktop PC or a 

laptop, or blown up into a large 
multi -user system. Ethernet and In- 

ternet support are available. OS -9 
uses the UNIX programming and 
I/O model, which, despite the exis- 
tence of incompatible versions, has 
been standardized by the IEEE. 

OS -9 offers the technical advan- 
tages of UNIX without the excess! 

OS -9 runs on the Macintosh, 
Amiga, and Atari computers as well 
as others like the IMS MM /1, corn - 
puters from Frank Hogg Labs, and 
the PT- 68K4 -an updated version 
of the computer featured in a series 
of articles in Radio -Electronics a 
few years back. And OS -9000, 
Microware's portable version of 
OS -9, runs on PC's with '386 or 
486 processors (and comes with 
Virtual PC that runs MS -DOS and 
Windows), as well as the 
68020 -68040 and several RISC 
processors. And that doesn't even 
begin to exhaust the possibilities. 

OS -9's modularity means that it 
could very easily be cloned. Many 
vendors could offer OS -9 work - 
alikes -each coming with its own 
suite of device drivers and retaining 
software compatibility with other I 

versions. Computer companies 
could offer everything from hand- 
held personal assistants to graphics 
workstations using OS -9 or their 
own clones. 

Mr. Holtzman's "might makes 
right" sentiment suggests that if it 
isn't totally dominant it's not worth 
talking about. That is, of course, a 
totally self -fulfilling prophesy. If we 
all ignore anything that isn't firmly 
entrenched, nothing new will ever 
arise, and we will deserve the result- 
ing stagnation. 

The makers of the PT /68K are 
now working on a 68020 -based 
computer that could be a good topic 
for another series of articles. For 
hobbyists who like to learn and do it 
themselves, the OS -9 operating 
system offers tremendous potential 
and opportunities. Electronics hob- 
byists, if anyone, can appreciate the 
technical merits of an operating sys- 
tem and, being intelligent people, 
should be above the bandwagon ap- 
proach. Let's cut the propaganda 
and get back to the nuts and bolts! 
JOEL EWY 
Derby, KS 
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Electronics Engineers' Book Club ... 
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Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 43rd year, is highly ex- 
perienced in "distance education" - 
teaching by correspondence- through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy -to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways - 
to learn more and to earn your degree 
in the process. 

Write or phone for our free 
catalog. Toll free, 1- 800 -955 -2527, or 
see mailing address below. 

o0 z 
o 
C 
O 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 

16 Grantham College Road 
Slidell, LA 70460 

ANOTHER LOOK AT THE LIGHT 
I must disagree with the opinions 

expressed in the letter from Step- 
hen Schleick (Electronics Now, 
June 1992) regarding the rela- 
tionship between lamp life and 
switching frequency. 

We have all seen that flash of 
lamp death at turn on, but that oc- 
curs when a lamp dies, not why. 
Yes, there is a large in -rush of cur- 
rent -about ten times the steady - 
state value -for a millisecond or 
two at turn -on, but the filament 
reaches normal operating tempera- 
ture only after many milliseconds. 
Yes, the rapid temperature change 
temporarily stresses the lamp, en- 
couraging burnout, but evidence 
suggests that "infant" lamps re- 
cover completely with no cold work- 
ing or other harmful cumulative 
aftereffects. 

It's been proven empirically by 
many lamp- flasher manufacturers 
that lamp flashing extends lamp life 
as much as ten times normal. I am 
conducting an experiment in which, 
at the moment, all but one of the 
constantly -on lamps have burned 
out, while none of the flashing 
have burned out. Aircraft fleets are 
installing landing light flashers be- 
cause it has been determined that 
life increases. 

An exhaustive search at the Uni- 
versity of Wisconsin engineering li- 

brary for some simple statement on 
lamp aging turned up only an indica- 
tion that lamp life varies inversely 
with duty cycle, independent of fre- 
quency (MHz to kHz) and, with the 
thirteenth power of applied voltage. 

All of this is in accordance with 
the anecdote told by Mr. Schleick's 
"rocket scientist" friend, who had 
to replace his eight -year -old bulbs 
within days of normal operation. But 
to claim that, because the lamps 
burned out right away when switch- 
ed, switching frequency ages 
lamps, is irrational. 
DAVID PECK 
Edgerton, WI 

REEL -TO -REEL TAPE SOURCE 
A question in the Q&A column 

(Electronics Now, January 1993) 
asked for a source for 101 -inch 
reels of recording tape. Sound In- 
vestment Corp. (3586 Pierce Drive, 
Chamblee, GA 30341) is a small 

mail -order company that I have pa- 
troniozed for years without trouble. I 

own a 10Y2- inch -capable Revox G77 
MK II, a half -track model. It still deliv- 
ers high -quality sound, especially if 
the tapes are recorded from CD's. 
RANDY L. RHOTON 
North Bend, WA 

RATING OPERATING SYSTEMS 
After reading Jeff Holtzman's 

Computer Connections in the April 
issue of Electronics Now, I couldn't 
repress a feeling of sadness and 
disgust. I have been using PC's run- 
ning MS -DOS, VAX's (VMS), Unix 
boxes, Unix with X Windows, the 
Commodore Amiga, and MS -Win- 
dows daily for the past several 
years, in my professional career. 

I can tell you that MS- Windows 
and MS -DOS would be in about 
third place if I were to rate the oper- 
ating systems that I prefer to use. 

It's easy to speculate, as Mr. 
Holtzman has done, about the fu- 
ture of the computer industry: Just 
pick as the winner the biggest guy 
with the most money and the best 
marketing. In my opinion, the rea- 
son that Microsoft now dominates 
in the computer industry is really 
simple. The company's first cus- 
tomers were inexperienced users of 
MS -DOS so they were able to get 
them to use an inferior graphics 
user interface (GUI). 

In other words, the neophytes 
had very little choice. The bundling 
of MS -DOS and MS- Windows with 
nearly every IBM or compatible per- 
sonal computer built around an Intel 
microprocessor certainly boosted 
Microsoft's position. 

Moreover, it makes sense that 
third -party application software 
houses will write software for the 
biggest market first -and that's 
MS- DOS /MS- Windows. 

Nevertheless, no one will argue 
the points made about the domi- 
nance of Microsoft and Intel in the 
computer industry. I am saddened 
and disgusted to see all that cash 
going to Microsoft to raise an in- 
ferior product to the same level of 
capability, performance, and func- 
tionality that was reached by alter- 
native operating systems and GUI's 
some time ago. 
FRED HEITKAMP 
Dayton, OH i2 



The Fastest Counter Starts 
with the Fastest Chip 

Since the 70's the frequency 
counter chip most used was the 

7216 (8 digits, 
10 million counts 

per second). The 
only way to have 

a faster more 
reliable counter 

was to design our 
own chip. So we did - 

the 0E10. Faster -10 digits, 

220 million counts per second. 

Reliable - zero field failures. 

And now we have 
added a microprocessor to 
unleash the power of the 0E 10. 
Optoelectronics introduces the 3000A 
Multifunction Micro HandiCounter with these 
new and exciting features: 

Digital Filter 
Technique (patent pending) 

Filters stable signals from 
background clutter 

*Digital Auto 
Capture (patent pending) 

Holds present reading and stores 
previous reading for hands free 
unattended operation 

Works Even in Presence of 
Strong RF Signals 

*Stores Frequencies 
Increased Sensitivity 
Synchronous RF Detection 

Super sensitive 16 segment 
bargraph operates independently 
from counter 

'High Speed ASIC 
220 million counts per second. 

10Hz -3GHz 
Multifunction 

HandiCounter® 
*Dual High Impedance 

Amplifiers 
For ratio and time interval 
functions 

*High Resolution 
Direct count to over 200MHz 

Extended Battery Use 
1 Year Full Warranty 

All This and More for the 
Low Price of $279. 

Options for the 
NEW 3000A 
TCXO30 
± .2ppm $100. 

BL30Backlight 45. 

Antenna - TA100S 
Telescoping Whip Antenna 12. 

Antenna Pack 2 
Includes RD27, RD50, RD100 
RD440, RD800 - Save $32 99. 
CC30 
Padded black vinyl 
carrying case 15. 

Factory Direct Order Line 

1- 800 -327 -5912 
305 -771 -2050 Fax 305 -771 -2052 
5821 NE 14th Ave, Ft. Lauderdale, FL 33334 
5% Ship/Handling (Max $10) U.S. & Canada. 15% outside 
continental U.S. Visa, Master Card, C.O.D. (Cash or 
Money Order only). 

VM V16sim `NAIN. \Vir11%.41 
BE SURE YOU HAVE AN 0E10 INSIDE 
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Learn computer programmïn 
computer system, Windo 

Only NRI at -home training gives you real -world programming 
skills in three in -demand languages: QBasic, C, and Visual 
Basic, today's hot new language designed for writing popular 
Windows applications. Best of all, you get hands -on training 
with a powerful new 486sx -based computer system, com- 
plete with 80 meg hard drive, Windows, and professional 
programming software you keep! 

NRI, the recognized leader in 
at -home computer training, 

shows you how to take 
advantage of today's newest 
programming opportunities 

Get in on the ground floor of 
one of today's fastest -growing 
career fields: computer pro- 
gramming. The Bureau of Labor 
Statistics forecasts that job 
opportunities for programmers 
will increase much faster than 
average over the next 10 years, 
with as many as 400,000 new 
jobs opening up by 2005. 

And the largest number of 
new programming jobs will be 
in PC programming, fueled by 
the the phenom- 
enal popularity 
of Windows and 
the growth of 
exciting new 
languages such 
as QBasic, C, 

and Visual Basic. 

Now, with 
NRI at -home 
training, you can 
get the new skills you 
need to build a top -paying 

BEC computer 

NEW! The only 
programming course that 

includes a powerful 
486sx -based computer, 

80 meg hard drive, 
Windows, Visual Basic, 

and more 
all yours to keep! 

Right from the start, 
NRI gets you actively 
involved in the 
challenge of real - 
world programming. 
Step by step, you 
learn to create the kinds of full - 
featured, powerful programs 
today's employers and clients 

demand...includ - 
ing programs 
designed for use 
in a Windows 
environment! 

Mwnx+it \ iMml Il,k Only NRI 
gives you first- 
hand program- 

ming experience 
with a state- of -the- 
art 486sx mini -tower 
computer system, 
complete with hard 
disk drive, 5 full 

career - even a full- or limmoinew megabytes of RAM, 
part -time business of your own high- density floppy drive, - in this high -growth, high- mouse, monitor, and more - 
opportunity field. all yours to train with and keep! 

Plus you explore the 
extraordinary capabilities of 
three in- demand programming 
languages. You learn to design, 
code, run, debug, and document 
programs in QBasic, C, and 
Visual Basic. Best of all, since 
Visual Basic is specifically 
designed for creating Windows 
applications, you learn to 
generate fully functioning 
Windows programs, complete 
with text boxes, command 
buttons, and other sophisticated 
graphical interface elements. 

No previous experience 
necessary 

Train with NRI, and immediately 
start getting the money- making 
job skills you need to be a 



as you train with a 486sx 
Visual Basic, and more! 

By the time you 
complete your course, 

you have a clear 
understanding of 
programming 

methods, languages, 
and techniques... and 
you're ready to handle 
any programming task 
with confidence. 

Send today for your 
FREE catalog 

With NRI, you get the 
hands -on experience 
and the confidence it 

computer programmer - no 
matter what your previous 
background. 

NRI's step -by -step lessons 
and hands -on programming 
projects help you first 
master the 
program- 
ming 
design 
concepts 
used every 
day by 
successful 
PC pro- 
grammers. 
With your 
experienced NRI instructor 
always ready to help, you go on to 
learn programming in three of 
today's hottest languages. 

takes to master today's pro- 
gramming challenges. And, by 
creating and running your own 
full -length programs, you build 
skills you'll be proud to show 
any prospective employer or 
client. 

So prepare now for a high - 
paying career as a computer 
programmer! See how NRI at- 
home training in Computer 
Programming gives you every- 
thing you need for a fast start in 

this top -growth field. Send today 
for your FREE catalog. 

If the card is missing, write 
to us at NRI Schools, McGraw -Hill 

Continuing Education Center, 
4401 Connecticut Avenue, NW, 

Washington, DC 20008. 

IBM PC /AT is a registered trademark of the IBM 
Corporation. Windows. QBasic. and Visual Basic are 
trademarks of Microsoft Corporation. 

SEND TODAY FOR FREE NRI CATALOG! 

j AlOrschools P4'.4.11 

111 
McGraw -Hill Continuing Education Center 

4401 Connecticut Avenue, NW, Washington, DC 20008 

YES! Send me the FREE catalog I've checked and show me how NRI can 

give me the skills and confidence to earn good money in an exciting new 

career or business of my own. 

'Check one FREE catalog only 

J COMPUTER PROGRAMMING 
PC Applications Specialist 

Programming in C ++ with 
Windows 

For career courses 
approved under GI Bill, 

check for details 

Other Computer Career Courses 

Microcomputer Servicing 
Desktop Publishing 
Bookkeeping and Accounting 
Computer -Aided Drafting 

(please print) Age 

CitylStatelZip Accredited Member, National Home Study Council 5415 -0793 



EQUIPMENT REPORTS 
AVCOM PSA -37D Spectrum Analzyer and PTR -25A Portable 

Test Receiver 

The sure way to 
fine -tune 

satellite TV installations. 

,;;.) EOM 
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!is possible to install a satellite- 
TV system without any test 
equipment -but it's not recom- 

mended for any professional in- 
staller who intends to stay in 
business very long! Test equipment 
can help an installer adjust a satel- 
lite system for maximum perfor- 
mace. On strong satellite transpon- 
ders, the improvement from fine 
tuning might not be noticed. But for 
marginal signals, every bit of tweak- 
ing can make a dramatic difference. 

We recently had the opportunity 
to install a satellite -TV system using 
two tools made just for the job: the 
PSA -37D Portable Spectrum Ana- 
lyzer and the PTR -25A Portable Test 
Receiver. Both are from Avcom of 
Virginia, Inc. (500 Southlake Blvd., 
Richmond, VA 23236). 

Aiming a satellite antenna can be 
tricky business, and we can only 
sketch the details here. But it's 
worth noting that if your antenna aim 
is off a quarter of an inch, you can 
miss the satellite by hundreds of 
miles! In satellite TV, Signals are re- 
ceived from geosynchronous (ap- 
parently fixed) satellites located in 
an arc some 22,300 miles over the 
equator; the satellites are spaced at 
2- degree intervals. 

The first step in aiming a dish is to 
fix it on the highest satellite in the 

22 arc. That particular satellite varies 

with location, but it is always the 
satellite located closest to due 
south. Armed with a compass, pro- 
tractor, and aiming data for the in- 
stallation site, the installer aims the 
dish by adjusting its azimuth and 
elevation. The next step is to move 
to other satellites, and to fine tune 
the position of the mount so that the 
dish can track the arc properly. 

Experienced installers can get a 
dish to track the satellite arc reason- 
ably well without any test equip- 
ment. But it's virtually impossible to 
get a system operating to its 
maximum potential without making 
some measurements. As first -time 
installers, we relied heavily on Av- 
com's spectrum analyzer and porta- 
ble test receiver. And thanks to that 
equipment, our installation was 
problem -free. 

Unlike most spectrum analyzers, 
the battery- powered PSA -37D is 
designed specifically for satellite TV 
installation and servicing. It pro- 
vides five operating ranges in 500 - 
MHz blocks. The highest range is 
the C -band downlink frequencies, 
3.7 -4.2 GHz. Second is the 
950 -1400 MHz band, the output of 
standard LNB's or low -noise block 
downconverters. (The LNB is an 
amplifier that boosts the extremely 
weak signals collected from the 
dish, and converts them to a lower 

frequency so that they can be trans- 
mitted over standard coaxial cable 
to a satellite receiver.) A third range 
is the European standard block 
downconverter frequencies from 
1250 -1750 MHz. Two lower RF 
ranges, 1 -500 and 500 -1000 MHz, 
makes the analyzer useful for a wide 
variety of service applications in- 
cluding cable TV and cellular tele- 
phone. The analyzer can provide 
power to the LNB (+18 volts DC) 
through its BNC connector. 

The main advantage of using a 
spectrum analyzer instead of a re- 
ceiver when peaking a dish is that 
it's far more sensitive. Small 
changes that might not be noticed in 
a video image can be seen on the 
analyzer's CRT. 

Another use for the analyzer ac- 
tually comes before the dish needs 
to be aimed. The first step of any 
satellite installation is the site sur- 
vey. For a successful installation, 
you must be able to "see" the satel- 
lites without obstructions such as 
trees or buildings. The site must 
also be free of terrestrial inter- 
ference or TI. The spectrum ana- 
lyzer (used with a either a standard 
feedhorn and LNB or a special 
feedhorn sold by Avcom), can 
quickly pinpoint sources of TI. 

As valuable as a spectrum ana- 
lyzer is, there are some tasks that 
are easier with a satellite receiver. 
One example is targeting the first 
satellite. An error of a couple of de- 
grees could cause the dish to re- 
ceive signals from the wrong 
satellite, making all further attempts 
to align the dish onto the satellite 
arc frustrating. A spectrum analyzer 
can't identify the satellite the anten- 
na is fixed on. But an installer armed 
with a receiver can quickly identify a 

'bird." 
For example, on our initial aiming 

attempt, we were happy to find a 

signal with only minor adjustment. 
But when we looked at the picture 
on the PTR -25A portable test re- 
ceiver, we knew something was 

continued on page 93 
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Electronic Paperbacks at Special Prices 
BP325 -A CONCISE USER'S 

GUIDE TO WINDOWS 3.1 .... 
$7.95. Come to grips with Windows 

3.1 in the shortest and most effective 
way. Learn how to manipulate Win- 

dows screens and DOS by Windows 
graphics interface. Master its word 
processor, Paintbrush and data base 

along with Notepad, Macro Recorder. 
PIF Editor, and Calculator. 

A Concisa 
users Goa, to 

Windows 3.1 

E. BP248 -TEST 
EQUIPMENT CON- 
STRUCTION 
$5.95. Details con- 
struction of simple, in- 

expensive, but ex- 
tremely useful test 
equipment. AF Gen, 
Test Bench Ampl, Au- 
dio Millivoltmeter, Tran- 

sistor Tester and six 
Tore. 

BP311 -AN INTRODUCTION TO 

SCANNERS AND SCANNING .... 
$7.95. Radio scanners have opened 
a realm of exciting radio listening. 
Understand radio wave propagation, 
types of transmissions, antennas, 
band assignments -the straight 
dope on what to hear and where to 

hear it! Comes complete with index. 
glossary of important terminology. 

[1 BP267 -HOW TO 

w. 1USE OSCILLO- 
SCOPES AND 

segefffs OTHER TEST EQUIP- 
-°` MENT $6.95. Mas- 

CMOS1 -CMOS POCKET GUIDE 1 .... $18.95. 
Works like the TTL Guides but covers all commonly 
used CMOS standard devices. Six major sections. The 
first shows the device schematic. Next is a brief descrip- 
tion of the component and is followed by full operating 
details. The fourth section lists major applications, while 
the 5th and 6th sections present essential data for that 
device and a list of the relevant manufacturers. The final 
two sections are a valuable cross -reference. 

DI/IrllYro BP245- DIGITAL 
AUDIO PROJECTS 

$5.95. Practical cir- 
cuits to build and ex- 
periment with. In- 
cludes A/D converter. 
input amplifier, digital 
delay line, compander, 
echo effect and more 

H 1 BP303- UNDERSTANDING 
PC SOFTWARE $6.95. This 
book will help you understand the 

basics of various types of business 
software in common use. Types of 

software covered include word pro- 
cessors spelling checkers, graph- 
ics programs, desktop publishing, 
databases, spreadsheets and util- 
ities. 

tering the oscilloscope 
is not really too difficult. 
This book explains all 
the standard controls 
and functions. Other 
equipment is also de- 
scribed. 

BP299- PRACTICAL 
ELECTRONIC FILTERS 

$6.95. Presents a doz- 
en filter -based practical 
projects with applications in 

and around the home or in 

the constructor's workshop. 
Complete construction de- 
tails are included. 

1 BP247 -MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

BP287 -A REFERENCE GUIDE 
TO PRACTICAL ELECTRONICS 
TERMS .... $8.95. More than just a 

dictionary of practical electronics 
terms, the book goes a step further in 

getting down to fundamentals. A ref- 

erence volume that can be read casu- 

ally by a reader seeking knowledge. 

BP265 -MDR E 

ADVANCED USES 
OF THE MULTI - 
METER . $5.95. 
Use these techniques 
to test and analyze the 
performance of a vari- 
ety of components. 
Also see how to build 
add -ons to extend 
multi -meter ca- 
pabilities. 

BP257 -INTRO TO 
AMATEUR RADIO 

. $6.95. Amateur 
Radio is a unique and 
fascinating hobby. This 
book gives the new- 
comer a comprehen- 
sive and easy to under- 
stand guide to the 
subject. 

E BP251- COMPUTER 
HOBBYISTS HANDBOOK 

.. $8.95. A wrapup of ev- 
erything the computer hob- 
byist needs to know in one 
easy to use volume. Pro- 
vides a range of useful ref- 
erence material in a single 
source. 

A ll,tennca Gua. to 
PnellcAlElsctronks 

Term 

Wit 

BP256 -INTRO TO 
LOUDSPEAKERS 
AND ENCLOSURE 
DESIGN $5.95. We 
explore the variety of 
enclosure and speaker 
designs in use today so 
the reader can under- 
stand the principles in- 
volved 

BP249 -MORE AD- 
VANCED TEST EQUIP- 
MENT CONSTRUCTION 

.. $6.95. Eleven more 
test equipment con- 
struction projects. They in- 
clude a digital voltmeter, 
capacitance meter, current 
tracer, etc. 

ProamdYll.r 
end 

Alter COMA* 

BP309- PREAMPLI- 
FIER AND FILTER CIR- 
CUITS $6.95. Provides 
circuits and background 
info for a range of pre- 
amplifiers, plus tone con- 
trols, filters, mixers and 
more. All are high- perfor- 
mance circuits that can be 
built at a reasonable cost. 

PCP115- ELECTRONIC PROJECTS 
FOR HOME SECURITY .... $10.00. 25 
projects ranging from a single -door pro- 
tection circuit that can be completed in an 
hour or two, to a sophisticated multi-chan- 
nel security system. Each project is de- 
scribed in detail with circuit diagrams, 
explanations of how it works, instructions 
for building and testing, and how to adapt 
circuits to meet special requirements. 

BP190 -- ADVANCED ELECTRONIC SECURITY PROJECTS $5.95. Includes a 

passive infra -red detector, a fiber-optic loop alarm, computer -based alarms and an 

unusual form of ultrasonic intruder detector 

BP235 -POWER SELECTOR GUIDE .... $10.00 Complete guide to semicon- 

ductor power devices. More than 1000 power handling devices are included. They 

are tabulated in alpha- numeric sequence, by technical specs Includes power 

diodes, Thyristors, Triacs, Power Transistors and FET's. 

BP234- TRANSISTOR SELECTOR GUIDE $10.00. Companion volume to 

BP235. Book covers mom than 1400 JEDEC. JIS, and brand -specific devices. Also 

contains listing by case type, and electronic parameters. Includes Darlington 

transistors, high -voltage devices, high -current devices, high power devices. 

BP117- PRACTICAL ELECTRONIC BUILDING BLOCKS -Book 1 $5.75. 
Oscillators, Timers. Noise Generators, Rectifiers, Comparators. Triggers and more 

BP195- INTRODUCTION TO SATELLRE TV 
the subject written for the professional engineer, 
who want to know more before they buy. 8 o 10 

i.l BP179- ELECTRONIC CIRCUITS 
FOR THE COMPUTER CONTROL OF 
ROBOTS $7.50. Data and circuits for 
interfacing the computer to the robots 
motors and sensors. i 

$9.95. A definitive introduction to 
electronics enthusiast. er others 
in. 

13P230-GETTING THE MOST FROM YOUR MULTIMETER $5.95. Covers 

basics of analog and digital meters. Methods of component testing includes 

transistors, thyristors, resistors, capacitors and other active ançl passive devices. 

BP97 --IC PROJECTS FOR BEGINNERS $5.50. Power supplies, radio and 
audio circuits, oscillators, timers, switches, and more If you can use a soldering iron 

you can build these devices. 

RADIO -100 RADIO HOOKUPS $3.00. Reprint of 1924 booklet presents radio 

circuits of the era including regenerative, neutrodyne, reflex & more 

BP42- SIMPLE LED CIRCUITS $5.50. A large selection of simple applications 
for this simple electronic component. 

BP122 -AUDIO AMPLIFIER CONSTRUCTION .... $5.75. Construction details 

for preamps and power amplifiers up through a 100 -watt DC- coupled FET amplifier. 

BP92- CRYSTAL SET CONSTRUCTION $5.50. Everything you need to know 

about building crystal radio receivers. 
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Name 

Address 

City State Zip 
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10255-INTERNATIONAL RADIO 
STATIONS GUIDE .... $7.95. Provides 
the casual listened, amateur radio DXer 
and the professional radio monitor with an 

essential reference work designed to 
guide him or her around the more than 
ever complex radio bands. 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 $2.50 
S10.01 to 20.00 $3.50 
$20.01 to 30.00 54.50 
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NEW PRODUCTS 
Use the Free Information Card for more details on these products. 

LINEAR POWER SUPPLIES. 
American Reliance's LPS 
Series of linear program- 
mable DC power supplies 
includes five models, each 
controlled by an internal mi- 
croprocessor, with power 
output ranging from 30 
watts to 165 watts. The 
power supplies are easy to 
use, with all data entry 
done on a front -panel key- 
pad. 

The output voltage and 
current can be monitored 
on the built -in LCD panel, 
and an optional RS -232 in- 
terface allows remote talk - 
and- listen control. Other 
features standard to the 
LPS Series include low line 
and load regulation, low 
output ripple and noise, a 

voltage /current step up/ 
down function, power -off 
memory for voltage and 
current settings, and out- 
put enable /disable. All 
models except the 
LPS -301 also feature an in- 
telligent forced -fan cooling 
system that will prevent 
overheating. 

The series includes two 
dual- range, single- output 
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models: The LPS -301 is 
rated at 30V/1A or 
15V/2A, and the LPS -302 
is rated at 30V /2A or 
15V/4A. The LPS -303 is a 

single-output unit rated at 
90W with a voltage output 
of 30V and a current output 
of 3A. Two triple- output 
models offer two indepen- 
dently variable channels 
and a fixed -output channel. 
The model LPS -304 offers 
two 30V /1A outputs along 

with a fixed 5V /2A output. 
while the LPS -305 offers 
two 30V/2.5A outputs as 
well as a 5V or 3.3V output 
at 3A. 

The LPS Series of linear 
programmable DC power 
supplies range in pricE 
from $225 to $599. 
American Reliance Inc. 
9952 East Baldwin Place 
El Monte, CA 91731 
Phone: 818 -575 -5110 
Fax: 818- 575 -0801 

ARBITRARY WAVEFORM 
BOARD. For special analog 
test signals that cannot be 
obtained from ordinary 
function generators, arbi- 
trary waveform generators, 
which combine a high- 
speed D/A converter, on- 
board dual- access wave- 
form memory, and a digital 
timebase, fit the bill. 
Datel's PC -420 offers two 
generator output channels 
(up to 10 -MHz output fre- 
quency) on a plug -in board 
for IBM PC /AT and com- 
patible computers. The 
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PC -420 is controlled by a 
"virtual instrument" simu- 
lated function generator 
that runs under Microsoft 
Windows. Data can be 
loaded from an external 

disk file, a front -panel func- 
tion generator, or a power- 
ful polynomial equation 
parser. Waveform data is 
stored in two 32,768 -sam- 
ple memories. It can be 
played back from a selecta- 
ble memory offset index 
and then looped any 
number of times, which al- 
lows storage of multiple 
waveforms and non -stop 
generation. The board can 
be used for complex wave- 
form testing in audio and 
acoustics, control loops, 
machine simulation, 

modem testing, receiver 
calibration, and biomedical 
research. 

The PC -420 arbitrary 
waveform board costs 
$1495 (quantity discounts 
are available). 
Date!, Inc. 
11 Cabot Blvd. 
Mansfield, MA 02048 
Phone: 508 -339 -3000 
Fax: 508 -339 -6356 

LOW- FREQUENCY SMT 
CRYSTAL. To generate the 
standard 32.768 kHz fre- 
quency used in clock radi- 
os, wrist watches, timers, 
computers, telecom- 
munications systems, and 
other applications in which 
real time is displayed in 
seconds, minutes, hours, 
and days, Ralton Elec- 
tronics shaped its Model 
RSM -200 crystal into a lit- 
tle tuning fork. Standard 
quartz crystals ordinarily 
generate much higher fre- 
quencies, which are not 
convenient for divide -by -60 
countdowns. The tiny tun- 
ing fork is hermetically 
sealed in an SMT package. 
The tuning -fork crystal fea- 
tures high accuracy of 
±30 -ppm at 25 °C. Sur- 
face -mount pinout is on 
5.6 -mm centers. For auto- 
matic insertion, units are 
tape- and -reel packaged in 
lots of 1000. 

The Model RSM -200 
tuning fork crystal costs 
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Silicon Chip, the most popular hobby 
electronics magazine south of the equator is 

written for you; if you are fascinated by building projects, 

increasing your understanding of theory, fixing consumer 

electronic products, and keeping up -to -date with world -wide . 

trends within your electronics interests. 

Silicon Chip, an Australian publication, is reprinted in the 

United States offering the best of selected articles suitable 
for North American readers. 
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$0.55 each in OEM lots of 
10,000. 
Raltron Electronics 
Corporation 
2315 NW 107th Avenue 
Miami, FL 33172 
Phone: 305 -593 -6033 
Fax: 305 -594 -3793 

TRAINER OSCILLOSCOPE. 
MCM Electronics' Tenma 
Trainer Oscilloscope is 
aimed at students and en- 
try-level electronic hob- 
byists. The low -cost instru- 
ment features high (5mV/ 
div.) sensitivity, a smooth 
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roll -off (exceeding 20 
MHz), and a maximum trig- 
gering sweep speed of 
0.2µsec /div. The Tenma 
Trainer comes with two 
probes, power cord, and 
owner's manual. It's covered 
by a two -year warranty. 

The Tenma Trainer os- 
cilloscope costs $320. 
MCM Electronics 
650 Congress Park Drive 
Centerville, OH 
45459 -4072 
Phone: 800 -543 -4330 

SQFP TEST CLIPS. Accord- 
ing to ITT Pomona, their 
models 5871 and 5872 are 
the world's first test clips 
that enable accurate, full - 
count test access to the 
newest 80- and 100 -pin 
small quad flat package 
(SQFP) semiconductor de- 
vices produced at 0.5mm 
lead spacings and 1.4mm 
case heights. The 80 -pin 
5871 and 100 -pin 5872 pro- 
vide flexible contacts at 
0.0197 -inch (0.5mm) lead 
spacing ( "pitch ") to assure 

26 positive electrical contact 
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with each pin while under 
test. 

A mechanical lock -on 
design assures continued 
accurate connection even 
when the board is tilted. 
The test clips' low- profile 
design provides a stable 
electrical path to a scope 
or other instrument. Both 
models can be used on sur- 
face- mounted devices 
while the host board is in- 
serted into its standard - 
spaced computer /system 
slot. That type of configura- 
tion allows signals to be 
sampled during normal 
system operation. 

SQFP test clips models 
5871 and 5872 cost $540 
and $608, respectively. 
ITT Pomona 
1500 East Ninth Street 
P.O. Box 2767 
Pomona, CA 91769 
Phone: 909 -469 -2900 
Fax: 909 -629 -3317 

AC POWER -LINE TESTER. 
Extech 's 310115 AC Power - 
Line Analyzer is able to di- 
agnose power problems as 
a stand -alone unit, or it can 
be connected to a PC or 
laptop to view events in real 
time. The analyzer is easy 
to use. Once it is plugged 
into a grounded outlet, it 
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monitors the power for 24 
to 74 hours, storing the 
data in internal RAM. The 
data can be transferred to a 

PC by connecting the ana- 
lyzer to the computer's se- 
rial communications port. 
Power Audit Software pro- 
vides complete analysis of 
spikes, sags, surges, drop- 
outs, power failures, true - 
RMS AC line voltage and 
frequency, common -mode 
noise, high- frequency 
noise, phase shift, and 
neutral line voltage. Each 
power audit chart contains 
the actual disturbance 
evént data, indicates symp- 
toms related to that type of 
disturbance, and recom- 
mends a specific solution. 
Power disturbances are 
presented in four easy -to- 
understand formats -de- 
tailed or summary reports, 
bar or pie charts, power - 
quality audit, or sinewave 
graphics. The analyzer 
comes with software, 
RS -232 cable, and a six - 
foot power cord. 

The AC Power-Line Ana- 
lyzer costs $595. 
Extech Instruments Corp. 
335 Bear Hill Road 
Waltham, MA 02154 
Phone: 617 - 890 -7440 
Fax: 617- 890 -7864 

WORK -STATION ESD 
MONITORS. Two work-sta- 
tion monitors from 3M con- 
tinuously test wrist straps, 
personnel, work surfaces, 
and ground connections 
for electrostatic discharge 
(ESD). Models 720 and 
722 directly measure DC 
resistance of the grounding 
system, which means that 
changes in capacitance 
due to a person's size, 
dress, posture, location, 
and the way the wrist band 
is worn will not affect the 
true resistance reading, as 
is the case with impedance 
monitors. 

Unlike periodic testing 
devices, the 720 and 722 
work- station monitors noti- 

fy the user of static -control 
equipment failures as they 
occur, eliminating time - 

consuming, costly audits 
and record keeping. Con- 
tinuous monitoring also de- 
tects intermittent failures 
caused by such things as 
improperly worn wrist 
straps or dry skin. 
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The work -station 
monitors, which are auto- 
matically activated when 
plugged in, continuously 
pulse a signal that is re- 
turned to the monitoring 
device through a special 
wrist strap and cord that 
contain two separate sets 
of independent conduc- 
tors. The monitors apply a 

low current of less than 5 
mA at 0.2- second inter- 
vals. A resistor bypass 
warning notifies the oper- 
ator when resistance drops 
below 1.5 megohms and 
current -limiting resistors 
are being bypassed. Both 
monitors provide audible 
and visible alarms. In addi- 
tion, the 722 features ad- 
justable volume on the 
audible alarm, an optional 
audible alarm for the mat, 
and a remote jack that 
monitors visitors to the 
work station. 

The 720 and 722 work- 
station ESD monitors have 
suggested retail prices of 
$124 and $190, respec- 
tively. 
3M Electronic Specialty 
Markets 
6801 River Place Blvd 
Austin, TX 78726 -4599 
Phone: 512 -984 -6674 



FOUR- CHANNEL OS- 
CILLOSCOPES. Two recent 
additions to Tektronix' TAS 
400 family of analog real - 

time oscilloscopes provide 
greater capabilities for 
tougher service applica- 
tions where multiple chan- 
nels must be displayed to 
troubleshoot circuit condi- 
tions, such as three -phase 
power or logic circuitry. The 
100 -MHz TAS 475 and the 
200 -MHz TAS 485 scopes 
both offer four channels 
with a full range of ampli- 
fication and attenuation. 
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Though tailored to the ana- 
log scope user, the TAS 
400 scopes are based on 
the popular, streamlined 
TDS (Tektronix Digital 
Scopes) family's interface, 
which makes operation vir- 

tually intuitive. The analog 
oscilloscopes offer a bal- 
anced combination of but- 
tons, knobs, simple 
menus, and such features 
as autoset, save /recall set- 
ups, cursors, and set - 

to-50% triggering. The 
hybrid design houses the 
entire acquisition system 
for each input channel, 
drastically reducing the 
parts count, the calibration 
time, and the need for man- 
ual adjustments. The inte- 
grated design also boosts 
the instruments' re- 
liability-so much so that 
Tektronix will provide a free 
replacement if a TAS 400 
oscilloscope fails within a 

three -year period. 
The TAS 475 and TAS 

485 four -channel analog 
oscilloscopes cost $2395 
and $3495, respectively. 
Tektronix, Inc. 
Test and Measurement 
Group 
P.O. Box 1520 
Pittsfield, MA 01202 
Phone: 800 -426 -2200 

OHM EXTENDER. A porta- 
ble, battery- operated unit 
called the Ohm Extender, 
when used with your digital 
multimeter, provides you 
with the equivalent of an 

expensive milli- and micro - 
ohmmeter. The battery-op- 
erated unit is based on the 
four -wire Kelvin configura- 
tion (two- sense /two- 
source), which measures 
the voltage drop directly at 
the resistance source. The 
Ohm Extender is easily ad- 
justed to your own DMM, 
and allows you to read 
down through the milliohm 
range into the lower portion 
of the micro -ohm range. 
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That allows you to measure 
shunt resistors, precisely 
determine wire length, ver- 

ify circuit -board trace resis- 
tance, read motor and 
transformer values, and 
check switch and relay 
contacts. 

The Ohm Extender costs 
$161, postpaid. 
Micro -Ohm Measurements 
P.O. Box 460 
Brookshire, TX 77423 
Phone: 713 -934 -4659 

CABLE AND WIRE ORGA- 
NIZERS. Those who are 
confronted with confusing 
tangles of wires and cables 
could benefit from using 
Strap -Loc continuous - 

length cable ties from Ad- 
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vanced Cable Electronics. 
The product consists of a 

spool of cable tie and lock- 
ing devices. Because it 
comes in continuous roll, it 

can be cut to fit any dif- 
ferent size and number of 
cables, and can be used to 
fasten and bundle large ca- 
bles, to separate and 
space wires and cables, to 
fasten though panels, and 
to create multiple wrap- 
pings for extra -high tensile 
strength applications. 
Strap -Loc allows wire bun- 
dles to lie flat and pass 
through narrow openings, 
to be separated for easy 
tracing and termination, 
and to be fastened to guide 
wires for aerial support. It 

eliminates the need for 
"daisy- chaining" and for 
stocking a large inventory 
of assorted cable -tie 
lengths. The low- insertion- 
force locking device as- 
sures strength and stability. 
A stainless -steel grip -lock 
is recessed into the lock 
body to protect wires, and 
rounded edges on the 
strapping prevent damage 
to wire insulation. 

Strap -Loc comes in 250 - 
and 500 -foot spools. 
Advanced Cable Electronics 
Corp. 
Westborough, MA 01581 
Phone: 508 -366 -0669 

COIN CELL HOLDERS. A se- 
ries of three PC- mount, 
low- profile, "button- type" 
lithium coin cell holders 
from Keystone Electronics 
is designed specifically for 
use with memory backup, 

computer memory, tele- 
communications, power 
transfer, emergency power 
backup systems, and pre- 
programmed video and 
electronic games. Catalog 
No. 500 is a 12mm single - 
capacity, 3 -volt holder. The 
6 -volt Catalog No. 501 ac- 

cepts two stacked, 3 -volt, 
12mm button -type bat- 
teries. Catalog No. 502 ac- 

commodates a single, 
16mm coin cell. 

'141 !Ilb 
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All three holders feature 
unique "air- flow" support 
legs that permit safe flow 
soldering and enhanced air 
circulation around the bat- 
tery, and notched slots that 
assure quick and easy bat- 
tery insertion or replace- 
ment. The units are made 
of UL -rated glass -filled 
nylon, and are impervious 
to most industrial solvents. 
They are equipped with 
nickel- over -copper -plated 
spring -steel contacts with 
clearly marked polarities. 

The coin cell holders' 
prices range from 48 -cents 
each in bulk quantities. 
Keystone Electronics 
Corporation 
31 -07 20th Road 
Astoria, NY 11105 -2017 
Phone: 718 -956 -8900 
Fax: 718-956-9040 st 

"YOUR FREE 
CATALOG KNOCKED 

MY SOCKS OFF" 
Our free Catalog of free and low -cost 
government booklets will very likely 
knock your socks off, too. But first you 
have to get it. Just send your name and 
address to 

Consumer Information Center 
Department KO 
Pueblo, Colorado 81009 

27 
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NEW LIT 
Use The Free Information Card for fast response. 

Build Your Own 486/486SX 
and Save a Bundle, 2nd Edi- 
tion; by Aubrey Pilgrim. 
Windcrest /McGraw -Hill, 
Blue Ridge Summit, PA 
17294 -0850; Phone: 
800 -233 -1128; Fax: 
717 -794 -2103; $19.95. 

If you'd like to own a 

computer with the power 
and efficiency of top -of- 
the -line models, without 
shelling out the money re- 
quired to purchase one, 
you don't have to resort to 
theft. 

This book shows how to 
assemble a high -powered 
IBM -compatible comput- 
er- complete with any 
combination of peripherals, 
input devices, and graphics 
capabilities -for hundreds 
of dollars less than any 
commercially sold model. 

Using little more than a 

screwdriver and a pair of 
pliers, even those with little 
or no technical experience 
should have no trouble fol- 
lowing the book's step -by- 
step, heavily illustrated in- 
structions. 

IA7tD1DI;R(llYR 

4861486SX' 
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The book not only pro- 
vides all the direction 
needed to build a comput- 
er, but also provides a short 
course in microcomputer 
operation. Tips are in- 
cluded on which software 
will best suit your needs, 
and what business and per- 

sonal tasks you will be able 
to perform with your home - 
built 486 or 486SX corn - 
puter. 

Completely updated to 
cover new components, 
parts, and prices, the book 
explains how and where to 
find the best components 
and peripherals at the 
lowest prices available. The 
book also explains how to 
inexpensively upgrade 
older PC's by installing new 
memory boards, displays, 
and drives. 

Speakers for Your Home and 
Automobile: How to Build 
and Enjoy a Quality Audio 
System; by Gordon Mc- 
Comb, Alvis J. Evans, and 
Eric J. Evans. Prompt Pub- 
lications, Howard W. Sams 
& Company, 2647 Water- 
front Parkway East Drive, In- 
dianapolis, IN 46214 -2012; 
Tel: 317 -298 -5710; Fax: 
317 -298 -5604; $14.95. 

It doesn't matter how 
good your stereo compo- 
nents are, if you don't have 
decent speakers. This 
book shows do-it-your- 
selfers and technicians 
how to build quality speak- 
er systems for use in the 
home and the car. With 
clear instructions and illus- 
trated examples, the book 
details the construction of 
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four home speaker sys- 
tems-a compact book- 
shelf speaker, a small 2- 
way speaker intended for 
unobtrusive use in a living 
room, a large 3 -way speak- 
er, and a ported- reflex a- 
way speaker -and a vari- 
ety of automotive speaker 
installations. The book ex- 
plains how speaker sys- 
tems work, including the 
science behind the sys- 
tem; the effect of en- 
closures on sound quality; 
and the design factors be- 
hind various speaker 
types. 

The book also covers the 
construction of speakers 
designed to fit specific 
areas and purposes and 
the addition of finishing 
touches for a professional 
look. Appendices are filled 
with design equation and 
conversion charts, and a 

glossary of audio and 
speaker terminology is in- 
cluded. 

Even those who aren't 
interested in building their 
own speakers should glean 
enough information from 
reading this book to enable 
them to make more in- 
formed decisions when 
buying speakers. 

The AutoCAD 3D Compan- 
ion: The Illustrated Guide to 
AutoCAD's Third Dimension 
for Release 12; by George O. 
Head. Ventana Press, P.O. 
Box 2468, Chapel Hill, NC 
27515; Phone: 
919 -942 -0220; Fax: 
919- 942 -1140; $27.95; com- 
panion diskette: $49.95. 

Mastering AutoCAD Re- 
lease 12's powerful 3D ca- 
pabilities doesn't have to 
be difficult. This book 
teaches everything needed 
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to draw effectively in 3D. 
Special emphasis is given 
to the 3D Toolkit, with 52 
ready -to -load AutoLISP 
programs designed for 
maximum 3D productivity. 
Those programs are also 
available on the companion 
diskette, which is available 
separately. 

The first 14 chapters 
each take the reader step - 
by -step through the use of 
a specific tool. Those in- 
clude 3D Preview, an over- 
view of essential features; 
the User Coordinate Sys- 
tem (USC) that is used to 
set up drawings, create 
new origins, rotate draw- 
ings, work with text and di- 
alogue boxes, save and 
restore the USC, and use 
2D commands; DView, 
which is used to operate 
the Camera; View Ports, 
used to divide up views as 
Tiles; Surfaces, including 
such things as extrusions, 
faces, meshes, complex 
shapes, and holes; Paper 
Space; and Shading and 
Rendering. 

Two subsequent tu- 
torials provide real -life ex- 
amples of AutoCAD 3D 
applications. Readers are 
shown what is involved in 

the development of com- 
plete mechanical and archi- 
tectural models using Au- 
toCAD 3D software. s 
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What Do These Prestigious 
Companies Have In Common? 

Aerovox AM P 
Electrical Ilectronic Connectors, 

DC Film and RFI Suppression Capacitors. IC Sockets. PCB Switches 
AC Oil Capacitors. EMI Fillers 

CAROL 
Electronic and Electrical Wire and Cable 

and Power Supply Cords 

CORNELL 
DUBILIER 

Capacitors - Aluminum 
Electrolytics, Mica, AC Oil, Film, 

MICA Paper and Relays 

A 

1 

GERNSBACK 
TPUBLI PUBLICATION 

Electronics Now Magazine 

Tubing, Conduits, Hose Sleevings, Splices. 
Insulation and Cable Harness Products 

A COMPANY OF 

11111111 

Dale Electronics, Inc. 
Resistors. Networks. Oscillators, Displays. 

Inductors & Thermistors 

p If NP FP 
MURATA ERIE NORTH AMERICA 

Monolithics. Discs, Variable Capacitors. 
Oscillators, Potentiometers, RE] /EMI Filters. 

Microwave. Surface Mount Capacitors 

ROHM 
Rohm Electronics Division 

Resistors. Ceramic Capacitors. 

Transistors/Diodes, 
Opto Components and IC's 

/:.\ h:( CORPORATION 

MLC. Tantalum and Thin Film 
Capacitors, Resistors. 
Networks, Trimmers, 

Oscillators, Resonators, Filters 
and Piezo Devices 

III- 
Instruments, Inc. 

Relays and Solenoid Relays 

yvnan 
INDUSTRIES, INC. 

BATTERIES: Computer, Cordless 
Phone. Scanner & R /C. 

ANTENNAS: Cordless Phone 1 metal & 
rubber). Scanner Bumpers, 
Grommets and Stik -On Feet 

KOALA SPEER ELECTRONICS, INC. 
Resistors. SMT Tantalum Capacitors Inductors. 

Resistor Networks. SMT Thermistors 

IN 1 li NICS, ¡Nu. 
a IMAM REPUTATION FAI AMLITT MINIM Ma MAN 

Semiconductors, Resistors. 
Capacitors. Relays 

°c:SEIECTP1I Ls-- ,. ..am . 

Switches, Relays, Terminals, 
Indicator /Pilot Lights, LED Indicators, 
Test Clips. Test Leads, Cable Ties and 

Heat Shrinkable Tubing 

A couoaHV or 

BERG 
E L E C T R O N I C S 

High Density and Industry Standard 
Connectors /Subsystems 

BURNDY 
an FCI Company 

Electronic Connectors 

COOPER COOgR 
Belden 

Multi Conductor, Paired, Coaxial. Flat, 
Fiber Optic, Instrumentation /Process 

Control. LAN, Special Application Cables. 
Power Supply Cords & Molded Cable 

Assemblies 

Bussmann 
Plnrs. Fuseholders, Fuse Blocks, 

and Fuse Accessories 

E_TN WM= AMP CAB..L I- P. 
Eaton ary ool Commercial 
& Military tary Controls Operation 

Switches, Relays. Displays and Keyboards 

MALLORY 
North American Capacitor Company 

Tantalums, Aluminums, Sonalerts° 
Ceramics, Films and AC's 

Philips ECG 
A North American Philips Company 

semiconductors. Test Equipment, 
Relays. A/S Parts and 

Chemicals 

Tantalum Capacitors. Wet & Foil 
Capacitors. Resistor Networks, 

Resistor Capacitors Networks, Filters 

am/choral' 
A VNMM Company 

Switches. Connectors, Jacks, Plugs. 
Jackfields & Audio Accessones 

tron 
Quartz Crystal Clock Oscillators 

and Special Hybrid Products 

Quam 
loudspeakers and l'.ommen Ial wund 

P n ultra, 

Non -CFC Cleaners/Degreasers, 
IN Cured Compounds. Swabs, Wipes, 

Brushes, Wick, Cleanroom Supplies, and 
Static Control Products. 

They sell through distributors. 
They belong to the E.I.A. 

They belong on your vendor list. 
Leadership in electronics is not just a matter of designing products bet- 

ter and manufacturing them better, but also of marketing them better. And 
the sponsors of this message understand that better service to customers 
requires effectively involving distributors as part of their marketing teams. 

Distributor involvement means lower prices, quicker deliveries, better 
service over -all. The Buyer wins. ..the Seller wins. 

Distributors help achieve marketing leadership. So does the manufac- 
turer's involvement in the Components Group of the Electronic Industries 
Association. EIA fosters better industry relations, coherent industry stan- 
dards, and the sharing of ideas, which helps one another and serves 
customers better. 

In choosing your component supplier, look for the marks of 
leadership - 

availability through distribution 
membership in the E.I.A. 

Electronic Industries 
Association /Components Group 
2001 Pennsylvania Avenue, N.W. 11th Floor 
Washington, D.C. 20006 
Phone: (202) 457.4930 Fax: (202) 457 -4985 

Committed to the competitiveness of the 
American electronics producer 



RONALD M. JACKSON 

Build the Experimenter, 
and put your personal 

computer to work doing 
interesting and useful 

real -time tasks. 

THE 
EXPERIMENTER 

JUST IMAGINE WHAT WOULD HAPPEN 
if your personal computer had 
the ability to sense real -world 
events taking place around it 
and was able to respond by con- 
trolling those events in some 
useful way. You would then have 
unlimited possibilities for 
building fascinating computer - 
based projects. With a variety of 
sensors you could build such 
projects as a computerized 
weather monitoring station, a 
sophisticated home -security 
system, or perhaps add voice 
recognition to your computer. 

If your home computer could 
control electric motors, you 
could build a robot that could be 
programmed and operated from 
your PC. You might even consid- 
er a computer -controlled tele- 
scope that would automatically 
track star movements. 

The Experimenter, a comput- 
er peripheral circuit described 
in this article, actually offers 
those capabilities. Its circuitry 
is built on a double -sided PC 
board that will work with most 
of the popular brands of person- 
al computers available today 
that meet certain minimum 
performance requirements. 

The missing link 
The Experimenter is the 

missing measurement and con- 
trol link between your personal 
computer and the outside 
world. It provides eight inputs 
capable of voltage measure- 
ment, four timer /counter in- 
puts, and 24 digital input/ 
output (I/O) terminals. The Ex- 
perimenter features eight high - 
voltage, high- current outputs, 
and a power relay. The variety in 
outputs provides a wide range 
of capabilities for driving and 
controlling motors, solenoids, 
and alarms, as well as generat- 
ing useful control signals. The 
Experimenter has its own 
power supplies and its circuit 
board includes unused space 
for adding circuitry and con- 
nectors for projects of your own 
design. 

The Experimenter's measure- 
ment and control features were 
designed to be user -friendly. An 
on -board microcontroller inter- 
prets measurement signals and 
control commands sent from 
your PC. The microcontroller 
has enough built -in computing 
power to relieve your PC of any 
additional housekeeping bur- 

den. This "intelligence" permits 
your own PC to operate on stan- 
dard software, making it quick- 
er and easier to get your real - 
time projects up and running 
and put to use. 

The Experimenter is con- 
nected to your computer 
through a serial port, so you can 
connect it to almost any brand 
of personal computer including 
IBM -compatible PC's, Macin- 
tosh, Atari, and Commodore. In 
the coming months we will pres- 
ent many projects based on the 
Experimenter. They will include 
an ultrasonic "radar," that can 
measure distances to objects as 
its transducer rotates, and a 
desktop meteorological station. 

The necessary software to run 
these projects will be included. 
It will be written in Microsoft's 
QuickBASIC for DOS -based 
IBM PC and AT compatibles that 
are equipped with CGA, EGA, or 
VGA display boards. Most of the 
programs can also be adapted to 
the Macintosh. Owners of other 
personal computers, however, 
might have to modify the pro- 
grams for the BASIC dialect that 
is compatible with their par- 
ticular computer. 31 
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The Experimenter schematic 
Figure 1 is the schematic for 

the Experimenter. Its DC power 
requirement of 6 to 15 volts is 
introduced at coaxial jack J2. 
Because the center conductor of 
the power plug is positive on 
some power supplies and nega- 
tive on others, jumper block J1 
provides a convenient way to se- 
lect between the two different 
configurations. Switch Si is the 
main power switch for the Ex- 
perimenter. 

Voltage regulator ICI, an 
LM2940T -5.0, provides the reg- 
ulated + 5 -volt logic supply 
which powers all of the logic cir- 
cuitry as well as some other cir- 
cuit functions. A special low - 
dropout voltage regulator, ICI 
allows the Experimenter to run 
from a 6 -volt battery. 

Adjustable voltage regulator 
IC10 is an optional regulator 
that can be added to obtain a 
separate 5.12 -volt supply to op- 
erate analog circuitry. This ana- 
log supply can provide an 
adjustable reference source, 
isolated from the relatively noisy 
logic supply. Its presence makes 
possible more accurate voltage 
measurements. 

If you plan to build any analog 
circuitry that will be under the 
command of the Experimenter, 
this regulator will help you to 
avoid possible noise problems, 
and its presence will simplify 
circuit debugging. This option 
is recommended if you antici- 
pate a need for the highest ana- 
log measurement accuracy that 
can be obtained from your Ex- 
perimenter. 

The "brain" of the Experi- 
menter is IC6, an Intel 800552 
CMOS microcontroller with an 
8 -bit internal microprocessor, 
as well as many additional mea- 
surement and control func- 
tions. The microcontroller in- 
cludes a serial port, baud -rate 
generator, clock oscillator, ana- 
log multiplexer, analog- to -dig- 
ital converter, counters, timers, 
and pulse- width -modulators 
(PWM). 

Your PC is connected to the 
Experimenter through J3, a 
standard 25 -pin female 
"D -"style connector (DB -25). Be- 
cause the EIA RS -232C accepts 
larger voltage swings than are 

obtained from standard logic 
devices, IC5 (a DS14C232CN 
RS -232 driver) is required to 
adapt the RS -232C interface to 
your processor. The device also 
contains a voltage doubler and 
inverter that, along with capaci- 
tors C5 to C8, provides the ± 10 
volts required by the RS -232C 
standard. 

A 7.3728 MHz crystal is used 
in the microcontroller's clock. 
The frequency is evenly divided 
into standard baud rates for 
RS -232C by the baud -rate gen- 
erator contained in IC6. Three - 
position DIP switch S2 allows 
rates to be selected from 300 
baud to 38.4 kilobaud. 

The analog multiplexer in the 
microcontroller provides eight 
analog voltage -measurement 
inputs. The analog -to- digital 
converter can measure these in- 
puts with 5- millivolt resolution 
(10 bits) over the range from 0 to 
5.115 volts. That is a useful volt- 
age for powering many sensors 
such as thermistors for temper- 
ature measurement and photo- 
cells for light sensing. 

Capacitor C10 provides a re- 
set signal for both micro - 
controller IC6 and the 82C55A 
parallel interface IC, IC9. That 
reset signal causes the micro - 
controller and parallel interface 
chip to initialize their internal 
registers when the logic supply 
is switched on. The lower eight 
bits of the address bus multi- 
plex on the same lines as the 
data bus. The 74LS373 octal 
latch, IC2, holds the address 
value while data is on the bus. 

Software for the micro - 
controller is stored in EPROM 
IC4. The contents of the 
EPROM, in Intel hexadecimal 
format, are available as file 
ELNOWOI.OBJ, which is part of 
a self -extracting ZIP file called 
EXPER.EXE on the Electronics 
Now BBS (516- 293 -2283, 
1200/2400, 8N1). 

The Experimenter can ac- 
commodate many different 
brands and bit densities of 
EPROM. Jumpers J4 to J7 orga- 
nize the Experimenter for use 
with different EPROM's. Al- 
though it was not included in 
the prototype, the Experi- 
menter has space on its PC 
board, labeled IC3, for adding 

more memory; the space can ac- 
commodate an 8K byte static 
RAM. 

The microcontroller has four 
counter /timer inputs 
(TJNO- TIN3), at pins 16 to 19. 
The inputs can count pulses or 
measure time intervals for ap- 
plications such as counting 
raindrops in a weather station, 
counting rotations of a motor 
shaft, or measuring distance 
with an ultrasonic rangefinder. 

Timer outputs 0 to 7 appear 
at the microcontroller's pins 7 to 
14; they are available directly on 
the PC board at the pads labeled 
TOUT , 0-7. The timer outputs 
are also buffered for higher volt- 
age and current applications by 
SN754410 driver chips IC7 and 
IC8. The driver outputs (labeled 
DRIVER A, 0-3 and DRIVER B, 
4-7 on the PC board) provide 
eight high -powered channels 
for controlling DC and stepper 
motors, solenoids, and other 
powered devices. 

Each driver has its own power 
input (DRIVER A+ and DRIV- 
ER B + ) which must be con- 
nected to an external power 
source of 4.5 to 36 volts DC. 
Each of the eight outputs can 
source and sink up to 1 ampere. 
Separate high- current ground- 
ing points are also provided for 
the driver outputs. 

A metal heatsink is mounted 
"piggyback" on top of each high - 
power driver IC to conduct heat 
from these devices. The heat - 
sinks are soldered in place to 
pins 4, 5, 12, and 13 of each IC. 
If you elect to use sockets for 
positioning the driver IC's on 
the circuit board rather than 
soldering them directly to the 
board, cooling will be less effec- 
tive. If you make that decision. 
limit the maximum current 
that will appear at each output 
to about 700 milliamperes. 

The driver IC's are ther- 
mostatically protected, and they 
will shut down automatically if 
their internal temperature ex- 
ceeds their threshold levels. 
However, they are not protected 
against current overloads or 
short circuits. Caution: if more 
than 1 ampere is drawn from 
any driver output, the driver 
could be destroyed. 

Jumpers J8 and J9 permit 33 



the drivers to remain continu- 
ously enabled. or permit them 
to be enabled under the control 
of the pulse- width -modulated 
outputs of the microcontroller 
(mnfo and >>wnii. pins 4 and 5). 
Those outputs provide a contin- 
uous stream of pulses of con- 
trollable frequency and duty 
cycle. Those outputs are also di- 
rectly available on the PC board 
at the location marked PWM. 0 
and 1. By varying the duty cycle. 
the driver outputs will provide 
varying amounts of power to a 
load such as a DC motor. By 
varying the power, the rota- 
tional speed of the motor can 
easily be controlled. 

The Experimenter has one re- 
lay. RY1. that can switch high - 
current loads up to 8 amperes. 
That is a useful value for actuat- 
ing large alarm horns. switch- 
ing the power supplies to the 
driver IC's. and handling other 
heavy- current loads. The pro- 
cessor controls the relay 
through buffer transistor Q1. 
Indicator LED2 lights when the 
relay's coil is energized. Diode 
D1 prevents inductive voltage 
spikes from damaging the relay 
coil when the transistor turns 
off. Again, connections to the 
relay terminals are directly 
available on the PC board next 
to the relay. 

Digital input /output device 
IC9 (an 82C55A) provides 24 
bits of digital input or output. 
Digital outputs can be timed 
with 1- millisecond resolution. 
Digital inputs are useful for 
such tasks as binary sensing 
(determination of the positions 
of door or window switches) in 
alarm systems. Digital outputs 
are also useful as low- current 
signals and as strobes for con- 
trolling circuitry such as would 
be included in an ultrasonic 
rangefinder. 

A large grid along the lower 
edge of the Experimenter's PC 
board is available for wiring 
your own projects. The 5 -volt 
logic supply and ground are pre - 
wired to every fourth connec- 
tion in the top and bottom rows 
of the grid. That corresponds to 
the standard power pin loca- 
tions for most logic compo- 
nents -the upper right corner 

34 for V(.,. and the lower left corner 

PARTS LIST 

All resistors are Yo-watt, 5 %, un- 
less otherwise noted. 

R1, R3-220 ohms 
R2-4.7 ohms 
R4 -1000 ohms 
R5-750 ohms 
R6-200 ohms, trimmer 
R7 -2700 ohms 
Capacitors 
Cl, C19 -0.47 RF, 50 volts, Mylar 
C2 -330 µF, 6 volts, electrolytic 
C3, C9, C13 -C15, C18 -0.1 RF, ce- 

ramic 
C4- C8 -4.7 µF, 35 volts, elec- 

trolytic 
C10-1 RF, 50 volts, electrolytic 
C11, C12 -33 pF, ceramic 
C16, C17 -0.1 µF, 50 volts, surface - 

mount chip capacitor 
C20 -330 µF, 6 volts, electrolytic 
Semiconductors 
IC1- LM2940CT -5.0 voltage reg- 

ulator, National Semiconductor or 
equivalent 

IC2- 74LS373 octal latch, Texas 
Instruments or equivalent 

IC3 -5164 81K byte static RAM or 
equivalent (optional, see text) 

IC4 -27xxx family EPROM, or 
equivalent (see text and Fig. 4) 

IC5- DS14C232CN RS -232 driver 
IC6- S800552 -1A68 CMOS mi- 

crocontroller, Intel or equivalent 
IC7, IC8- SN754410NE high -cur- 

rent driver IC, Texas Instruments 
or equivalent 

IC9 -82C55Á parallel interface, 
Toshiba or equivalent 

IC10- LM2931CT voltage reg- 
ulator, National Semiconductor or 
equivalent (optional, see text) 

LED1, LED2 -Red light- emitting di- 
ode, T1 package 

D1- 1N4001 silicon diode 
01- 2N3906 PNP transistor 
Other components 
RY1 -SPDT relay, 5 -volt coil 

(Omron G5LE- 114P -PS) 
S1 -DPDT switch 

S2- 3- position DIP switch 
XTAL1- 7.3728 MHz crystal 
J1, J4-J10 -wire juinper 
J2- 5.5/2.0mm coaxial power jack 
J3-PC -mount female DB -25 con- 

nector 
Miscellaneous: PC board, six plug 

bumpers (rubber feet), 6-15 volt 
DC power supply with 
5.5mm /2.1mm coaxial plug, 
TO -220 heatsink for IC1, two 16- 
pin DIP heatsinks for IC7 and IC8, 
28 -pin DIP socket for IC4, 16 -pin 
DIP socket for IC5, 68 -pin PLCC 
socket for IC6, 40 -pin DIP socket 
for IC9, wire, solder. 

Note: The follnu ing items are 
available from Fascinating 
Electronics, PO Box 126, 
Beaverton, OR 97075: 

PC board silkscreened on 
both sides -$59.90 

Programmed EPROM (con- 
tains Experimenter operating 
software) - $49.90 

Kit including PC board, pro- 
grammed EPROM, all compo- 
nents, assembly instructions, 
and a reference and applica- 
tions manual (does not include 

analog 
supply, and wall -mount sup- 
ply)- $149.90 

Assembled and tested Ex- 
perimenter (includes reference 
and applications manual and 
analog supply)- $199.90 

9 -volt, 500 mA wall -mount 
DC power supply -$11.90 

Analog power supply corn - 
ponents -$4.90 

Please include $3.40 for shipping 
and packaging. Foreign orders 
must inquire for pricing and 
availability. You can order by 
telephone using VISA or Mas- 
tercard weekdays from 10:00 
AM to 5:00 PM, Pacific time at 
(800) 683 -KITS. 

for V. Any IC devices that do 
not conform to that power -dis- 
tribution pinout should be in- 
stalled to the right or left of the 
power connections. 

Below the wiring area are 
pads for mounting extra con- 
nectors: one high density, one 
DB -25, and two DB -9. You can 
add any of those connectors to 
suit your particular applica- 
tion. The connector locations 
are marked X1 through X4 on 
the PC board. 

Commands 
The Experimenter recognizes 

a variety of measurement and 
control commands. To famil- 
iarize you with the commands, 
the Experimenter has a built - 
in, user -assistance system. If 
you send the Experimenter a 
question mark ( ?) at the start of 
a line, it lists all of its com- 
mands and their parameters. To 
determine the status of an indi- 
vidual command, enter the 
command name (or abbrevia- 



tion), followed by a question 
mark. 

Experimenter commands 
and responses are standard 
ASCII letters and numbers. You 
don't have to deal with binary 
codes. So, for testing, you can 
"talk" to the Experimenter with 
a communications program, 
just as you do with an on -line 
computer bulletin board sys- 
tem. It is also easy to control the 
Experimenter with most pro- 
gramming languages. 

ECHO -EXP.BAS, also con- 
tained within the self- extrac- 
ting ZIP file (EXPER.EXE) on 
the Electronics Now BBS, is a 
simple communi.. ations pro- 
gram for the Experimenter, im- 
plemented in Microsoft's Quick - 
BASIC. Using that program, 
anything you key in is sent to 
the Experimenter, and any- 
thing the Experimenter sends 
is shown on your PC's screen. 
The program can be modified to 
run on other personal comput- 
ers, and a Macintosh version is 
also available. 

Voltage measurement 
The Experimenter has eight 

analog voltage measurement 
channels, again available di- 
rectly from the PC board at the 
location marked "ANALOG, 
0 -7." (Separate analog power 
and ground connections are 
also provided.) Each channel 
measures from 0 to 5.115 volts 
with 5 millivolt (10 -bit) resolu- 
tion. If sent the command ANA- 
LOG 5, the Experimenter will 
quickly measure the voltage on 
channel 5, and return the result 
as a number expressed in milli- 
volts. Commands can be abbre- 
viated with the use of just the 
first letter, so the command "A 

5" will produce the same result. 
Suppose you were adjusting a 

potentiometer to monitor the 
angle between elements of a 
robot arm. The external connec- 
tions of the potentiometer 
would be wired to the analog 
ground and power supply (AG 
and A+ 5), and the wiper would 
be wired to one of the eight ana- 
log inputs. By reading the volt- 
age represented by the potenti- 
ometer's wiper position, you 
can calculate the angle within a 
fraction of a degree! 

TABLE 1- COUNTER /TIMER COMMANDS 

C channel function wait 

channel counter /timer channel number 
none channel 0 assumed 

0 to 3 available channel selections 

function = counter /timer measurement function 
Counter Measurements: 
the current count (counter unchanged) 
report, restart counter, count on rising edge 

report, restart counter, count on falling edge 

report, restart counter, count on both edges 

report, reset counter (counter is stopped) 

One Channel Timer Measurements: 
5 report positive going pulse duration 
6 report negative going pulse duration 
7 report rising -edge to rising -edge period 

8 report falling -edge to falling -edge period 

Two Channel Timer Measurements: 
9 report rising -edge to falling -edge time 
10 report falling -edge to rising -edge time 
11 report rising -edge to rising -edge time 
12 report falling -edge to falling -edge time 

none or 0 report 
1 

2 

3 

4 

wait 

1 to 255 

= timer measurement first -edge waiting period 
none use previous (or default) value 
0 unlimited wait 
waiting period, in 0.1 S steps 

TABLE 2 -I /O COMMANDS 

D 3 mode 

mode = ports A, B, and C are set to inputs and outputs: 

mode A7 -A0 C7 -C4 87 -80 C3 -00 

128 out out out out 

129 out out out in 

130 out out in cut 

131 out out in in 

136 out in out out 

137 out in out in 

138 out in in out 
139 out in Sn in 
144 in out out out 

145 in out out in 

146 in out in out 

147 in out in in 

152 in in out out 
153 in in out in 
154 in in in out 
155 in in in in 

D port output.l duration.l output.2 duration.2 output.3 

port = port selection 
none or 0 port A is selected 
1 port B is selected 
2 port C is selected 

output.1 = initial output value 
none report port value and duration remaining 

0 to 255 assign value to outputs 

duration.l = time duration output.1 is present on pins 
none or 0 duration is unlimited 
1 to 65535 duration in mS 

output.2 = next output value (after duration.l is over) 
none or 0 assign 0 to outputs 
1 to 255 assign value to outputs 

duration.2 - time duration output.2 is present on pins 
as above for duration.l 

output.3 - final output value (after duration.2 is over) 
as above for output.2 

Measurements 
The Experimenter provides 

four pulse- counting and time - 
measurement inputs (TIN, 0-3). 
The counters have 16 stages 
and reach a maximum count of 
65535. When a counter or timer 
reaches its maximum value, it 
stops. Table 1 lists the COUN- 
TER/TIMER commands. 

When used as counters, any 
of these inputs can make a 
count on rising edges of wave- 
forms, falling edges. or either 
edge, for that matter, depending 
on the function selected for 
each counter. The maximum 
count rate exceeds a kilohertz. 
The counters are well suited for 
mechanical monitoring tasks 35 



TABLE 3-H- BRIDGE COMMANDS 

H group direction duration speed type 

group = select groups of buffered channels and PWMs 
For DC Motors: 

O DRIVER A channels 0, 1, PWMO 
1 DRIVER B channels 4, 5, PWM1 
2 DRIVER A channels 2, 3, PWMO 
3 DRIVER 8 channels 6, 7, PWM1 

For Stepping Motors: 
O DRIVER A channels 0, 1, 2, 3 
1 DRIVER B channels 4, 5, 6, 7 

direction = motor direction control 
none report motor remaining duration 
O stop 
1 forward 
2 reverse 
3 stop (for stepper: coils off) 

duration = how long to drive the motor, then return to stop (0) 
none or 0 drive duration unlimited 
1 to 65535 drive DC motors in mS, steppers in steps 

speed = PWM control for DC motor, step duration for steppers 
For DC Motors: 

none or 0 PWM settings are not affected 
1 to 255 the PWM is set as in E command 

For Stepping Motors: 
none or 0 rate is not changed 

(default is 255 mS /step) 
1 to 255 step duration in mS 

type e type of motor and driver configuration 
none type of motor is not changed 

DC Motors: 
O DC motor, positive polarity (default) 
1 DC motor, negative polarity 

Stepping Motors: 
2 3 coil unipolar, 1 phase positive drive 
3 3 coil unipolar, 1 phase negative drive 
4 3 coil unipolar, half -step positive drive 
5 3 coil unipolar, half -step negative drive 
6 4 coil unipolar, 1 phase positive drive 
7 4 coil unipolar, 1 phase negative drive 
8 4 coil unipolar or 2 coil bipolar, 

2 phase positive drive 
9 4 coil unipolar or 2 coil bipolar, 

2 phase negative drive 
10 4 coil unipolar or 2 coil bipolar, 

half -step positive drive 
11 4 coil unipolar or 2 coil bipolar, 

half -step negative drive 

I channel state 

channel 

state 

TABLE 4- INDIVIDUAL OUTPUT COMMANDS 

duration complement.duration cycles 

buffered channel number 
none channel 0 assumed 
O to 7 available channel selections 

initial state of channel 
none report state, duration, cycles remaining 
O initial state to be 0 (logic low) 
1 initial state to be 1 (logic high) 
2 complement the current state 

duration duration for the initial state 
none or 0 duration of state is unlimited 
i to 255 duration in 1 mS increments 

comp.dur = duration for the complement state 
none or 0 0 duration between cycles 
1 to 255 duration in 1 mS increments 

cycles limit on the number of cycles 
none or 0 cycle without limit 
1 to 255 perform this number of cycles then stop 

such as counting wheel rota- 
tions, motor -shaft rotation, or 
robot arm movements. 

Experimenter's counters can 
run individually or simulta- 
neously. The accumulated 
counts are reported on com- 
mand, and can be set to do so 

36 either with or without stopping 

the counter. Take, for example, a 
raindrop detector that sends 
one pulse to the TINO input for 
each drop of rain it counts. 

The command "C 0 1" will 
start counting pulses on this in- 
put (and report an accumulated 
count of 0). By periodically issu- 
ing the command C 0 1, Experi- 

menter will report the number 
of raindrops detected since its 
last command, reset the coun- 
ter, and start counting anew. 

Time measurements are 
taken and reported imme- 
diately. In an example taken 
from the upcoming ultrasonic 
"radar" project, the command C 
0 11 initiates a measurement of 
the time interval from the trans- 
mission of an ultrasonic pulse 
output to the detection of its 
echo from a distant object. 

The ultrasonic pulse trans- 
mission is indicated and 
marked by the rising edge of the 
pulse sent to TINO, and the re- 
turning echo is indicated by the 
rising edge of a pulse sent to 
TIN1. The time measured be- 
tween those two edges is re- 
ported and used by the comput- 
er to determine the distance to 
the distant objects with a reso- 
lution of about 0.010 inch. 

The Experimenter measures 
pulse widths, pulse periods, or 
channel -to- channel times from 
250 to 655,350 microseconds, 
with 10- microsecond resolu- 
tion. If the Experimenter 
doesn't see a pulse within a rea- 
sonable (and selectable) length 
of time, it responds with a timer 
value of O. This prevents the Ex- 
perimenter from "hanging" if 
no pulses are detected. 

Digital input/output 
The Experimenter provides 

24 bits of digital input or out- 
put. Digital input is useful for 
reading digitally encoded sen- 
sors. Digital output can be buff- 
ered to drive displays, or it can 
be interfaced directly to control 
a digital -to- analog converter. 
The DIGITAL -I /O command can 
also initiate outputs with con- 
trolled time durations. This 
function is especially useful for 
generating different timing - 
control signals. 

Table 2 shows the details of 
the DIGITAL -I /O command. The 
digital I/O bits are configured as 
either input or output in two 
groups of 8 bits and two groups 
of 4 bits. To use the digital I /O, 
you must first write the desired 
mode to Port 3. The mode byte 
configures the ports as inputs 
and outputs. The sixteen dif- 
ferent input/output configura- 



TABLE 5-PWM COMMANDS 

E channel width period 

channel = 

width = 

period = 

pulse- width -modulation output channel 
none or 0 channel 0 is selected 
1 channel 1 is selected 

pulse -width setting 
none report current pulse width setting 
0 always off (low) 
1 to 254 variable pulse width 
255 always on (high) 

set the period of the PWM pulse 
none use previously assigned value, default 0 
0 to 255 Frequency = 7372800/(510 *(1 +period)) Hz 

TABLE 6 -RELAY COMMANDS 

F relay.number state 

relay.num = since there is only one relay on this version of 
the Experimenter, the relay number is ignored. 

state = reads or sets the relay's state 
none report the relay's current state 
0 relay coil off 
1 relay coil on 
2 toggle the relay's state 

TABLE 7- GENERAL COMMANDS 

G select off /on 

select selects the information or control function: 
none or 0 manual (default) / computer control 
1 echo typing 
2 append a <lf> after each <cr> 
3 append a 0 to timer measurements 

off /on disable or enable the selection 
none or 0 turn the selection off 
1 turn the selection on 

mode 

tions are listed in Table 2. 
lb read a digital input, use 

the DIGITAL -I/O command with 
only the port- number param- 
eter. The Experimenter will read 
the specified port and return a 
number from 0 to 255. The 
mode byte can only be written, 
and cannot be read. 

To write to a digital output, 
use the DIGITAL -I /O command 
with both port number and out- 
put value parameters. The out- 
put value, from 0 to 255, will 
appear on the selected port. 

The Experimenter also has a 
built -in timer on its output 
ports. Up to three different out- 
put values can be specified, 
with time durations ranging 
from 1 to 65,535 milliseconds 
between them. The first output 
value will appear on the port for 
the duration specified, then the 
second output value will appear 
on that port, and the pro- 
gression will be continued. The 
last output value will remain on 
the port until a new DIGITAL - 
I/O command is issued. 

Driver commands 
As shown in the schematic, 

the eight timer -driven outputs 
(Tour 0 -7) are buffered for 
high -power applications (DRIV- 
ER A, 0-3 and DRIVER B, 4-7). 
The pulse -width modulators 
can control the duty cycle of the 
drivers. The drivers themselves 
can be controlled in a variety of 
ways with the H- BRIDGE and 
INDIVIDUAL -OUTPUT com- 
mands. lino commands are pro- 
vided to make it easier for you to 
use these outputs for different 
applications. 

Power -on default for all out- 
puts is high (logic 1), with all 
outputs enabled by the pulse - 
width modulators. The EN- 
ABLE-PWM command controls 
the PWM's. When controlling a 
DC motor, the H- BRIDGE com- 
mand can also adjust a pulse - 
width modulator. 

The H- BRIDGE command 
combines the four channels on 
each driver to control either one 
stepper motor or two DC 
motors. Experimenter includes 

two driver IC's (IC7 and 1C8), so 
two stepper motors or four DC 
motors can be driven. The H- 
BRIDGE command permits the 
driving of 12 different DC and 
stepper motors. This includes 
all of the readily available com- 
mercial stepper motors and per- 
manent- magnet brush -type DC 
motors. Table 3 lists the param- 
eters for this command. 

Stepper motor operation can 
be educational and a lot of fun. 
These motors are easily adapted 
for building computer -con- 
trolled mechanical gadgets that 
require precise position and 
speed control. A stepper motor 
is included in the forthcoming 
ultrasonic "radar" project. 

Consider the example of a 
two -coil bipolar stepper motor. 
It can be connected to DRIVER A 
0 to 3. A suitable power supply 
must be provided for the A+ 
and GND inputs. The stepper 
motor can be run in full steps or 
in half steps. Half stepping per- 
mits the greatest precision in 
object movement. (It gives the 
greatest angular resolution.) 
Table 3 shows half -stepping as 
drive type 10. 

The command "H 0 1 100 50 
10" will cause the stepper motor 
on DRIVER A (0) to move in the 
forward direction (1), for 100 
half- steps; each half -step takes 
50 milliseconds with a type -10 
drive pattern. The command H 
0 2 100, commands the motor to 
rotate in the reverse direction 
(2) for 100 half steps. Experi- 
menter's memory remembers 
the step duration and drive type 
data presented to it earlier. 

The INDIVIDUAL -OUTPUT 
command creates a single 
pulse, specific number of 
pulses, or a continuous stream 
of pulses on any of the eight 
timed outputs. This is a useful 
output for many testing and 
control applications. 

Table 4 shows the parameters 
for the INDIVIDUAL -OUTPUT 
command. For each channel, 
you can specify an initial state. 
the duration that the channel 
should remain in that state, the 
duration that the channel 
should remain in the comple- 
ment state, and the number of 
cycles that should be repeated. 
For example, the command "I 6 37 
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110 50 200" will produce pulses 
on output 6, starting with a log- 
ic 1 fOr 10 milliseconds, then 
logic 0 for 50 milliseconds, re- 
peating the cycle for 200 pulses. 

lb read the status of an INDI- 
VIDUAL- OUTPUT command, is- 
sue the command with only the 
channel parameter. The Experi- 
menter will respond with three 
numbers: the current state of 
the channel, the remaining du- 
ration of the current state, and 
the number of cycles remaining 
to be output. 

The INDIVIDUAL -OUTPUT 
command is usually limited to 
creating pulses of 255 millisec- 
onds. Here is a clever way of get- 
ting longer time durations: 
When the complement -dura- 
tion is 0, the total duration of 
the output pulse will be the du- 
ration multiplied by the 
number of cycles. Thus a pulse 
of up to 65.025 seconds (255 ms 
x 255) can be made. 

The H- BRIDGE and INDIVID- 
UAL- OUTPUT commands share 
the same output drivers. Any 
command that affects outputs 
in use by another command will 

cancel that other command. For 
example, if an H- BRIDGE com- 
mand is given, any INDIVIDU- 
AL- OUTPUT commands using 
that four -bit data group will be 
canceled. 

The ENABLE -PWM command 
lets you set duty cycle and fre- 
quency for the pulse -width 
modulators. Table 5 lists the pa- 
rameters for this command. 
The power -on default is always 
on (logic 1). When DC motors are 
driven, unwanted resonances 
can occur between the PWM 
drive frequency and the rota- 
tion frequency of the motor. 
That situation can cause rough 
motor rotation. With the EN- 
ABLE -PWM command, the 
PWM drive frequency can be 
changed to obtain smoother DC 
motor operation. The frequency 
is adjustable from about 56 Hz 
to about 14 kHz. 

Other commands 
The FLIP -RELAY command 

lets you to set, reset, or toggle 
the single -pole, double -throw 
relay, and to read and report the 
relay's state. The relay is useful 

for controlling large currents, 
such as those needed to drive 
large motors, actuate alarm 
horns, or provide system power. 
The format for the FLIP -RELAY 
command is shown in Table 6. 

One final command, GENER- 
AL- INFORMATION /CONTROL, 
is shown in Table 7. General in- 
formation about the Experi- 
menter is reported and special 
functions are controlled. The 
special functions control data 
formatting to make Experi- 
menter's communications more 
readable. Manual -mode de- 
faults enable those functions, 
while computer control -mode 
defaults disable them for more 
efficient communication. 

Next Month 
That's it as far as Experi- 

menter operating theory and 
commands are concerned. Un- 
fortunately you'll have to wait 
until next month to we build 
and test the board. We will also 
provide the foil patterns at that 
time. In the meantime you can 
begin to acquire parts for the 
project. !Z 
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Detect combustible gases 
me before they reach 

xplosive levels with our 
emiconductor -based gas 

in your 

alarm. 

ALARM 
DAVID WILLIAM 

Imo. 
MOST PEOPLE TODAY ARE AWARE OF 

the dangers of a home fire, and 
depend on smoke detectors for 
an early warning. However, fires 
caused by combustible gases 
can be avoided by detecting the 
gases before they ever reach tox- 
ic levels or ignite. A combusti- 
ble -gas detector can provide a 
much earlier warning than any 
smoke detector! 

Theory of operation 
The gas alarm is based on a 

semiconductor sensor element, 
shown in Fig. 1, that undergoes 
a change of resistance when ex- 
posed to gases that have an af- 
finity for oxygen. Gases with 
that property are known as re- 
ducing gases and they include 
methane, butane, propane, and 
carbon monoxide. The sensor is 

WARNING 

Neither the publisher nor the author 
make any representations as to the ac- 
curacy of the information contained 
herein and disclaim any liability for 
damages or injuries, whether caused by 
or arising from inaccuracies of the infor- 
mation, misinterpretation of the direc- 
tions, misapplication of the information, 
or otherwise. 

composed mainly of tin dioxide 
on a ceramic base; it includes 
an internal heater coil which 
maintains the semiconductor 
at a constant temperature. 

In normal air, and at a fixed 
temperature, the sensor is de- 
signed to absorb oxygen at a 
constant rate. Because the con- 
ductivity of the tin dioxide is re- 
lated to the rate of oxygen 
absorption, it is also a constant 

in normal air. However, in the 
presence of a reducing gas, the 
sensor's internal resistance de- 
creases in proportion to the gas - 
concentration level. By convert- 
ing the sensor's resistance 
change to a DC voltage, the cir- 
cuit can detect specific gas con- 
centrations and trigger an 
alarm before the concentration 
reaches a dangerous level. 

The circuit 
The sensor is labelled SENT in 

the gas -alarm schematic of Fig. 
2. The 9 -volts DC from wall 
transformer T1 is regulated to 5 
volts by an LM2940 regulator, 
IC3. Capacitors Ci and C2 pro- 
vide filtering and stability to the 
regulator. The 5 -volt output 
from IC3 is connected to the 
heater coil of SENT at pins 2 and 

é t 

a 
2. 
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NC 3 

5. The sensor's internal resis- 
tance element is connected in 
series with resistor R1 to form a 
voltage- divider circuit. Note 
that R1 is a calibrated resistor 
that has been specifically 
matched to each gas sensor by 
the manufacturer and is in- 
cluded with the purchase of 
each sensor. Do not substitute 
any other resistor for R1 or the 
alarm trip point will be incor- 
rect. 

The SEN1/R1 combination re- 
sults in 2.5 volts across R1 in 
the presence of approximately 
5,000 parts per million (ppm) of 
methane gas at a temperature of 
20 degrees Celsius. That con- 
centration level represents 'ho 
the level at which methane be- 
comes explosive in air. The trig- 
ger point is low enough to 
provide advanced warning of a 

100 -MESH SUS 316 

STAINLESS STEEL GAUZE (DOUBLE) 

/NOBLE METAL WIRE ` SENSOR 

HEATER COIL 

RESIN 
MOULDING 

U u 
FIG. 1 -THE GAS SENSOR is mainly 
composed of tin dioxide on a ceramic 
base; the resistance of the sensor varies 
depending on the concentration of re- 
ducing gases in the air. 

natural gas leak, yet is high 
enough to avoid false alarms 
from common home vapors 
such as hair sprays or cooking 
fumes. 

The output voltage from the 
SENT /R1 divider goes to the 
positive input (pin 2) of an 
LM311 comparator (IC1). The 
negative input (pin 3) is set to a 
reference voltage determined by 
R2, R3, R4, and thermistor R8. 
Those components provide a 
2.5 -volt reference voltage at 
room temperature. Because 
SEN1's gas detection is based on 
the principle of chemical ad- 
sorption, its output voltage is 
affected by humidity and tern - 
perature changes, and that can 
cause variations in the alarm 
trip point. Therefore, a negative 
temperature coefficient (NTC) 
thermistor (R8) is used to effec- 
tively adjust the threshold volt- 
age to compensate for those 
variations. 

In the presence of a reducing 
gas, the resistance of SEN1 will 
drop and the voltage at pin 2 of 
IC1 will rise. When it reaches 2.5 
volts or greater, the output of 
IC1 will turn on transistor Q2 
which will in turn activate the 
buzzer, BZ1. Resistor R5 pro- 
vides some hysteresis to ICI and 
capacitors C5 and C6 provide 
noise filtering on the com- 
parator inputs. 

A flashing light- emitting di- 
ode (LEDI) indicates that the 
sensor is operating with the cor- 

rect supply voltage. An LM3909 
low -power LED flasher (IC2) 
uses C3 to set the flash rate at 
approximately 1 hertz. A 
DS1233 voltage detector (IC4) 
monitors the 5 -volt output from 
IC3. If the output falls below 
4.75 volts, the DS1233 will turn 
off transistor Q1, which in turn 
will turn off IC2 and the LED. 

A 9 -volt battery (B1) and 
blocking -diode (D2) provide 
battery- backup operation for 
short power outages. The 
LM2940 is a low- dropout reg- 
ulator that will give a regulated 
output with input voltages as 
low as 5.8 volts. (A normal reg- 
ulator works properly only when 
the input voltage is above 7.5 
volts.) Therefore, the LM2940 
regulator allows for longer back- 
up times as the battery voltage 
drops. The gas alarm draws ap- 
proximately 170 milliamps dur- 
ing operation; that relatively 
high current draw is due to the 
heater element in SEN1. A fresh 
9 -volt alkaline battery will pro- 
vide slightly over an hour of 
backup operation. If you want 
longer backup operation, you 
must replace B1 with a higher - 
capacity external nickel -cad- 
mium or lead -acid battery. 

Construction 
The easiest way to build the 

gas alarm is with a PC board. 
Artwork is provided here; 
etched and drilled boards can 
be purchased from the source 
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FIG. 2 -THE SENSOR'S RESISTANCE ELEMENT is connected in series with resistor 
R1 to form a voltage- divider circuit; R1 is specifically matched to each gas sensor by 

40 the manufacturer. 



PARTS LIST 

All resistors are '/4-watt, 5% 
R1- Calibration resistor, included 

with sensor (see text) 
R2, R4- 10,000 ohms 
R3 -6800 ohms 
R5, R6- 330,000 ohms 
R7 -1000 ohms 
R8- 5000 -ohm thermistor 
Capacitors 
C1-470 µF, 16 volts, electrolytic 
C2 -22 µF, 10 volts, electrolytic 
C3-330 RF, 6 volts, electrolytic 
C4- C6-0.1 p.F, ceramic 
Semiconductors 
IC1 -LM311 voltage comparator 
1C2-LM3909 LED flasher 
1C3- LM2940CT -5.0 (or 7805T) 

voltage regulator 
IC4- DS1233 power monitor 
01- 2N3904 NPN transistor 
D1, D2- 1N4001 diode 
SEN1- TGS813C gas sensor 

(Figaro) 
Other components 
B1 -9 -volt battery 
T1 -9 -volt DC, 300 mA wall trans- 

former 
BZ1 -12 -volt DC buzzer 
Miscellaneous: PC board, 9 -volt 

battery connector, enclosure 
(SERPAC #231 -I, or similar), 
hardware, two 8 -pin IC sockets, 
wire, solder 

Note: The following items are 
available from LNS Tech- 
nologies, 20993 Foothill Blvd, 
Suite 307R, Hayward, CA 
94541 -1511 (510) 886 -9296: 

SEN1 gas sensor, 6 -pin sock- 
et, and calibration resistor 
(R1)- $24.00 

Complete kit of parts for the 
gas alarm, including PC board, 
all parts, and plastic en- 
closure- $49.00 

Please add $5.00 S &H to all or- 
ders. California residents must 
add local sales tax. MC/VISA 
orders accepted. 

mentioned in the Parts List. 
Figure 3 is the parts -placement 
diagram. 

Two wire jumpers must be in- 
stalled on the PC board at the 
locations marked "J." Next, in- 
stall resistors R1 through R6. 
Note that the calibration re- 
sistor (R1) has a solid gray body 
with no color bands. Install di- 
odes D1 and D2, paying close 
attention to their polarity. 

Sockets are recommended for 
IC 1 and IC2, and they can be 
installed now. (Don't insert the 

+9voc 

BZ1< 
+ 

LED1 

r 

02 

a 

-C4- 

SENI 

i 
114 

GND 

B1 

9V 

-CS- 

T 
FIG. 3- FOLLOW THIS PARTS -PLACEMENT DIAGRAM when building the gas alarm. 
Install two wire jumpers at the locations marked "J." 

FOIL PATTERN for the gas alarm. 

23/4 INCHES 

IC's yet.) Next install ceramic ca- 
pacitors C4, C5, and C6, and 
thermistor R8. The voltage 
monitor (IC4) and the tran- 
sistors (Q1 and Q2) look very 
similar, so pay careful attention 
to their identity, and to their ori- 
entation. Install electrolytic ca- 
pacitors Cl, C2, and C3, and 
the voltage -regulator IC3. 

Note that LED1 and SEN1 
(both shown with dashed out- 
lines) are mounted on the foil 
side of the circuit board. That 
arrangement allows the parts to 

1 /R-s, -- 

1/8' 

5 

i 

118 - f 114 "+T -- -t /4',- 3/4- 4.1/4" 4 -' 
1114 " - -; 1/8" DIA 
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FIG. 4-IF YOU USE THE SAME CASE as 
the prototype, the buzzer must be 
mounted to the PC board with this metal 
bracket. 
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e 
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3;32" DIA 

(2 PL! 

t 

fit through openings in the top 
cover of the plastic enclosure. 41 



11/s" 

14 19/i4" 
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- -t 

41/4" 

FIG. 5 -THE TOP COVER of the case must be drilled as shown here to accommodate 
the LED, the gas- sensor socket, and the buzzer. 

CASE 

TOP 

LEDI 
SENI SOLDER 

HERE 

6 -PIN SOCKET 1/4-INCH 
BZ1 

PC BOARD (COMPONENT SIDE) 

+- BATTERY 

COMPARTMENT METAL BRACKET 
(SEE FIGA) 

BOT TOM 

FIG. 6-THE FINAL ASSEMBLY fits into the plastic enclosure as shown here. The PC 
board should lie flat against the four plastic standoffs. 

When soldering the LED to the 
foil side of the PC board, make 
sure that its bottom edge is 1/4- 

inch from the board. The sensor 
has a 6 -pin socket that should 
be installed on the foil side of 
the board. 

Next attach the wires for the 
battery connector, making sure 
that the red wire goes to the 
positive pad. It is also necessary 
to observe the correct polarity 
when attaching the wires from 

42 the 9 -volt DC wall transformer 

Ti. You can check the output of 
Ti with a DC voltmeter to deter- 
mine which wire is positive if 
you're not sure. Then unplug 
the transformer and solder the 
wires in the proper locations. 

The last step is to attach the 
buzzer to the PC board with a 
metal bracket and screws (in- 
cluded in the kit). The bracket is 
necessary only if you are using 
the same case that is supplied 
in the kit. Figure 4 shows the 
dimensions of the bracket in 

FIG. 7 -A FINISHED UNIT looks like this 
inside. The board is held in place with 
four self- tapping screws. 

case you have to make one. Oth- 
erwise you can mount the buzz- 
er anywhere off -board, or hot - 
melt glue the buzzer in place. 

Final assembly 
If you use the same enclosure 

as the prototype, drill the three 
holes in the top cover as shown 
in Figure 5. (Note that the case 
included with the kit comes pre - 
drilled.) Figure 6 shows how the 
buzzer mounts to the metal 
bracket and how the final as- 
sembly fits into the plastic en- 
closure. Be sure to solder the 
two wires from the buzzer to the 
locations shown in Fig. 3. Posi- 
tion the PC board so that the 
LED, the gas- sensor socket, 
and the buzzer can be seen 
through the holes in the top of 
enclosure. (The sensor should 
not be in its socket yet.) The PC 
board should lie flat against the 
four plastic standoffs in the 
case, and held in place with four 
#4 x 1/4 -inch self- tapping 
screws. Figure 7 shows the in- 
side of the prototype. 

Cut or file a slot in the bottom 
edge of the case for the trans- 
former wires to fit through 
when the case is closed. Screw 
the two halves of the enclosure 
together with the four remain- 
ing screws. 

Operation 
Plug the gas sensor into its 

socket (polarity is unimpor- 
tant), and plug the wall trans- 
former into an AC outlet. The 
red LED should flash to show 
that the unit is powered up. 

continued on page 93 



PRECISION DIGITAL SCALE 
AN EASY -TO -READ PRECISE SCALE 
with a liquid crystal display 
(LCD) will permit you to put the 
right postage on your letters 
and packages. carry out experi- 
ments that require precise 
measurements, and maybe 
even improve your cooking be- 
cause you'll be able to measure 
just the right amount of ingre- 
dients. Now you can build your 
own solid -state electronic scale 
and make measurements in 
grams and ounces with ounce 
accuracies to hundredths of an 
ounce. 

This small, light, and easy -to- 
build digital scale is completely 
portable. It is based on a sophis- 
ticated component called a load 
cell and it includes a monolithic 
analog -to- digital converter. The 
load cell for the prototype de- 
scribed here was selected to give 
readings up to 19.99 ounces in 
increments of 0.01 ounce and 
readings up to 600 grams in in- 
crements of 1 gram, a fairly wide 
range for a desktop scale. 

The accuracy and resolution 
of this digital scale are far great- 
er than are needed for weighing 
letters and packages to deter- 
mine their postage. It has all of 
the performance needed to 
make it suitable as a high 
school or college science lab 
measuring instrument. It will 
also be a valuable tool for the 
chemist, the biologist or other 
scientists. Its accuracy and res- 
olution will be appreciated by 
hobbyists, experimenters, 
gourmet chefs, and just about 
anybody who needs to weigh 
things precisely. 

Front -panel switches permit 
the selection of either OUNCE or 
GRAM modes. Weight is shown 
on a large 31/2-digit LCD with' /2- 
inch high characters. The scale 
features automatic decimal - 
point placement when it is oper- 
ated in the its OUNCE mode. 

The scale can also provide 
tare weight, the weight of a con- 
tainer deducted from the total 
weight to yield the weight of the 
contents of a container. The 
scale automatically offsets the 

PRECISION DIGITAI- SCALE 

Build this 
electronic scale 

and weigh objects 
precisely in the 
O to 1.3 pounds 

(O to 600 grams) 
range. 

ANTHONY J. CARISTI 

reading by an amount equal to 
the weight of the container. 
This form of measurement is es- 
pecially useful if you want to 
weigh a large number of small 
objects that must be contained 
in a cup or dish. 

lino standard 9 -volt alkaline 
transistor batteries power the 
scale for many months of inter- 
mittent use. A built -in battery- 
monitoring circuit automatically 
displays a low- battery (BAT) 
legend when the batteries must 
be replaced. 

How does it work? 
Figure 1 is a simplified func- 

tional block diagram of the 
scale. It consists of a precision 
platform load cell, followed by 
an instrumentation amplifier 
(consisting of two differential 
input operational amplifiers), 
which increases the relatively 
low output voltage generated by 
the load cell when a weight is 
placed on the scale platform. An 
analog -to- digital converter con- 
verts the amplifier's analog out- 
put voltage to digitally coded 
signals that drive the 31/2-digit 
LCD. 

Figure 2 is the schematic for 
the electronic scale. It is is 
powered by a pair of standard 9- 
volt alkaline transistor batteries 
connected in series to produce 
18 volts. The MC78L10 fixed 
voltage regulator ICI provides a 
stable 10 -volt output to power 
the circuit. The two batteries in 
series have sufficient capacity 
to ensure the scale's accuracy 
stability even as the batteries 
terminal voltages decline. Inter- 
nal circuitry determines when 
the voltage has dropped to the 
threshold level and a low battery 
indication is presented on the 
display. 

Load cell 
Figure 3 is a simplified sche- 

matic of the load cell, the key 
component in the scale. It con- 
tains four variable resistive 
strain -gauge elements that are 
connected as a Wheatstone 
bridge, powered by the regu- 
lated 10 -volt supply. The four 
color -coded wires are brought 
out of the load cell assembly in a 
shielded cable. 

When the cell is at rest (no 
weight applied) the values of all 
four resistors are equal. and the 
bridge is balanced. As a result, 
the differential output voltage of 
the bridge, taken between the 
blue and green wires, is essen- 
tially zero. However, even with- 
out a weight on the scale, there 
can be some residual offset of 
the load cell that shows up on 
the LCD display because of the 43 
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FIG. 1 -BLOCK DIAGRAM OF ELECTRONIC SCALE WITH LOAD CELL: Controls per- 
mit measurements in ounces or grams. 

weight of the scale's load plat- 
form. Moreover, the load cell it- 
self might have some built -in 
zero offset due to minor man- 
ufacturing imperfections. 

The total voltage offset of the 
bridge circuit, including the 
effect of the platform weight and 
a container, can be cancelled 
out by with zero -adjust potenti- 
ometer R11 in the LM324N in- 
strumentation amplifier cir- 
cuit. It can be adjusted with a 
control knob mounted on the 
front of the case. The same con- 
trol can null out the effect of an 
empty container placed on the 
scale platform for tare measure- 
ments when needed. 

When a true weight is placed 
on the scale, two of the resistors 
in the Wheatstone bridge cir- 
cuit increase in value while the 
other two decrease in value. 
This unbalances the bridge, 
generating an output voltage. 
Full -scale (1.3 pounds /600 
grams) output voltage of the 
load cell is 10 millivolts. 

The prototype scale was de- 
signed to measure weights that 
are generally less than 1 pound 
(0.453 kg), but the upper limit 
of the load cell can be exceeded 
under certain conditions that 
will be discussed later. 

Scale circuitry 
Refer to the schematic in Fig. 

2 and see that sections a and b 
of IC2, a quad differential -input 
operational amplifier, form a 
differential instrumentation 
amplifier. This circuit amplifies 
the output voltage of the load - 
cell bridge circuit and provides 
a differential output voltage 

44 that is sent to analog input pins 

30 and 31 of IC4, an ICL7106 
analog -to- digital converter. 

The gain of the differential 
amplifier is determined by the 
values of resistors R4 through 
R9, and is about 48. A feedback 
network composed of potenti- 
ometer R4 and resistor R5 allow 
circuit gain to be adjusted to 
compensate for variations in 
load cells. 

Operational amplifier IC2 -c is 
essentially a voltage follower 
that is driven by the green out- 
put wire of the load cell. The 
output of this op -amp section 
feeds the negative differential 
input of IC4, the A/D converter. 
The 100 -ohm feedback resistor 
R14 permits the voltage -fol- 
lower circuit to add a zero offset 
to the output of op -amp IC2 -c 
from the control potentiometer 
RI1 so that the LCD will show 
zero when no weight is on the 
scale. 

The 31/2-digit A/D converter 
IC4 contains the necessary cir- 
cuitry to drive the LCD. This IC 
includes seven -segment de- 
coders, display drivers, a clock, 
and the backplane square -wave 
signal generator. 

The differential analog input 
voltage required for a full- scale 
display of 1999, applied be- 
tween pins 30 and 31 of IC4, is 
twice the reference voltage fed 
between pins 35 and 36. That 
voltage is provided by the 10 -volt 
regulated supply discussed ear- 
lier and a voltage divider con- 
sisting of resistors R16, R17, 
R18, R19, and R20. When the 
scale is operated in its OUNCE 
mode, R18 and R19 are shorted 
out by front panel switch S2 -b. 
The reference voltage fed to pins 

35 and 36 of IC4 then has a fixed 
value of 0.232 volts. 

When the scale is in the GRAMS 
mode, the reference voltage is 
increased to about 0.817 volts 
as S2 -b is opened. This increase 
in reference voltage causes the 
display reading to decrease in 
magnitude by a factor of 3.52, 
which is the conversion of the 
full scale display of 1999 ounces 
(neglecting the decimal point) 
to 566.7 grams. When in the 
GRAMS mode, the display per- 
mits weight readings greater 
than 567 grams. Up to 1800 
grams (1.8 kilograms can be 
handled by the load cell on that 
scale without damaging it. 

Section d of EXCLUSIVE OR gate 
IC3 provides the decimal point 
in the OUNCES mode. An 
EXCLUSIVE OR gate produces a 
high logic output only when the 
logic levels fed to the input ter- 
minals oppose each other. 

Section d of IC3 is connected 
as a conditional inverter. The 
backplane signal generated by 
IC4 is fed to input pin 12 of IC3 - 
d, while the logic level fed to pin 
13 is either 0 or 1 as determined 
by switch S2 -a. When operating 
in the OUNCES mode, the 
positive voltage at pin 13 makes 
the output at pin 11 the inverse 
of the backplane signal. This is 
the requirement for actuation 
of any LCD segment. 

The inverted backplane sig- 
nal, fed to pin 12 of the LCD, 
causes the decimal point to be 
activated in the OUNCES mode. 
When S2 -a is set to GRAMS, the 
backplane signal is not inver- 
ted; this removes the decimal 
point. 

Section d of IC2 functions as 
a voltage comparator (it has no 
feedback resistor) to warn the 
user when the battery is near 
the end of its service life and 
must be replaced. The positive 
input of the comparator is con- 
nected to the 10- volt regulated 
bus. The negative input is con- 
nected to the output of a voltage 
divider made up of resistors RI 
and R2. 

When the battery terminal 
voltage is above 12 volts, the 
output of the comparator re- 
mains low. However, when the 
battery is almost depleted, its 
terminal voltage falls below 12 
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FIG. 2- SCHEMATIC DIAGRAM OF THE ELECTRONIC SCALE: Components are on 
main circuit and display boards. The off-board controls are on the front panel and 
case. 

volts, and the output of the 
comparator goes high. 

Section c of IC3 functions as a 
conditional inverter in a man- 
ner that is similar to IC3 -d. 
When the output of comparator 
IC2 -d goes high with falling bat- 
tery voltage, IC3 -c inverts the 
backplane signal fed to pin 9 of 
IC3 -c. This in turn is fed to the 
"BAT" segment of the LCD, dis- 
playing it when the batteries 
need replacement. 

Building the scale 
Building this scale calls for 

both circuit board assembly 
and discrtete point -to -point 
wiring as well as mechanical 
fabrication. The electronic com- 
ponents are inserted and sol- 
dered to two circuit boards and 
later those boards are intercon- 
nected by wires and assembled 
in a stack to the front panel. 

The project also calls for drill- 
ing and forming holes in the 
aluminum case cover and plas- 
tic project case. A rigid base is 
required for mounting the load 
cell inside the case to take full 
benefit of the load cell's perfor- 
mance. A suitable platform 
must also be provided for the 
scale. The wiring between cir- 
cuit boards and from the circuit 
boards to the panel- mounted 
controls should be done only 
after the mechanical work is 
complete. The electronics as- 
sembly is discussed here first. 

The electronic circuitry is on 
two printed -circuit boards: 
main and display. The full -scale 
foil patterns defining the copper 
laminated circuit conductors 
(solder side) for both boards are 
included here if you want to 
make your own boards. Alter- 
natively you can purchase them 
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DIFFERENTIAL 
OUTPUT 
VOLTAGE 

BLUE 

FIG. 3- SCHEMATIC FOR LOAD CELL. 
The cell in this scale is rated for 1.3 
pounds or 600 grams. 

from the source listed in the 
Parts List. There are no critical 
component arrangements in 
the circuitry, so it can also be 
made by point -to -point wiring 
on perforated phenolic board. 

Figure 4 is the parts place- 
ment diagram for the main cir- 
cuit board. Observe the correct 
polarity of all polarized compo- 
nents when inserting them in 
the board. Sockets are recom- 
mended for all DIP -packaged in- 45 
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main circuit board of the electronic 

FOIL PATTERN FOR MAIN CIRCUIT BOARD. 

tegrated circuits to permit them 
to be removed easily in the event 
of a malfunction, or to simplify 
troubleshooting and repair, 
should they ever be necessary. 

The Parts List specifies most 
46 of the resistors as 1% metal -film 

units for the analog circuitry. 
The stability of the circuit will 
depend on those tight tolerance 
values. Do not substitute car- 
bon -film resistors because they 
are unstable with respect to am- 
bient temperature changes. 

PARTS LIST 

All resistors are ' /4- watt,1 %, met- 
al film, unless otherwise spec- 
ified. 

R1- 22,100 ohms 
R2- 107,000 ohms 
R3, R21- 47,000 ohms, 1/4 -watt 

carbon resistor 
R4 -200 ohms, cermet potentio- 

meter, PC mount 
R5-357 ohms 
R6, R7. R8, R9, R18- 10,000 ohms 
R10, R12- 475.000 ohms (See 

text) 
R11- 100,000 ohms potentiometer, 

panel -mount 
R13, R16, R20- 100,000 ohms 
R14 -100 ohms 
R15-1 megohm, 1/4 -watt, carbon 

composition 
R17- 4,750,000 ohms 
R19 -5 megohm cermet potenti- 

ometer, PC mount 
R22- 10,000 ohms, 1 4 -watt, car- 

bon 
Capacitors 
C1 -1011F, 25 -volt, radial -leaded 

electrolytic 
C2, C7- 0.1µF, 50 -volt ceramic 

disc 
C3- 4.7µF, 25 -volt radial -leaded 

electrolytic 
C4- 0.01µF, 50 -volt ceramic disk 
C5 0.2211F, 50 -volt metal -film 
C6- 0.47µF, 50 -volt metal -film 
C8 100 pF. 50 -volt ceramic disk 
Semiconductors 
LC1 -Load Cell Model C2G1 (1.3- 

pound/600-gram) NMB Tech- 
nologies, Inc., Chatsworth, CA 
91311 (see text) 

IC1- AN78L10, fixed 10 -volt reg- 
ulator, Motorola or equivalent 

IC2- LM324N quad operational 
amplifier, Motorola or equivalent 

IC3- CD4030B quad two -input ex- 
clusive OR, Harris or equivalent 

11"Ne INCHES 114 
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IC4- ICL7106CPL, analog- to -dig- 
ital converter, Harris or equivalent 

Other components 
E1, B2 -9 volt alkaline transistor ra- 

dio batteries 
DISP1- 3' /2-digit LCD display, Di- 

gikey LCD002 or equivalent 
Miscellaneous: two circuit boards: 

main and display, project plastic 
case with aluminum cover (see 
text), IC sockets for all DIP ICs 

and display (see text), battery 
clips, project case with cover (see 
text), baseplate for mounting load 
cell LC1 (see text), three -inch 
square micarta or phenolic plat- 
form, four 3 -mm screws, sets of 
standard screws, nuts and, 
spacers as required, flat washers 
with '/ -inch I.D.(see text), 
stranded insulated hookup wire in 

a variety of colors, solder wire, 
and solder wicking. 

Note: The following parts are 
available from A. Caristi, 69 
White Pond Road, Waldwick, 
NJ 07463: 

Etched and drilled set of two 
PC boards -$19.95 

LC1 -load cell, 1.3 lb /600 
g m- $71.50 

IC1- AN78L10, 10 -volt reg- 
ulator -$2.00 

IC2- LM324N quad opera- 
tional amplifier- $2.00 

IC3- CD4030B quad two -in- 
put exclusive OR- $2.00 

IC4- ICL7106CPL, analog - 
to- digital converter -$15.75 

DISP1 -31/2-digit LCD dis- 
play -$11.75 

Set of 15 metal -film re- 
sistors -$8.00 

Please add $5.00 postage and 
handling. New Jersey resi- 
dents please add 6% sales tax. 

Figure 4 shows the three 
jumper wires needed to com- 
plete the circuit. These are: pin 
4 of IC2 to the plus side of capac- 
itor Cl (JU1); pin 26 of IC4 to 
the minus side of capacitor Cl 
(JU2); and pin 37 of IC4 to pin 7 
of IC3 (JU3). The jumpers 
should be made from standard 
insulated hookup wire (24 to 28 
AWG) inserted on the compo- 
nent side of the board with care 
taken in their placement so they 
do not interfere with the inser- 
tion of other components. 

When all the components 
have been soldered to the 

boards, inspect all soldered 
joints for open circuits, short 
circuits or "bridging," and cold 
solder joints, which will appear 
as dull blobs of solder without 
smooth fillets. 

BAT 

40 
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1111111 II1I11111111 

111111 1 1 II11II11111 

BP HALF 

DIGIT 

FIG. 5 -LCD CIRCUIT-BOARD assembly. 
Wires connect the pins of the LCD mod- 
ule to the main circuit board. 

E1D1C1DpE2D2C2E3D3C3B3 

21 

If any of those faults are lo- 
cated, remove the solder by re- 
heating the joints with a 
soldering pencil and applying a 
desoldering wick. Then resolder 
the joints and trim any excess 
lead lengths close to the board. 

Carefully insert IC2, IC3, and 
IC4 in their sockets. Be sure 
they are properly oriented in ac- 
cordance with the reference 
notches shown Figs. 4 and 5. 
Check to see that all pins fit se- 
curely in their sockets and that 
none has been accidentally bent 
under a DIP. 

The glass- covered, 40 -pin 
LCD DIP module is fragile and 
must be handled carefully. Fig- 
ure 5 shows how the LCD DIP is 
located on the display circuit 
board. Be sure that the key pins 
(1, 20, 21 and 40) are located as 
shown. Figure 5 also gives the 
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mounting it to the bottom of the case as well as the holes for mounting the load cell to 
the base. Then drill the holes in the case for mounting the load cell base assembly and 
the hole for the control potentiometer. 47 
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alphanumeric pin identifica- 
tions for subsequent inter - 
board point -to -point wiring. 

The LCD DIP can be soldered 
directly into the display board 
as illustrated, but is is recom- 
mended that 20 -pin headers be 
made to act as a socket. 

Hole forming steps 
The prototype scale is housed 

in a plastic project case with in- 
side dimensions of 
71/4 x 43/16 x 21/4- inches deep as 
shown in Fig. 6. It has an alumi- 

num cover that measures 
79/16 x 43/16 and serves as the 
scale's front panel. Figure 7 is a 
template for drilling and form- 
ing the holes in that cover. Drill 
or punch all holes and openings 
in the aluminum cover as 
shown. If you use a larger case, 
center the template in the larger 
panel area. 

Drill a hole in the front center 
of the plastic case as shown in 
Fig. 6 to accommodate the 
threaded bushing of zero -effect 
potentiometer Rl1. Assemble 

Rl l to the case, and fasten it in 
position with its locknut and 
lockwasher. 

Figure 8 is an exploded view of 
the front panel/cover assembly 
showing how the circuit boards 
are fastened together with 
screws, spacers. and nuts to 
form two separate decks. Posi- 
tion the switches Si and S2 in 
the slots cut for them in the 
cover, and mark the locations of 
their holes on the panel. (The 
switches selected for the pro- 
totype have tapped holes in 
their brackets so no nuts are 
needed.) Drill the holes and in- 
sert and fasten the switches to 
the aluminum panel. 

Refer to Fig. 8 and cut a 3 by 
3 -inch square from 0.030 to 
0.040 -inch thick phenolic lami- 
nate or other suitable thin, rigid 
board. After deburring its edges 
and rounding its corners, drill 
two holes at its center for two 
flathead 3- millimeter screws as 
shown in Fig. 6. (The hole spac- 
ing must be the same as the 
spacing between the two tapped 
holes in the top surface of the 
load cell.) Countersink the holes 
slightly for the flathead screws. 

The load cell, shown in Fig. 6, 
has two through -drilled and 
tapped holes at each end, 
spaced 5 /16 -inch apart. Caution: 
the holes are tapped to accom- 
modate 3 millimeter screws so 
that the substitution of non - 
metric screws will strip the 
threads in the load cell. The 
end marked with an arrow iden- 
tifies the load- bearing side. 

Figure 6 shows the one -inch 
high extruded aluminum chan- 
nel that was fastened to the bot- 
tom of the plastic case of the 
prototype to function as a rigid 
base for the load cell. Four holes 
were drilled in the bottom of the 
case and four matching holes 
were drilled and tapped in the 
bottom of the channel to fasten 
it to the case. lino holes were 
also drilled in the far end of the 
channel to accommodate two 
more 3- millimeter screws for 
mounting the load cell to the 
rigid base from the underside. 

The composition and size of 
the rigid base are not critical, 
and alternatives can be used if a 
six -inch length of thick -wall 
aluminum channel is not avail- 
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Paperback Books 
GREAT PAPERBACKS AT SPECIAL PRICES 

COMPUTER HOBBYISTS 

HANDBOOK- BP251- 
$8.95 

Subjects covered include 
microprocessors and their 
register sets; interfacing serial, 
parailey, monitor, games and 
MIDI ports; numbering systems, 
operating systems and computer 
graphics. While the book is 

aimed at the computer hobbyist, 
it should also prove useful to 

anyone who intends to use a 

computer to follow their 
interests. 

Further 
Practical 
Electronics 
Calculations and 
Formulae 

l 

y.. 

H FURTHER PRACTICAL 
ELECTRONICS 

CALCULATIONS - 
BP144 -9.00 
450 pages crammed full of all the 
formulae you are likely to need. 
Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 
Generation and Processing, 
Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 
Power Supplies. Then there's an 

appendix of Conversion Factors, 
Mathematical Formulae and 
more. 

L INTERNATIONAL RADIO 
STATIONS GUIDE - 
BP255-$9.95 

Provides the casual listener, 
amateur radio DXer and the 
professional radio monitor with 
an essential reference work 
designed as a guide for the 
complex radio bands. 

Includes coverage on Listening to 
Short Wave Radio, ITU Country 
Codes, Worldwide Radio 
Stations, European Long Wave 
and Medium Wave Stations, 
Broadcasts in English and more. 

- 104 0.a'i.ri%3i 

y MID 

ti%/. 

WIRELESS & 
ELECTRICAL 
CYCLOPEDIA -ETTI -$5.75 

A slice of history. This early 
electronics catalog was issued in 

1918. It consists of 176 pages 
that document the early history of 
electricity, radio and electronics. 
It was the "bible" of the electrical 
experimenter of the period. Take 

a look at history and see how far 
we have come. And by the way, 
don't try to order any of the 
merchandise shown, it's unlikely 
that it will be available. And if it 
is, the prices will be many times 
higher. 

ELECTRONIC TECHNOLOGY TODAY INC. 
PO. Box 240, Massapequa Park, NY 11762-0240 

Name 

Address 

City State Zip 

SHIPPING CHARGES IN 

USA AND CANADA 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 $2.50 
$10.01 to 20.00 $3.50 
$20.01 to 30.00 $4.50 
$30.01 to 40.00 $5.50 
$40.01 to 50.00 $6.50 

EN793 650.01 and above $8.00 

"R- 

SORRY No orders accepted Number of books ordered 
outside of USA & Canada cc 

m 
m o 
ó 
ó 
m 

z 

50A1 

Total price of merchandise S 

Shipping (see chart) S 

Subtotal s 

Sales Tax (NYS only) 5 

Total Enclosed S 

All payments must be in U.S. funds 
L 



14041:less 
Motion! 

Build BORIS the miniature motorless walking 

machine with Muscle Wirei:'They contract up to 

five percent when powered. Remove power and 

they relax, ready for millions more cycles. 

Create direct linear action without heavy gears, 

coils, or motors. Use Musde Wires in robots, 

models, planes, railroads anywhere you need 

small, strong all- electric motion. 

What Are Muscle Wires? 
Oc 

Muscle Wires are highly processed strands of a 

nickel titanium alloy called nitinol. At room 
temperature they are easily stretched by up to 5% 

of their length. When conducting an electric 
current they return to their original "unstretched" 
shape with a force thousands of times their weight. 

How strong we Muscle Wires? 
The force a wire pulls with varies with size, from 

35 to 330 grams. For more strength, use several 
wires in parallel. 

How fast can Muscle Wires activate? 
They contract as fast as they are heated as 

quickly as the wire 
must cool again. Rates of many cycles per second 

are possible with active cooling. 

Flexinol Muscle Wire S. - ifications 

Wire Diameter 50 µm 100 lam 150 lam 
Resistance 510 S2 /m 150 Wm 50 Wm 

Contract Force 35 grams 150 grams 330 grams 
Typical Current 50 mA 180 mA 400 mA 

How much power do Muscle Wires need? 
Power varies with wire diameter, length, and 

surrounding conditions. Once the wire has fully 
shortened, power should be reduced to prevent 
overheating. 

What are the advantages of Muscle Wires? 
Small size, light weight, low power, very high 

strength -to- weight ratio, precise control, AC or DC 

activation. long life and direct linear action and 

much more! 

50A2 

Get our new 112 page Book and Deluxe 

Sample Kit with plans for BORIS and 14 

other motorless motion projects. Includes 

one meter each of 50, 100 and 150 pm 
diameter Muscle Wire everything you 

need to get moving today! 

Ask for our FREE Muscle Wires Technical Brochure 

TOLL FREE 24 Hour Order Line 

800- 374 -5764 
VISA MasterCard 

Book and 

Mondo- fronics Sample Kit 

524 Son Anselmo Ave. #107 
San Anselmo, CA 94960 

Questions: 415-455-9330 
Fox: 415-455-9333 

Internet: mondoohobnet.net 

only 

íSa.80 
Plus $4.00 PAH 

CA orders add tax 

International Orders Welcome! First Class P &H: $9.00 
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305 Chase Scientific Co 50A4 260 Ocean State Electronics 50A67 
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225 Computer Business Mart 50A18 - Paladin Electronics 50A73 
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288 Davilyn Corp. 50A I O 268 RF Parts 50A28 
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230 Debco Electronics 50A5I 270 Skyvision Inc 50A33 

303 Demax Corp. 50A56 299 Southpaw Electronics Inc 50Al2 
289 Design Computation 50A44 301 Startek 50A7 

E.S.F 50A46 271 Surplus Traders 50AI7 
241 Electronic Goldmine 50A23 272 Tech Services 50A32 

242 Electronic Rainbow 50A55 274 TECI 50A62 

Emac Inc. 50A24 275 Timeline 50A75 
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Fair Radio 50A60 276 Ucando 50A48 

243 Gateway Electronics 50A46 277 United Electronic Supply 50A14 

290 Graymark International 50A58 - Universal Electronics, Inc. 50A52 
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ITC Microcomponents Inc. 50A69 302 Weka Publishing 50A11 
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Heart Attack. 
Fight it with a 

Memorial gift to 
the American 

Heart Association. 

THE AMERICAN HEART 
ASSOEIATION 

MEMORIAL PROGRAM =, 

American Heart Association 

This space provided as a public service. 



AN /USM -117 

TRANSISTORIZED 
DC -6, MHz 

OSCILLOSCOPE 

Specifications: CRT Size: 21,2" x 2" Vertical Bandwidth: 
DC-6 MHc - Sweep Ranges: .1 microsecond div. to 1 sec. - 

Horizontal Bandwidth: DC -500 Hz Power Input: 115V/50 - 

1000 Hz/1 Ph Dimensions: 8" x 93/4W x 1812 "D (including 
Pont cover) - Weight: 23 lbs. complete. Price: $135.00 

RADIO BEACON 

SET AN'GRN -6 

AN /URM -120 SO OHM 
THRU -LINE RF WATTMETER 

Frequency range: 2MHZ to 
1000MHZ. Power range: 10 
Watts to 1000 Watts. 
USWRs 1.08 to 1. Uses 
three plug -in coupler ele- 
ments, (included). CU -753 
2 to 30MHZ 50 to 100 Watts 
CU -754 25 to 250 MHZ 10 to 500 W 
CU-755 200 to 1000 MHZ 10 to 500 Watts 
Connector: Type N. Case included. Size: 7'W 
6411"H x 745 "D Weight: 6.5 lbs. New Price: $285.00 

13406 Saticoy Street 
North Hollywood, CA 91605 -3475 

VISA 41=1 

Enclosed in shelter that is fully insulated with alu- 
minum exterior and plywood interior. 741 x 
57"Wx601/2"H, 620 lbs. Has two sliding windows 
and is louvered for ventilation, which is filtered. A 
400 watt, radio frequency communications trans- 
mitter. It is used for voice or transmission of 
beacon signals to aircraft in the frequency range of 
190 to 500 KC. Power requirements are 230 VAC. 
Units are unused and in excellent condition. Units 
are complete with all accessories including cables, 
antenna, controls and many other parts and ac- 
cessories. Fits into 6' commercial truckbed. 

Price: $1595.00 

COLLINS 51S -1 

GENERAL COVERAGE RECEIVER 
Frequency: 2 to 20 MHZ, Calibration: 1KHZ/div., Reception: 
USB, LSB, AM, ON and RTTY; Sensitivity: SSB or CW or RTTY, 

0.6 Micro Volts for 10dBs S/N ratio, AM, 3 Microvolts for 10d8 

S/N ratio. Selectivity: 558, 2.75 KHZ mechanical filter; CW, 

RIT', 800HZ XTAK Filter. AM 5KH2. Dimensions: IH x W x DI: 
7.75" x 14.75" x 14.0'. %tight: 28 pounds. Power:115230V, 50 to 
400 HZ, 125 Watts. Price: $1085.00 

COLLINS KWM-2A TRANSCEIVER 
Frequency Range: 3.4 to 30 MHZ except 5.0 to 
6.5MHZ. Unit Cover: 80, 40, 20, 15 and 10 meter. 
Amature bands. Modes: SS8, ON or RRTY. Sen- 
sitivity: 0.5 uy for 10 db S + N/N. Selectivity: 2.1 KHZ, 
6db down; 4.2 MHZ, 60 db. Image Rejection: 
540db. Power Output: 3.4 to 15 MHZ 100 watts PEP, 

50 ohms ;15 to 25 MHZ, 90 watts PEP, 50 ohms; 25 to 
30 MHZ 80 watts PEP, 50 ohms. Plate Input:175 watts 
PEP on SSB; 160 watts CW Size: 14.75" x 7.75 "H x 
14 -0. Weight: 18 lbs., 3 oz. Price: $795.00 

HEWLETT PACKARD HP1200A 
DUAL TRACE 
SOLID STATE 

OSCILLOSCOPE 
Vertical Sensitivity: 
O.1mV to 20v /div. Band 
Width: DC to 500KFiz. 
Input: Differential or 
eingle ended, lmeg 
ohm, 45pí. Time Base: 1 

ndcrosec to 5 sec. /divi- 
sion with a x 10 magni- 
fier. Trigger: Internal /External. Horizontal Sen- 
sitivity: 0.1v to 1.0v/div. Bandwidth: DC to 300KHz. 
Input: Single ended, lmeg ohm, 20pf. CRT: 8x 10 

cm. Calibrator: 1V. Size: 8556 W x 113/4"H x 
1811/26 "D. Wt: 341 lbs. Power: 115/230, 47 to 
440Hz, 50 watts. Price: $150.00 

(818) 787 -3334 

HEWLETT PACKARD bb406.OPT 323 
SOLID STATE SIGNAL GENERATOR 

w;o synchronizer) Frequency range: 450 KHz to 512 MHz. 
to 1100 Mhz with external frequency doubler option 

supplied.. Ten Frequency bands in octave increments from 
500 KHz; band 11 for doubler use. Accuracy: 6 digit LED 

read out. Stability: < 1000 ppm. Output power: - 145 

dBm to +10 dBm (0.013 V to 2 VI into 50 D. Impedance 
is 5013, VSWR < 2.0 on 2 V and 1 V range <1.3 on other 
ranges >. Modulation: Internal AM, FM and PM, 
external AM, FM and PM. Pulse frequency: 0.05 to 5 

kHz. General: Power Requirements: 100, 120, 220, 

240 V,48 hz to 420 hz, 2 amps. Size: 6" (H) x 19" 

ON) x 13W IDI. Wt. 60 lbs. Includes rug - 
gedized case and manual. 

Price: $1,295.00 
Current Hewlett Packard 

Prices: S12,050.00 

.01 

BIRD TERMALINE 
MODEL 82A RE LOAD 

Frequency range: DC to 3500 MHZ. Impedance: 50 
OHMS + 5 %. VSWR: Less than or equal to 1.15 to 
1 up to 1GHZ 1.3GHZ to 3.5GHZ. Power: 500 
watts D.C. Conenctor: Type N. Size: 
51á56"W x 811/22 "H x 199561D. Weight: 21 Lbs. 

NEW Price: $175.00 

(800) 235 -6222 

ANRITSU ML4228 
Anritsu ML422B Programmable Selective Level Meter. Has 

synthesized frequency tuning (rotary dial on keypad entry). 
Automatic tone search for unknown signals, swept frequen- 
cy, keypad data entry for amplitude and frequency limits, 
IEEE488 computer control capability. Frequency range: 50HZ to 
30MHZ 18 digit LED readout). Stability: s ± S x 10 - 7/0 to 45°C, 
s ±1 x10 - &year. Bandwidths: Wideband, 48khz, 3.1khz and 

20hz I -3dB). Amplitude Range: - 120dBM to + 30dBM de- 
pending on bandwidth setting IS digit readout and meter). 

Amplitude Accuracy: x 0.15dB to _ 1.5dB depending on level 
range and frequency setting. Input Impedence:75 ohms termi- 
nated unbalanced or 10Kohm unterminated balanced. 75,124, 

135, or 600 ohms terminated balanced.1.5Kohm and 20Kohm 
unterminated balanced. Distortion: Input ±10dBM, single 
tone, 2nd and 3rd order s - 70dBc from 1Khz to 12mhz. I.F. 

Rejection: s - 70dBM Gr 56.6mHz, s -80áB elsewhere. Image 
Rejection: s -80áB. Phase litter: s0.5° p-p. 0.1° resolution. 
Power: 11 /V, 3.15A. 60hz AC. Size: 161%N/W x 'WH 19 WO 
w): 43 Price: S$6,500.00 

GENERAL 
MICROWAVE 476 
THERMALELECTRIC 
POWER METER 

With type 4240A power head. 

Power range: 30n watts to 10m W 
( -45 to +10 dBm. 

Frequency Range: 0.01 to 18 GHz 
VSWR: 1.5 from 0.01 to 0.015 GHZ 

1.35 from 0.015 to 10 GHZ 

I 
1.6 from 10 GHZ to 18 GHZ 

Connector: Type N 
Meter Size: 4.5 inches 
Accuracy: ±1% of full scale on all ranges 
Built in 10 KHZ calibration signal. Power 
Requirements: 115V/230V, 50- 1000HZ (r, 5 watts. 
Size: 6.1 "H x 5.1"W x 11.3 "D. 
Weight: 7 lbs. 

Includes 4 Attentuators: DC to 18EHz 
Attenuation: 20d8, 10dB, 3dB, 6d8, Manual and 
carrying Case. Price: $275.00 

I.R. 
TANK 

PERISCOPE 

Type M -24. Rugged mili- 
tary construction. Con- 
tains two independent 
infrared image convert- 
er tubes plus correction 
lenses, prisms, and eye- 
pieces. The binocular 
viewing system is di- 
rectly connected to a 

prism -type periscope. 
The image tubes have dynamic focus provided by a 

built -in adjustable voltage divider. This unit re- 
quires 10 to 15 KV at low current for operation. 
Unable to supply power supply. Dimensions: 
18 "Hx9 "Wx41/2" thick. Weight: 17 lbs. Stock 
#0P9001. Rice: =NM 

FAX (818) 787 -4732 

CIRCLE 236 ON FREE INFORMATION CARD 
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PC -BASED OSCILLOSCOPES OUTPERFORM 
STAND -AL ONES IN COST AND PERFORMANCE 

CHASE SCIENTIFIC 
INTRODUCES 

4 NEW PC- SCOPES 

By staff writer - 

Chase Scientific Company has 

currently introduced 4 new PC -based 
Digital Storage Oscilloscope boards 
with useful bandwidths of 20, 40, 60, 

and 100MHz. Each ChaseScopeN 
System is completely self-contained on 

a single mid-size (107 add-on board 
(for IBM PC-compatible only), at prices 

that will make the competition cry. Just 
plug the board in and load the 

ChaseScopeN System software (free 
with board) and you're on your way. 

These boards have 2 completely 
independent vertical channels, each 
with their own 25 or 40 megasample 
/sec 8-Bit A/D converter, 8K/32K/128K 
static ram, and 10 vertical gain settings 
(in 1,2,5 steps) standard. This gives 
you the same high performance 
whether you are using one channel by 

itself or multiple channels simul- 
taneously (not a common feature mong 

other add -ons). Also, there are 27 

timebase settings in 1,2,5 steps. 
Post and Pre- Triggering are 

available for time reconstructed 
waveforms as well as one -shot 
waveforms due to the board's ability to 

use random interleaved samping. 
These PC based scopes are 

designed with the latest in Surface 
Mount Technology, providing better 
performance, reliability, and features 

than any other board its size on the 

market today. 

SPECIAL FEATURES: 

Up to 40 Megasamples/sec one -shot digitizing rate. 
8K Words/Channel standard (32K optional). 

- Plot to any Epson or HP LaserJet compatible printer. 
- Macro Language for Automated Testing. 

Store and Retrieve WaveForms from Disk. 
Built -in Functions include Ave,Freq,TR,TF,PW,Env,FFT 

- Professional Scope Software works with virtually all 
CGA, EGA, VGA, or Hercules compatible monitors. 

U£RTICAL HORIZONTAL iIIUIIIRF TRIGGER CURSORS STORE PRINT SETUP 
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Actual Screen Output on HP LaserJet IIP at 150dpi 

COMPARISON CHART OF CHASE SCIENTIFIC PC- OSCILLOSCOPES 

MODEL CS100 -40 CS60 -25 CS40 -25 CS20 -25 

PRICE (probes not incl.) $795 $695 $595 $495 

BANDWIDTH 
Repetative ( -3dB) 100 MHz 60 Milz 40MIIz 20 MHz 

Single-Shot (Sample Rate/4) IO MHz 6.2 MHz 6.2 MHz 6.2 MHz 

MAXIMUM DIGITIZING RATE 
(Two-Channel Simultaneous) 40 Ms/sec 25 Ms/sec 25Ms/sec 25 Ms/sec 

NUMBER OF CHANNELS 2 (+ 1 external trigger/enable) 

TIME BASE RANGE 20ns-2 sec/div 5Ons -2 sec/div 50ns -2 sec/div 50ns -2 sec/div 

MAXIMUM TIME RESOLUTION 250 ps 400 ps 400 ps Ins 
VERTICAL RESOLUTION +/- 0.4% (8 -Bit A/D) 

MEMORY (Standard) 32K words 8K words 8K words 8K words 

= Available 2nd Qtr 93 
= Screen display can zoom up to 10X 
= 32K option available (I28K for CS100) 

All Scopes have 10mV /div - 10V /div input 
sensitivity in 1,2,5 steps (20pF, 1Mohm) 

FOR INFORMATION PACKAGE CALL 1- 800 -866 -7899, FAX (408) 479 -8572 
OR WRITE TO CHASE SCIENTIFIC, 7960 -B SOQUEL DRIVE, SUITE 191, APTOS, CA 95003 

CIRCLE 305 ON FREE INFORMATION CARD 
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CALL FAX 

OR WRITE 
FOR A FREE ,,, 

CATALOG 4 

THE ULTIMATE SAVING SOURCE 
Call Toll Free 1-800-325-2264 or (213) 727-0054 

2733 Carrier Ave. Los Angeles, CA 90040 FAX 213- 727 -6032 or 888 -6032 
CIRCLE 234 ON FREE INFORMATION CARD 



 

608 Gordon Baker Rd. Willowdale, 
Ontario Canada zip: M2H -3B4 

TEL: (416) 490 -8865 FAX:785 -7955 

& Scientific VISA 

MARCONI SYNTHESIZED 
SIGNAL GENERATOR 

Model 2018 
Freq range 80Khz- 520Mhz with calibrated out- 
put levels from -127 dBm to +13dBm. Resolu- 
tion 10Hz. It can be freq, phase or amplitude 
modulated from ext or int modulation sources. 
RF output resolution is 0.1dB, reversepower 
protection of up to 50Wis possible without dam- 
age to the instrument. This ins . ent is micro- 
processor controlled and very easy to use, a 
must for any serious repair or development 
lab.Price : $1500.00 Checked 

COLLI S 3 I L -1 
POWER AMPLIFIER 

One of the finest mid -size linear amplifiers 
ever produced specifically for the Premier 
Ham Radio Operator. It covers the 80,40,20,15 
and 10 meter bands in either SSB, CW, RTTY 
or SSTV modes. Input drive power is 70-100 
watts for full output. Power input is 1200watts, 
@ 115/230 vac 60 Hz. Output power is 650 
watts RF (1000w @ reduced duty cycle). 
These units are in excellent condition complete 
with cables and connectors. If your looking for 
the amp opportunity of a life time, you've just 
checked -in. So check it out!!! 
Price: $595.00 winged. $695.00 round. 

IFR 1000SA 
COMMUNICATIONS MONITOR 

FM /AM- 1000SA is a synthesized AM/FM/S SB 
receiver /signal generator. Frequency range is 
300Khz -lGhz, it contains a 60 watt rf power 
meter, deviation/modulation meter, oscilloscope, 
tone generator and internal high stability freq- 
standard. Its a radio repair shop in one cabinet. 
Price: $2750.00 Checked 

HEWLETT PACKARD 
8640B SIGNAL GENERATOR 

Industry Standard sig -gen 500Khz- 512Mhz 
features internal phase lock/synchronizer and 
digital freq readout. +19to -145 dBm output. 
AM, FM external and Pulse modulation. 
Price: $2295.00 OPT 001 add $100.00 

OPT 003 add $150.00 

¡TEKTRONIX 577/177 CURVE TRACER $2395.00 
-HP 3580A SPEC -ANALYZER 5Hz -50KHz $3470.00 
-HP 8443A 110MHz TRACKING GENERATOR $ 900.00 
-HP 8160A OPT -20 PROG PULSE GEN $5500.00 
-HP 4260A LCR BRIDGE $ 385.00 
-HP 3551A TRANSMISSION TEST SET $1275.00 
-EXACT566 SWEEP/FUNCTION GEN $ 345.00 
-IFR 1000A COMMUNICATIONS MONITOR $2675.00 
-IFR 1000S COMMUNICATIONS MONITOR $4250.00 
-IFR 1100S COMMUNICATIONS MONITOR $5750.00 
-BOONTON 82AD AM /FM MOD -METER 
-GEN -RAD 1662 RES- LIM BRIDGE 
-HP 3585A SPECTRUM ANALYZER 

`TEKTRONIX 1502 TDR w CHART -REC 

$1275.00 
$ 325.00 
$7250.00 
$3795.00 

COLLINS 30S -1 
POWER AMPLIFIER 

The 305 -1 is a completely self contained AB -1 

class linear amplifier for ham radio use. It uses 
the commercially popular Eimac4CX1000A 
power tube, modes of operation are SSB,CW, 
RTTY or SSTV . Power Output is 1000w SSB 
and 1000w for CW at a 50% duty cycle. Power 
requirements are 115/230 VAC 50/60 Hz 1Ph , 

drive power 70 -100 watts RF. 
Freq Range 80 -10 meters. Ship wt. 160 lbs. 
Price: $995.00 ea. Incl 4CX1000. 

"MANUALS AVAILABLE 
AT ADDITIONAL COST." 

* ** All Prices In U.S. Dollars 
Please Include (telephone /fax) 
number with mall -in orders. 
Orders must be prepaid by 
guaranteed Instrument.*** 

- PRC -25 TRANSCEIVER (TACTICAL) $ 250.00, 
- RT 524/VRC TRANSCEIVER (TACTICAL) $ 675.00 
- COLLINS 651S -1 RECEIVER $1450.00 
- COLLINS HF -380 TRANSCEIVER $2450.00 
- R392 RECEIVER .5 -30MHz $ 165.00 
- T195 100w COMPANION XMTR TO 392 $ 85.00 
- SUNAIR GSB -920 RECEIVER (like new) $ 550.00 
- TRANS WORLD TW -100 PORTABLE TRANSCEIVER 

SYTHESIZED, AUTO TUNE, 100WATTS $2795.00 
- PRR -9 HELMET RADIOS (NEW) $ 85.00 
- PRT -4 MINIATURE TRANSMITTER (AS- IS) $ 45.00 
- COLLINS 30L -1 RF LINEAR AMPLIFIER $ 595.00 
- GRT -22 UHF POWER AMPLIFER $ 200.00 
- COLLINS 516F2 POWER SUPPLY $ 95.00 I 

Jul 93 
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New ---+ STARTEK INTERNATIONAL INC. 
FFTEßL,/ENCY COLIN TER'S 

Auto Trigger & Hold 
now, for the first time, available on 
inexpensive, portable counters with 
our new ATH TM Series. This feature is 

the most significant improvement ever 
made to the pocket sized counters! It 

allows "Hands Free" operation to 
automatically read & hold a signal as 
quick as 80 ms or 8% of a second. 

Our ATH "'circuitry is super fast 
because it does not require the time 
for multiple readings, like digital 
filtering techniques. 

The ONE-SHOT ATHTM feature is 

standard on the ATH -30. Using 
controls and indicators on top of the 
unit, it will hold the first reading until 
manually reset. (The ONE -SHOT 
feature is a $40 option on the ATH -15.) 

Say goodbye to random 
counting & false readings 

with the ATHTM Series 

ATH TM Series features include: 
Easy to use - simple controls 
Ultra fast response time - 

800% faster 
Extra bright LED digits 
3 -5 hour battery operation 
Automatic clean dropout 
Maximized sensitivity, <1 my typical 
4 GHZ signal strength Bar Graph 
2 ranges - 6 fast gate times 
9-12V auto-polarity power jack 
StarCabTM aluminum cabinet 

A THTM 
Series 
Model ATH -30 

ONE-SHOT 
feature standard 

ALL MODELS 
MADE IN U.S.A. 

NEW 
WARRANTY 
5 years all parts 

1 year labor 
ALL MODELS 

AN models: 
4"Hx3.5"Wx1'0 

ALL 
FREQUENCY 
COUNTERS 

PRICED WITH 
NI -CADs & 

AC ADAPTOR 

STARTEK IATERro a nOronL croc. 

398 NE 38th St., Ft. Lauderdale, FL 33334 

'n Stock...Same Day Shipment. 
Frequency Counters SPECIAL 

1350 1 -1300 MHZ ,¡ 
3 gate Gmes, quality & economy 1198.X. 

3500 10 HZ -3500 MHZ 
Extremely wide frequency range 239 

15-BG (not shown) 1 -1500 MHZ 
Ultra high sensitivity. Bar Graph 169 ?,. 

35-8G 1 -3200 MHZ 
Ultra high sensitivity, Bar Graph 245 ??65. 

New ATM"' Series 
ATH-15 1 -1500 MHZ, ATH 199 
ATH-30 1 -2800 MHZ. ATH, ONESHDr 259 
HST-15 HIGH STAB TCXO fact inst. option, 

0.2 PPM accuracy 

Accessories 
A CC-90 Case for all models 12. 
B TA-90 Telescope BNC antenna 12. 
C TA-904- Telescope elbow antenna 16. 
D RD-150 150 MHZ rubber duck 16. 
E RD -2750 27 -50 MHZ rubber duck 28. 
F RD-800 800 MHZ rubber duck 29. 
G M- 207 -IC Interface cable for MFJ -207 1 0. 
H ß110 200 MHZ, lx, 10x probe 39. 
J LP-22 Lo-Pass, audio usage probe 25. 
K DC-10 Direct, 50 OHM probe 20. 

1.a`s. 

Terms: Shipping/handling charges U.S. & Canada 5% ($5 min., $10 max) Others add 15%. FL residents add tax. COD fee $5. o 
VISA. MC, Discover accepted. Prices & specifications sub,ect to change without notice or obligation. 
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Unbeatable Discount Prices 
1 YEAR WARRANTY 
15 DAY MONEY BACK GUARANTEE 

POWER SUPPLY FRED. COUNTER 

SWEEP FUNCTION GENERATOR MULTI -METER 

MT-100 
49, $,595. 

$399.00 

Four Instruments in One Instrument 
0 

© 

Function Generator 
Sine, Square, Triangle, Pulse, 
Skewed Sine, Ramp, TTL 
0.02 Hz - 2MHz 

Frequency Counter 
8 Digit LED 
1 Hz - 100MHz 
± (1 Hz + 1 dgt. + Time 
Base Error) 

4 

Power Supply 
3 -1/2 Digit LCD 
Triple output: #1. 0-50V, 0.5A MAX 
#2, 15V, 1A #3. 5V, 2A 

Digital Multimeter 
3 -1/2 Digit LCD 
DCV, ACV, 52, DCA, ACA 
±(0.5% +2dgts) 

BEST BUY! O'SCOPES 
2 ?,z. P2ittd/.labai if/o.:sa.r.t.y 

25 MHz Dual OS- 3304/3324, 25 MHz 
$525. 

$299.00 
6 
DC toe 25 MHz. Dual Channel 

25 MHz Dual 
" Rectangular CRT with 

w /Component Test 
Internal Graticule 10x8cm 
(Phillips P31) 

$595 Uncalibration LED. 

79.00 High Sensitivity 1 mV /div to 

40 MHz 
20V /div X -Y modes, Z Axis 
(intensity modulation) 

Dual/Delay . Rise time 14n Sec. or less. $695 Full TV Trigger for TV -V & TV -H 

99.00 Acceleration Potential 2kV 

OS -3315, 40 MIS Sweep Delay 

DC to 40 MHz. Dual Channel 
Delayed Sweep 100nS to 1 Sec. 
6" Rectangular CRT with Internal 
Graticule 10x8cm (Phillips P31) 
Uncalibration LED. 
High Sensitivity 1 mV /div to 
20V /div X -Y modes, Z Axis 
(intensity modulation) 
Rise time 8.5nS or less. 
Full TV Trigger for TV -V & TV -H 
Acceleration Potential 12kV 

Goldstar Oscilloscopes 
OS- 7020A. 20MHz Dual 
ay. $525. $395.00 
OS- 902RB. 20MHz 
Dual/Read Out 
ay. 5795. $595.00 
OS- 9040D. 40MHz Delay 
ay..8695. $575.00 
OS- 904RD. 40MHz 
Dual/Read Out 
ay. 5895. $695.00 
OS -8100. 100MHz 8 Trace 
at. 395. $1,145.00 
Other Models Cat 464 Ai co 

FG-150 

ay, .. $395. $229.00 
2MHz Sweep / Function Generator 

wBuilt -in Frequency Counter 

11.11E11 
a 1 

4 Digit LED Display 
0.2 Hz - 2.0 MHz 
Sine, Square, Triangle, Pulse, 
Skewed Sine, Ramp, TTL 
Linear or Logarithmic Sweep 
Variable DC Offset Control 
10 MHz Frequency Counter 

&at &I High Resolution Frequency Counter 
1.0 GHz Counter FC -200 

a. $395. $199.00 
1.0Hz- 1.0GHz 

8 Digit LED Display 
Auto & Manual Range 
Measured Value Hold 
4 Selectable Gate Times 
Below 20mV Input Sensitivity 
1 m52 & 5052 Input Impedance 
10:1 Input Switchable Attenuator 

,rty. $199. $119.00 RF Signal Generator, SG -310 
100KHz - 150MHz 

100KHz - 150MHz, 6 Ranges. 
Accuracy : ± 5% 
RF Output: 100 m Vrms 
(Up to 35MHz Unloaded) 
Modulation 

Int. 1 KHz (AM) 30% 
Ext. 50Hz - 20KHz 

Audio Output: 1 KHz Min 2 Vrms 

at $199. $119.00 Audio Generator, AG -350 
10Hz -1 MHz 

10Hz - 1 MHz, 5 Ranges. 
Accuracy : 5% ± 2 
Output Inpedance : 6000 
Sine Wave Output 

Range : 10Hz - 1 MHz 
Output Voltage : 8 Vrms 

Square Wave Output 
Range : 10HZ - 100KHz 
Output Voltage : 15Vp -p 

4 $249. $159.00 

Oscilloscope Probes 

Switch Selectable 

X1 /X10 

DC Power Supply, PS -500 
O.30VDC, 0-3A 

0 - 30VDC Continuously Variable 
Regulation : 0.01 % + 3mV 
Ripple Voltage : p -p 5 2m Vrms; lmV 

0.1A - 3A Constant Current 
Regulation : S 0.2% + 3mA 
Ripple Current : 

5. 3m Arms 
Short Circuit Overload Protection 

w /Indicating Lamp 

HP-9060, 60MHz 
ay. .a29. $15.00 

HP-9150, 150MHz 

ay .s49 . $22.00 

HP-9250, 250MHz 
ay. 459. $29.00 

Auto Bargraph w/Holster 

DM3200 
41$99. 

$59.00 

at. $399. $289.00 

Auto & Manual 
3 -1/2 Digit 
32 Seg. Bargraph 
Diode Test 
Continuity Beeper 
Data Hold 
Auto Power Off 
Low Battery Mark 
Over Range Mark 
Holster 

DC Power Supply, PS -540 
O.16VDC, 0 -10A 

0 - 16VDC Continuously Variable 
Regulation : S 0.01 % + 3mV 
Ripple Voltage : p -p 5 2m Vrms; 1 mV 

0.1A - 10A Constant Current 
Regulation : S 0.2% + 3mA 
Ripple Current : 3m Arms 

Short Circuit Overload Protection 
w /Indicating Lamp 

DM3000 
Multimeter 

Multi- Function w/Holster 
.$69. 

$44.00 : 3-1/2 s Digit D 
DM3050 Only 

Frequency 
Heavy Duty, 20A Continuity 

DM3050 Capacitance Beeper 
TR -hFE 

`T Diode $54.00 Low Battery DM3100 0ny 
Mark Temperature w/ 

DM3100 
O Range Optional Probe 

ay.$15$8.00 
149-$99. Protective Continuity M/ Holster -w Tilt Stand 

BMCd . . 

13700 Alton Pkwy., Ste. 154 -282 
Irvine, CA 92718 

800 -532 -3221 
(714) 586 -2310 Fax (714) 586 -3399 

VISA. 
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Call C.S.T. 11986 RIVERWOOD DRIVE 
MONDAY thru FRIDAY BURNSVILLE, MN 

8:00 AM - 6:00 PM 55337 

SEASONS 
GREATINGS 

Orders: 800 -800 -4582 
Service: 612- 895 -9944 

FAX: 612 -895 -9454 

111111 

CABLE TV BOXES 

BUY NOW! 

& SAVE! 

CONVERTERS, DESCRAMBLERS & MORE AT WHOLESALE PRICES 
CALL FOR MONTHLY SPECIALS! 

DESCRAMBLERS 
s lo 20 40+ 

SUPER 7 (DIGITAL IMPULSE) S109.00 S 99.00 $79.00 CALL 
TB -3OR2 S 65.00 S 50.00 $40.00 CALL 
FTB - 3 OR 2 S 79.00 S 55.00 $50.00 CALL 
SA - 3B S 65.00 S 45.00 $40.00 CALL 
SA - 3D -F S 99.00 S 94.00 $89.00 CALL 
SB - 3 OR 2 S 55.00 S 43.00 $38.00 CALL 
SP -200 (SPECIAL PIO) S145.00 $135.00 CALL CALL 

'OAK N -12 (WITH VARI -SYNC) S 54.00 S 49.00 $39.00 $35.00 
'HAMLIN 1200 CH. 3 $ 65.00 S 46.00 $38.00 $30.00 

'REFURBISHED AS NEW. 

CONVERTERS 
PANASONIC TZPC 145 $80.00 $75.00 $70.00 CALL 
T P550 (550 MHZ W/PARENTAL) $80.00 $75.00 $70.00 CALL 

'JERROLD DQN-5 $80.00 $70.00 CALL CALL 
'JERROLD DQN-V7 %v/volume $85.00 $75.00 CALL CALL 
'JERROLD DRZ-450 $59.00 $49.00 $45.00 CALL 
'SYLVANIA TEXSCAN 4040 $55.00 $45.00 $36.00 CALL 

(CH. 2, 3 OR 4) 

'REFURBISHED AS NEW. CONVERTERS AVAILABLE IN CHANNEL 2 OR 3. 

COMBINATION UNITS 
'SCIENTIFIC ATLANTA 
'ZENITH MODELS 

CALL FOR AVAILABILITY AND PRICING 
CALL FOR AVAILABILITY AND PRICING 

JERROLD BASEBAND $329.00 $299.00 CALL CALL 
JERROLD DPV7 -212 $249.00 $239.00 CALL CALL 

'JERROLD DP5 -DPV5 CALL FOR AVAILABILITY AND PRICING 
' JERROLD DRX -3DIC $119.00 $109.00 CALL CALL 
' JERROLD DRZ -3DIC $124.00 $114.00 CALL CALL 
' SYLVANIA TEXSCAN 4040 -DIC S 79.00 S 74.00 CALL CALL 

(CH. 2 OR 3) 
'OAK M35B (WITH VARI -SYNC) S 49.00 S 44.00 CALL CALL 
'OAK RTC56 $145.00 S125.00 CALL CALL 

'REFURBISHED AS NEW. 

OTHER PRODUCTS AVAILABLE: REMOTE& JERROLD, PANASONIC, HAMLIN, TOCOM, SCIENTIFIC ATLANTA. 
INTERFERENCE FILTER& CHANNELS 2 OR 3 / VIDEO TAPE ENHANCERS. AC ADAPTER& 12 & 18 VOLT / ADULT INSULT 
BOXES / MORE. FULL SERVICE TECHNICAL SUPPORT. 

NO MINNESOTA SALES 
PRICES SUBJECT TO CHANGE WITHOUT NOTICEI 

THEFT OF SERVICE IS A CRIME. INSTALLING ANY DEVICE WITHOUT PERMISSION MAY SUBJECT YOU TO CIVIL OR CRIMINAL PENALTIES. YOU MUST CHECK WITH YOUR LOCAL CABLE COMPANY AND 
PAY FOR ALL SERVICE YOU USE. TT IS NOT THE INTENT OF LAKE SYLVAN SALES TO DEFRAUD ANY TELEVISION OPERATOR AND WE WILL NOT ASSIST ANY COMPANY OR INDIVIDUAL IN DOING THE SAME. 
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62 LOGIC v 3.0 COMING SOON!!! 
ANALOG & DIGITAL 

Circuit Design & Simulation 
B2 Spice® for Microsoft- Windows and the Macintosh"' 

3w Edil u."n..m di.w w.l.rr dilarw. 
NNW .3 

MOS112.3--Tr000lahl p.p 

a 
M1N2.3 - -15 Wass It 

-AC Sweep Graph 
e1ga3M04e1 

av 1 

OD 

Bervam - wlrvoun 

MOS112.3 --Of nook graph 

DC Sweep Graph 

TRANSIENT, DC & AC ANALYSES 

B2 Logic® 
File Edit Book. /mint Simulation window. 

lvCet l.h 
1.503/42-Inp 
L501/42-1ry 
iS0Y42-np. 
t5DN61nM. 
L506/6lnwrt. 
15064 Ito 
3S0o42-Iry. 
LSIOA3-YO 
1511/3 3-YO 
1512/3 3-ho 
1520/24-MO 
1521/24-Mo 
3.522/24-ro 
1527/3 3-O0 

OVER 100 COMPONENTS 
"Using 82 Logic... my students have been able to learn more, and go much further than ever before." 

-Professor P.S. ir. t'nilersit ()I Nlassachosetts.. \ethers! 
B2 Spice is "a very good moderately priced program." I'rt3lc. alt \iìihtt, sriçman. stanfE3r11 t ttilersil 

INTEGRATED SCHEMATIC CAPTURE & SIMULATION 
Now in use at over 45 major universities and leading corporations around the world. 

(University of Michigan, Stanford, University of Illinois, NASA, Bell Labs... to name a few) 

Each program sold separately for $149.00 
University & Student Pricing Available 
Dealer Inquiries Welcome 
VISA/Mastercard Accepted 

Beige Bag Software 
715 Barclay Ct . Ann Arbor, MI 48105 

Ph: (313) 663 -4309 Fax: (313) 663 -0725 
CIRCLE 283 ON FREE INFORMATION CARD 

TEKTRONIX SOLID STATE PORTABLE 
491 SPECTRUM ANALYZER 

Frequency 10MHZ -2 GHZ with internal mixers. 1.5GH to 
40GHZ with plug -in mixers for use to 12.4GHZ. Dispersion 
iXHZidiv. to 10MHZ/div. Coupled Resolution:1KHZ to 100KHZ. 
Display Flatness: over 100MHZ dispersion to 12.5GHZ s3á8 
above12.5GHZ, s6dB. Incidental FM: s300HZ. FrequencySta- 
bility: (after warm up) ±10KHZ with line variation. 
- 5.0KHZ/c with - 100KHZ, KHZ dispersion. -20.0KHL'c 
with - 200KHZ, MHZ dispersion. Internal 1MHZ phase lock. 
Input Impedance 5052. Max Input Power: - 30dBm (linear 
range), +15dBm (mixer limit). I.F. AHenuator: 51d13 in 1d steps. 
I.F. Gain: >50dB. Display: Log, s4CdB, Linear, s26dB, Square 
Law, s13dB. Sweeptime: 10 micro seconds to .5 Sec. /div. CRT is 
8 x10 divisions (.8cm /div.). Power Requirements: 90K 136 VAC or 
180 to 272VAC, 48 to 440HZ, 55 watts. Size: 
7XI6 "H x 127/16W x 1911/1CD. Weight: 30 lbs. 

Price: $1,199.00 

01 NM 

It _ 

TEKTRONIX 528 SOLID STATE 
N.T.S.C. WAVEFORM MONITOR 

8 x 10 display, two composite video inputs 
75 ohms, selectable 1 volt or 4 volt full scale, 
(140 IRE units) 
YRGB and RGB inpuy. Video output response 
25Hz to 5 MHz < -3 %. 

FOUR RESPONSE POSITIONS: 1) Flat, 21 IRE, 31 Chroma, 4) 

Differential gain. 
FOUR SWEEP MODES: il 2 -V Sweep 1, 21 2-V mag sweeep, 

31 2-H sweep, 411 US sweep. 
SIZE. 5'4 "H x 81 W x 1BWD 
WEIGHT: 15 LBS 

POWER: 115V 60 HZ 48 watts Price: $495.00 

TEK MODEL 7603N 
Oscilloscope: Mil Spec AN /USM -281C, 8 x 
10 CM display, 100 mHz response which ac- 
cepts standard 7000 series Plug -Ins. Vertical 
Plug -In: 2 ea. 7A15 (AM- 6565), frequency 
BW 75 mHz, maximum sensitivity 5mV/DIV. 
Horizontal Plug -In: 1 ea. 7853 (TD- 1085), 
triggering to 100 mHz, minimum, sweep - 
time 50 NS /DIV, has delayed sweep capacity. 
Includes cover probes accessories. Price: á4,695.00 

HEWLETT PACKARD HP141T 
SOLID STATE SPECTRUM ANALYZER 

With 8553B and 8552B plug -ins. Frequency:) KHz to 
110MHz. Scan Width: 20Hz to 10MHz per div. and 

zero B.W. Dynamic Range: 70dBc. Scales: 20dB 
log, 10dB log, linear. Sensitivity: - 142d8m (.02v) to 
+dBm (.7v). R.F.B.W.: 10Hz to 300KHz. I.F.B.W.: 
10Hz to 300KHz. Impedance: 50 ohms. Scan Time: 
0.1ms to 10 seconds. Price: 51695.00 

With 8555A and 8552B plug -ins. Frequency:10MHZ 
to 18GHz. Scan Width: 2KHz to 200 Hz/div. Sen- 
sitivity: - 125dbm to +10dbm. Scales: 2dB log, 
10dB log, linear. Full scan: 8GHz, has zero scan. 
Resolution: 100Hz to 300KHz. Price: $1950.00 

141T Main Frame Only: 
Size 1644 1D x 81/4 "H x 16WW. Power: 120/220V, 
60Hz, 225 watts. Weight: H141T Frame: 40 lbs. Plug - 
ins: 9 lbs. Price: 5500.00 

13406 Saticoy Street North Hollywood, CA 91605.3475 
(818) 787.3334 (800) 235.6222 FAX (818) 787.4732 
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Don't Despair...REPAIR! 
Here's how to troubleshoot and 
repair your electronics successfully! 

You Can Be Your Own Repair Expert! 

For VCRs, camcorders, audio equipment, TV 

equipment, computer hardware, office equipment, 
home appliances, automobile electronics, and outdoor 

equipment. 
Pinpoint and analyze problems quickly. 
Successfully complete repairs with hands -on 
troubleshooting instructions. 
Become skilled understanding flowcharts and 
schematic diagrams. 
Confidently use test equipment such as 

oscilloscopes, frequency counters, and 
video analyzers. 
Keep your equipment in top 
condition with effective preventive 
maintenance techniques. 

Continue to Broaden Your 
Repair Expertise! 

You'll receive quarterly supplements, up to 
160 pages, with new step -by -step repair and 
maintenance instructions, valuable schematics 
and new repair techniques. Learn how to 

repair a growing variety of appliances with 
hands -on repair projects that will keep you 

up- to-date with later models and technology. 
You'll be thrilled with your ability to repair a 

growing list of electronic equipment! Supple- 
ments may be returned or cancelled 
at any time. 

Free Schematic Service! 

Build a schematic library at no cost to you. 

As a paid subscriber you'll receive valuable 
coupons for your choice of schematic diagrams. 
No more hassles identifying manufacturers and 
ordering costly schematics from different sources! 

Redeem your coupons - through us - any time! 

Order today for your 30 -day, no -risk 
review of The Electronics Repair Manual. 

For Faster Service Call TOLL -FREE 

1-800-222-WEKA 
Or Fax To: 1- 203 -622 -4187 

One Source For All Your Repair Needs! 
Better organized than a magazine, more current than a book. 

900 -page manual 

easy -to-follow, detailed instructions 

trouble analysis flowcharts 

safety precaution checklists 

comprehensive replacement parts list 

directory of manufacturers 

Electronics Repair 

Manual 
S.W.., WM., . °° wwnt 

SMONIMIwovingiWs 

MONEYBACK 
GUARANTEE 

There's no risk in 

trying the 

ELECTRONICS 
REPAIR MANUAL 
to see dies right for 

you. If you are not 

delighted, simply 
return the manual 
after the 30-day 
trial period and 

receive a 

prompt refund. 

YtEC.w 

97 Indian Field Rd. 

Greenwich, CT 06830 

¿s 

CIRCLE 302 ON FREE INFORMATION CARD 

YE' Please rush me a copy of the new Electronics Repair 

Manual for only $59.95 + $5.50 shipping and 

handling. I understand that if 1 am not satisfied I may return the 

manual within 30 days for a complete refund. Supplements are 

sent quarterly for 25s per page (never more than $30) and may be 

returned or cancelled at any time. 

7 My payment is enclosed Bill me later 

Charge my Visa MasterCard 

Acct. No. Exp. Date 

Signature 

Phone ( ) 

Name 

Address 

City State Zip 

All payments must be in U.S. funds. Canada add $10. 
All other countries add $15. CT residents add 6% sales tax 

Mail to: WEKA Publishing, 97 Indian Field Rd., 
Greenwich, CT 06830 

Signature and phone 
number are required 
tor all orders. 

w 
m 
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PRICES YOU CAfl'T BERT! 
IMMEDIATE SHIPMENT FROM STOCK SATISFACTION GUARANTEED 

Serving The Electronics Industry For Over 50 Years 

CAPACITORS 
Dipped Solid Tantalum 

MFD VOLT 
22 35 
47 35 

1.0 35 
2.2 35 
3.3 20 
4.7 35 
6.8 35 $.25 each 
10 16 
10 25 
10 35 5.30 each 
15 16 
22 10 $.15 each 
22 16 $.30 each 
22 25 
33 16 $.40 each 
47 10 
68 6.3 $.50 each 
82 6.3 

100 6.3/10 $.75 each 
150 6.3 
Minimum 10 Pieces Per Type 

$.10 each 

Nichicon - Snap -In Lytic 
220MFD 160VDC 
(22x30mm) $.75ea 
220MFD 400VDC 
(25x50mm)$1.60ea 
470MFD 200VDC 
(35x3omm)$1.76ea 
10,000MFD 25VDC 
(30x31 mm)$2.00ea 

50 W Zenith Switching "HOBBYIST SPECIAL!" 
POWER SUPPLY 

Input 1 5/230 VAC 50-60 Hz 
Output: 5 VDC e 3A, +12 VDC e 2A 

-12 VDC .5A 
UUCSA,L61 /4 "xW4 "xH2" 
Factory New $14.95 Ea. 10/$125. 

G.E. VOLT -PAC VARIAC 
(Variable Transformer) 

Input: 120 VAC /60 HZ 
Output 0 -120 VAC e 4.0 Amp 
Model 5 9T92Y, Dial Plate Not 
Included $24.95 Ea. 

LED's 
Standard Jumbo 51MM or 3MM 

Red $.06 ea. 20 piece 
Yellow $.07 ea. minimum 
Green $.07 ea. per item 

LED 
CI Display Assortment 

Contains 
Half Digit - Single Digit - Dual Digit Units 

Common Cathode & Common Anode 
Reds & Greens 

A Must For Every Hobbyist - Supply Limited! 

26 Piece Assortment ;9.95 

PLUG -IN WALL TRANSFORMERS 

5.6 VAC e 200 MA 
9.0 VDC e 450 MA 
12 VDC a 100 MA 
14 VDC 450 MA 
14 VDC @700MÁ 

18 VAC a 1.35 A/ 
28.5 VAC a 150 MA 

18 VAC e2.2AMP 
20 VAC a 700 MA 
Table Top Model/2 Secondaries 

NI -CAD RECHARGABLE 
BATTERY PACK 

3.6 V 280 Ma/H 
Mfg. VARTA 
53N280R 
$2.75 Ea., 10/$25.00 

e 

Each 10/Lot 
T . $ .95 $ 8.00 
G.E. $3.25 $30.00 
Pana. $1.26 $10.00 
G.E. $2.60 $22.00 
G.E. $3.25 $30.00 

Ti. $4.60 $40.00 
Import $4.50 $40.00 
Import $2.75 $26.00 

I.C. SOCKETS 
Gold Machine n 

COOLING FANS 

Pesch 10 /Lot 
8 Pin $ .24 $ 2.00 

14 Pin $ .42 $ 3.50 
16 Pin $.48 $4.00 
18 Pin $.54 $4.50 
20 Pin $ .60 $ 5.00 
22 Pin $ .66 $ 6.60 
24 Pin $ .72 $ 6.00 
28 Pin $ .84 $ 7.20 
40 Pin $1.00 $ 8.50 
48 Pin $1.36 $11.00 

115VAC/3 SPEED 
FAN MOTOR 

Mfg: FASCONSA 
RPM 1350/1150/1050 
1.25 A, Dual Shaft ULJCSA 
Size (w /o shaft) L37xD3.3" 
Shaft size: D .35x1 "L 
$4.95ea. 10/$40.00 

LED Kit - "Super Value" 
All Colors - All Sizes 

Kit #100 100 asstd. $ 4.99/Kit 
Kit 5500 500 asstd. $18.00IKIt 

Bourns 3/8" Sq Multi -Turn 
Cermet Sealed Trimpot 

25 Turn 
13299P -1 -102 1 KO 
63299P -1 -104 100KO 
$1.50 each 

1/4" Sq. S. Turn Cermet 
Sealed Trimpot 

Equal To Boums #3362-Side Adj. 

10 Pcs. 
$2.50 

No Mixing 

Each 10 /Lot 
115 VAC 4.7" $6.76 $56.00 
12 VDC 4.7" $4.75 $45.00 
24 VDC 4.7" $3.76 $36.00 
12 VDC 3.5" $4.26 $40.00 
24 VDC 3.5" $3.75 $32.00 
12 VDC 2.25" $4.26 $40.00 
24VDC 2.25" $3.75 $32.00 
12 VDC 1 5/8" $4.26 $40.00 

SPDT Cherry /Microswitch 
N.O/N.0 with 
Leaf Roller Actuator 
UUCSA 
$.76ea. 1046.50 

IN4004 1A 400V 
IN4006 1A 800V 

Type RG178B/U100'420/1000' -$146 1N4007 1A 1000V 

$3.00/100 
u.0o/100 
$6.00/100 

RESISTORS 
1 /4Watt 5% C. Film Resistors 

All standard values in stock 
.50 thru 6.8 MEG 

$5.00/100 $9.00/1000 
10 MEG thru 22 MEG 

$12.00/100 $25.00/1000 
No Mixing of Values 

1/4 Watt 1% M.Film Resistors 
All standard values in stock 

100 thru 1 MEGO 
$9.00/100 $15.00/1000 

Above 1 MEGO 
$16.00/100 $30.00/1000 

No Mixing of Values 

RESISTOR KIT 
1/4 W 1% Metal Film Resistor Kit 

2000 pieces -151 most popular 
values from 49.9G thru 1 MEGO - 

Each value bagged separately 
$69.00 Each 

QUARTZ CRYSTALS HC -18 
3.579545 MHz 
4.000 MHz 
4.434 MHz 

10.738635 MHz 
17.000 MHz 
18.000 MHz 
36.000 MHz 
48.000 MHz 

$ . 75 Ea. 
10/$l.00 

ORDER TOLL- FREE I- 800 - 851 -8870 
FREE CATALOG & INFORMATION (516) 352 -7070 FAX (516) 775 -5091 
Minimum Order $25.00 VISA - MasterCard Checks & Money Orders On Mail Orders Open Account Available To Qualified Firms 
No COD NY, NJ, CT Orders Add Sales Tax Shipping & Handling $4.75 For Continental U.S. - All Others Pay Full Shipping Charges 
Prices Subject To Change Without Notice Quantities Limited On Some Items Call/Write For FULL-LINE CATALOG & Quantity Pricing 

Mat c. .a 

Mail Orders To: SOUTHPAW ELECTRONICS, PO Box 886, New Hyde Park, NY 11040 -0311 
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