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Electronics Paperback Books 
BP 248 -TEST 

EQUIPMENT CON- 
STRUCTION 
$5.95. Details con- 
struction of simple, in- 
expensive, but ex- 
tremely useful test 
equipment. AF Gen, 
Test Bench Ampi, Au- 
dio Millivoltmeter, Tran- 
sistor Tester and six 
more 

GREAT PAPERBACKS AT SPECIAL PRICES 

TeetEQUlpment 
Ccnetruotlon 

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 description of the 
component and is followed by full operating 
details. The fourth section lists major applica- 
tions, while the 5th and 6th sections present 
essential data for that device and a list of the 
relevent manufacturers. The final two sections 
are a valuable cross -reference. 

olofrelAudb I 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. 

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. 

Normur 
Oe Jleeeoor 
eneOMrTM 
ewwm.m 

BP267 -HOW TO 
USE OSCILLO- 
SCOPES AND 
OTHER TEST EQUIP- 
MENT $6.95. Mas- 
tering the oscilloscope 
is not really too difficult. 
This book explains all 
the standard controls 
and functions. Other 
equipment is also de- 
scribed. 

BP 247 -MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

BP265 -MORE 
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 
ad -ons to extend multi- 

1 

meter capabilities. 

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. 

f 1 BP257 -INTRO TO 
AMATEUR RADIO ..... 
$6.95. Amateur is a 
unique and fascinating 
hobby. This book gives 
the newcomer a com- 
prehensive and easy to 
understand guide to 
the subject. 

BP251- COMPUT- 
ER HOBBYISTS 
HANDBOOK 
$8.95. A wrapup of ev- 
erything the computer 
hobbyist needs to 
know in one easy to 
use volume. Provides a 
range of useful refer- 
ence material in a sin- 
gle source. 
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BP 249 -MORE 
ADVANCED TEST 
EQUIPMENT CON- 
STRUCTION 
$6.95. Eleven more 
test equipment con- 
struction projects. 
They include a digital 
voltmeter, capacitance 
meter, current tracer 
and more. 

Preamplifier 
and 

Filter Circuits 

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. 

C7 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. 

i I PCP115- ELECTRONIC 
PROJECTS FOR HOME SECUR- 
ITY $10.00. 25 projects ranging 
from a single -door protection cir- 
cuit that can be completed in an 
hour or two, to a sophisticated 
multi -channel security system. 
Each project is described in detail 
with circuit diagrams, explanations 
of how it works, instructions for 
building and testing, and how to 
adapt circuits to meet special re- 
quirements. 
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BP195- INTRODUCTION TO SATELLITE TV $9.95. A definitive introduction to 
the subject written for the professional engineer electronics enthusiast. Or others 
who want to know more before they buy. 8 10 in 

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 

Cl BP235 -POWER SELECTOR GUIDE $10.00. Complete guide to semiconduc- 
tor power devices. More than 1000 power handling devices are included. They are 
tabulated in alpha -numeric sequency, 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 more 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. 

BP99 -MINI- MATRIX BOARD PROJECTS $5.50. Here are 20 useful circuits 
that can be built on a mini- matrix board that is just 24 holes by ten copper -foil strips. 

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

BP184 -INTRO TO 68000 ASSEMBLY LANGUAGE $6.95. The 68000 is a 
great new breed of microprocessor. Programming in assembly language increases 
the running speed of your programs. Here's what you need to know. 

BP179- ELECTRONIC CIRCUITS 
FOR THE COMPUTER CONTROL OF 
ROBOTS $7.50. Data and circuits tor 
interfacing the computer to the robot's 
motors and sensors 
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Fl BP239-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 and 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. 

BP37 -50 PROJECTS USING RELAYS, SCR'S 8 TRIACS $5.50. Build pri- 
ority indicators, light modulators. warning devices, light dimmers and more. 

'.: RADIO -100 RADIO HOOKUPS $3.00. Reprint of 1924 booklet presents radio 
circuits of the era including regenerative, neutrodyne, reflex 8 more. 

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

H BP127 -HOW TO DESIGN ELECTRONIC PROJECTS.....$5.75. Helps the reader 
to put projects together from standard circuit blocks with a minimum of trial and 
error. 

El BP122 -AUDIO AMPLIFIER CONSTRUCTION $5.75. Construction details for 
preamps and power amplifiers up through a 100 -watt DC- coupled FED amplifier. 

I 1 BP92 -CRYSTAL SET CONSTRUCTION $5.50. Everything you need to know 
about building crystal radio receivers. 

r BP45- PROJECTS IN OPTOELECTRONICS $5.50. Includes infra -red detec- 
tors, transmitters, modulated light transmission and photographic applications. 

CHECK OFF 
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ELECTRONIC TECHNOLOGY TODAY INC. 
PO Box 240, Massapequa Paric, NY 11762 -0240 
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BP255- 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 than ever more 
complex radio bands. 

Number of books ordered 
I 
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ELECTRONICS AND THE AUTOMOBILE 
It's getting more and more difficult to think of the car as a 
mechanical device. Six years ago, the car contained about 
$500 worth of electronics. Today cars -which have computers 
faster and more powerful than those in the Apollo rockets that 
went to the moon -contain about $1000 worth of electronics. 
At the turn of the century, that figure should double to $2000. 

Despite the dramatic improvements that electronics has 
brought to our cars -from anti -lock brakes to increases in fuel 
economy- there's lots more to come. Electronics doesn't have 
to be limited to the automobile itself; it can dramatically 
improve our roads, too. That's the idea behind IVHS or 
Intelligent Vehicle Highway Systems. 

IVHS promises several benefits. Imagine always knowing 
where you are even on unfamiliar roads. Imagine never having 
to worry about collisions with other vehicles because of IVHS 
collision avoidance systems. Imagine travelling at speeds 
higher than today's speed limits- during rush hour. 

Building IVHS will take a great deal of engineering know -how. 
But engineers can't build IVHS by themselves. In fact, much of 
the technology that could make our roads and vehicles far 
safer and far more efficient -and more intelligent -already 
exists. But unless the government is willing to invest in an 
IVHS infrastructure, simply having the technology won't help. 

In 1990, a mere $4 million was invested in IVHS. Although that 
jumped to $20 million last year, it's simply not enough. Even 
with the current recession and our huge budget deficit, we 
should spend more. Why? Because the return on the 
investment will be so great. 

Intelligent highways will save time. Saving time will, of course, 
save money. (It's estimated that delays caused by highway 
congestion costs each of the 12 largest metropolitan areas 
more than $1 billion each year.) But IVHS doesn't stop at 
saving time and increasing productivity. Efficient highways also 
save energy and reduce pollution. And those, in turn, save 
money, too. 

It seems to us that spending money on IVHS is a smart 
investment. Not only will we get an efficient transportation 
system out of the deal, we'll also have a way to put to work all 
of the talented engineers who are now out of a job because of 
reduced defense spending. If there was ever a true win -win 
situation for the U.S., IVHS is it. 

Chris F. O'Brian 
Gizmo Editor 



PA- SYSTEM PRIMER 
CORRECTION 

Sam Allen's article, 'A PA -Sys- 
tem Primer" (Popular 
Electronics, February 1992) 

brought back memories of years 
past. I have worked on many 
systems such as the Miami 
Beach Convention Hall (on the 
original construction), the 
Edenroc Hotel, several schools, 
hospitals, power plants, and 
even an insane asylum. 

There was a big error in the 

article, which said that con- 
necting a load between the 4- 

ohm tap and the 16 -ohm tap 
would find an impedance of 1.4 

ohms. Wrong! The 4 -ohm tap of 

the transformer is the center 
point of the 16 -ohm winding, so 

the impedance between those 
two taps is 4 ohms. Connecting 
a 2 -ohm load there would result 
in a great loss of power, distor- 
tion, and, on a solid -state 
amplifier, possible overload and 
damage to the output tran- 
sistors. An older, tube -type 
amplifier would distort, but 
would probably not be 
damaged. 
D.E. 
Hendersonville, NC 

Thank you for taking the time 
to share your thoughts about 
my article. And thank you for 
spotting the error that slipped 
past my proofreading. The con- 
nection should be made 
between the 8 -ohm and the 16- 

ohm tap. The connection was 

shown correctly on an illustra- 
tion that I submitted with the 
original article, but that illustra- 
tion unfortunately was left out of 
the printed version due to lack 
of space. -Sam Allen 

WHAT MAKES AN 
ENGINEER? 

Although I missed the Sep- 
tember 1991 issue of Popular 
Electronics in which Harry 
Treitley's article "What Do Elec- 
trical Engineers Do ?" appeared, 
I'm compelled to write after 
reading the commentary about 
it in the February 1992 Letters 
column. 

Frankly, I couldn't believe 
JDS of Seaford, NY. Either he's 

unhappy with his career or with 

some aspect of his work. As 
well- tenured as he says he is, it 

LETTERS 
would seem he regrets his past 
14 years, and for that I am truly 
sorry. 

It's my experience that there 
is something inherent in what's 
needed to master any profes- 
sion, including engineering. For 
example, one doesn't invest 
many years to earn an MFA and 
then say he's an "artist." He 
may know what art is and its 
value, but to say that knowledge 
results in "artisanship" stretches 
the truth. Many of us have the 
training, but how many the 
talent? How many tinkered with 
junked TV sets (and repaired 
them) before puberty? Clearly, 
there are psychological factors 
at work. 

Unfortunately, some "institu- 
tions" capitalize on this, and the 
result is that we have "gradu- 
ates" with little talent calling 
themselves engineers simply 
because they have a diploma. 
Recent educational statistics 
show that about 60% of gradu- 
ates have poor reading and 
math skills. The numbers are 
discouraging to the engineering 
sciences and those seeking a 

career there. 
I agree with Mr. Treitley on 

several points. If anything could 
be added, I'd say that engineers 
must have not only solid educa- 
tions but also elements about 
them that were fostered and 
supported long before college. 
The letter from that 14- year -old 
in Canada is one such example. 
But it is both sad and frighten- 
ing that JDS is supporting that 
interest in his own children. 

While we are faced with a 

recession and other fiscal woes, 
most engineers and managers 
are aware that salaries have 
fallen short of inflation. At the 
same time, good engineering 
talent has always been hard to 

find and keep. There is, in fact, 
a shortagc despite the fact 
that engineering positions have 
become over -specialized. 

My point is, if you've gained 
some notoriety for the finely - 
honed skills you possess, the 
matter of salary ceases to be an 
issue. Of course it will take hard 

work and maybe years of expe- 
rience, but talent always 
bypasses the leveling -out of sal- 
aries. But that also requires use 
of your imagination, intuition, 
sense of creativity, and prob- 
lem- solving abilities, which are 

stretched to their limits. Those 
qualities are what many employ- 
ers pay top dollar for. 

So if you want to enter this 
field, keep those things in mind. 
Be careful about the schools 
you choose. Above all, learn all 

that you possibly can about the 
world around you. 
P.J. S -E 
San Diego, CA 

SPEAKER -PROTECTOR 
CORRECTION 

In the article "Build a Speaker 
Protector" (Popular Elec- 
tronics, March 1992) there is a 

mistake in Fig. 1. In the sche- 
matic, relay Kl, right -channel 
contact set the connections to 
the common (wiper) and nor- 
mally closed (upper) contact are 
shown reversed. As drawn, as 
soon as K1 pulls in you have a 

dead short across the right out- 
put. 
R.D.A. 
Hialeah, FL 

OHM, MIGOSH! 

I recently broke a small variable 
resistor accidentally, and I 

noticed that the resistance ele- 
ment greatly resembled the ohm 
symbol (S2). I thought that was 
an interesting, and useless fact. 
Thanks for a great magazine! 
D.C. 
Temple, TX 

WHERE'S THE BEEF? 

I have a beef I would like to 
share: I'm finding more and 
more projects in the popular 
press that require the purchase 
of a special part from a par- 
ticular company in order to be 
completed. The fact that most 
readers can accomplish the 

project only after an outlay of 
cold cash to "Z Company" de- 
tracts significantly, in my view, 
from the value of the article. 

Also, the current plethora of 

static -electricity machines in 

several electronics magazines 
gives me the feeling that au- 

thors are trying to reinvent the 
wheel. 

To end on a positive note, I 

find many interesting and useful 
articles in Popular Electronics. 
I guess I'm just old enough to 

find some of the current materi- 
al to be old hat. 

W.T.R. 

Seattle, WA 

We strive to present projects 
that use only readily available 
parts. However, some projects 
require the use of special pur- 
pose IC's to either function 
properly or to keep construction 
costs down. Unfortunately, while 
such parts are readily available 
through industrial channels, 
they can be nearly impossible 
to find through those few com- 
panies that are still willing to sell 
one IC at a time to a hobbyist. 
Rather than scrap an otherwise 
worthwhile circuit, in those in- 

stances arrangements are 
made to secure a reliable 
source of those parts at a rea- 
sonable cost. 

In a few much rarer in- 
stances, we have published 
projects that use either a pro- 
prietary component or 
proprietary software. That's 
done when the project does 
something at a far lower cost, or 
in a far better way, than other 
similar projects or products. It is 

not something we are comfort- 
able with, but we feel it is better 
than not publishing the project 
at all.- Editor 

WE WANT LETTERS 

We want your opinions about 
what appears in these pages 
and what you would like to 

see. Please write to us at: Pop- 
ular Electronics, 500 -B Bi- 

County Blvd., Farmingdale, NY 

11727. 3 
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Science PROBE! - the only 
magazine devoted entirely to Amateur 
Scientists! If you are fascinated by sci- 
ence in all its many forms ... if you can't 
stay away from a microscope, tele- 
scope, calipers, or test tube -we in- 
vite you to share the wonders in every 
issue of Science PROBE! You will joir 
a community of Amateur and Student 
Scientists who enthusiastically seek 
scientific knowledge or follow scientific 
pursuits for their own sakes and not 
merely as a profession. 

Obtain your next issue of Science 
PROBE! by visiting a quality News- 
stand, Convenience Store, or Super- 
market or by reserving your personal 
copy through the mail by completing 
the coupon below. 

From your very first issue of Science 
PROBE! you will be involved in a world 
of scientific facts, experiments, and 
studies pursued by amateur scientists 
who are university students, investors, 
academicians, engineers, or office 
workers, salesmen, farmers -whose 
quest is to probe into the mysteries of 
science and reveal them to all. 

Ran to become a Science PROBE! 
reader! 

SCIENCE 

?OBE! 
The Amateur Scientist's Journal 

Embark on an irresistible new journey into the realm 
of mystery, challenge, and exploration! The perfect 
magazine for the budding scientist, the serious 
amateur, the professional who would like to relax, 
and those who simply want to gaze at the stars. 

Articles to appear in upcoming issues of Science PROBE! 
are: 

How an Amateur Mapped the Milky Way 
Make your own Seismometer 

Operate a Solar- powered Weather Station 
Grow Crystals Automatically 

Experiment with a Saltwater Aquarium 
How to Keep a Science Notebook 

If you're fascinated by science in all its many forms, 
if you are compelled to experiment and explore, then 
Science PROBE! is your kind of magazine! 

r 
Science PROBE! 
500 -B Bi- County Boulevard 
Farmingdale, NY 11735 

Please forward my copy of Science PROBE! as soon as it comes off the press. 
I am enclosing $3.50- U.S.A. ($4.23- Canada -includes G.S.T.) plus $1.00 for 
shipping and handling. Better still, please enroll me as a subscriber and send 
the next four (4) quarterly issues of Science Probe. I am enclosing $9.95 - 
U.S.A. (Canada: $16.00 -includes G.S.T.) 

Next Issue Only Next Four Issues (1 Year) 
Offers valid in the U.S.A. and Canada only. No foreign orders. 
Name 

Address 

City State ZIP 
All Orders payable in U.S.A. Funds only. 
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The Road to 
Tomorrow 
A look at where electronics in the auto- 
mobile will take us. 

A couple of summers ago, while on a 
West Coast vacation, we happened upon 
the Oregon Country Fair. Not your typical 
cattle judging and bake -sale type of fair, 
the annual event is a free- flowing collec- 
tion of arts and crafts booths; demonstra- 
tions of solar devices, geodesic dome 
living, and various ecologically friendly 
technologies; chemical -free foods; and 
plenty of long hair, bell bottoms, incense, 
and, of course, music. The fair is orga- 
nized by an extended family of hippies, 
living in a commune. For anyone who 
lived through the 1960's, and particularly 
those of the "Woodstock" generation, it 
was a trip down memory lane. On the long 
walk back to our car, we even spotted one 
of those old school buses, painted in "psy- 
chedelic" flowers and peace signs and ob- 
viously serving as someone's home as well 
as transportation. After a moment, we 
noticed a satellite dish mounted on the 
back! That dish jerked us abruptly back to 
reality. We were entering the 1990's, and 
we were reminded how much had changed 
since the 60's. 

While you might not see many vehicles 
sporting satellite dishes, there have been 
significant automotive advancements in 
the past few decades. There are cars and 
vans on the road today that boast all the 
electronic comforts of home -televisions, 
VCR's, phones, and incredible audio sys- 
tems -and others with all the electronic 
necessities of the office -PC's and fax ma- 
chines. Soon to come to these shores 
(translate: already available in Japan) are 
voice -controlled audio and navigation sys- 
tems, and sunroofs that are actually trans- 
parent solar cells that provide power to top 
off your battery charge or to drive a vent to 
keep the car cool when it's parked in the 
sun. 

Car stereo has taken on a life of its own. 
Although AM /FM /tape decks are virtually 
standard equipment on new cars, the after- 

market autosound industry is going strong 
even in a recession. You can equip your 
car, truck, or van with CD changers, re- 
ceivers with built -in karaoke, digital sig- 
nal processors, DAT players, power ampli- 
fiers, subwoofers, and extra speakers. In 
fact, enough people have boosted the deci- 
bel levels of their auto sound systems that 
several states have enacted noise -control 
legislation. (In New York, repeat offenders 
face increasingly steep fines and possible 
license suspension or revocation.) 

Car manufacturers, noting the strength 
of the automotive aftermarket are now of- 

fering very competitive systems. Ford has 
teamed up with JBL, General Motors 
(Delco) has teamed up with Bose, 
Chrysler with Infinity. The same holds true 
for foreign manufacturers. 

Even cars that boast no add -on elec- 
tronic gadgets carry an average of almost 
$1000 worth of electronic gear, an amount 
that's expected to double by 2001. In to- 
day's car, even analog dials depend on in- 
formation obtained electronically, as do 
digital displays, air bags, automatic cli- 
mate con_rols, antilock brake systems, and 
cruise control systems. Seats, windows, 
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door and trunk locks are all electronically 
controlled in luxury cars, and as option 
packages in most other cars. 

The electronics in tomorrow's cars will 
go beyond comfort, convenience, and 
safety controls. The "smart" cars of the 
not - too -distant future are expected to be 
able to sense, and warn drivers about, dan- 
gerous obstructions and annoying traffic 
jams on the road ahead, to be able to adjust 
their suspension according to road condi- 
tions, and even to help drivers parallel 
park. In a sense, the evolution of elec- 
tronics in the car may mimic the changes 
that the airplane went through as it 
changed from a mechanical device with 
some electrical parts to more of a solid - 
state device whose mechanical parts are 
useless without electronics. 

This month, GIZMO takes a look at 
6 what's new, and what's upcoming, in car 

electronics. We'll describe some of the 
latest advances and preview things to 
come- traffic warning systems, anti -col- 
lision radar, voice control, and electric 
cars. Then we'll take a look at several 
gadgets that you might want to have in- 
stalled in your car today. 

While airbags, which rely on sensors to 
trigger the bag's inflation, and anti -lock 
brakes, which sense when a wheel is about 
to stop too abruptly, are becoming stan- 
dard in an increasing number of cars, new 
safety features are being introduced. One 
is traction control, which works in the 
opposite way as anti -lock brakes, activat- 
ing when the tire is about to spin too fast. 
It's intended to prevent your car from skid- 
ding out, or "fishtailing" on slippery sur- 
faces, and to provide smooth acceleration 
even on icy roads. Designed particularly 
for rear -drive vehicles, a traction -control 
system senses when a rear wheel is turning 
faster than the front wheels and automat- 
ically applies enough braking force to 
bring it back under control. If it senses that 
both rear wheels are spinning, it actually 
reduces engine power by throttling it back 
or by changing its spark timing. Although 
limited -slip differentials, which have been 
around for some time, tried to do the same 
thing, electronic control promises to do it 
much better. Several luxury cars currently 
offer traction control, but it's still priced 
too high for the mass market. 

A different type of sensor is used in 
BMW's electronic "curb feelers." Object 
sensors mounted in the bumpers recognize 
when you come too close to a curb, a pole, 
or another car, and sound an alarm. Avail- 
able only in Germany, the system costs 
about $650. 

A horrible traffic accident that occurred 
in California last autumn -when a sudden 
dust storm totally obscured drivers' vision 
on a major highway and resulted in a huge 
car and truck pileup and several fa- 
talities -might have been avoided if colli- 
sion- warning systems were available. 

Why not put that sunroof to work? Here 
Sanyo demonstrates their see- through 
solar -panel sunroof that helps to keep 
your car cool by powering vents while 
you're parked. 

Several such warning systems are under 
development. One, expected to be mar- 
keted later this year by VORAD Safety 
Systems Inc. of San Diego for about 
$1500, is a radar system that operates on 
the same band as police radar guns. A 
small, domed antenna, mounted in the 
car's grille, scouts road conditions ahead 
and a compact computer evaluates the data 
to determine if a collision seems immi- 
nent. Both an alarm and a dashboard light 
warn the driver of the danger. The idea is 
that in many cases even a one- second 
warning can prevent an accident. The VO- 
RAD systems also acts as like an air- 
plane's "black box" to provide an event 
recorder that can be used by police to 
reconstruct an accident. 

GM is working on a "near proximity 
warning system" that mounts on the rear 
bumper and detects the presence of mov- 
ing objects. It not only helps when back- 
ing out of the garage, but should also 
monitor the driver's "blind spot." 

Another warning system depends on 
"smart streets:" Intelligent Vehicle /High- 
way Systems, or 1VHS's are traffic -man- 
agement systems that keep track of cars on 
the road, perhaps showing drivers the 
least- congested routes. 

One vision is an automatic- guided high- 
way system that would send signals to the 
car's computer via a metal track embedded 
in the highway. The car would be under 
complete computer control. Inter -vehicle 
spacing would be maintained for both safe 
and efficient travel, and expected speeds 
would be high. Planners theorize that be- 
cause the computer -controlled highway 
would be so efficient, a single lane in each 
direction would be all that is necessary. 

Other visionaries see an approach 
where the car, instead of the highway, is 
intelligent. "Vision steered radar" would 
process images from a camera to find lane 
boundaries and curvature. 

Don't expect to see any of those sce- 
narios soon. A better idea of what our cars 
and highways will be like at the turn of the 
century might be gleaned by looking at 

some of today's IVHS test projects. 
In Germany, Sieman's Ali -Scout sys- 

tem handles traffic management and navi- 
gation. The systems relies on infrared 
transceivers in the car and mounted along 
the highway. The "beacons" along the 
road pick up information from a car as it 
passes -its speed, direction, destination, 
etc. 

Here in the U.S. several IVHS projects 
are being tested. One is California's Smart 
Corridor Demonstration project, which 
integrates traffic sensors, computers, and 
communications links to coordinate traffic 
and give drivers information for the Santa 
Monica Freeway and five major arterials 
between downtown Los Angeles and the 
San Diego Freeway. 



Keeping up with the aftermarket. Ford 
offers DSP technology -the latest craze 
in car audio -in the epitome of the Amer- 
ican familiy car, the Taurus. 

The most ambitious project in the U.S., 
also in California, is the Program on Ad- 
vanced Technology for the Highway or 
PATH. It's envisioned that, eventually, 
conductors embedded in the roadway 
would inductively couple energy to the 
vehicle either to drive it directly or to re- 
charge its batteries. 

The largest obstacle to IVHS isn't the 
technology -much of the technology al- 
ready exists. Rather it's the immense costs 
of building the necessary infrastructure. 
It's not that such spending wouldn't buy 
any tangible benefits. It's estimated that 
delays caused by highway congestion 
costs each of the 12 largest metropolitan 
areas more than $1 billion each year. The 
reduced pollution would also have eco- 
nomic benefits, as would the reduction in 
consumed fuel. Even so, U.S. government 
funding for IVHS was a mere $4 million in 
1990 and $20 million in 1991. Now that the 
Cold War has ended and the world has 
changed so dramatically, perhaps a public - 
works project of this scale would be the 
perfect place to put to work all of those 
highly qualified engineers and technicians 
who have lost their defense -industry jobs. 

Digital mapping technology -essential 
to IVHS -is used on a much smaller scale 
in car -tracking systems. The Lo -Jack sys- 
tem, available for about $600 in select 
areas of the country, places a small radio 
beacon in a car. If the car is reported 
stolen, the police can use special tracking 
equipment to trace the vehicle. Of course, 
the widespread use of this type of system 
depends on police departments' ability to 
buy the necessary gear. Another such sys- 
tem, marketed by International Teletrac 
Systems (Inglewood, CA) also features ra- 
dio transmitters hidden in cars, but uses its 
own network of receiving antennas to au- 
tomatically track any car that is started 
without its normal ignition key. Hot -wir- 
ing or other tampering with the ignition 
causes the transmitter to alert the Teletrac 
center, which uses a computerized grid 
system of maps to track the car's location, 
and passes that information on to the local 
police on a minute -to- minute basis. Tele- 
trac, which carries an initial cost between 
$600 and $700 and a monthly fee of about 
$15, also provides a "roadside assistance" 

(Continued on page 89) 

Let Blaupunkt 
be Your Copilot 
TRAVELPILOT VEHICLE NAVIGATION 
SYSTEM. Manufactured by Blaupunkt 
Bosch Telecom, Robert Bosch Corpora- 
tion, Mobile Communications Division, 
2800 South 25th Avenue, Broadview, IL 
60153; Price: $2495. 

Your last service call took twice as long 
as expected, and now you're running late 
for the next one -a new customer, to make 
matters worse. The directions you were 
given are convoluted at best, and it's in an 
unfamiliar part of town. Now you're driv- 
ing around in circles, teeth clenched, way 
behind schedule, worried about bad first 
impressions, and trying to simultaneously 
read the directions, a crumpled road map, 
and street signs simultaneously. 

Your cousin is getting married in a can- 
dlelight ceremony in his bride's parent's 
home, 300 miles away. Despite delays 
from road construction, you've made it to 
the town with a couple of minutes to spare. 
Now you're headed down the main thor- 
oughfare (speed limit 50 mph), from 
which the directions instruct you to "make 
a left turn onto Williams Stmt after about 
a half a mile." Unfortunately, the only 
street signs are unlit, too small to read 
from more than 10 feet away, and located 
directly at the intersections. The odometer 
says you've already traveled 6 /10's of a 
mile -have you missed your turnoff? 
(And the wedding ceremony ?) 

Anyone who drives, for a living or just 
to get from place to place, has experienced 
moments like those. Whether you're lost 
on the way to a doctor's appointment, .a job 
interview, or a social engagement, it's a 

stressful situation -and the traditional 
"helps" often cause still more frustration. 
Well- marked streets are a rarity, fold -out 
maps are unwieldy to use while driving, 
and books of maps require frequent page - 
turning to follow your course. And strain- 
ing to read the small print on a street 
sign -o- trying to determine both where 
you are and where you're headed on a 

printed map -while driving is a dan- 
gerous proposition. 

Blaurunkt offers a safe, convenient. 
self -contained solution to all of those prob- 
lems. Their Travelpilot navigation system 
not only places detailed local street maps 
or long-distance road maps on an LCD 
screen, but also displays the location and 
direction of your vehicle. the location of 
your selected destination, and the distance 
between the two. The moving -map display 
changes continuously as you drive -the 
entire map actually rotates in response to 
any turns you make. That means you can 
clearly see precisely where you are at any 
given moment -an arrow -shaped cursor 
represents your car -and hour much fur- 
ther you must travel. The display can be 
mounter in the dash or on a goose -neck 
swivel base so that it can easily be viewed 
by the driver or the passenger. 

The Travelpilot uses a "dead-reckon- 
ing.' system, in combination with CD- 
ROM- stored maps and map -matching 
softwatt, to keep itself, and you, on the 
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right course. A small computer equipped 
with a CD -ROM player is stashed in the 
trunk or under a seat. Digital data is sup- 
plied by Etak, Inc. of Menlo Park, CA. 
Each of their CD -ROM disks contains de- 
tailed maps of the specific metropolitan 
area as well as a complete map of all U.S. 
interstate highways. An electronic flux - 
gate compass mounted in the rear window 
and sensors mounted in the vehicle's 
wheels (one on each side of the car) are 
used to plot the vehicle's movement in 
relation to those digital maps. As the car 
makes a turn, sensors detect that one 
wheel has traveled farther than the other; 
from that information. both the distance 
and the direction are obtained. The direc- 
tion and distance data from the compass 
and sensors are compared with digital data 
on the map discs, and the results are shown 
on the 4.5 -inch, monochrome, moving - 
map display. 

The Travelpilot is self -contained; it is 
not dependent on satellite signals, 
LORAN equipment, or radio transmitters 
and does not entail any user fees. It is also 
quite sophisticated. You can opt between 
maps of different scales. The screen can 
zoom into a %s -mile close -up or out to a 30- 
mile wide view. Other map scales are 1/4, 

, 1, 2. 4, 8, and 15 miles. The Travelpilot 
allows you to input the general vicinity or 
exact address of your destination, which is 
then indicated on the map by a star. Can't 
make out the words on a street sign? The 
Travelpilot displays street names on com- 
mand. 

But before you run out to buy a Trav- 
elpilot, keep in mind the system's two ma- 
jor requirements -you must live near one 
of the major metropolitan areas for which 
maps are currently available and you must 
have deep pockets to afford almost-$ 3000 
(including installation) price tag for the 
system. The locale requirement is getting 
easier to meet all the time: Etak recently 
introduced four new CD -ROM maps 
covering East Coast cities (New York, 
Boston, Philadelphia, Providence, Bal- 
timore, Washington DC), Southwestern 
cities (Albuquerque, Houston, Dallas /Ft. 
Worth, New Orleans), Southeastern cities 
(Atlanta, Memphis, Jacksonville, Tampa/ 
St. Petersburg, Orlando, Miami /Ft. 
Lauderdale), and Midwestern cities (Chi- 
cago, Milwaukee, Springfield, Detroit, 
Lansing, Minneapolis /St. Paul, Cleve- 
land, Cincinnati, Columbus, Lexington, 
and Louisville). Their original West Coast 
cities disc covers San Francisco, Oakland, 
Los Angeles. San Diego, Las Vegas, and 
Honolulu. Each $100 disc also covers the 
surrounding suburbs and rural areas (al- 
though there is not always full coverage of 
some outlying areas) and includes a com- 
plete map of all U.S. interstate high - 
ways-a truly impressive amount of data. 
In terms of cost, Blaupunkt is quick to 
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The Blaupunkt Travelpilot looks deceptively complex. It's actually surprisingly easy to 
use. 

point out that the first cellular phones had 
higher price tags than the Travelpilot. At 
this point, as far as consumers are con- 
cerned, the Travelpilot is still a rich man's 
toy. However, for such businesses as truck- 
ing companies and limo services, or for 
any individual who depends on a car for 
his living, it could pay for itself in no time. 
And the Travelpilot is being used in several 
cities by fire departments, electric compa- 
nies, and ambulance services. Of course, 
prices are expected to drop as sales in- 
crease. 

Here at GIZMO, we had no problem 
with the first requirement: Long Island, 
our home base, is covered by the East 
Coast cities disc. Price is another matter. 
Fortunately, we were able to borrow a Trav- 
elpilot- equipped Jaguar from Tom Sunkin, 
owner of Audio Mobile, as authorized 
Travelpilot installer located in Deer Park, 
NY. 

Limited to four hours, our test drive 
route took us from the middle of Long 
Island out to the end of the North Fork, 
about 130 miles round trip. That short jaunt 
included travel in towns, or highways, in 
rural areas, and even on din roads. 

The system is quite easy to use. In fact, 
we had a harder time getting used to the 
climate and radio controls in that un- 
familiar car than we had using the high - 
tech Travelpilot. We didn't have a manual 
on hand during our test drive. A short 
demo before leaving Audio Mobile got us 
started. When we got into trouble built -in 
on -screen help got us back on track. 

For safety's sake, the he screens and 

several other functions reached via the 
main menu can be accessed only when the 
car is stopped. To enter a location (which 
is one of those things you can't do while 
driving). you can select either region /city, 
single street. intersection, or street ad- 
dress, depending upon how much you 
know about where you're going. By typ- 
ing in the first four or five letters of the 
street -for example, "W- A- S -H " -a list 
of possibilities is generated: Washburn 
Ave., Washington Ave., Washington 
Street, etc. After the correct one is se- 
lected, the numerical address can also be 
entered. The destination (as long as it is 
within 30 miles) appears on the map as a 

star symbol, and the distance And direction 
is displayed at the top of the screen. At 
least 32 destinations can be stored in mem- 
ory; previously stored destinations can be 
recalled at the touch of a button. (The first 
time you use the Travelpilot, you might 
also want to select the type size in which 
street names will be displayed, the lan- 
guage to be used. and whether distance 
should be displayed in miles or kilo- 
meters.) 

The Travelpilot conies on automatically 
when the ignition is turned on, and the 
map shows the location of the vehicle 
when it was last turned off. Six buttons 
running down each side of the screen are 
used to control arl functions; on- screen 
icons serve to remind us of their functions. 
We weren't quite sure about the " ?" icon, 
but soon discovered that it stood for "infor- 
mation": When it's we pressed, the pres- 
ent position and the destination are 



automatically shown on a map selected for 
optimum scale for the distance, and the 
name of the destination is displayed for a 

few seconds at the bottom of the screen. 
By the time we'd gotten nominally ac- 

quiinted with the controls, we were raring 
to go. We struck out on the Long Island 
Expressway, and were amazed to see every 
exit appear in real life just as the on- screen 
cursor reached it on the map. Actually, for 
accuracy's sake, we should say "when the 
on- screen intersection reached our cur- 
sor" because it's the map, not the cursor, 
that moves. At each bend in the road, the 
map shifts so that the top of the map is 

always the direction in which we're head- 
ed. There aren't many twists or turns on 
the LIE, however. We'd heard that the sys- 
tem, which relies on information about 
turns to keep on track, sometimes gets 
hung up a bit on long, straight stretches of 
highway, but we didn't experience any dif- 
ficulty at that point. 

Since it's difficult to get lost on the LIE, 
we decided to exit at a road we'd never 
driven before, even though it meant going 
away from our intended destination -and 
even though that sort of maneuver inevita- 
bly gets us hopelessly lost. That wasn't the 
case with the Travelpilot. Not only could 
we see exactly where we were in terms of 
both the LIE and our ultimate destination, 
but we could track our progress as each 
street we passed was clearly marked on our 
display. (To avoid crowding the screen, not 
every street on the map is labeled at once; 
pressing the str button calls up different 
sets of street names.) We immediately re- 
alized what that could mean at rush hour 
on the LIE, a road that's been nicknamed 
"the longest parking lot in the world." 
We'd be able to take side roads without 
worrying about getting lost, and then find 
our way back to the main road at some 
(according to radio traffic reports) less - 
crowded point. 

We opted instead to turn off on a dif- 
ferent road heading northeast (back on the 
trail to our North Fork destination). As the 
surroundings became increasingly rural, 
we were quite impressed to see that even 
dirt roads were displayed (with dotted lines 
and without street names) on the Trav- 
elpilot map when it was in one of its local 
(small- scale) modes. When we switched 
to the 30 -mile map, the result was discon- 
certing. At that scale, only highways and 
their exits are shown. Out on the eastern 
end of Long Island, that meant that the 
area between the LIE and I -95 in Connect- 
icut was blank, except for the arrow repre- 
senting our car! There was no indication of 
the Long Island or Connecticut shoreline 
or the Long Island Sound. 

Switching back to a smaller scale, we 

realized that the system had gotten slightly 
off track and needed to be repositioned. 
That problem is known to occur when the 

vehicle is transported by tow truck or ferry 
or is driven for long periods in areas not 
covered by the map database, on ( "invisi- 
ble") side roads when the map is in its 30- 
mile mode, on long stretches of straight 
roadway, and in large parking lots. What- 
ever caused our mistracking, setting it 

right was easy enough, particularly con -. 
sidering that we didn't know previously 
how to do it. We simply drove to an inter- 
section, stopped the car, used the help 
menu, and then moved the cursor to that 
position on the 1/2-mile map, using the ar- 

row keys on the "reposition" help screen. 
Smaller corrections can be made while 
driving and are sometimes necessary to 
keep the system on track. 

We have heard reports of 15- year -old 
housing developments that were missing 
from the map database, but we didn't en- 
counter anything like that during our ad- 
mittedly short test drive -except that the 
six -year -old street on which the main Pop- 
ular Electronics offices are located 
wasn't included. Otherwise, even develop- 
ments that appeared new were shown. 

Etak plans to make upgrades available 
as needed, and has much more in store for 
Travelpilot users. Starting this year. Etak- 
Maps will include business -listing infor- 
mation for hotels, restaurants, service 
stations, and points of interest. By the end 
of 1993, the company plans to introduce 
enhanced map databases that will cover 
the road network of 40 major metropolitan 
regions (an area whose combined popula- 
tion is more than 100 million) and will 
include such tourist and traffic informa- 
tion, such as one -way streets and no -left- 
turn intersections. They're also expecting 
to include Yellow Pages listings, so you 
could locate a restaurant on the map and on 
your way there use your cellular phone to 
make a reservation. We wouldn't be sur- 
prised if the potential advertising reduced 
the cost of the disc to essentially free. In 

addition, the Travelpilot's built -in RS -232 
interface -which now allows the system 
to be connected to radio -dispatch sys- 
tems -will in the future allow it to be 
integrated to navigation and traffic- avoid- 
ance systems based on Global Positioning 
Satellites (GPS) or intelligent vehicle! 
highway systems (IVHS) technologies. 
That should eliminate the need to ever 
manually reposition the vehicle -and the 
fear of spending a lot of money on a tech- 
nology that will soon become obsolete. 

Even without all those future promises, 
the Travelpilot is a worthwhile device sim- 
ply for stress reduction and peace of mind. 
For anyone whose livelihood depends on 
traveling from place to place, it could be 
invaluable. Having extremely poor senses 
of direction, we would love to have one in 

our car. Maybe, one day, we will -when 
the price comes more in line with our bank 
accounts, that is. 

Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 42nd 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 moré and to earn your degree 
in the process. 

Write or phone for our free m 

catalog. Toll free, 1- 800 -955 -2527, or 
see mailing address below. 

C c 
Accredited by 

the Accrediting Commission of the m 
National Home Study Council o cp 
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o' GRANTHAM 

College of Engineering 
Grantham College Road g 

Slidell, LA 70460 
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Electronic Car 
Keys 
REMOTE KEY CAR -CONTROL SYSTEM. 
Manufactured by: RACE, Inc., 5310 
Finch Avenue East, Unit 8, Scarborough, 
Ontario, M1S 5E8, Canada. Price: $800 
plus installation. 

Even though the cover date on this issue 
makes us think of the beach, flowers, and 
even mosquitoes, we're writing this in the 
middle of winter. We don't complain too 
much about the cold weather. But that's 
because, as a rule, we don't have to be out 
in it if we don't want to be. There are only 
two times when cold weather really gets to 
us. One is when our home heating -oil bills 
arrive. The other is when we have to get 
into our car on a cold morning and head off 
to work. 

On the worst of those cold mornings, 
we'd run out of the house a little ahead of 
schedule to start the car and turn on the 
defroster to make it a little easier to scrape 
off the windows when we were ready to 
go. Doing that had a couple of drawbacks. 
First, we'd get pretty cold just running out 
to the car to start it. Second, we needed a 

second key for the car so that we could 
keep the doors locked, to avoid having it 
stolen out of our driveway while the engine 
ran. 

Imagine, though, if you could start your 
car on a cold winter morning as you have a 

last cup of coffee and finish reading the 
paper at your breakfast table. Imagine that 
you could turn on the heat and rear-win- 
dow defroster so that by the time you were 
ready to go, the car would be, too. Imag- 
ine that a would -be thief would not only 
set off your alarm system and "page" you 
to alert you to a potential problem. but also 
would cause the engine to shut off. 

We don't have to imagine any longer. 
We just had the Remote Key installed in our 
1988 Mazda 626. The Remote Key is man- 
ufactured by a company called RACE, 
Inc., a clever acronym for Remote Auto- 
mation and Control Electronics. By 
adding a convenience that neither Detroit 
or Tokyo has yet addressed, we instantly 
updated our car to something that is the 
envy even of people driving their new '92 
models. It almost feels like we're driving a 

new car. 
The Remote Key can be installed in al- 

most any car with automatic transmission. 
(But putting it in a car without a healthy 
amount of power accessories doesn't make 
much sense.) Installing the Remote Key is 
not a simple matter, however. RACE says 
that it should take about four to six hours to 
install it in our Mazda. But since no RACE 
dealer was located in our area, we had to 
find an alarm shop that was willing to do it. 

Our installer, Mike Barnes of Speaker 
Street Sound and Security (Commack, 
NY), estimated that the installation would 
take more than twice that long -at least 
the first time around. 

We certainly weren't going to attempt to 
install the Remote Key ourselves. Even 
though we've had some experience install- 
ing car stereo systems, we didn't feel corn - 
petent enough to handle the Remote Key 
installation. After watching the system 
being installed, we know we made the 
right choice. Finding a g3aalitied installer 
is essential. The base unit-that is, the 
part of the Remote Key that mounts inside 
the car -needs to be connected to up to 38 
points in the car. Virtually every electrical 
device in the car is affected. That includes 
the horn, power trunk la :ch, power win- 
dows, headlights, ignition switch, air con- 
ditioner, brake switch, dcor locks, and 
more. It's easy to do a lot of damage if you 
don't have full knowledge of your car's 
electrical system. 

Our installer, a car security and audio 

professional who has a great deal of expe- 
rience with Mazdas, mounted the base unit 
under the front driver seat, which was es- 
sentially the only place it would fit. Lon- 
ger wire harnesses, which are available as 

an opticn, would have allowed us to mount 
the base unit in the trunk. The installations 
went relatively smoothly, if slowly. But it 
was not free of problems. 

The manual was reasonably well writ- 
ten. But it was not as thorough as it should 
have been, and didn't take into account all 
possible configurations. We'll give a cou- 
ple of examples. 

The locks on all tour doors are con- 
trolled by the driver -side door. When the 
key is turned, or the lock is manually oper- 
ated, all four doors are locked or un- 
locked. In either case, the system depends 
on the actual movement of the driver -side 
lock. Remote Key, however, puts out a mo- 
mentary signal to lock or unlock the door, 
which e compatible with the many cars 
that use a momentary switch for door con- 
trol. We had to add an actuator to control 



the lock. The installation manual made no 
mention of that possibility. 

For similar reasons, we also had to add a 
window -control module and three relays to 
complete the installation. Again, those 
possibilities aren't mentioned in the man- 
ual. For qualified installers, such 
customizing doesn't present much of a 
problem. But a less experienced installer 
would undoubtedly run into trouble, even 
though RACE offers help by telephone. 

Although the system installation is dif- 
ficult, using the Remote Key is rather 
straightforward. The controller is about 
the size of a pocket calculator, but with its 
spring -loaded pop -up lid, it looks some- 
thing like the communicator used on the 
old Star Trek TV series. Under the lid is a 

twelve- button keypad and eight LED in- 
dicator lights. 

To start things off, you first press the ON 

button, then enter a 7 -digit security code 
and press the enter key. If you're within 
range of your car, the green ON LED will 
flash. If not, the red RANGE LED will 
blink. Turning the car on is as easy as 
pushing the ENG and ON keys in sequence. 
A push of the STAT key will give you the 
status of the engine, air conditioning, de- 
froster, locks, and alarm. 

It's likely that you'll leave the door lock- 
ed when you start your car so that no one 
will simply get in and drive away. Even if 
you don't, however, you don't have to wor- 
ry too much. First, without the key in the 
ignition switch, your steering column will 
remain locked. If someone still tries to 
drive away without putting the key in the 
ignition, they will be stopped the first time 
they step on the brake, for instance, when 
they try to put the car in gear. If you leave 
the alarm on, they won't even get that 
far -the engine will shut off as soon as 
they open the door. 

The alarm has several operating modes. 
Fully armed, it will blow the horn. flash 
the headlights, and page the transmitter. If 
you like -since no one pays attention to 
blaring alarms anyway -you can turn off 
either the light or the horn function, and 
just keep the paging feature operational. 

Regardless of how you set the alarm, 
you can control the horn and headlights 
from the keypad. You can blow the horn to 
help you find your car or to frighten away 
potential thieves. You can flash the lights 
to help you find your car, or hold the LHT- 

button down to keep the headlights burn- 
ing to light your way. 

The range of the remote key is claimed 
to be 1000 feet, extending to 2000 feet 
under ideal conditions. We apparently 
never sound ideal conditions -our max- 
imum rangé in an unobstructed area was 
less than 750 feet, a little more than 1 /10 
mile. That was certainly more than ade- 
quate between our kitchen and our driv- 
eway. It also allowed us to start the car 

before leaving a local restaurant -as long 
as we were sitting at a table in the front and 
were lucky enough to have I )und a good 
parking spot, that is 

The toughest real -life test we put it 

through was when we went to a mid- winter 
jockey game. We figured that the remote 
key would help us at the end of the gaine 
hv1etting us get out of the parking lot not 
only faster, but in a warmer car. Things 
ulidin't work as we expected. !aowerer. 

w4c parked the car in the Irrge, quickly 
llirg parking lot, got t out- and started 

walking toward the Nassau Coliseum, in 

`tending to lock the doors and set the alarm 
sn the way. But by the time we had entered 
our security code and locked the doors- we 

'were out of range. We had to walk back 
coward the car to finish arming the alarm. 

Installing the Remote Key is not a job for 
amateurs. Here our installer routes 
wires through the firewall. Note that the 
dashboard is partially disassembled 
and that the door panel Eras been re- 
-mired to work on the power door locks 
and power windows. 

We LIso had to alter the alarm functions 
because we knew that the paging feature 
evasn't going to do us much good from 
inside the building if it couldn't make it 

halfway across the parking lot! Appar- 
ently- the other cars and vans in the lot 
teduced the range dramatically. On the 
way out of the game. we started to head in 

the general direction of our _ar. We pur- 
pose didn't pay too much attention to 
whcte we parked on the way m because we 
wanted to see if the Remote Key really 
could help us find our car. 

That. too, didn't work out well. As we 

wa'Iced, entering our code, the red RANGE 

light would flash telling us we were not in 

range. So we'd enter the code again. And 
again. (Nine key presses each time.) By 

the time we were both close enough, and 
had entered our code, we hat walked past 
out car. In effect, the range was roughly 
equivalent to the other. one -way remote 
starters on the market, nowhere near the 
f000 feet we were expecting. 

The requirement ofenterin^- seven digits 
s a 'hig drawback in conveni:nce RACE 

diet i- to increase security. t Wt uld -he thiev- 
es u.lien use 3 -digit scanners to quickly 
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find the codes of less -secure systems.) 
And seven digits aren't necessarily diffi- 
cult to remember -phone numbers are 
also seven digits. Yet we would prefer to 
have the ability to set internal switches to 
automatically send out a personalized se- 
curity code, perhaps along with three ad- 
ditional key presses. Such a set up would 
keep the system just as secure, while mak- 
ing it much faster and also more conve- 
nient to use. 

We'd also like to see a smaller control- 
ler. RACE says that their market research 
showed that people don't want a small 
controller because they're easier to lose. 
Well, our car keys aren't too big, and we 
don't lose them very often. And if the 
Remote Key were smaller, we'd be able to 
attach it to our keychain. 

One other potential weak link in the 
system is that the security features can be 
overridden by the ignition switch. That's 
good in some respects If you walk to your 
car without the handheld controller, you 
can still use your car key to operate the car 
as normal. The disadvantage is that a thief 
can bypass the Remote Key's security fea- 
tures by replacing the ignition switch. But 
then again, no security system that we've 
ever seen is going keep a determined thief 
from getting what he wants. And a security 
system that isn't convenient to use is the 
worst kind you can have because you're 
less likely to use it. 

Despite our complaints, Remote Key is, 
indeed, an innovative product. That's why 
it won a Design and Engineering Award at 
the 1991 Summer Consumer Electronics 
Show. It has a host of features that we 
haven't yet mentioned. For example, it in- 
cludes circuitry to protect the starter motor 
from accidentally re- engaging when you 
insert your ignition key. If the motor idles 
too high (3000 rpm) the engine will be 
automatically shut off. It will also shut off 
after a maximum idling time of 15 min- 
utes -and page you to let you know. It has 
a safety function that doesn't allow you to 
start the engine if the hood is opened, and 
will automatically shut off the engine if it's 
opened. 

But whether you'll be happy with it de- 
pends on what you need it for. To start your 
car from your breakfast table in a suburban 
area, it will probably do fine. In urban 
areas or in large, crowded parking lots, its 
range decreases. RACE offers an optional 
trunk -mounted external antenna that 
might eliminate our major complaint with 
the system. We hope to have the oppor- 
tunity to try the antenna out for ourselves 
and report on its performance in a future 
issue of GIZMO. 

In the meantime, we're looking forward 
to summer, when we can use the Remote 
Key to control our air conditioner instead 
of our defroster. At this time of year, it's a 

12 nice thought. 

Alpine CD'ing 
ALPINE 5951 CAR CD REMOTE 
CHANGER SYSTEM. From Alrine Elec- 
tronics of America, Inc., 19145 Gramer- 
cy Place, Torrance, CA 90501. Price: 
$620. 

Although the compact disc has been 
around for a full decade and is by all ac- 
counts a dramatic success, it's been slow 
to penetrate the automotive world. That's 
not to say that it hasn't made a dent. Even 
Detroit offers in -dash CD players. (Ford 
was the first, in 1985, -with a limited quan- 
tity in luxury cars.) 

As we see it, in -dash CD has its prob- 
lems. We like our cassette player in the 
dash -and we don't have room to mount 
both a cassette unit and CD player. Cas- 
settes are a sensible format for the car. 
They're easy to handle, they're not af- 
fected by vibration, and, in the car, we 
don't find their limited dynamic range or 
tape hiss to be a serious problem -re- 
gardless of what some purists say. 

CD's, on the other hand, are difficult to 
handle -it's virtually impossible to open a 
jewel box using only one hand -and 
vibration can lead to problems. Even so, 
we do love CD's. We buy virtually all of 
our pre -recorded music on disc, and we 
love the fast access time of the discs. But 
can the cassette. the CD, and the car co- 
habit sensibly and conveniently? After 
having the opportunity to put Alpine's 
5951 CD Shuttle remote changer system 
through its paces, we know that the answer 
is a resounding "yes!" 

The 5951 gives everyone who currently 
has an AM /FM stereo in his car the ability 
to upgrade to CD- changer capability with 
a relatively simple installation. The 5951 
can be added to virtually any car -audio 

system because it modulates the audio 
from your favorite CD's onto an FM fre- 
quency of either 88.3 or 88.7 MHz-it 
becomes, in effect, another radiostatiion. 
That means that it doesn't require a line- 
level input, a feature missing on many 
older car receivers. The changer is intend- 
ed to mount in the trunk or other remote 
location; you pre-load it with up to six 
discs before you set off or your drive. 

The "unfortunate" result of translating 
CD audio to FM is that the result is only as 
good as your current FM audio system. 
And the quality of FM at its best is a 
distant second to CD. But we do most of 
our automotive listening when we're driv- 
ing -not at a sound -off competition, or 
while parked outside the 7 -11 on the strip 
trying to show off for oar buddies. We 
don't want to imply that there's no truth to 
the claims of car -audio enthusiasts and 
high -end advertisers, but if there's any 
place we can put up with a compromise in 
frequency response, it's in our car. 

The factory -installed audio system in 
our Mazda 626 is a fairly mediocre one. Its 
tuner -and -cassette portion is as good or 
better than most OEM units, although its 
amplifier portion could use improvement. 
Although stock sound systems are unques- 
tionably getting better each year, many of 
you probably have a similar sound system 
in your car, but don't want to spend the big 
bucks required to upgrade to top -notch 
sound. But we saw a couple of advantages 
to adding the 5951 to our system. First, the 
upgrade gave us CD compatibility-the 
feature we wanted most. Second, it let us 
upgrade our system piece by piece, which 
let us keep the apparent cost down.- We 
can, at a later date, add a new compatible 
head unit that will not only control the CD 
Shuttle, bin will also let us connect the 
changer directly to the amplifier, instead of 
through the FM tuner. 



The 5951 consists of two main units. 
The first is the 5952V CD Shuttle, AI- 
pine's entry-level 6-disc chanter. The 
5952V uses t x oversampling. TheDAC's 
used in the changer are hybrid 13 -bit/1 -bit 
converters. The combination of rrulti -bit 
and 1 -bit tecnnologies is said to take ad- 
vantage of the best qualities in each, while 
overcomirg the disadvantages of each. 
The results are CD changer specifications 
that include a dynamic range of 95 dB, a 

total harmonic distortion figure of 0.01% 
11 -kHz test signal), a frequency response 
of 5 Hz to 20 kHz ( ± I dB). signal -to- 
noise ratio 'of 98 dBA, and channel separa- 
tion of 85 dB (1 -'kHz test signal). 

The second component of the 5951 sys- 
tern is Alpine's 5955 CD controller with 
FM stereo modulator. The modulator takes 
the audio output of the changer and feeds it 
directly into the existing system's FM an- 
tenna input. The FM antenna in turn, 
plugs into the modulator unit, and is fed to 
the radio when the CD changer is switched 
off. A small control panel is used to power 
the system up and to control the functions 
of the changer. Because of the limitations 
inherent it FM radio, you are not able to 
take advantage of the changer's excellent 
specifications 

We chose to mount the changer in our 
trunk, under the rear deck, because it used 
our trunk splice most efficiently. We don't 
want to give the impression, however, that 
the changer :s large. It's actually une of the 
smallest on the rrrarket, measuring about 3 

x I I x 7 inches. The location we chose 
certainly wasn't our only option. Al- 
though it would certainly have fit with ease 
under a seat. axe preferred not to mount it 
in the car's iptenor. In the trunk, we could 

have mounted the changer vertically, 
rather than horizontally. But in our car, the 
trunk floor isn't as rigid as we'd need to do 
so. Although we had a horizontal surface 
to which we could attach the changer, we 
could have tilted the unit as far as 30 de- 
grees off the horizontal axis. The same 
goes for vertical mounting. Now that's 
mounting flexibility! 

The changer connects to the modulator 
snit through a single, fairly bulky, cable 
with DIN connectors on either end. Our 
installer routed the cable under the rear 
seat, and under the door channels up to the 
modulator unit, which he tucked invisibly 
behind the glove box, securing it with wire 
ties. Since the modulator measures only 
43/4 x 11/4 x 23/s inches and weighs just 7 

ounces, that wasn't a difficult feat. 
The modulator must be connected to the 

power and ground, and between the car's 
antenna and the receiver's antenna input. 
Other than that, setting two switches com- 
pletes the installation. The first switch se- 
lects the output frequency of either 88.3 or 
88.7 MHz. The other is a three - position 
(L, M, H) level switch, which is used to 
adjust the output level of the modulator. 
The idea is to set the level to sound like a 
good FM station, without distorting. The 
final step is to set the selected output fre- 
quency in our radio's station memory. 

The "control panel," or controller, for 
the CD Shuttle plugs into the modulator 
with another DIN cable. We mounted it to 
our center console, using a supplied strip 
of Velcro. The controller measures about 
23/8 x 31/4 inches and is about '/a -inch 
thick. Unfortunately, our dash didn't offer 
any convenient, flat surface on which to 
mount the controller. The center console 

Alpine's 5952V changer not oily makes installation easy- requiring only a single 
cable between the changer and modulator. It also can be mounted vertically or 
horizontally, or at angles as much as 30 degrees from perpendicular. 

was a compromise that didn't provide the 
easiest access. 

With the CD changer's power off, the 
radio operates as normal. We didn't notice 
any signal degradation with the modulator 
in -line. When you hit the POWER button on 
the controller, the modulator disconnects 
the external antenna and inserts its own 
signal. The controller's back -lit LCD is 

easy to read in all lighting conditions. The 
buttons. which light up when the power is 

turned on, were also easy to see. 
Besides the power button, there are 

three other rocker buttons that perform two 
functions each. One selects which disc 
you want to hear and also serves as a pause/ 
play control. A second rocker is used to 

search for the next or previous track, and 
also serves as an audible fast forward or 
reverse control. The third button lets you 
repeat either a single track or an entire 
disc, as well as play tracks in a random 
order. After all the tracks on a disc have 
been played once, the changer will play the 
tracks on the next disc in a random se- 
quence. You cannot play tracks randomly 
across all discs, however. 

When you turn the changer's power off, 
the radio returns to normal operation. If 
you're lucky, there will be a local station 
on the frequency that you've chosen for the 
modulator. If you're really lucky, the sta- 
tion is one that you enjoy. We were lucky 
on both counts. If there is no station in 

your area on either 88.7 or 88.3, you'll 
have to remember to lower the volume on 

the radio before you power down the CD 
changer. or you'll be rudely met with inter - 
station noise. When you turn the power 
back on, the changer picks up right where 
it left off -even in the middle of a song. 

The changer mechanism uses air sus- 
pension, spring suspension, and rubber 
damping to protect the player mechanism 
from road vibrations. To say that it works 
would be an understatement. We could not 
make the changer skip, even with deliber- 
ate, repeated drives over railroad tracks. 

Track -to -track access time was very 
rapid; disc -to -disc access was about 10 

seconds, equivalent to many home car- 
tridge -style changers. Even though we'd 
like to see all manufacturers adopt a single 
cartridge style as standard, Alpine's pro- 
prietary cartridge has some features that 
we liked quite a bit. First, there are no fold- 
out disc leaves to damage; discs are inser- 
ted simply by slipping them into slots in 

the cartridge. Second, discs are inserted 
label side up-now that makes sense! 

We were interested in CD for our car 
primarily for its convenience. We were 
impressed, however, by how much it im- 
proved the sound of our factory- installed, 
stock sound system. And now that we've 
gotten a taste for car CD, we're beginning 
to wonder how good a non -modulated sys- 
tem would sound. 13 



The World in 
your Car 
PHILIPS DC777 AM /FM /SHORTWAVE 
STEREO CASSETTE RECEIVER. Man- 
ufactured by Philips Car Stereo Interna- 
tional, 9600 54th Avenue North, 
Minneapolis, MN 55442; Tel: 
1- 800 -328 -0795. Price: $499. 

The trend in car audio today is high - 
powered, multi -source head units that 
combine AM /FM reception with cassette 
decks and CD changers. Options abound 
in terms of add -on speakers, amplifiers. 
subwoofers, and digital signal processors. 
But one thing that isn't readily available is 
shortwave car receivers. 

That's a direct result of the drive for hi -fi 
car audio. Back in the 1930's and '40's, 
shortwave wasn't all that uncommon in a 
car. As we became more interested in- 
and accustomed to -good audio, short- 
wave took a back seat to fidelity. With the 
problems inherent in shortwave recep- 
tion- fading, interchannel interference, 
manmade noise, and unpredictable propa- 
gation conditions -there were better 
choices available. 

At home, we're reasonably frequent lis- 
teners to the shortwave bands. Over the 
last couple of years, we've been joined by 
a lot of other people. Last year, shortwave 
radios saw record sales of more than 1.4 
million units. A lot of that was a direct 
result of events in Eastern Europe, the Per- 
sian Gulf War, and the disintegration of the 
Soviet Union. Soon after the war ended, 
sales took a decided turn for the worse. 
Even so, growth appears to be slow but 
stable, thanks to new consumer 
awareness. Unfortunately, recent comers 
to the medium won't appreciate how 
strange it sounds to hear Radio Moscow 
talk about how many Russian citizens are 
in serious economic trouble. Seasoned lis- 
teners (like us) are still used to them telling 
us how the Soviet government guaranteed 
everyone not only ajob, but a place to live. 
An unemployment rate of 0% was pretty 
tough to beat! 

Having shortwave radio in our car is an 
idea that never really seemed practical to 
us. That is, until we got the opportunity to 
try the Philips DC777 cassette receiver. 
The DC777 is no throwback to the 1940's. 
Besides being a shortwave receiver, it's 
also an AM /FM cassette receiver. It pro- 
vides such features as an auto -reverse tape 
transport, automatic station- storing, and a 
50 -watt (total power into 4 ohms) ampli- 
fier. (Line -level outputs are also provided.) 
The unit, with its red backlit LCD and 
fold -out keypad, looks modern too, and 
has the features to prove it. 

14 Besides receiving the FM and AM (to 

1700 kHz) bands, the DC777 receives 
shortwave frequencies from 3170 -21,910 
kHz. That broad range is broken down into 
eleven shortwave bands from 90 meters to 
j3 meters. To enter the shortwave mode, 
you press the front panel sw button. Each 
successive press of the button moves you 
up in frequency to the next band. 

Because of the nature of radio -wave 
propagation, different bands are viable at 
different times of day. In the afternoon, for 
example, the 19 -meter band (15,100- 
15,600 kHz) will generally provide good 
listening conditions. At night, however, 
you'll have better luck on the lower fre- 
quencies, for example, the 31 -, 41 -, or 49- 
meter bands. When you're in a given band, 
you can automatically search for stations 
in either direction. 

Although the search function is cer- 
tainly convenient, it's a good example of 
where the DC777 is not as user -friendly as 
it should be. Because of the nature of 
shortwave broadcasting, many of the sta- 
tions that the tuner stopped at were either 
strong interference sources or foreign -lan- 
guage broadcasts. We found ourselves 
constantly leaning over to push the search 
buttons to find a station that we wanted to 
hear. If there ever was a radio that could 
really benefit from scan tuning, where the 
tuner stops for a few seconds on successive 
new stations, it's this one. 

You may find yourself doing a limited 
amount of search tuning on the shortwave 
bands, however, because the DC777 offers 
20 memory presets for shortwave. On the 
AM and FM bands, five memory buttons 
are used to store preset frequencies. On 
shortwave, however, four of the five mem- 
ory buttons can store 5 frequencies each. 
The fifth button is used to switch between 
the different locations on each button. 

Unfortunately, storing a shortwave fre- 
quency in memory was not as easy to do as 
it should have been. When you're driving 
and find a new station, you can't neces- 
sarily store it in memory without over- 
writing another location - unless you 
planned ahead of time. 

If you're interested in tuning to frequen- 
cies between the major shortwave bands, 
you can enter a frequency directly. A fold- 
out keypad gives you two rows of buttons 
to do just that. The two -row keypad is not 
convenient to use, and we wouldn't rec- 
ommend using it while driving. The keys 
are somewhat mushy, and if you mis -enter 
a key, you can't clear it or backspace over 
your error. 

The AM and FM bands also offer a mix 
of user -friendly and user -unfriendly fea- 
tures. The front panel of the radio sports a 
single rotary control. Normally it's a vol- 
ume control. But subsequent pushes of an 
AUDIO button allows it to control balance, 
front -to -rear fading, treble, and bass. Al- 
though it keeps the front -panel clutter 
down, that sort of control isn't the sort 
that's easy to use when you're driving. 
Fortunately, it's not likely that you'll have 
to use it often. The bass and treble settings 
for FM, AM and shortwave, and the cas- 
sette are stored independently, a great fea- 
ture. 

The DC777 also features an auto -store 
feature in which the five strongest stations 
on either the FM or AM bands are stored in 
memory-a convenience when travelling. 
When you use auto -store, you do not de- 
lete your other presets! 

When we're driving through different 
areas, we have to admit that we don't nor- 
mally use auto -store. We'd rather find a 
good but weak station than a strong lousy 
one. Philips has an interesting way of let- 



Start amoney- malting career in 
video /audio servicing! 

Only NRI gets you started fast with real -world training designed around 
state -of- the -art equipment you keep! 

NRI's newly expanded training cov- 
ers all the latest advances in home 
entertainment electronics, then takes 
you inside today's high -tech equip- 
ment as you learn to troubleshoot, 
diagnose, and service the complete 
home entertainment system included 
in your course: 13" color TV, pro- 
grammable VCR, and integrated 
audio rack system. Only NRI makes it 
so easy to start a new career, earn 
part -time income, even start a 
video /audio servicing business of 
your own! 

Billions of dollars of video /audio 
equipment means big opportunity 
for you 
There's never been a better time to get 
involved in home entertainment electron- 
ics. Experts predict that consumers of 
video /audio equipment will spend over °26 
billion by 1995 as product manufacturers 
race to fill the demand for increasingly 
sophisticated technology. 

This explosive acceleration of new 
product innovation means new opportu- 
nities for you in video /audio servicing. 
And NRI prepares you to take advantage 
of those opportunities by giving you the 
skills to troubleshoot and service a full 
range of TV, video, and audio equip- 
ment. 

The most advanced, most 
complete video /audio training 
ever offered! 
You start with lessons that give you a 
strong foundation in electronics funda- 
mentals, mastering the basic circuits and 
components at the heart of today's 
video /audio equipment. 

Then you build on that foundation 
as you explore the high technology of digi- 
tal controls, CDs and digital audio tape 
players, advanced TV systems, cable TV, 
VCRs and camcorders, even 
microprocessors. 

Best of all, you're pre- 
pared for the technology of 
today and tomorrow with 
hands -on train- 
ing designed to 
give you invalu- 
able practical 
experience. 

Hands -on training 
with this incredi- 
ble array of home 
entertainment 
equipment gives 
you the skills you 
need for success. 

State -of- the -art equipment 
included in your training makes 
theory come to life 
Only NRI gives you so much real -world 
equipment ,.. all yours to train with and 
keep! Get hands -on experience as you 
work with a complete, high -tech home 
entertainment system: a 13" color TV 
with remote, a programmable VCR, and 
an integrated remote- controlled audio 
system including AM/FM tuner, 100 watt 
amplifier, CD player, dual cassette play- 
er, turntable, speakers, and audio rack 
cabinet. 

Theory comes to life as you learn to 
perform component -level diagnosis and 
service on advanced technology audio 
equipment ... conduct in -set demonstra- 
tions of TV circuits and components ... 
and discover first -hand how to maintain 
and service today's commercial VCRs. 

Plus, NRI custom -produced videos 

show you in close -up detail how to test, 
troubleshoot, and service TVs and VCRs 
like a pro. 

No experience necessary ... 
NRI builds it in 
You need no previous experience in elec- 
tronics to succeed with NRI. Step by step, 
you accumulate the knowledge and practi- 
cal experience that will make you unique- 
ly qualified for today's opportunities in 
home entertainment electronics. 

You learn at your own pace and on 
your own time. And all throughout your 
training, you have the full support of your 
personal NRI instructor and the entire 
NRI technical staff. 

FREE catalog tells more 
If the coupon is missing, write to 

NRI Schools, McGraw -Hill Continuing 
Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 

SEND TODAY FOR FREE NR1 CATALOG 

MMW Schools 
McGraw -Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

likheck one FREE catalog only 
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ting us find weaker stations, but one that 
we don't like. On AM and FM, search 
tuning starts off with a low sensitivity 
level. That is, it stops at only strong sta- 
tions. Once you've scanned the entire 
band, the next pass will be at a higher 
sensitivity level. The third pass will be at 
the highest sensitivity level, meaning it 
will stop at weak stations. Even though it 
would mean an extra front -panel button, 
we would prefer to see a front panel w /Dx 
switch or something similar. 

Using manual tuning to find stations 
isn't too convenient, either. First you have 
to hold down both search buttons until you 
hear a beep -about 2 seconds. Then each 
push of the button moves you either up or 
down in frequency. But, because the radio 
is built for European markets as well as for 
North America, each push of the tuning 
button steps the frequency only .05 MHz 
on FM or I kHz on AM. Because FM 
stations in the U.S. are spaced 0.2 MHz 
apart, you have to press the button 4 times 
to move to the next possible station. That 
increases to ten button pushes on the AM 
band. 

The cassette portion of the DC777 is a 
fairly bare -bones auto -reverse transport. 
No noise -reduction circuitry is offered. 
One feature that we do like very much is 
that the radio becomes operational during 
fast - forward and rewind operation. 

The DC777 does offer one feature that 
we've never seen before in a car radio: 
three timer memories. You can set the ra- 
dio (assuming that it is turned on) to tune 
in up to three different stations every day at 
different times. The timer will switch sta- 
tions or interrupt cassette playback at its 
appointed time. 

This is a radio for people who truly 
appreciate that medium, and enjoy the va- 
riety of programming that is found only on 
the shortwave bands. Although we have a 
number of complaints about its ease of 
use, we don't want to give a negative over- 
all impression of the receiver. Before we 
listened to the DC777, we had no idea that 
shortwave could sound so good. And using 
the shortwave portion of the DC777 was 
straightforward, even while driving. Any- 
one who enjoys shortwave should se- 
riously consider putting it in his car. And 
anyone who finds himself driving any- 
where there's a dearth of AM and FM 
stations will be able to feel in touch with 
the world with the DC777. 

The DC777 is not a DX -er's radio, but 
that's just as well for its intended use. A 
car's ignition system will present trouble 
to any weaker station. And the effort and 
concentration that's required for DX -ing 
doesn't mix very well with driving. But its 
ease of use and exceptional shortwave 
sound might serve" to introduce a new 
group of listeners to the pleasures of short- 
wave listening. 

Stealthy Road 
Warrior 
TRAPSHOOTER SOLAR STEALTH 
RADAR DETECTOR (RD- 6000). Man- 
ufactured by Cobra Electronics Group, 
Dynascan Corp., 6500 West Cortland 
Street, Chicago, IL 60635. Price 
$319.95. 

The battle lines are drawn when it 
comes to radar detectors. On the one side 
you have a natural alliance of law- enforce- 
ment and highway -safety agencies and in- 
surance companies, who would like to see 
all radar detectors banned outright. They 
argue that the devices are bought and used 
solely to break the law, and that their use 
causes dangerous driving maneuvers 
(abrupt decreases in speed), and an in- 
crease in traffic accidents. Insurance com- 
panies have even tried- unsuccessfully- 
to deny coverage to people who own radar 
detectors! 

On the other side is a more eclectic 
group consisting of champions of personal 
freedom to monitor the airwaves, drivers 
who have been unfairly ticketed by police 
using inaccurate radar guns -and, of 
course, people who speed, and the radar - 
detector manufacturers (who are the 
founding members of the Radio Associa- 
tion Defending Airwave Rights, or 
RADAR). The radar- detector advocates 
adamantly support the use of radar detec- 
tors, defending their right to monitor all 
the radio bands. They argue that actual 
travel speeds are rarely within legal speed 
limits, that traffic fines are simply another 
form of state taxation, and that the radar 
guns used by police are unreliable. 

It's that last argument that carries the 
most weight. One of the most dramatic 
demonstrations of traffic radar's draw - 
hacks was a- television program that 
showed Florida viewers footage of a radar 
gun "catching" a banyan tree moving 
down the road at an impressive -and il- 
legal -85 miles per hour, and a house 
moving along at a more sedate 28 mph 
(and it wasn't even hurricane season!). It's 
been estimated that as many as 30% of the 
speeding tickets issued by radar- equipped 
police are wrong. In fact, the first radar 
detector, the "Fuzzbuster," was created by 
Dale Smith after he was erroneously tick- 
eted at a radar -equipped speed trap in 
1968. Radar -gun standards, which ad -= 

dressed the problem of inaccuracy, were 
proposed in 1981 by the National Highway 
Traffic Safety Administration but have yet 
to be adopted, 

When most of us think of radar, what 
comes to mind is the sort of sophisticated 
military radar system that uses a rotating 
dish to sweep an area and then clearly 
displays the speed, distance, and shape of 
objects on a screen. In comparison, the 
radar guns used by police are quite sim- 
plistic. Instead of a sweep, they use a con- 
stant (straight -line) beam that can't 
distinguish between more than one mov- 
ing object. Instead of a screen. traffic radar 
has a digital readout that simply displays a 
number. The Doppler principle is used to 
measure the speed at which a car is mov- 
ing: That is, the difference between the 
transmitted frequency and the frequency= 
reflected by the car is used to determine the 
speed. - 

That all sounds pretty straightforward, 
but there are plenty of problems with the 
approach. First, the constant -beam traffic 
radar, with its rather wide beam, has a 



difficult time indicating precisely which 
car on a crowded highway is the one that's 
speeding. Second. radar guns are suscep- 
tible to interference from several 
sources -among those are moving vehi- 
cles, other radio and microwaves, reflec- 
tions from buildings or road signs, and 
even the rear -view mirror inside the patrol 
car! Finally, the reader's accuracy is af- 

fected by weather conditions, terrain, and 
operator proficiency. 

Radar detectors "listen" for micro- 
waves transmitted by traffic radar, at 

10.525 GHz for X -band radar and 24.150 
for K -band, and beep when such frequen- 
cies are encountered. With a much greater 
range than the guns, the detectors can alert 
the driver in plenty of time to slow to the 
legal limit. 

The radar -detector battle is being fought 
not only in the legislative and judicial sys- 
tems- Connecticut, Virginia, and Wash- 
ington DC have banned the use of radar 
detectors and several other states are con- 
sidering adopting similar laws -but also 
in electronics labs. The law- enforcement 
camp countered X- and K -band radar de- 
tectors with systems operating on the 
34.36 -GHz Ka -band, including "Photo 
Cop," which photographs speeders and 
sends them, via the U.S. Mail, a print 
that's stamped with their speed and, of 
course, a speeding ticket. 

In response, radar- detector manufac- 
turers offered "tri- band" models, with the 
added capability to also pick up Ka -band 
radar. What the tri -bands can't detect, 
however, is the new "Stalker" gun, which 
is said to be much more accurate and less 
prone to false readings. You guessed it- 
wideband radar detectors are now begin- 
ning to hit the market in response to these 
units. If laser guns are ever adopted in 

large enough numbers by police depart- 
ments, we're sure we'll see a whole new 

breed of detectors. 
Meanwhile, police in those states that 

have banned the devices have started to use 
radar -detector detectors (RDD's); now 
they can ticket you for owning and using 
the detector as well as for speeding. Natu- 
rally enough, manufacturers have re- 
sponded with anti -radar -detector -detector 
radar detectors. (Whew!) 

Cobra is one of the main advocates of 
"undectable" radar detectors. While not 
entirely transparent to RDD's, Cobra's 
Stealth line of radar detectors use a "di- 
electric resonant oscillator" (DRO) circuit 
that eliminates microwave leakage, reduc- 
ing the chance of external detection. Be- 

sides the DRO circuitry, the Trapshooter 
Solar Stealth has a pulsed power -supply 
system that uses 98% less power than tra- 
ditional 12 -volt radar detectors by sending 
power to the unit only once every '/so of a 

second. That reduces the unit's exterior 
signal leakage to "negligible levels," 

making it the company's least detectable 
model. 

As you've probably guessed from its 
name, the Trapshooter Solar Stealth's 
anti -detection capability is not its main 
claim to fame -that would have to be its 
status as the first solar- powered. cordless 
radar detector to hit the market. The unit 
features a photovoltaic panel that is more 
sensitive to low -light levels and offers 
more output per lumen than conventional 
solar arrays. Molded to the top of the com- 
pact Solar Stealth which is about the site 
and shape of a computer mouse -is a 

nine -segment photovoltaic cell that con- 
tinuously charges a ni -cad battery system 
while the unit is in daylight. The batteries. 
which are in an airtight pack designed to 

withstand the wide range of temperature 
and humidity conditions found in cars, can 
maintain a full charge from the solar - 
power system. The radar detector can the- 
oretically operate on internal battery 
power for up to 30 hours without the bene- 
fit of daylight. 

To extend battery life, the Solar Stealth 
has a motion -detection system that shuts 
the unit Wafter three minutes of no move- 
ment. The detector automatically turns it- 

self on as soon as it detects movement 
again, for instance, when a car door is 

opened. Again theoretically, you should - 
once the unit is charged either from sun 
exposure or using the supplied 12 -volt 
power /recharging cigarette -lighter cord - 
never have to turn the power switch oft. 
The motion detector is so sensitive, how- 
ever, that you may occasionally hear and 
see a low battery indicator that reminds 
you to recharge it. How sensitive is it? 
Well, when we set the detector on our 
kitchen table, we couldn't walk into the 
room without causing it to power up. In a 
car parked outdoors on a windy day. the 
Solar Stealth would surely keep switching 
itself on. Fortunately, there is a rather sim- 
ple solution to that problem: Shut off the 
unit's power switch. 

The radar detector can be mounted ei- 
ther on the dashboard, using the supplied 
Velcro strip, or on the windshield, using a 

mounting bracket with suction cups. Of 
course, it must he located in a spot that lets 
the sun hit it. It must also be horizontal and 
be placed so it can have an unobstructed 
"view" of the road. 

The manual accompanying the Solar 
Stealth provides, in plain English, full de- 
tails on how to use it and how to interpret 
its visible and audible warnings. Five 
LED's arrayed across the front of the unit 
act as a signal strength meter, lighting in a 

flashing pattern from left to right to indi- 
cate the strength of the received radar sig- 
nal (weak signals on the left and strong 
signals on the right side). A red lamp on 
the left front corner and an amber lamp on 
the right front corner flash when K -hand 

and X -hand radar, respectively, are de- 
tected by the unit. (The Solar Stealth is not 

a tri -hand radar detector. It detects only the 
X- and K -hand signals. Those two are still 

by far the most commonly used radar 
bands, however, and probably will remain 
firmly entrenched in speed traps for the 

next several years at the very least.) 
The Solar Stealth used different audio 

cues to alert you to the type of radar being 
used: It "beeps" to indicate X -band radar, 
and "braps" when it sniffs out K -hand 
radar signals. It also "chirps" to indicate a 

low battery condition. There is a volume 
control on the side of the unit, and both a 

mute button and a dim switch on its top, so 
you can opt for either audible or visual 
warnings, or both. 

Also located on the top of the unit is the 

city /highway mode switch. In highway 
mode, any radar signal will set off the 

alarms. In towns or cities, where there are 
many sources of false tout -of -band) radar 
signals (microwave relay towers for tele- 
phone and TV signalling, surveillance and 

alarm systems, and anti -shoplifting sys- 

tems, for instance), the city mode is pre- 
ferable. Instead of reducing the Solar 
Stealth's operating range and sensitivity, 
switching to city mode mutes the audible 
alarm until the signal is analyzed and ver- 

died as most likely to he caused by police 
radar. The unit has lock -out circuitry that 
wards against false alarms caused by in- 

terference from such out -of -band signals. 
In addition. "no false" circuitry reduces 
the chance of false alarms triggered by 

spurious signals from. of all things, poorly 
designed radar detectors. 

In our driving tests, we were alerted to 

several speed traps. Otherwise, we hardly 
noticed the Solar Stealth was there - 
which is precisely how a radar detector 
should behave. at least as far as we're con- 
cerned! 

It's difficult to argue with a driver's right 
to use a radar detector as protection against 
possible false arrest due to inaccurate 
radar -gun technology. Of course, those 
false readings can work in one's favor on 

occasion. We were recently pulled over 

and told we'd been clocked doing 72 mph 
in a 55 -mph zone. Because it was our first 

day driving a brand new car, and with no 

previous moving violations on our driving 
record, we were "let off" with a $50 ticket 
for a moving violation that wouldn't go on 

our license or be reported to our insurance 
carrier. Had the radar gun clocked our 
actual speed -over 80 mph (it really is 

quite easy to lose track of speed when you 

are driving a new car!) there's not much 
of a chance we'd have met such leniency. 
Of course, if we'd had our Solar Stealth 
hack then. we'd have been reminded to 

cheek our speed: we would have slowed to 

the legal limit and probably wouldn't have 

been stopped at all. 19 



ELECTRONICS WISH LIST 

Citizen Personal Color LCD TV /Stereo 

Sansui Portfolio Style Personal CD Ster- 
eo System 

CD /Mate 10 -Disc Carrier 

For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

Portable LCD TV 
Providing portable audio as well as video, Citizen's (CBM America Corpora- 

tion, 2020 Santa Monica Blvd., Suite 410, Santa Monica, CA 90404) T530 2.9- 
inch LCD TV has a built -in AM /FM stereo receiver. It can be used as a TV with 
stereo sound or as a separate TV and stereo. Weighing just over one pound, the 
sleek unit features a pop-up screen with the controls and tuning system located 
inside and around the base. The color TV is compatible with both NTSC and PAL, 
and has automatic on -screen tuning. The radio is manually tuned. The T530, 
which runs for about three hours on five "AA" batteries, has A /V, earphone, DC, 
and external antenna jacks and a three -way power supply. A carrying case is 
included. Price: $299.99. 

CIRCLE 60 ON FREE INFORMATION CARD 

Portfolio -Style Personal Stereo System 
Sansui USA Inc. (1290 Wall Street West, Lyndhurst, NJ 07071) has packed a lot 

of audio into a notebook -sized package. Its portfolio -styled Audio A -4 includes a 
CD player, an auto - reverse cassette deck, a digital AM /FM stereo tuner, and fold- 
out speakers in a compact 121 x 8 ;/8 x 31/4-inch package that weighs less than 
five pounds. A top -mounted control panel allows operation even when the unit is 
closed. The tuner has 20 FM and 10 AM presets and features manual and 
automatic tuning, a digital clock, a 24 -hour timer, and a sleep timer. The CD 
player has 20 -track random -access programming automatic dubbing to the built -in 
cassette deck, which features a "karaoke" mode that allows users to replace the 
vocals on recordings with their own voices. Microphone inputs are provided, 
along with a separate volume control. The speakers are mounted in fold -out doors 
that are vented to allow operation whether they are open or closed. Other features 
include a telescoping antenna, AC or battery power, and extension -speaker jacks. 
Best of all, you can carry it around and everyone will think you're a hard -working 
executive with a notebook computer, not someone looking for a party about to 
happen. Price: $499.95. 

CIRCLE 61 ON FREE INFORMATION CARD 

Thrilla's Surfari Video Game 
Everybody's surfing with Town & Country II: Thrilla's Surfari, the Nintendo 

video -game sequal to the popular Town & Country from LIN Ltd. (1 Spring Street, 
Oyster Bay, NY 11771). Players enter the world of a gorilla called Thrilla- "the 
ultimate surfer dude " -as he skateboards through jungles, boogie- boards down 
rivers, windsurfs across the desert, and hangs ten on an active volcano. All that, 
not to mention battling two- headed "lavabeasts" and sharks, in an attempt to 
rescue Barbie Bikini, Thrilla's sweetheart. Price: $47.95. 

CIRCLE 62 ON FREE INFORMATION CARD 

CD Carrying Case 
It's easy to take your portable or car CD player and ten of your favorite discs on 

the road with the CD /Mate 10 -disc carrier from Sunstone Enterprises, Inc. (19215 
Parthenia St., Suite C, Northridge, CA 91324). The ten discs are stored in soft, 
semi -rigid, anti -static- nylon, fleece -lined, half-height pockets that allow the discs 
to be easily accessed, but prevent them from rubbing against each other when the 
case is closed. In fact, the CD /Mate is guaranteed not to damage CD's. A "hook - 
and- loop" closure keeps the discs securely enclosed, while a zippered compart- 
ment holds a portable CD player. The case is made of a durable, leather -like 
material over resilient, impact -resistant foam padding. Other versions of the case 
(disc -only, for example) are also available. Price: $18.95. 

CIRCLE 63 ON FREE INFORMATION CARD 
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MAINTAINING AND REPAIRING VCR'S -2ND ED. 

by Robert L. Goodman 

"... gives all the necessary background... for learning 

the art of troubleshooting popular brands." 
-Electronics for You 

Use this revised guide for professional tips and in- 

depth coverage of every mechanical system and elec- 

tronic circuit used in VCRs and much more. 

352 pp., 370 illus. /3103H $21.95 

MASTERING TECHNICAL MATHEMATICS 

by Norman H. Crowhurst. Get the computational 

answers you need in any technical or scientific field 

with this comprehensive, one -stop source. Step -by -step, 

illustrated instructions and alternative techniques help 

you solve math problems. 

586 pp., 420 illus. #3438H $39.95 

THE MASTER IC COOKBOOK -2ND ED. 

by Clayton L. Hallmark and Delton T. Horn. Use the 

vital data in this book to complete any project you 

undertake. Pinouts, block diagrams, temperature 

ranges, truth tables, schematics, and voltage and 

current ratings help you put the information you need 

to use right away. 576 pp., 386 illus. /3550H $34.95 

MICROWAVE OVEN REPAIR -2ND ED. 

by Homer L. Davidson. Save yourself hundreds of 

dollars in repair bills with this fix -it manual by your 

side. Step -by -step instructions and detailed working 

illustrations and photographs help you easily accom- 

plish repairs for more than 200 common microwave 

oven malfunctions. 368 pp., 383 illus. /3457H $29.95 

INTERNATIONAL ENCYCLOPEDIA OF INTEGRATED 

CIRCUITS -2ND ED. by Stan Gibilisco. Find the circuits 

you need without having to turn to stacks of manufac- 

turers' data books. You'll find a complete descrip- 

tion of circuit functions and uses, pinout diagrams, 

and much more. 1,088 pp., 4,000 illus. /3802H $84.95 

BUILD YOUR OWN TEST EQUIPMENT 

by Homer L. Davidson. Build 32 different testers, 

including perforated and etched boards for circuit 
testing and a laser infrared CD diode checker. Hun- 

dreds of illustrations guide you through each process. 

300 pp., 336 illus. #3475H $27.95 
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THE CET STUDY GUIDE -2ND ED. 

by Sam Wilson 

THE CET EXAM BOOK -2ND ED. 

by Ron Crow and Dick Glass 

'Whether you're just starting out in the electronics 

service field or you're an experienced techni- 

cian... this is the ideal sourcebook to prepare 

you." -Hands -On Electronics 

Pass the Associate or Journeyman exams. You'll 

find the technical information you need to help 

you become a certified electronics technician soon. 

Buy both books and save 10% 

(regularly $30.90) #5447C $26.90 

THE RADIO AMATEUR'S DIGITAL COMMUNICATIONS 

HANDBOOK by Jonathan L. Mayo 

"...ideal for beginners in packet radio, regardless 

of license class." -Ham Radio Magazine 

Discover everything you need to know on the digital 

modes now available. Mayo shows you everything from 

packet protocols and procedures to setting up a real 

digital communications station. 

224 pp., 80 illus. 13362H $22.95 

rr+ 

1 411 411 411 411 411 

i11 

411_,.411 4 

.i ELECTRONIC 4 

CIRCUITS V 
Ak 

Imw Remote 
,,ointii,n Ihka 

HOME VCR REPAIR ILLUSTRATED 

by Richard C. Wilkins and Cheryl A Hubbard. Correct 

all of the most common VCR malfunctions with the 

help of this guide -no expensive tools or test equip- 

ment necessary! You get in -depth details on main- 

tenance procedures and trade secrets for repairing 

dozens of specific VCR problems. 

400 pp., 459 illus. /3711H $29.95 

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 

-VOL 4 by Rudolf F. Graf and William Sheets. 

Find the circuits you need -FAST! You get more 

than 1,000 all -new circuits -everything from field 

strength meters and filter circuits to infrared, 

intercom, and interface circuits. You also get 

schematics and descriptions for the very latest 

circuitry in computers, controls, instrumentation, 

and more. 768 pp., 1,000 illus. /3752H 

Special introductory otter -only $39.95! 
(regularly $80.00) 

ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 

-VOL 3 by Rudolf F. Graf. Find the answers to 

your specific electronics problems or dream up 

new project ideas with this comprehensive guide. 

Covers power supplies...filters and oscillators 

...and much more. 

832 pp., 1000 illus. /334811 $39.95 

(regularly $60.00) 

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 

-VOL 1 768 pp., 1,762 illus, 

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 

-VOL 2 744 pp., 728 illus. 

These) references would be a valuable asset 

to any circuit designer or hobbyist. 
-Art Kleiman, Editor, Radio Electronics 

#5316C $49.95 (regularly $59.90) 

Buy volumes 1 and 2 (#585185 -5) for oily 
$15.90 (regularly $120) 

Volumes 1, 2, and 3 ( #585786 -3) for $109.90 
(regularly $180) 

Superdeal! Get volumes 14 ( #586148 -8) for the 

low price of $139.90 (regularly $240) 

HOME REMOTE -CONTROL A AUTOMATION PROJECTS 

-2ND ED. by Delton T. Horn. Use this one -of -a -kind 

guide for complete instructions, wiring diagrams, and 

illustrations for building a sound -activated intru- 

sion detector a remote telephone ringer an over 

voltage protector and much more. 

280 pp., 240 illus. #3165H $29.95 
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TO ORDER CALL TOLL FREE 1- 800 -822 -8158 
Please call between 8:30 a m and 5 00 p m. EST 

FAX Orders: 111 -194 -2080 

or mail coupon to: TAB Books, Blue Ridge Summit, PA 17294-0840 

- Please Cut Along Dotted Une 

Send me the book(s) below for FREE 15 -day examination, 

No. Price No Price No Price 

Please add applicable state and local sales tax. 

(Outside the U.S. add $5.00 shipping & handling) TOTAL 

Check or money order enclosed made payable to TAB Books. 

Charge my VISA MasterCard Am. Exp. 

Acct. No. Exp 

Signature 

Name 

Address 

City/State/Zip 

Satisfaction Guaranteed -If you are not satisfied, return the book(s) within 15 days 

for a complete refund. PE62 
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COLORBURST 
SV1000 VIDEO 
DIGITIZER 

CIRCLE 119 ON FREE INFORMATION CARD 

Grab frames of video with your computer and an inexpensive interface. 

Would you like to be able to 
take a static picture with a 
video camera or cam- 

corder, digitize it, then display it on 
your VGA monitor? Especially if you 
could then "grab" it for use with your 
desktop- publishing program, or dis- 
play it as an illustration within a 

database. Well, you can do all that 
with the $90 SV1000 Video Digitizer 
from Colorburst (PO Box 3091, Nashua, 
NH 03061; Tel. 603 -891 -1588;. 

To illustrate the usefulness of the 
gadget, suppose you were a real -es- 
tate agent that kept all the local list- 
ings on a computer. You could scroll 

This is a digitized high -resolution picture as seen on a VGA monitor. Note the excellent 
clarity of the image. 

up data regarding a home, and also 
show a picture of it on the screen! Or, if 
you're in manufacturing or sales, you 
could use the SV1000 to capture a 
"picture" of a product. Then you could 
import it into your sales literature using 
a desktop- publishing program. There 
are countless applications for dig- 
itized pictures. 

Hardware Requirements. The 
SV1000 unit is a compact 2.4 -inch by 
3.8 -inch board with a DB -25 male 
connector and an RCA jack. To use 
the SV1000 you'll need a computer, a 
source of composite video, and a 9- 
volt transistor -radio battery for power. 

The computer should be an IBM PC/ 
XT /AT or compatible, with minimum re- 
quirements of an 8 -MHz motherboard 
with 512K of RAM, a VGA card, mono- 
chrome VGA monitor, 360K floppy 
drive (a hard drive is also recom- 
mended), a parallel -printer port, a 
BASIC interpreter (such as BASICA or 
GWBASIC), and DOS 2.0 or higher. 

The SV100 does not need a slot in 
your computer, since it simply plugs 
into your computer's parallel -printer 
port via the DB -25 connector. That 
permits it to be used with lap -top and 
notebook computers as well as full - 
size PC's. If, like some models of the 
Tandy 1000, your printer port does not 

(Continued on page 87) 



Why take chances in 
today's job market? 

Graduate as a fully trained electronics professional. 
To get ahead and stay ahead in today's 
economy, you need the electronics 
training CIE has been providing its 

150,000 -plus successful graduates 
with for nearly 60 years. 

Meet the Electronics Specialists. 
When you pick an electronics school, 
you're getting ready to invest time and 

money. And your whole future depends 
on the education you receive in return. 
That's why it makes so much sense 

to go with number one... with the 

specialists... with CIE! 

There's no such 
thing as a bargain 
education. 
If you talk to some 
of our graduates, 
and we recom- 
mend you do, 
chances are 
you'd find a lot 
of them shopped 
around for their 
training. Not for 
the lowest priced, 
but for the best 
training available. 
They pretty much 
knew what was 
available when they picked CIE as 

number one. 

Because we're specialists we have to 

stay ahead. 
At CIE we have a position of leadership 
to maintain. Here are just a few of the 
ways we hang onto it... 

Programmed Learning. 
That's exactly what happens with CIE's 

Auto -Programmed Lessons®. Each 

lesson uses famous "programmed 
learning" methods to teach you import- 
ant electronics principles. You explore 

them, master them completely, before 
you start to apply them. You thoroughly 
understand each step before you go on 

to the next. You learn at your own pace. 

And, beyond theory, some courses 

come fully equipped with electronics 

equipment to actually let you perform 
hundreds of hands -on experiments. 

Experienced specialists work closely 
with you. 
Even though you study at home, CIEs 
faculty and staff stand ready to assist via 

CIE's toll free number. And, each time 

you return a completed exam you can 

be sure it will be reviewed, graded and 

returned with the appropriate instruc- 
tional help, you get it fast and in writing 
from the faculty technical specialist best 

qualified to answer your question in 

terms you can understand. 

Pick the pace that's right for you. 
CIE understands people need to learn at 

their own pace. There's no pressure to 
keep up...no slow learners hold you back. 

If you're a beginner, you start with the 

basics. If you already know some electro- 

nics, you move ahead to your own level. 

"Same Day" 
grading cycle. 
When we 
receive your 
lesson, we 

grade it and 
mail it back the 

same day. You 
find out quickly 
how well you're 
doing! 

needed to work with state -of- the -art 
equipment of today and tomorrow. 

New Courses! 
CIE now offers two new career courses: 

Automotive Electronics and Computer 
Operation and Programming. 

CIE offers you an Associate Degree. 

One of the best credentials you can have 

in electronics - or any other career field - is a college degree. That's why CIE 

offers an Associate in Applied Science 

in Electronics Engineering Technology. 
And all CIE career courses earn credit 
toward your degrees. 

Which CIE training fits you? 
Beginner? Intermediate? Advanced? 

CIE home study courses are designed 
for ambitious people at all entry levels. 

People who have: No previous 
electronics knowledge, but do have 

an interest in it; Some basic knowledge 

or experience in electronics; In -depth 

working experience or prior training in 

electronics. 
State -of- the -art At CIE you start where you fit and 

laboratory feel comfortable where you start, then go 

equipment. on from there to your Diploma, Associate 
Some courses Degree and career! 
feature the CIE 

Microprocessor 
Training Laboratory. An integral part of 

computers, microprocessor technology 
is used in many phases of business, 
including service and manufacturing 
industries. The MTL gives you the 

opportunity to program it and interface it 
with LED displays, memory devices and 

switches. You'll gain all the experience 

Today is the day. Send now. 
Fill in and return the postage -paid card 

attached. If some ambitious person has 

already removed it, cut out and mail the 

coupon below. You'll get a FREE CIE 

school catalog, plus complete informa- 
tion on independent home study. Mail 

in the coupon below or, if you prefer, 

call toll -free 1- 800 -321 -2155 (in Ohio. 

1- 800 -523 -9109). 

r 
YES! I want to get started. Send me my CIE school catalog including details 

about the Associate Degree program. (For your convenience, CIE will have a 

representative contact you - there is no obligation.) AH29 

Print Name 

Address 

City 

Apt. 

State Zip 

Age Area Code /Phone No ( ) 

Check box for G.I. Bulletin on Educational Benefits 1 Veteran O Active Duty 

CLEVELAND 
INSTITUTE OF 
ELECTRONICS, INC. 

L1776 

East 17th Street Cleveland, Ohio 44114 (216) 761 -9400 

kN A school of thousands. 
Ë A class of one. 

Since 1934. J 
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By Len Feldman 

Daewoo 
Model 

DVP -1060N 
Video 

Cassette 
Player 

PRODUCT 
TEST REPORTS 

Electronics industry statis- 
tics reveal that a 

substantial percentage of 
people that own VCR's 
rarely, if ever, record any- 
thing for themselves. In the 
past, "time shifting" (record- 
ing a broadcast for later 
viewing) was the primary 
use to which people put 
video recorders. In recent 
years, however, the avail- 
ability of thousands of 
motion pictures and other 
material on pre- recorded 
videotapes for purchase or 
rental has altered the pri- 
mary use of VCR's. It made 

CIRCLE 120 ON FREE INFORMATION CARD 

This Daewoo Model DVP -1060N Video -Cassette Player has a few 
creature -comfort features even though it is, for the most part, a 
basic play -on/v unit. 

sense, therefore, for some 
companies to produce 
play -only video -cassette 
machines -units that play 
tapes but have no record- 
ing capability. Clearly, such 
a machine can be man- 
ufactured at considerably 
less expense than a video 
recorder /player. 

Daewoo is a company 
based in Korea that has 
come up with just such a 
machine. With their Ameri- 
can division based in 
Carlstadt, New Jersey, 

Daewoo offers a six -month 
warranty on both parts and 
labor for their Model 
DVP- 1060N. The unit is quite 
small compared with full - 
blown VCR's, measuring 
only 11 inches in width by 
31/2 inches high by 131/a 

inches deep. It weighs just 
over 10 pounds. The player 
operates on either 117 volts 
AC or 12 volts DC. The unit 
can be powered from a 
car's cigarette lighter socket 
with a supplied cable. 
Other accessories supplied 
with this player include an 
RF cable and a remote 
control complete with a 
pair of M size batteries for 
power. 

Operating features in- 
clude a motorized front - 
loading cassette system, 
auto rewind and auto re- 
peat, shuttle search in both 
directions for quick location 
of particular segments at 21 
times normal playing speed 
in the SLP mode, con- 
nectors for separate audio 
and video outputs, and an 
"encore" feature that re- 
winds a tape at high speed 
for 8 seconds, and then 
plays. 

When a cassette is inser- 
ted into the slot on the front 
panel of this player, power 
is automatically turned on 
and playback begins auto- 
matically. When it reaches 
the end of a tape, the unit 
automatically rewinds it to 
the beginning, ejects the 
tape, and turns off. In addi- 
tion to the usual RF- output 
(for watching playback via 
TV channels 3 or 4), there 
are audio- and video -out- 
put jacks to accommodate 
TV sets having external au- 

dio and video inputs. That 
type of connection usually 
results in better picture 
quality. 

CONTROLS 
Since only playback func- 

tions are available with this 
unit, the number of front 
panel controls needed is 

relatively small. Soft-touch 
buttons along the lower 
right section of the panel, 
below the cassette slot, in- 
clude a power switch, an 
auto -repeat switch, rewind, 
play and fast -forward 
switches, a pause /still -frame 
button, a stop /eject button, 
and a button labeled "N /C" 
that is used to reduce or 
eliminate noise bars that 
often appear when trying 
to view a single frame. Fur- 
ther to the right are Iwo 
small circular buttons that 
can be used to adjust 
tracking. 

The rear panel of the 
DVP -1060N is equipped with 
RF type -F input and output 
connectors, a channel 3/4 
selector switch, standard 
phono -type video- and au- 
dio- output jacks, and a DC 
terminal for use when 
powering the player from a 
12 -volt DC source. 

One minor criticism of the 
rear -panel layout is in 
order: The power cord is 

permanently attached to 
the machine, so if you want 
to operate the player from 
a DC source, you will need 
to tie up the power cord 
with one of those familiar 
plastic -bag ties if you don't 
want it dangling all over the 
place. 

The remote control sup- 
plied with the player 
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Video frequency response at 2 MH: was off by some 8.94 dB, 
which is poorer than what's obtained with most VHS video 
recorders we have tested in recent years. 

TEST RESULTS- DAIEWOO DVP -1060N 

Specification PE Measured 
Video frequency response 

At 2.0MHz 
At 3,0 MHz 

Video signal -to -noise ratios 
Chroma AM 
Chroma PM 
Luminance, 100 -IRE reference 
Luminance, 50 -IRE reference 
Luminance, 10 -IRE reference 

0 -dB audio reference level 
THD at 0 dB reference level 

THD at -10 dB reference level 
Audio frequency response ( -3 dB) 
Per requirements (watts, AC /DC) 
Weight 
Fast forward time (T -120 tape) 
Fast rewind time (T -120 tape) 
Dimensions (H x W x D, inches) 
Price: 

-8.94 dB 
-19.4 dB 

46.2 dB 
39.4 dB 
47.7 dB 
47.6 dB 

46.4 dB 
0.58 Volts 
3.0% 
0.57% 
96 Hz to 12 kHz 
14.5/8.8 
10.8 lbs. 
3 min. 59 sec. 
3 min. 58 sec. 
31hx11 x131/ 
Unavailable_ 

Color accuracy and levels of color saturation were good on the 
play -only deck. 

duplicates the major con- 
trols found on the front 
panel and adds a few of its 

own. For example, the pre- 
viously described encore 
feature is accessible only 
from the remote control, 
and two buttons are pro- 
vided on the remote for the 
stop and eject functions in- 
stead of one as found on 
the player's front panel. 

TEST RESULTS 
As usual, lab tests were 

performed on this product 
by Advanced Product Eval- 
uation Labs (APEL), under 
the direction of Frank Barr. 

The results of those tests, 

along with the sample ac- 
tually tested were then sent 
to our lab where further 
subjective testing and 
hands -on evaluations were 
done. In the case of this 
player, APEL had to use a 
pre- recorded test tape that 
they prepared, using an in- 
dustrial- quality VCR whose 
specifications exceed those 
of VCR's typically found in 

peoples homes. All mea- 
surements were made at 
the SP speed, although it 
should be noted that the 
player will play tapes at any 
of the popular VHS format 
speeds (SF? LP and SLP). 

While tests were made with 
the player operating from 
AC line current, APEL indi- 
cated to us that the player 
operates correctly with DC 
voltages as low as 9.2 volts. 

Video frequency re- 
sponse at 2 MHz was off by 
some 8.94 dB, which is 

poorer than what's ob- 
tained with most VHS video 
recorders we have tested in 

recent years. This measure- 
ment was made using a 
multiburst test signal, and 
results are shown in a photo 
accompanying this article. 
The amplitude- modulation 
(AM) red -field chroma sig- 
nal -to -noise ratio measured 
an excellent 46.2 dB, while 
phase modulation (PM) 

chroma S/N was about 

average with a reading of 
39.4 dB. Luminance (bright- 
ness) signal -to -noise ratio 
was excellent, ranging from 
46.4 dB to 47.7 dB depend- 
ing upon the reference 
luminance level used when 
making the measurement. 
Color accuracy and levels 
of color saturation were 
good. 

As for audio perfor- 
mance, the output level for 
a 0 -dB reference recorded 
signal was 0.58 volts at a 
total-harmonic-distortion 
level of 3.0 %. Signal -to- 
noise ratio for the mono- 
phonic linear edge track 
was 47.1 dB, which is about 
normal for this type of au- 
dio reproduction system. 
Frequency response during 
the playback of audio sig- 
nals extended from 96 Hz to 
12 kHz between the Iwo -3 
dB cutoff points. Harmonic 
distortion for a 1 -kHz test 
signal recorded at -10 dB 
with respect to the refer- 
ence level was an 
acceptably low 0.57 %. All 

of the video- and audio - 
performance measure- 
ments made by APEL are 
summarized in the table 
accompanying this report. 

HANDS -ON TESTS 
We played several of the 

video tapes we own -both 
those made by us on other 
VCR's and a few commer- 
cially available pre- 
recorded tapes from our 
video library. While tracking 
adjustment was necessary 
for many of these randomly 
selected tapes, there was 
sufficient range of the 
tracking controls to bring 
each tape into proper syn- 
chronization. As suggested 
by the rather poor video 
frequency response, the 
picture detail was not par- 
ticularly outstanding. In fact, 
Daewoo, in their rather 
complete operating man- 
ual, only claim a horizontal 
resolution of 230 lines, 

(Continued on page 88) 27 
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Enter A World Of Excitement with a Subscription to 

Popular Electronics 
Get the latest electronic technology 

and information monthly! 
Now you can subscribe to the magazine that plugs you into 
the exciting world of electronics. With every issue of Popular 
Electronics you'll find a wide variety of electronics projects 
you can build and enjoy. 

Popular Electronics brings you informative new product and 
literature listings, feature articles on test equipment and 
tools -all designed to keep you tuned in to the latest devel- 
opments in electronics. So if you love to build fascinating 
electronics, just fill out the subscription form below to sub- 
scribe to Popular Electronics...It's a power -house of fun for 
the electronics enthusiast. 

EXCITING MONTHLY FEATURES LIKE: 
CONSTRUCTION -Building projects from crystal sets to 
electronic roulette 
FEATURES -Educational training on digital electronics, 
Ohm's Law, Antennas, Communications, Antique Radio, 
Simplified Theory 
HANDS -ON- REPORTS -User test comments on new and 
unusual consumer products 
SPECIAL COLUMNS -Think Tank, Circuit Circus, Com- 
puter Bits, DX Listening, Antique Radio, Amateur, Scanner 
Scene 

HOW RADIO GOT ITS VOICE 

Ponular Electrorn 
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A Buyer's Guide to DMM's 
Explore the digital -multimeter 
marketplace at a glance in our 
handy round up 

Does Your Meter 
Lie To You? 
Even the best meter can lead 
you astray if you don't fully 
understand what you are 
measuring 

Build a Precision Dual - 
Output Power Supply 
An inexpensive, adjustable, 
dual -output supply that's 
packed with features 

The Light -Beam 
Communicator 
Talk on a beam of light with 
this just- for -fun project 

Product Reviews 
Gnon L7 Camcorder, Yamaha 
AM/FM Stereo Tuner, Heath 

Analyzer, NeoGeo Yld 
t_ - astern, and more 

PLUS: ALL OUR GREAT DEPARTMENTS! 
You'll get 12 exciting and informative issues of Popular Elec- 
tronics for only $18.95. That's a savings of $16.45 off the regular 
single copy price. Subscribe to Popular Electronics today! Just fill 
out the subscription order form below. 
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FOR FASTER SERVICE CALL TODAY 

1- 800 -827 -0383 
(7:30AM- 8:30PM) 
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hen we 
need to lo- 
cate an ob- 

ject, the first sense that we 
use is sight. Well, with the 
Tracking Transmitter de- 
scribed in this article, you can 
also use your hearing. The 
Tracking Transmitter outputs 
a series of short, tone -modu- 
lated pulses that can be 
picked up on almost any FM re- 
ceiver, as a recognizable beep. 
Using an FM receiver (either 
mobile or portable), one can scout 
areas where you might expect the 
object to be located. 

When the transmitted signal is 

detected, simply varying the posi- 
tion of the receiver will cause the re- 

ceived signal strength to increase or 
decrease, enabling you to determine 
the general direction of the signal. By 

continuing to scan the area, you 
should soon be able to pinpoint the 
location of the object. 

Build a 
Miniature 
Tracking 

Transmitter 

the multivibrator output, 
Q3 and Q4 turn off, 
which also turns off 

the transmitter. Corn - 
ponents Q6, R10, R11, 

R12, L1, L2, and C5 
through C9 comprise the 

circuit's transmitter section, 
which operates from below 88 
MHz to above 108 MHz. 

Capacitor C7 is used to 
coarse tune the transmitter, while 

C6 (which is optional and can be 
left out of the circuit) is used to fine 

tune it. The antenna for this project is 

nothing more than a 6- to 12 -inch 
length of stranded insulated wire at- 
tached to the appropriate point in 

the circuit. 
The Tracking Transmitter is de- 
signed to operate from a 9- 

volt battery; however, it will 
also operate from voltages 
ranging from 5 to 18 volts. 

The higher voltages would 
produce the most powerful output 

signals. 

Circuit Description. The Tracking 
Transmitter (see the block diagram in 

Fig. 1) is a fairly simple circuit consisting 
of four distinct sub -assemblies; a free - 
running multivibrator, a transmit 
switch, an audio -tone generator, and 
an FM transmitter. The multivibrator is 

used to control the transmit switch, 
which turns both the audio generator 
and the transmitter on and off at a 
given rate. That helps to reduce 
power consumption to a bare mini- 
mum. The output of the audio gener- 
ator is fed to the FM transmitter, which 
puis out a periodic beep in the 88- to 
108 -MHz range that can be detected 
using an ordinary FM receiver. 

A schematic diagram of the Track- 

ing Transmitter is shown in Fig. 2. The 

multivibrator is comprised of compo- 
nents Q1, Q2, Cl, C2, and R1 through 
R4. The values of R2 and R3 have 
been chosen to produce a pulse 
width of 300 milliseconds with a pulse 
separation of 1500 milliseconds. The 

output of the multivibrator, which is 

taken from the collector of Q2, is cou- 
pled through R5 to the base of Q3. The 

output of Q3, taken at its emitter, is 

used to drive Q4. Together those two 

This little circuit can help 

you to find your car in a 
packed parking lot; locate 

a child who has 
disappeared in a crowd; or 
reunite you with a dog that 

has escaped the confines 

and safety of your yard. 

BY VINCENT VOLLONO 

transistors (Q3 and Q4) form the trans- 
mit switch. 

When the output of the multi - 
vibrator swings positive, Q3 turns on, 
which then turns Q4 on. With Q4 on, 
the emitter of Q6 is pulled to ground, 
causing it to conduct. With Q6 con- 
ducting, any signal applied to its base 
is transferred to the antenna, which is 

connected to the junction formed by 
C8 and C9. Components Q5, R6, R7, 

R8, and C3 make up the audio -tone 
generator, whose output is coupled to 
the base of Q6 through C4 and R8. 

During the negative alternation of 

Circuit Construction. The layout for 
the Tracking Transmitter is fairly com- 
pact. The circuit board measures only 
21/2-inches long by 13/16- inches wide 
(see Fig. 3). When building the Track- 

ing Transmitter, it is important that all 
leads be kept as short as possible to 
avoid any unwanted capacitances. 
You must also avoid any looping of the 
component leads to limit unwanted 
inductances. 

All of the components, with the ex- 

ception of the battery supply, are 
mounted on the printed- circuit 
board. Install all of the board - 
mounted components using Fig. 4 as 
a guide. Be sure to double -check all 
transistor pinouts before mounting 
those units. 

Note that all of the axial -lead com- 
ponents (R1 through R12 and L1) are 
vertically mounted. The electrolytic 
capacitors should be miniature radi- 
al -lead units. If axial -lead electrolytics 
are used, they must also be mounted 
vertically and be miniature types. 

Note that inductor L2 is a hand - 
wound, air -core coil, consisting of 
seven turns of #22 solid magnet wire. 29 
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Fig. I. The Tracking Transmitter consists of four distinct subassemblies; a free- running 
multivibrator, a transmit switch, an audio -tone generator, and an FM transmitter. 
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Fig. 2. The multivibrator (which produces a pulsewidth of 300 milliseconds with a 
pulse separation of 1500 milliseconds) is built around QI and Q2. The multivibrator 
output is coupled through RS to the base of Q3, whose emitter feeds Q4, which 
controls the circuit's transmitter section. 
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Fig. 3. The Tracking Transmitter was assembled on a small printed- circuit board, 
measuring only 21/2- inches long by 13/16-inches wide. Because of its size, the axial -lead 
components (all resistors and LI) must be mounted vertically. 
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Fig. 4. All of the components, with the exception of the battery supply are mounted on 
30 the board. Install all of the board -mounted components using this diagram as a guide. 

PARTS LIST FOR THE 
TRACKING TRANSMITTER 

SEMICONDUCTORS 
Ql --Q4, Q6- PN2222 general - 

purpose NPN silicon transistor 
Q5- 2N2646 N- channel unijunction 

transistor 

RESISTORS 
(All resistors are V4-watt, 5% units.) 
RI, R4 6800 -ohm 
R2- 180,000 -ohm 
R3- 39,000 -ohm 
R5, R11- 10,000 -ohm 
R6- 100,000 -ohm 
R7 R9 -1000 -ohm 
R10-33 -ohm 
R 12 -4700 -ohm 

CAPACITORS 
Cl, C2, C4- 10 -.LF, 16 -WVDC, 

miniature radial -lead Electrolytic 
C3, C5- .01 -u,F, ceramic -disc 
C6 -1.5- to 3 -pF miniature variable 
C7 -10- to 50 -pF miniature variable 
C8, C9- 27 -pF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

L1- 2.2 -µ,H coil 
L2 -See text 
ANTI -See text 
Printed -circuit board materials, #22 

magnet wire, 5/32 -inch drill bit (see 
text), 9 -volt transistor -radio battery, 
battery connector, enclosure 
(optional), on/off switch (optional) 
wire, solder, hardware, etc. 

Note: The following items are 
available from Xandi Electronics, 
P.O. 25647, Tempe, AR 
85285 -5647; Tel 602- 829 -8152 
(catalogs and general information) 
or 800- 336 -7389 (orders only). A 
complete parts kit ( #XTRIOOKB) 
for $28.90 + $3.00 S /H, 
containing an etched and drilled 
printed -circuit board, all resistors, 
capacitors, inductors, transistors, 
and battery snap. COD orders, add 
$6.00. Arizona residents add 6.7% 
sales tax. 

That coil is made by carefully wrap- 
ping 7 turns of the specified wire on a 
5/32 -inch drill bit. Once wound, scrape 
the insulation off of each end of the 
coil and insert the ends into the ap- 
propriate holes in the printed- circuit 
board, and solder it into place; make 
sure that you have a good electrical 
connection. Once the coil is formed 
and installed on the circuit board, you 
must be careful not to move the coil, 
or the windings may accidentally 

(Continued on page 94) 



Most people (whether tech- 
nical or non -technical) like 
projects that liW-up more 

than ones that just sit there. Apart from 
just our simple fascination w light, 

blinking indicators give us a f ing 
that "something" is going on. 

On a more serious level, illuminate 
indicators can provide the user with 
important information about a cir- 
cuit's operation, or even its lack of op- 
eration. The most popular indica 
on hobbyist- built- 
electronic devices today is probably 
the LED or light- emitting diode. So it 

behooves the hobbyist to know abo 
how to use them wisely and 
advantage, and that is why this article 
was written: To share sgPr1e basic de- 
sign techniques for LED -driver circuits, 
and provide a few useful LED applica- 
tions. 

SOLID-STATE 
LI 

A Variable- Brightness Circuit. 
Figure 1A shows a graph of LED output 
for various levels of diode current. The 

two curves in Fig. 1A were created 
from data taken from the test set -ups 
shown in Figs. 1B and 1C. When build- 
ing those circuits each silicon solar 
cell was mounted in a light -tight box 
that had its interior painted with flat 
black antireflection paint. A common 
red LED was mounted in each box 
such that its light fell directly on a solar 
cell less than 1 cm away. 

A solar cell becomes somewhat 
more linear when it is heavily loaded. 
So to linearize the cell and provide an 
indication of output current, it was 
shunted with a milliammeter resulting 
in the circuit in Fig. 1B. The resulting 
output current gives us a relative 
measure of LED light output. 

The scheme shown in Fig. 1C also 
uses a milliammeter as the output in- 

dicator. However, the solar cell is load- 
ed by a 47 -ohm resistor, so the meter 
reads the relative voltage across the 
resistor. This can also be used as a 
relative measure of the LED's intensity. 

Since the resulting curves are nearly 
linear for most of their range, the light 
intensity can obviously be controlled 
by varying the current flow through 
the LED. In other words, we can make 
a variable- brightness control by con- 
trolling the current through the LED. 

Figure 2 shows the use of a variable 
resistor, R2, for that purpose. The LED 

current (I) in amps is equal to: 

I =('J +)- VLED )/(R1 + R2) 

lIT SOURCES 
LED's can really dress up a project 

as well as provide a user with necessary 
proration, so learning to use them 

properly is important to the 

look and use of your circuits. 

BY JOSEPH J. CARR 

The voltage drop across an LED is typ- 
ically around 1.8 volts, so you can use 

that value for VLED in your calculations. 
The value of fixed resistor R1 should 

be selected so that current I does not 
exceed its maximum allowable value 
when V+ is at its maximum value or 
when the resistance of R2 is zero. For 

example, assume that the maximum 
value of V+ is 11.8 volts DC, and I, is 

20 mA. The value of R1 is found by 
setting R2 to zero and solving the pre- 
vious equation for R1: 

R1= ( (V +) - VLED ) /IMM 
R1= (11.8 - 1.8)/.02 = 500 ohms 

As a practical matter, 500 ohms is not 
a standard value for composition or 
metal -film resistors, so use a 510- or 
560 -ohm resistor instead. 

The minimum power rating of re- 

sistor R1 can be found by calculating 
as follows: 

P = l 2R1 

P = (.02)2(500) 
P = 0.2 watts 

Because only 0.20 watts are dissi- 

pated by the resistor, a' /4 -watt resistor 

can be used, and it will provide a 20% 

safety margin. If you prefer an even 
wider safety margin opt for a' /2 -watt 
rating for R1. 

The value of R2 is found by solving 
the first equation for R2 when R1 is set 

to the selected value (e.g., 510 ohms 
in our example), and I is at the mini- 
mum value that corresponds to the 
minimum desired brightness (IMIN). 

That manipulation yields: 

R2 = ((V +) -VLED ) /IMIN R1 

Assume, for the sake of our example, 
that the minimum current value is 1 

mA (i.e., .001 amperes): 
And, solving for R2: 

R2 = (11.8 - 1.8)/0.001 - 510 
R2 = 9490 ohms 

The calculated value for R2 is close 
enough to 10,000 ohms to make a 10k 

potentiometer a good choice. 
Note in Fig. 2 that R2 uses only Iwo 

terminals. Use either the middle termi- 
nal and either end terminal, or short 
the middle terminal and one end ter- 
minal together and use this joined ter- 
minal and the remaining terminal as 

the variable resistor. 

Driving LED's From Digital Cir- 
cuits. Light- emitting diodes are often 
used as indicators in digital circuits. 
There are four common digital- driver 
circuits: two are transistor- transistor- 
logic (TTL) drivers, and the other Iwo 
are Complementary Metal -Oxide 
Semiconductor (CMOS) drivers. 

The circuit in Fig. 3 shows one form 
of TTL driver. Such TTL drivers are called 
open -collector devices because the 
output terminal is the collector of an 
internal transistor (shown in the inset). 31 



The inverters output state is always 
opposite its input state. So, if the input 
is low, then the output is high; if the 
input is high, then the output is low. 
Under the output high condition there 
is no path to ground for the LED, so no 
current flows and the LED is off. But 
when the inverter output is low, the 
internal transistor is turned on hard, so 
its collector terminal is grounded. The 
cathode end of the LED is grounded 
through the inverter's output transistor, 
so it turns on. 

Although the power terminal on the 
inverter chip must be +5 volts ±0.15 
volts (the standard for all TTL devices), 
the open- collector output of some TTL 

units can operate at considerably 
higher potentials. For example, in 
some devices (e.g., 7405) no output 
can come in contact with a voltage 
greater than +5 volts, while the volt- 
age presented to 7406 and 7407 de- 
vices can be as high as + 30 volts DC. 
In such devices, output currents up to 
30 mA are permitted. 

The collector -to- emitter voltage of 
the inverter's output transistor is typ- 
ically very low (< few hundred milli- 
volts), so it is usually ignored in 
calculating the value of the series cur- 
rent limiting resistor, Rl. The value of R1 

should be: 

R1 =V+ /ICED 

where ILED is the current allowed to 
flow through the LED. 

Other TTL outputs (see inset to Fig. 4) 
may be series 'totem pole" circuits, 
but they also act as current sinks. 
When transistor Q2 is turned off, no 
current can flow between ground 
and the output. But if Q2 is turned on 
hard, a current path is completed be- 
tween ground and the output termi- 
nal. 

The typical amount of current 
needed by one regular TTL input, 
(called "fan in ") is 1.8 mA. The number 
of standard TTL inputs that one output 
can drive is called the "fan-out."A 

z standard TTL output has a fan -out of 
ten, so it can drive ten standard 1.8 mA 
TTL inputs. Thus, a TTL output can also 
handle a current load of 10 x 1.8 mA, 
or 18 mA (which is sufficient for most 
common LED's). 

có 

á The normal LED driver is naturally a 
á current source, so one can be con- 

nected directly to a TTL output as 
shown. If resistor R1 is selected to limit 

32 the LED current to 18 mA or less, then it 
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Fig. 1. In A we show two LED output curves derived by experiment. The circuit in B 
was used to get the data for the short -circuit current plot, while the circuit in C yielded 
the data for the open- circuit voltage plot. 
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Fig. 2. Since LED intensity is linearly 
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open -collector TTL inverter. The inverter 
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drive an LED by grounding the LED's 
cathode, much like the open -collector 
driver. 

will function well with the TTL device. 
Using 15 mA to allow for a margin of 
safety against both resistor tolerance 
and voltage variations, the value of R1 

should be: 

50 

10 

9 

8 

6 

5 

4 

3 

2 



Fig. 5. Unlike TTL devices, integrated 
circuits made with CMOS technology 
can source enough current to power an 
LED as shown here. 

LED1 V+ 

R1 f.. 

Fig. 6. A CMOS -based gate can sink 
currer.! much like a TTL gate ih order to 
activate an LED. 
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(USED FOR TTL);: 

GENERIC 
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V+ 

*NOMINAL VALUE 

Fig. 7. This driver circuit will work for 
either CMOS or TTL gates, but you 
don't need R3 in a CMOS- driven circuit. 

B 

Fig. 8. This simple polarity checker is 

easy to build and can be of help if you 

don't know much about a circuit's wiring 
or grounding convention. 

VI 

V2 

+12VDC 

Fig. 9. This is a bipolar output indicator 
that lets you know if one voltage is 

greater than, less than, or equal to 
another. 

R1= 5/0.015 = 333 ohms 

That value is very close to the stan- 

dard value of 330 ohms, so one would 
ordinarily select 330 ohms as the cor- 
rect value. 

The other major class of digital de- 

vices is the CMOS family, which often 
carry 4xxx and 45xx part numbers. The 

output of a CMOS device is a current 
source when high and a current sink 

when low. A CMOS output can drive 
an LED in either condition. Figure 5 

shows a CMOS LED driver that turns 

the LED on when high. Under this con- 
dition, the CMOS output is connected 
to the V + power supply through inter- 
nal circuitry. In that way electrons flow 
through the LED, the current -limiting 
resistor, and the CMOS device output 
terminal to V +. 

Figure 6 shows the opposite con- 
dition -the LED turns on when the 
CMOS output is low, Undèr this con- 
dition, the CMOS output is connected 
to ground through internal circuitry. 
Electrons flow from ground, through 
the CMOS output to the LED, R1, to V + . 

A generic LED driver circuit is shown 
in Fig. 7. That configuration can be 
used with almost any digital or other 
fòrm of DC signal source. The LED is 

turned on and off by switching tran- 
sistor Ql. When the gate is high, Q1 is 

biased hard on and the collector - 
emitter path is a near -short circuit. In 

this way, the LED's cathode is 

grounded and the LED turns on. If the 
gate source is a CMOS device, then 
the circuit will work without R3, how- 
ever, if the gate is a TTL device, then 
that pull -up resistor is needed to pro- 
vide enough current to activate Ql. 

The transistor selected for Q1 should 
have sufficient collector current and 
collector power dissipation ratings to 
sustain the full LED current indefinitely. 
It should also have sufficient beta gain 
(Hfe), to turn on hard when the base is 

at a potential of 1 volt less than V +. 
The value of R1 can be adjusted to 
ensure Q1 turn -ony without exceeding 
the base -current rating of the device. 

Checking Polarity and Voltage. 
There are many cases where you 
need to know the polarity of a DC 

voltage source. When installing or ser- 
vicing automobile electronics, for ex- 

ample, it is necessary to know 
whether the car's ground is positive or 
negative. 

The circuit of Fig. 8 is a simple polar- 
ity tester consisting of a pair of back - 
to -back LED's in series with a current - 
limiting resistor. If point "A" is positive 
with respect to point "B," then LEDI will 
turn on. On the other hand, if point "B" 

is positive with respect to point A," 

D1 

LED1 VLED 7.--1.8VDC 

Fig. 10. This is a simpler voltage -level 
sensor than that shown back in Fig. 9. 

To use it you have to know the polarity of 
the voltage it is to, monitor. 
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Fig. Il. You can "roll your own" 
optocoupler by using some heat -shrink 
tubing, an LED, an optical transistor, 

and silicon sealant as shown here. 
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Fig. 12. This high sensitivity Darlington 
LED driver circuit can be used as a 

simple logic probe. You may have to 

vary the value of RI to suit the circuit 
under test. 

then LED2 turns on. In other words, the 
polarity of the voltage across the two 
points determines which LED lights. An 

AC source causes both LED's to turn 
on. 

This technique can be used to build 
some more interesting circuits. For ex- 

ample, Fig. 9 shows an op -amp volt- 
age- comparator circuit that uses the 
polarity tester circuit as the output - 
state indicator. The output of op -amp 
Al (point "A') will be close to 12 volts 

when V1 < V2, close to 12 volts 
when V1 > V2, and zero when V1 = 
V2. By connecting the LED's back -to- 
back as shown, we obtain an indica- 
tor of which state exists. 

One application for the voltage - 
comparator circuit of Fig. 9 is as a 
voltage level indicator. If the non -in- 

verting input ( +), or V2, is set to a 
(Continued on page 93) 33 



Build a Precision 
Antenna -Rotor 

Control 
System 

B GU E HOCK NG 

Augment your antenna -rotor system with a 
circuit that allows. you to aim your antenna 
with pin -point accuracy. 

When cable television came 
to our town, our home was 
connected on a "special in- 

troductory" basis. After paying the tab 
for several months, the expense ap- 
peared greater than the benefits. I felt 
the money would be better spent on 
a new antenna system, so I canceled 
my cable service and purchased the 
necessary hardware. In fact, over time 
I purchased a few antennas, ampli- 
fiers, and the like. 

One antenna (a stacked -Yagi UHF 
antenna I use to receive San Diego's 
"Movie Channel" 120 miles away) was 
very directional, so a strong VHF signal 
in the area often swamped the UHF 
amplifier (even in spite of a filter 
placed in the line). Repositioning the 
antenna by hand worked, but soon 
became an irritating task: The wind 
would sometimes move the antenna, 
and certain weather conditions 
seemed to shift the location of the 
strongest signal. 

I eventually purchased an anten- 
na -rotor system with the expectation 
that it would accurately aim the an- 
tenna and indicate its direction. How- 
ever, wind became an even larger 

34 problem due, at least in part, to the 

play in the rotor bearings. The extreme 
directionality of the antenna required 
numerous small corrections to aim it 
for the best reception. To make mat- 
ters worse, the direction indicator on 
the control box and the antenna 
quickly went out of sync. All this lead 
me to design and build my own rotor - 
control system which is described 
here. 

Circuit Operation. The system con- 
sists of a store -bought antenna rotor 
and a home -made rotor -control unit. 
If you already own a rotor -control unit, 
you can salvage some of its parts to 
use in the home -made control circuit, 
or you could augment itwith the addi- 
tional parts used in the home -made 
unit. 

The system has a home -made di- 
rection sensor that 'tells" the control 
circuit the position of the antenna 
and the control circuit then compares 
that with the desired direction. The 
control circuit will activate the rotor to 
reposition the antenna as necessary. 

The direction sensor is shown keep- 
ing tabs on an antenna mast in Fig. 1. It 

consists of a potentiometer (R7) in a 
sealed enclosure and capped with a 

control knob fitted in a roll of tape. As 
the mast rotates, a drive cord 
wrapped around it and the tape 
spool causes the potentiometer to ro- 
tate as well. (Note the position of the 
terminal marked "CW" for clockwise 
as you will need to know which termi- 
nal that is.) 

To see how the potentiometer 
works in the system, take a look at the 
control circuit in Fig. 2. The control cir- 
cuit contains a three- voltage power 
supply comprised of T1, D3-D6, and 
U2. The negative voltage ( -V) is held 
to -10 volts or less by the voltage 
divider action of R15 and R17, and is 

filtered by C1. The positive 18 -volt 
source ( +V) from D3 and D4 is filtered 
by C2 and C3. The maximum dif- 
ference between + V and -V is lim- 
ited to about 28 volts. The positive 
voltage is regulated to 5 volts by U2 for 
use in the signal -processing portion of 
the circuit. Resistor R16 limits the cur- 
rent of the 5 -volt supply to 5 mA in the 
event of a short. 

The remainder of the circuit is re- 
sponsible for comparing the antenna 
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Fig. I. An enclosed potentiometer keeps tabs on the antenna direction via a drive cord 
and spring made from a radio -dial cord. As the antenna rotates the potentiometer 
rotates as well. 

position to the user -requested posi- 
tion and operating the rotor accord- 
ingly. As mentioned, the circuit senses 
the antenna position via the antenna - 
direction potentiometer (R7). The de- 
sired position is set by the user through 
the direction -control potentiometer, 
R12. 

Both of those potentiometers are in 

series with R13. That resistor ensures 
that the signals from the potentiome- 

ters will always be above ground. 
However, potentiometer R12 is also 
wired in series with R14. That limits its 

voltage range to about 4% less than 
R7. The reduced voltage range helps 
to ensure that the voltage from the 
antenna -direction potentiometer will 

be able to equal the buffered direc- 
tion- adjust voltage, thus allowing the 
control- circuit to enter its quiescent 
state, as you'll see. 

Potentiometers R7 and R12 are con- 
nected through isolation resistors R5 

and R10 to pins 12 and 10 of U1, re- 

spectively. Those pins are the non -in- 

verting inputs of Iwo amplifiers wired 
as voltage followers. The followers 
prevent the remainder of the circuit 
from loading the potentiometers. That 

is important since even a few micro - 
amps of current would develop a sig- 

nificant voltage across the 5k units. 

The buffered antenna -direction 
voltage is sent to a meter circuit. In the 
meter circuit a current proportional to 
that voltage flows through R9, M1, R11, 

and R13 to ground. In that fashion, the 
circuit displays the antenna position 
via M1. North is represented by both 
the full -scale and zero positions of the 
meter's needle. Trimmer R11 is ad- 
justed to limit the maximum meter 
current to 50µA (the full -scale deflec- 
tion value for M1). 

The antenna -direction voltage -fol- 
lower output is also sent to the invert- 
ing input of U1 -d, an op -amp con- 
figured as a comparator that controls 
clockwise rotation of the rotor. Some 
of that voltage is tapped off trimmer 
R8 to provide U1 -b a comparator 
that controls counterclockwise rotor 
operation -with hysterisis. The trim- 
mer is adjusted to a value slightly 
clockwise of the point where the cir- 
cuit stops "hunting." At that setting the 
circuit will give the greatest direc- 
tional sensitivity with a minimum of 
motor reversals. In a manner similar to 
the antenna -direction voltage, the 
buffered direction -adjust signal is sent 
to U1 -b and U1 -d. 

The action of those two com- 
parators is as follows: If the direction - 
adjust voltage at pin 5 is higher than 
the antenna -direction voltage at pin 
6, the output at pin 7 goes high (to the 
positive rail). That causes current to 
flow through LEDI (which lights up), 

D7, R4, and the base of Q2. Current 
also flows through R3 and the base of 
Q1, so Q1 and Q2 are both turned on. 

Those transistors activate relays K1 

and K2. Relay K2 applies line current 
to T2, the transformer used to power 
the rotor. Relay K1 causes the rotor to 
spin clockwise by connecting the ap- 
propriate rotor terminal to T2. Capaci- 
tor C7 takes the applied AC, shifts it by 
90 °, and applies that phase -shifted 
voltage to the remaining terminal of 
MOTI. In that way, C7 provides the ro- 

tor with a voltage that compliments 35 
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Fig. 2. The circuit monitors the position of the antenna and compares it to a user -set 
position and automatically activates the rotor to make adjustments as necessary. 

the voltage from T2 so both coils in the 
motor are under power for maximum 
torque. While the capacitor /rotor ar- 
rangement might seem odd, the de- 
sign is typical for antenna -rotor 
systems and a rotor will not function 
without the capacitor. 

At the same time, output pin 1 goes 
low (to the negative ràil). That output is 

held low by the reduced voltage at 
pin 3 caused by current flowing from 
R8 through R6. 

As the antenna rotates clockwise, 
R7 is turned clockwise as well, increas- 
ing the voltage representing antenna 
direction. As the antenna -direction 
voltage becomes equal to the direc- 
tion- adjust voltage, pin 7 goes low 
and the base bias current to Q1 and 
Q2 is reversed. Transistors Q1 and Q2 
turn off, as do LEDI, K1, and K2. Power 
to the rotor is interrupted and rotation 
ceases. 

If the direction -adjust voltage at pin 
2 is lower than the antenna -direction 
voltage (minus the hysterisis) at pin 3, 

pin 1 goes high. Voltage is applied to 
pin 3 via R6 to provide positive hys- 
terisis to the comparator. Transistor Q2 
is turned on by current through LED2 

36 (which lights), D8, and R4, activating 

K2 and thus powering T2. The normally 
closed contacts of K1 then provide 
power to the rotor so it rotates coun- 
terclockwise. 

At the same time, pin 7 goes low 
and that output is held low by the 
difference in input voltages. As the an- 
tenna rotates counterclockwise, R7 is 

turned counterclockwise as well, de- 
creasing the voltage representing an- 
tenna direction. When the antenna - 
direction voltage (plus hysterisis) at pin 
3 becomes equal to the direction -ad- 
just voltage at pin 2, pin 1 goes low 
applying negative voltage to R8 and 
negative hysterisis to U1 -b via pin 3. 
Further, LED2, Q2, and K2 turn off. 
Power to the rotor is interrupted and 
rotation ceases. 

Construction. The author's first pro- 
totype consisted of a rewired, store - 
bought control box (which had PL1, S1, 

T2, and C7 already in it) connected to 
the rest of the circuitry (built on a 
piece of perfboard) via some ribbon 
cable. However, if you wish to use this 
method of construction, or if you will 
gut the control box for its parts, be sure 
you use it to position the antenna due 
North first. 
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A second prototype was built en- 
tirely on perfboard. Either method of 
construction is suitable, and point -to- 
point soldering or wire -wrapping will 
work well. 

Begin by installing the resistors and 
diodes. Of course, two potentiome- 
ters (R7, the antenna -direction poten- 
tiometer, and R12, the direction -adjust 
potentiometer), M1, LEDI, and LED2 
should not be mounted to the board. 
Instead, R12, M1, LEDI, and LED2 need 
to be mounted on the cabinet for the 
circuit, and R7 will be mounted near 
the antenna mast. 

Mount the socket for U1 next. A sock- 
et is necessary so you can perform 
some tests on the circuit prior to install- 
ing U1. Now install U2, the transistors, 
the relays, and the capacitors. Note 
that the normally closed contact of K2 
is not used and can be bent out of the 
way. Remember that the contacts of 
K2 are switching line power, so insu- 
late those terminals. 

The leads to the off -board compo- 
nents (excluding the rotor), should 
now be added. With the exception of 
R7 and R12, connect the off -board 
components to the circuit using plain 
small -gauge, stranded hookup wire. 



Connect R12 to the circuit using 
shielded twisted -pair to limit noise 
pickup. Make sure you solder the 
shield to the negative (the coun- 
terclockwise) terminal of the potenti- 
ometer, and the ground side of the 
circuit (the connection to R14). 

The last component to connect is 

R12. Of course, you'll need to know 
how much shielded twisted -pair to 
use, so measure that off at this time. 
Connect the cable to the circuit mak- 
ing sure the shield is connected on 
the ground side (toward the junction 
of R13 and R14) of the circuit. Before 
you can connect the potentiometer 
to the cable, you must install it in its 

housing, so let's discuss that now. 
In the author's prototype, R7 was 

mounted in a standard wall -mount 
switch box, but you can use any box 
that you can water -proof. Drill two ' /s- 

inch holes near the center of the 
closed end of the box. One hole will 

be used for the potentiometer's shaft 
and the other for its locking tab, so 

space them accordingly. Enlarge the 
hole for the shaft to 13/32 -inch but don't 
mount the potentiometer in it just yet. 

Drill a hole in the side of the box 
large enough for the shielded cable 
and a grommet (look back at Fig. 1). 

Place a grommet in the hole and 
snake some of the cable though it. 

Solder the cable leads to the potenti- 
ometer with the shield running to the 
counterclockwise terminal and 
mount the potentiometer in place. 
Check the polarity of the connections 
one more time and seal the enclosure 
with silicon caulk. 

The drive pulley can be constructed 
from a large diameter (30mm) control 
knob, some epoxy, and a roll of plastic 
tape. Since the potentiometer is only 
active over about 275 °, a 4:3 drive 
ratio was chosen. To achieve that 
ratio, unravel tape from the spool until 
its outside diameter is equal to 4 /3's of 
the mast's diameter. For example, if 

your mast is 2 inches thick, you should 
adjust the tape diameter to 22/3 

inches. Now secure the knob to the 
potentiometer shaft and cement the 
tape roll to the control knob. With that 
done, the rotor left unconnected, and 
the IC socket empty, the circuit is 

ready for testing. 

Circuit Checkout. Before you begin 
checking the circuit, verify that the 
socket for U1 is empty. As you proceed, 

PARTS LIST 
ROTOR CONTR 

SEMICONDUCTORS 
Ul -LM324 quad op -amp, integrated 

circuit 
U2- LM7805 5 -volt, I -amp, voltage 

regulator, integrated circuit 
Ql, Q2- 2N2222Á NPN Silicon 

transistor 
Dl D8- 1N4004 1 -amp, 400-PIV 

rectifying diode 
LEDI -Green light- emitting diode 
LED2 -Red light- emitting diode 

RESISTORS 
(All fixed resistors are 1/4-watt, 5% 

units.) 
R1, R13, R16, R17 -1000 -ohm 
R2 -100 -ohm 
R3 -2200 -ohm 
R4 680 -ohm 
R5, R10- 10,000 -ohm 
R6- 100,000 -ohm 
R7, R12 -5000 -ohm linear carbon 

potentiometer 
R8 -1000 -ohm linear carbon trimmer 

potentiometer 
R9- 33,000 -ohm 
R11- 20,000 -ohm linear carbon 

trimmer potentiometer 
R14 -220 -ohm 
R15-180-ohm 

CAPACITORS 
Cl. C2- 470 -µF 35 -WVDC, 

FOR THE 
OL CIRCUIT 

electrolytic 
C3- 1000 -µF, 35 -WVDC, 

electrolytic 
C4, C5- 220 -µF, 35 -WVDC, 

electrolytic 
C6- 10 -11,F, 35 -WVDC, electrolytic 
C7- 47 -µF, 35 -WVDC, non - 

polarized electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 

KI -SPDT 12 -volt relay with 10 -amp, 
125 -VAC contacts 

K2 -SPST 12 -volt relay with 1 -amp, 
125VAC contacts 

Ml -5011A meter 
MOTI- Antenna rotor 
PLI -AC line cord and plug 
Sl -SPST switch 
Tl -120 to 25.2 -VAC, 2 -amp, center - 

tapped transformer 
T2 -120 to 24 -VAC, 2 -amp 

transformer 

Perfboard, silicon caulk, radio -dial 
cord and spring, 30mm control 
knob, spool of plastic tape, 
grommet, hardware, project 
enclosure, enclosure for a 
potentiometer, 14 -pin IC socket, 
shielded twisted pair, solder, wire, 
etc. 

you'll need to use the socket terminals 
to activate the transistors and relays, 

and to take voltage measurements. 
You will also need a multimeter with at 
least a 10- megohm input impedance 
to take those readings. Throughout 
the procedure be very cautious 
around the line- current wiring in the 
project; remember that the contacts 
of K1 carry 117 VAC. 

Start by connecting your multi - 
meter to the circuit ground, which is 

readily available from the tab of U2. 

The voltage readings you'll take in the 
following steps are referenced to the 
circuit ground, so leave that lead in 

place to take those measurements. If 

at any point you find anything out of 
the ordinary, investigate and correct 
the condition before you proceed fur- 
ther. 

To start, plug -in the AC line cord and 
switch S1 on. Read the voltage at pin 4 

of the IC socket. It should fall between 
17 and 19 volts. Measure the voltage 
at pin 11 on the socket to verify that it is 

between -9 and -11 volts. 

Now measure the voltage at the 
junction of R16 and U2; it should be 
between 4.9 and 5.1 volts. The voltage 
on the other side of that resistor should 
be between 3.8 and 4.0 volts. Also 

check the junction of R13 and R14 for 
a voltage of from 1 to 1.2 volts. 

Adjust R7 to get a 2.5 -volt reading 
( ±.01 -volt) from its wiper. Also put R11 

in its full counterclockwise position 
and R8 to its midrange position. Both 

LED's should be off at this point. Set 

your meter to perform continuity tests 

and check the contacts of K2, which 
should be open. Check the normally 
open and normally closed contacts 
of K1 to ensure it is not engaged or 
wired improperly. 

Now turn off S1 and jumper pin 4 to 
pin 1 on the IC socket. Turn S1 on and 
verify that LED2 is illuminated while 
LEDI is extinguished. Perform con- 
tinuity checks to ensure the normally 
open contacts of K2 have closed, and 
that K1 is also engaged. Turn S1 off and 
remove the jumper from the IC sock - 

(Continued on page 94) 37 



Infrared remote controls transmit 
an invisible beam of light. Not only 
is their operation a mystery to 

many people, they can also be dliffi- 
cut to troubleshoot when they're not 
working properly. This article will de- 
scribe how they work, and in addition 
show you how to build a device that 
will allow you to display a remote con- 
trol's demodulated signals or your os- 
cilloscope. 

Infrared Light. Infrared remote con- 
trols are quite commonplace these 
days. Virtually anything that has con- 
trols on it can now be purchased with 
a remote control. Devices with remote 
controls aren't any more expensive 
than devices without remotes. 

As you probably already know, with 
the exception of universal or similar 
units, the remote control from one de- 
vice usually will have no effect on an- 
other device. Have you ever won- 
dered how that is accomplished? 
Well, it's actually quite simple, but be- 
fore we begin our discussion, let's first 
be sure that we understand wha- in- 
frared (IR) is. IR is actually lignt, so it is 

very similar to the light you see emit- 
ted by a light bulb. However, what's 
different is the wavelength, or the fre- 

quency, of the emitted light. The 
wavelength, by the way, is what gives 
light its color. You've probably noticed 
that you can't see any light coming 
from your IR remote control. Thai's be- 
cause the wavelength of IR is such 
that ifs invisible to the human eye. But 
keep in mind that just because you 
can't see IR light, that doesn't mean 
that you can't construct a device that 
can see it. 

IR is used for remote controls for 
many reasons, but the main one is you 
don't have an annoying beam of light 
exiting your remote control every time 
you press a button. Now let's see how 
many different functions, as well as 
device- specific codes can be sent 
using a beam of "invisible light." 

The Language of Remotes. For you 
computer fans (no pun intended), re- 
mote controls act very much like 
modems, transmitting data in a serial 
fashion. Refer to Fig. 1 as the process is 

explained. Figure lA shows a series of 
digital pulses (intelligence) to be 
transmitted by the remote control. The 
length of time between pulses (not 
the pulses themselves) is used to rep- 
resent bits of information. For exam- 
ple, if the lime between pulses that 

A Simple 
Remote - Control 

Analyzer 

represents a binary zero is T seconds, 
the time between pulses to represent 
a one is 2T. The digital information is 

encoded on a carrier (usually 40 -kHz), 
and serially transmitted as a signal 
that resembles the waveform shown 
in Fig. 1B. 

Referring back to Fig. IA, the first 
pause between pulses, labelled 
"start," is actually 3T long and is used 
to tell the receiver (a TV VCR, tuner, or 
whatever) to prepare to receive the 
incoming data. That "start bit" also 
helps the receiver to synchronize itself 
with the remote transmitter. If the re- 
ceiver is not synchronized, it could 
misinterpret some bits along the way. 

After that, the transmitter sends a 
device ID. That allows the receiver to 
check the ID of the transmitter to 
make sure the received signal is com- 
ing from a compatible remote. If the 
ID is incorrect, the receiver's micro- 
processor ignores the rest of the 
pulses. If the ID is correct, the remain- 
ing pulses tell the receiver which func- 
tion (play, fine -tune, channel up, etc.) 
is being requested. If the function is a 
valid one, the microprocessor places 
the function bits in a special memory 
location (more on that later) and pro- 
ceeds to perform the specified task. 

Uncover the secret language of infrared 

remote controls using a device that displays 

their invisible signals on your oscilloscope. 

BY JOHN YACONO AND MARC SPIWAK 
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DATA 

IR 
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START DEVICE ID FUNCTION 

Fig. I. The encoded da a transmitted by a remote can be broken down in o three major 

parts- start, device ID, and function -as shown en A. 'chat data is transmitted (see B) 

as a series of infrared bursts. 

S1 

PL1 
A 

Fig. 2. The Remote Analyzer is so simpke because all of the signa! processing is 

performed by the infrared detectoridemooulator raodtde, MODI. 

Fig. 3. Ideally, this is what the IR output 
from a remote would look like if it was 

trying to transmit two pulses. 

Fig. 4. In the real world, there is a lot cf 
ambient noise in a mom. It can be 
generated by the walls, the furniture, a 
human, a light bulb, and just about 
anything that's at room temperature. 
Note how the trace shifts upward as it 
moves right due to a light bulb 
increasing the ambient light in the room. 

Two examples of invalid sequences 
are selecting channels outside a 
tuner's range, or requesting a function 
that contradicts what the unit is doing 
(such as rewinding during a recording 
session without first stopping). 

Fig. 5. The transmitted bursts with 
super;mposed noise (at the top of the 
bursts) might look like this. Actually, 
most environments aren't that noisy. 

If you keep your finger on a remote 
button, the remote doesn't keep re- 

peating the same string o^ bits over 
and over. Instead rttransmits: a special 
"repeat" command. The micro - 
processor then fetches the last valid 
command from Rs memory. The re- 

peat signal contains very few bits, so 

by using a repea` command, the re- 
mote can get the microprocessor to 
respond quicker. That's very Useful If 

you want to scan through channels 
rapidly, or alter volume quickly. 

Circuit Theory. A schematic di- 
agarn for the Remote Analyzer is 

shown in Fig. 2. The circuit is powered 
from a simple 5 -volt supply, consisting 
of PLI, 51, T1, a bridge rectifier (com- 
prised of D1 through D4), capacitor 

Cl, and a common 5 -volt regulator, 
U1. Switch S1 is the on /off control and is 

optional. The power -supply trans- 
former used in the prototype is a 12.6 - 

volt AC unit, but any transformer that 
can supply at least 5.6 -volts AC will do. 
The 12.6 -volt unit was used solely be- 
cause of its availability. 

The output of T1 is full -wave rectified 
by diodes D1 through D4 and filtered 
by Cl. The bumpy DC output from the 
capacitor is regulated down to 5 -volts 

by U1, a 7805 integrated regulator. 
LEDI acts as a power indicator that 
lets you know the circuit is active. 

The 5 volts DC powers a GPIU52X 
infrared -detector module (MODI) 
that single -handedly demodulates 
the 40 -kHz carrier used by most in- 

frared remotes. After demodulation, 
the resulting logic pulses are sent to 
an oscilloscope via PL2, a BNC con- 
nector. Now let's discuss the operation 
of the tiny module in depth. 

Module Operation. When infrared 
light is received by MODI, it processes 
the light to determine if it contains 
valid control signals. The best way to 
understand how the IR- detector mod- 
ule works is to take a simple pulse train 
and follow it through the stages of the 
module. Let's start with a simple two - 
pulse remote transmission, like that 
shown in Fig. 3. Note that it appears as 
two bursts of infrared turned on and 
off at 40 kHz. 

That trace is not true to life, however. 
In an average room, plenty of infrared 
noise is generated by light bulbs, the 
sun, and home -heating radiators. The 

ambient noise would look something 
like Fig. 4. Note that the graph slowly 
rises as it moves to the right. That simu- 
lates the effect of a light bulb in the 
room. The light bulb would increase 
and decrease in brilliance at 60 Hz, 

thus raising and lowering the amount 
of ambient infrared in the room. The 

module would actually receive a 
combination of the remote signal 
and the noise. A graphic representa- 
tion of that signal is shown in Fig. 5. 

Refer to Fig. 6 (the module's func- 
tional block diagram) as we describe 
the module's operation. The IR would 
be received by an IR photodiode, 
which is operated in its reverse -bias 
mode. The amount of reverse -bias 
current that the diode passes de- 
pends upon the intensity of the re- 

ceived infrared light. 39 
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Fig. 6. The module stages look something like this. Together they process infrared 
light to extract any pertinent waveform and then demodulate it. 

T 
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r 

Fig. 7. Amplifying and lim'ting the 
incoming waveform helps remove a lot of 
the noise. The noise remaining is not 
likely to pass through the remaining 
stages. 

UPPER 
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THRESHOLD 

GO 
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OIIT 

Fig. 8. The bandwidth- lam'ting filter 
eliminates the rest of the noise. In fact, 
the only way that any noise could 
successfully get through the filter is if its 
amplitude was do large that the amplifier 
and limiter stages could not help get rid 
of it. 

GO LOW 
AGAIN 

1 t2 

GO 

HIGH 

GO HIGH 
AGAIN 

t3 t4 

Fig. 9. When the wave is integrated, it doesn't make transitions very quickly, so it only 
goes completely low after a burst has finished. 

The fluctuations in current are am- 
plified by a high -gain stage, and the 
output of the amplifier is then "limited" 
by the next stage. The limiter chops 
the extreme highs and lows off the 
incoming signal, resulting in a quasi - 
digital pulse train, much like that 
shown in Fig. 7. Note how much of the 
noise has been disposed of by the 
limiter stage. 

The simplified wave then passes 
through a bandpass filter that is cen- 
tered at 40 kHz and has a bandwidth 
of ±4 kHz. The filter removes even 
more noise and also prevents sources 
of infrared operating at the wrong fre- 
quency (60 Hz, for example) from 
causing false activation. 

The filtered signal is then demodu- 

lated, thereby producing a signal that 
resembles that shown in Fig. 8. Al- 
though the circuit has effectively re- 
trieved the remote transmission, the 
processing does not end here. The 
final stages demodulate the signal so 
that the module can outputthe pulses 

The entire circuit is built on a piece of 
perfboard, and it all fats inside a small 
plastic project case. A BNC connector is 
used to connect the device to an 
oscilloscope. 

PARTS LIST FOR THE 
REMOTE ANALYZER 

SEMICONDUCTORS 
UI- LM7805 5 -volt, 1.5 -amp voltage 

regulator, integrated circuit 
Dl D4- 1N4001 I -amp, 50 -PIV 

silicon rectifier diode 
MODI- GPIU52X IR detector/ 

demodulator module (Radio Shack 
276 -137) 

LEDI- Light- emitting diode (red) 

ADDITIONAL PARTS AND 
MATERIALS 

RI- 330 -ohm, 1/4-watt, 5% resistor 
C1- 1000 -11F, 16 -WVDC, electrolytic 

capacitor 
T1 -12.6 -volt, 0.5 -amp power 

transformer 
PLI- Molded AC plug with line cord 
PL2 -BNC connector 
SI -SPST switch 
Perfboard, enclosure, coaxial cable, 

wire, solder, hardware, etc. 

5V 

OV 
t1 t2 t3 t4 

Fig. 10. This is the output from the 
Schmitt trigger and the module as a 
whole. If you compare it with Fig. 9, 
you'll see the trigger's output is 
normally high, and goes low only when 
the incoming wave surpasses the upper 
threshold (t1), and only goes high again 
when the integrated wave drops below a 
lower threshold (t2). 

represented by the bursts. The de- 
modulated signal is then integrated - 
meaning that it is sent through a filter 
that responds slowly to the changing 
signal. The result of that is shown in Fig. 
9. Note that the wave doesn't have 
enough time to go to zero during a 
burst. The individual pulses just occur 
too fast. However, the integrator's out- 
put does have enough time to go to 
zero between bursts. 

The next stage -an inverting 
"Schmitt trigger" comparator -takes 
advantage of those characteristics. Its 

output will not go low unless the input 
signal exceeds a certain amplitude, 
and will not go high again until the 
signal drops below a certain mini - 

(Continued on page 93) 



Learn about the single most important component 
of robotic systems by building a PC /stepper -motor interface. 

The electronic hobbyist who 
wants to expand his knowl- 
edge and extend his skills has 

several options: Night courses are 
available at many colleges and 
"tech" schools, but the schedules are 
inflexible. Home -study courses are an- 
other option, but they often cost hun- 
dreds of dollars. The last and perhaps 
best choice for many is a simple self - 
styled project /study program. For the 
motivated individual that is often the 
ideal approach. Using available texts 
and documentation, the self- taught 
student can design and build his own 
lab -type courses, saving hundreds of 
dollars. 

In this article, we'll present enough 
information for you to build a simple 
PC /stepper -motor interface, which 
can be used as an excellent spring- 
board into the world of automation. 
Building and using the interface will 
give the hobbyist an excellent intro- 
duction to stepper -motor theory, not 
to mention a taste of BASIC program- 
ming. 

In addition to its use as an instruc- 

BY LARRY R. ANTONUK 

tional tool, the interface board may 
also be used to control relays for any 
general -purpose computer control of 
the "outside world." Let's start off with a 
little background information on step- 
per motors. 

Why Stepper Motors? Few prod- 
ucts have revolutionized industrial - 
control technology as much as the 
simple stepper motor. Widely used for 
moving and positioning products in 

the machining and manufacturing in- 

dustries, steppers are the foundation 
of the whole applied robotics field. 
Stepper motors are found in disk driv- 
es, printers, and even in children's toys. 

Familiarity with these motors and their 
drive systems is a prerequisite for any- 
one hoping to enter the industrial - 
electronics field. In fact, their are even 
some special vocabulary words and 
catch phrases applicable only to 
stepper motors (see the boxed text 
entitled "Glossary" for some exam- 
ples). 

At this point, you might be wonder- 
ing what's so special about a stepper 

motor to make it so important. Well, 
while a stepper motor resembles a 
standard DC motor, its operation is 

quite different: A stepper is designed 
to rotate its armature one "step" or 
portion of a rotation at a time rather 
than making complete rotations at a 
given speed. 

The number of degrees in each 
step varies from motor to motor, but a 
typical value might be 1.8 degrees 
per step. That means that for each 
"signal" (which we'll discuss in detail 
later) sent to the motor from the con- 
troller, the motor shaft will rotate 1.8 

degrees, and stop. If a shaft move- 
ment of 18 degrees is desired, 10 sig- 
nals must be sent to the motor. If 

"continuous" rotation is desired, the 
motor must be sent a continuous 
stream of signals. 

As an example, the printhead on 
some printers rides on a carriage that 
is connected to a belt. The belt is driv- 
en by a stepper motor. The software 
(or firmware, to be exact) in the printer 
knows that a given number of step- 
per -motor steps corresponds to a 41 



given number of spaces on the 
platen. So the firmware commands 
the printhead to print a letter, then 
sends signals to the motor to move the 
carriage the right number of steps be- 
fore printing the next letter. Because 
of the special way stepper motors 
work, they can be stepped back- 
wards. That permits some printers to 
print in both directions. 

Another special feature of stepper - 
motor operation is their ability to 
"lock" in place. That allows them to 
brake in a precise position. With for- 
ward, backward, and braking func- 
tions available, it's possible to use a 
stepper motor to drive a threaded rod 
that mates with a nut mounted to a 
movable carriage (see Fig. 1). This 

"lead- screw" drive assembly causes 
the carriage to move back and forth 
a fixed distance that is proportional to 
the number of steps the motor takes. 
Two motor /lead -screw assemblies po- 
sitioned at 90° to one another could 
allow the carriage to move in an X -Y 

manner, similar to a plotter. Three as- 
semblies would permit'three- dimen- 
sional motion; that configuration is 

widely used in computer -controlled 
machining operations. 
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POWER SUPPLY 

TO MATCH MOTOR 

Fig. 2. A stepper motor contains two 
center -tapped windings. If you actuate 
those windings in the right sequence the 
rotor will rotate. 

In a standard, motor some type of 
"commutation" (or switching) must 
take place. The switching is required 
to change the polarity of the field 
windings so that the magnetic field 
always forces the rotor into motion. In 

a typical motor, the commutation 

MOVABLE TABLE 

STEPPER MOTOR 

THREADED 
ROD 

(LEAD SCREW) 

THREADED 
NUT 

Fig. 1. Stepper motors can perform a number of tasks where precision is important. 
Here one is shown moving a work table back and forth. 

What Makes it Step? A stepper 
motor is similar to a permanent -mag- 
net DC motor. Both types use a per- 
manent- magnet rotor or armature, 
and a coil or series of coils that make 
up the field winding. Current flowing 
through the field winding produces a 
magnetic field that opposes the 
magnetic field of the permanent 

42 magnets, causing the rotor to move. 

process is accomplished through the 
use of brushes and a commutator -a 
segmented cylinder mounted on the 
rotor shaft. As the rotor and corn - 
mutator spin, different segments of 
the commutator touch the brushes. 
The brushes and commutator seg- 
ments complete the circuit con- 
taining the coils so that current will 
flow through the right coils in the right 

direction to keep the rotor in motion. 
In a stepper motor, on the other 

hand, the commutation takes place 
in a circuit external to the motor itself. 
Typically the field windings are switch- 
ed on and off with transistors, Further- 
more, in a stepper motor, the idea is 

not to oppose the magnetic field of 
the rotor to cause it tc spin -the coils 
in a stepper attract the rotor to pull it 

to a specific position and hold it there. 
To move the rotor to the next step, you 
have to energize the right coils to 
coax it to that step. 

Figure 2 contains a schematic for a 
typical stepper motor. By applying 
voltage to the four coils in a pre- 
scribed manner, the motor will step. 
Different stepper designs require dif- 
ferent sequences of coil activation, 
but a common sequence is listed in 
Table 1. Energizing the coils in that se- 
quence will cause the rotor to step in 

one direction; reversing the se- 
quence will cause it to step in the op- 
posite direction. Keeping any Iwo of 
the coils energized will cause the rotor 
to brake. Many times the rate at which 
the coils are switched is varied to slow- 
ly bring the motor up to speed, or to 
gradually slow it down. This accelera- 
tion /deceleration process, known as 
"ramping," is often used when a 
motor has a very heavy load. 

The circuitry used to produce the 
train of data needed to step the 
motor can be simple or complex. The 
proper sequence of pulses can be 
produced with logic gates, single - 
board microprocessor systems, or PC- 
based controllers. PC controllers will 
usually make use of a card that plugs 
into an expansion slot. This card will 
often be able to drive several dif- 
ferent motors at once. In more com- 
plex systems, an optical encoder is 

often used to keep tabs on the shaft 
position. 

Finding a Motor. Surplus stepper 
motors are available from a variety of 
sources. Mail -order catalogs, elec- 
tronic parts shops, and computer /am- 
ateur -radio flea markets are good 
places to start looking. Junked disk 
drives will often yield a usable motor, 
as will old printers. There are several 
different types of stepper motors, 
each requiring a different type of 
drive circuitry. The simplest configura- 
tion (from the driver standpoint) was 
shown back in Fig. 2. That is known as a 
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bifilar- wound, six -lead hybrid motor, 
and is the type to use with our control- 
ler. That type can be identified by 
checking the coil continuity with an 
ohmmeter -look for two center - 
tapped windings. Also, many of these 
motors were produced with standard 
color coding on the leads. If the colors 
match the ones in the diagram, you 
can be fairly sure that you have the 
correct type of motor. 

Once the "common" leads are lo- 
cated, it becomes necessary to de- 
termine which of the other coil leads is 

which. The easiest way to do this is by 
connecting the motor as shown back 
in Fig. 2. Adjust a power supply to the 
voltage value stated on the motor's 
nameplate and connect it as shown. 
Switches S1 through S4 don't need to 
be actual switches -two clip- tipped 
leads will work just fine. The 20 -ohm 
resistor is used as a dropping resistor in 

most motor circuits. It prevents the 
motor from overheating when brak- 
ing. 

Arbitrarily name one pair of coils 
(coils that share a common center - 
tap) 1 and 2, and the other pair 3 and 
4. Fasten a piece of paper to the 
motor shaft, to help you see what di- 
rection the rotor is turning. When the 
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hookup is complete, connect the two 
clip leads to the first and third coils 
(close S1 and S3), then the first and 
fourth coils (S1 and S4 closed), and so 

on, simulating the signals that will be 
sent to the motor by the controller as 
indicated in Table 1. If the motor ro- 

tates a step at a time, in the same 
direction each time you change the 
clip leads it means that you randomly 
picked the proper coil designation on 
the first try. 

More likely, the motor will step in 

one direction, then step back, then 
step forward, etc. The task at this point 
is to re- designate the wires so that 
when you move the clip leads 
through the sequence the motor ro- 

tates in only in one direction. When 
you reach this stage the motor leads 
will be arranged in the order that 
matches Table. 1. (The procedure is 

fairly simple, but so are many Chinese 
puzzles. The job is best approached 
with a fresh cup of coffee.) 

Our Controller. Rather than relying 
on a large quantity of logic gates or a 
dedicated microprocessor, our con- 
troller board (see Fig. 3) is simply a 
"dumb" interface between the com- 
puter and the motor. That means that 
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TABLE 1 -STEPS AND BIT VALUES 

Step 
Coil 

Decimal 
Equivalent 1 2 3 4 

1 1 0 1 0 10 

2 1 0 0 1 9 

3 0 1 0 1 5 

4 0 1 1 0 6 

Note: 1 = Energized; 
0 = Not Energized 

the computer will do all the "thinking," 
and the controller board will simply 
drive each coil in the motor based on 
the output from the computer. There 

are several ways to get information 
into and out of a personal computer, 
but for our purposes the printer port is 

the easiest. That is because the printer 
port is a parallel port, meaning that 
eight bits are available on eight dif- 
ferent lines, all at the same time. We 

simply pick four of these lines, assign 

each one to a coil in the stepper 
motor, and instruct the computer to 
send data to the port that corre- 
sponds to the bit sequence we desire. 

The board performs two simple 
functions. First, it uses power transistors 
(Q1 -Q4) to sink the high current re- 

quired to run the motor under the di- 
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Fig. 3. The motor -control interfiee is really an isolating circuit. It isolates the 

computer port from the motor. 

MOTZ 

BIFILAR 
STEPPER 
MOTOR 

WHITE 

43 



rection of the low- current outputs of 
the printer port. Second, since it uses 
optoisolators to help perform that 
task, it provides the printer port with 
electrical isolation. That means that 
any unwanted noise generated by 
the motor will not be able to make its 

way into the computer. In addition, if a 
device on the controller board should 
fail, there is no path for any destructive 
currents to damage the printer port. 
For both these reasons optoisolators 
are worthwhile, yet inexpensive, insur- 
ance. 

Due to the small number of parts, 
construction of the board is very 
straightforward. The unit may be as- 
sembled using the PC board foil pat- 
tern shown in Fig. 4 and the parts - 
placement diagram shown in Fig. 5, 

but perfboard or even a solderless 
prototype board will work just as well. 

If you plan to use the foil pattern, 
please note that it is designed to ac- 
comodate 8 -pin IC sockets for U1-U4 
although those IC's have only 6 pins. 
That is because 8 -pin IC sockets are 
more readily available than 6 -pin 
sockets. So when installing U1 -U4 be 
sure to position them so that pins 1 

and 6 on those IC's are in holes land 8 

of the socket. 
Before you start acquiring your 

parts, please note that the resistor val- 
ues in the transistor -driver portion of 
the circuit were chosen for a given 
stepper -motor voltage, and may 

0-e e--e 

f rig NCHES 

Fig. 4. If you wish to make a PC- board, 
use this solder -side foil pattern. Note 
that it is shown here smaller than actual 
size. 

need to be altered slightly for the best 
performance. If your motor rotates, 
but doesn't have the torque you think 
it should, check to make sure you are 
using the optimum resistor values. 

44 Once the board is assembled, con- 
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Fig. 5. Stuff the printed -circuit board using this parts -placement diagram as a guide. 
If necessary, alter the connections to the motor to suit the one you use. 

nect it to the PC printer port via the 25- 
pin connector, making use of a DB -25 
male -to- female extension cable if 
necessary. Connect the power supply 
and motor, and you're ready to go. 

The Program. Getting the comput- 
er to talk to the motor is perhaps the 
easiest part of the project. If we refer 
back to Table 1, we can see that the 
coils that need to be energized 
change with each step of the motor. If 

we think of the coils as binary digits 
(the bits) of a four -bit word, we simply 
need to send this word to the printer 
port each time we want the motor to 
step. Converting the binary informa- 
tion to decimal, we see that we need 
to send the sequence 10 -9 -5 -6 (in 
regular decimal numbers) to move 
four steps, and we repeat the se- 
quence to keep the rotor rotating. Ac- 
complishing that is fairly simple. The 
simplest way to send information di- 
rectly to the printer port is via BASIC. 
Load BASIC, and type in the following: 

OUT 888, 10 <return> 

That command sends a decimal val- 

ue of 10 (which is 1010 in binary) to the 
first four lines of the printer port. The 
LED's corresponding to the first step 
sequence will light, and the motor will 
step. Now enter: 

OUT 888, 9 <return> 

The LED's will change, and the motor 
will step to the next position. Try it with 
the next two lines: 

OUT 888, 5 <return> 
OUT 888, 6 < return> 

That works well, but it's difficult to get 
the motor to go very fast since you 
have to enter each line. To resolve 
that problem create the following 
short program, and run it: 

10 OUT 888, 10 <return> 
20 OUT 888, 9 <return> 
30 OUT 888, 5 < return> 
40 OUT 888, 6 < return> 
50 GOTO 10 

Until you hit the control -break key, the 
program will send a stream of step 
sequences to the motor. Depending 
on the speed of your PC, Iwo things 

(Continued on page 91) 



Low -power amateur -radio oper- 
ation is challenging and fun. 
The thrill of making international 

contact using a rig of less than five 
watts is really something to experi- 
ence. Low -power (or QRP) equipment 
tends to be small and light, making it 

perfect to carry along on vacations. 
Unfortunately, some of the peripherals 
needed for a QRP station can be as 

large or larger than a complete QRP 

transceiver. For example, commer- 
cially available antenna tuners are 
often designed to handle upwards of 
200 watts, which means large induc- 
tors and capacitors. Because of 
that, the tuners are much larger 
than needed. 

But that needn't be because 
of the Tiny Tuner described in 

this article. The Tiny Tuner is small 
enough to fit in the palm of your 
hand, and it is flexible enough 
to match almost any piece of 
wire that you might use for an 
antenna. That's accomplished 
through an L -type filter network. 

L-Type Filters. In its basic 
form, the L -type filter -so 
named for its resemblance to 
the letter L -is built around two 
components; either an inductor 
and capacitor (LC -type) or re- 
sistor and capacitor (RC- type). 
Such circuits can be used for 
impedance matching, select- 
ing a band of frequencies from 
among many, etc. 

Two L -type LC filters are 
shown in Fig. 1. Figure 1A shows 
an L- network configuration that 
can be used to match a low- imped- 
ance output to a 50 -ohm load (the 
antenna). Figure 1B shows an L -net- 
work configuration that can be used 
to match a high -impedance output 
to a 50 -ohm load. 

Those filter circuits, in addition to 
their impedance matching proper- 
ties, also provide low -pass filtering, 
which in our application, is well suited 
to the suppression of harmonics in the 
transmitted signal. A low -pass filter will 
pass all frequencies that are at or be- 
low its design parameters, while at- 
tenuating all others. 

Although the two circuits shown in 

Fig. 1 are configured for low -pass op- 
eration, they can easily be converted 
to high -pass operation by reversing 
the positions of the inductor and ca- 

pacitor. The high -pass type filter 
would, of course, pass only signals at 
or above the design frequency, while 
attenuating all others. 

Now let's take a look at our tuner 
circuit, which uses both of the circuits 
in Fig. 1. 

The Tuner. The schematic diagram 
for the Tiny Tuner is shown in Fig. 2. As 

can be seen, the tuner is little more 

Build the 

to the load side of the antenna tuner 
(matching the high- impedance to a 
50 -ohm circuit of Fig. 1B), permitting 
you to tune long antennas. 

Tuning is handled through the in- 

ductor /switch combination. The in- 
ductor's 12 taps are connected to the 
contacts of a 12- position rotary switch, 
S2. That switch is used to select the 
number of turns that will be included 
in the circuit. The number of turns in- 

cluded in the circuit determines the 
electrical length of the antenna; i.e., 

the S1 /L1 combo is used to electrically 
lengthen or shorten the antenna. In 

that way, the antenna can be 
made resonant at the frequen- 
cy of interest. 

When S1 is in the off position 
(which takes the capacitor out 
of the circuit) and the inductor is 

set to zero inductance, a direct 
path to the output is provided 
through switch S2, thereby by- 
passing the antenna tuner. 

"Tiny Tuner" 
If you've been having problems with 

your QRP equipment, this tuner may 

be just what you need to optimize 

your rig for the frequency of interest 

BY PHIL SALAS, AD5X 

than a tapped inductor (L1), variable - 
capacitor (C1), L -type LC filter. The ca- 
pacitor is connected to the inductor 
through a center -off DPDT switch (S1), 

which allows the capacitor to be con- 
nected to either the input or output of 
the circuit. The switch enables the Tiny 

Tuner to provide either a step -up or a 
step -down impedance transforma- 
tion (depending on which extreme 
the switch is set to). 

When S1 is set to "I" (input), the ca- 
pacitor is connected to the input 
(transmitter) side of the antenna tuner. 
That configuration matches the low - 
impedance to a 50 -ohm circuit in Fig. 

1A, and therefore permits you to tune 
short antennas. When the switch is 

flipped to the "O" (output) position, 
the variable capacitor is connected 

Construction. Because the 
Tiny Tuner is comprised of so few 
parts, there is nothing difficult 
about building the circuit. In 

fact, the most difficult aspect of 
the circuit's assembly lies in 

winding the inductor, L1-and 
even that is really quite simple. 
Inductor L1 was made from #24 
enamel- coated wire hand - 
wound on an Amidon Associ- 
ates (12033 Otsego Street, 
North Hollywood, CA 91607) 
1130 -6 (yellow core) torroid coil 
form. When winding the coil, 
leave an extra length of wire at 

the beginning of the coil; that will 
serve as the zero (0) tap. Then wind 21 

turns of the wire on the coil form. As 

you wind, make loops (which will form 
the taps) at turns 1, 3, 5, 7, 9, 11, 13, 15, 

17, and 19. As the loops are made, 
give them a twist close to the toroid 
body (see Fig. 3) to hold the turns in 

place. The taps should be equally 
spaced around the coil form. That 
helps to place the taps in good posi- 
tion to be soldered to the contacts of 
the rotary switch. At turn 21, again 
leave an extra length of wire, which 
will also serve as a tap. 

Once all 21 turns have been wound, 
snip off the ends of each loop, scrape 
the enamel from the leads, individu- 
ally twist the pair of wires from each 
loop, and then tin them. After tinning 45 
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Fig. I. Here are two L -type, LC filters; 
the one in A can be used to match a low 
impedance to a 50 -ohm load, while the 
one in B can be used to match a high 
impedance to a 50 -ohm load. Those 
filter circuits, in addition to their 
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Fig. 2. The Tiny Tuner is comprised of a 
tapped inductor (LI) and a variable 
capacitor (CI), which is connected to 
the inductor through a center -off SPDT 
switch (SI). That switch arrangement 
permits the capacitor to be connected to 
either the input or output of the circuit, 
thus allowing the circuit to emulate both 
of the circuits in Fig. I. 

all the taps, solder the inductor to a 
12- position rotary switch. Assuming a 
clockwise rotation of S2, the turn -21 

tap should be connected to the first 
switch contact (making the first switch 
contact the position of maximum in- 
ductance); The turn, 0 tap should be 
connected to contact 12. Connect 
lengths of insulated hook -up wire to 
contact 12 and the wiper terminal of 
S2. They will be used to connect the 
switch /inductor assembly to switch S1. 

Place the switch /inductor assembly to 
46 the side, and begin preparing the en- 

closure to accept the tuner. 
The author housed the prototype 

unit in a 315/16 x 23/46 x 1% -inch plas- 

PARTS LIST FOR THE 
TINY TUNER 

C1- 335 -pF tuning capacitor 
LI-See text 
SI -DPDT center -off toggle switch 
S2 -SPI2T rotary switch 
11, J2 - --BNC chassis -mount jacks 

ADDITIONAL PARTS AND 
MATERIALS 

Amidon Associates TI30 -6 yellow - 
core toroid coil form, 3'S/io x 2 %16 

x 15 /8-inch plastic enclosure, 
knobs, #24 enameled wire, 
miniature microphone cable or 
RG -174 coax, hook -up wire, 
solder, hardware, etc. 

SCRAPE INSULATION, 
THEN TWIST AND TIN 

Fig. 3. Inductor LI is comprised of 21- 
turns of #24 enamel- coated wire 
handwound on a T130 -6 (yellow core) 
toroid coil form. When winding inductor 
LI, taps are made at turns I, 3, 5, 7, 9, 
11, 13, 15, 17, and 19, with turns 0 and 
21 serving as the first and twelth taps. 

tic project bar. The metal lid of fhe box 
was used as the front panel of the unit. 
Prepare the lid by first drilling holes for 
the unit's controls. A full -scale tem- 
plate of the Tiny Tuner's front panel is 

shown in Fig. 4.-The template can be 
copied or cut from the page, and 
used as a combination drilling guide 
and panel label. 

If the template is to serve as a label, 
it should first be covered with clear 
plastic laminating film (the type used 
to protect wallet ID's) and glued to the 
lid; if not, all that is needed are a cou- 
ple of strips of tape to hold the drill 
guide in place. In any case, drill holes 
at the three crosshairs. The center and 
left holes (for the DPDT center -off 
switch and variable capacitor,.re- 
spectively) should be 1/4 -inch in diam- 
eter; the right hole should be 3/8 -inch 
in diameter (for the 12- position 
switch). 

Once the front panel has been pre- 
pared, mount S1, S2 (with inductor), 
and C1. The center position is re- 
served for S1; the capacitor and in- 
ductor (S2) positions are indicated on 
the front panel by "C" and "L," respec- 
tively. Unfortunately, C1 (the 335 -pF 
variable capacitor) is\not easily 
mounted. That unit is one of those 
flush- mounted Jobs that have flat tun- 
ing knobs - that's the type used in por- 
table radios. Thus, it was necessary to 
mount that unit, and ouffit it with a 
conventional knob, in an unconven- 
tional manner. To mount the variable 
capacitor, first place the unit flush 
against the back side of the lid at the 
proper location. While holding it firmly 
in place, apply a bead of hot -melt 
glue around the unit; allow the glue to 
cool before releasing it. 

Once cooled, mount the flat knob 
to the-capacitor's tuning shaft. The flat 
knob will be used as a base for mount- 
ing a more conventional knob. Turn 
the capacitor fully counter -clockwise 

(Continued on page 90) 
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Fig. 4. The author's prototype unit was housed in a 315/6 x 206 x 15 /s -inch plastic 
project box with a metal lid. If the same size enclosure is used to house your unit, this 
template can be used as a combination drilling guide and panel label. 



Build a 
VOLTAGE 
ADAPTER 
for your car 
In just one evening, you can build a device to power your Discman, boombox, 

portable fridge, laptop computer, or any other device that requires 3, 6, or 9 volts, 

right from your car's cigarette lighter. It can even provide almost any DC voltage! 

If you've got an older car without a 
tape player or, more commonly, 
without a compact -disc player, 

you might feel that you're missing out 
on something. And even if you've got 
those gizmos in your car now, your 
tastes in music might not be the same 
as those of your passengers. The most 
cost -effective and diplomatic answer 
to both dilemmas is to use a portable, 
perhaps personal, sound system in 

your car for you or your passenger. (Of 

course a driver should not use head- 
phones; there are speakers on the 
market that can plug into a personal 
audio system and I strongly recom- 
mend using them in such circum- 
stances.) 

By now you're probably saying 
"Cost effective? Batteries for porta- 
bles aren't cost effective" That's very 
true, and that's where the Car -Power 
Adapter described in this article 
comes in. It's a small, unobtrusive de- 
vice that converts the 12 volts avail- 
able via your cars cigarette lighter 
into 3, 6, or 9 volts. I'll also show you 
how to modify the device to provide 
any DC voltage up to almost 12 volts. 

The Car -Power Adapter can be 
used for many more things. My favor- 
ite use is as a power supply for my 
garage -door opener transmitter. (I'll 

never get stuck opening my garage 
door in the rain because the little bat- 
tery went dead.) 

Of course there are devices like the 
Car -Power Adapter on the market, 
but they're pretty noticable in the 
dashboard and can get in the way of 
other stuff there. They're also more ex- 

pensive and, of course, not configura- 
ble. 

What's in It ?. The Car -Power Adapt- 
er contains an LM317 adjustable -volt- 

age regulator. Its output voltage is 

determined by the resistor network 
accompanying it. Take a look at the 
example circuit in Fig. 1. Resistors RA 

and RB set the regulator's output volt- 
age according to the following equa 
tion: 

VOUT = Vref(1 + RB /RA) + IadjRA 

In most applications, Vret (which is the 
voltage across RA) is 1.25 volts and lady 

is about 50 IA Those values make the 
equation: 

VOUT = - 1.25(1 + RB /RA) 

which is the equation that you should 
use if you want different output volt- 
ages than the ones presented here. 

The Car -Power Adapter circuit is 

shown in Fig. 2. In the circuit, the role of 
RA is played by R2. Resistors R1,, R3, and 
R4 perform the function of RB and act 
as follows: If the single -pole double - 
throw center -off switch (S1) is in the 
center position, only R2 and R1 are in 

the circuit. They program the reg- 

ulator to output 9 volts. Switching S1 to 
put R3 in the circuit causes the resis- 

tance between the adjust terminal 
and ground to drop. The effective re- 

sistance of the R1 /R3 parallel com- 
bination sets the regulator to output 3 

volts. Similarly, with R4 in parallel with 
R1, the output voltage is 6 volts. 

Circuit Construction. Although the 
Car -Power Adapter is not a critical cir- 
cuit, you should pay special attention 
to the following instructions because 
of the compactness required. One 
other thing that deserves mention is 

that the instructions are for negative - 
ground car wiring. If you've got a 
positive- ground vehicle, switch all the 
connections between the lighter 
plug's ground clip (mentioned later) 
and its center contact. 

Start by sawing the heat sink off of 
the LM317 regulator. The heat sink will 
not be necessary because of the low 
currents required by most low- voltage 
devices. The heat sink will only make 
the device impossible to fit in the light- 
er plug, so carefully get rid of it. 

For the rest of the assembly take a 
look at Fig. 3 (which, with the excep- 
tion of the plugs and the switch, repre- 
sents the physical, layout of the 
circuit). Wrap one lead of R2 around 
the LM317's center terminal as shown. 
Lay the resistor directly on the reg- 
ulator leaving room for R1 as shown. 47 
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Fig. 1. TI is is the standard way of 
wiring an LM317 adjustable- voltage 
regulator. The output voltage is 
determined by the values of RA and R8. 

yet. 
Wrap a piece of electrical tape 

over resistors R2, R3, R4, and the long 
lead of R2. The tape will insulate R2's 

long lead from Rl. Now place R1 next 
to R2. Wrap another piece of tape 
over the end of the regulator where 
the heat sink was to cover that sawed - 
off terminal. Now its time to bundle up 
the assembly with some wide heat - 
shrink tubing. Make sure that it's long 
enough to wrap around the edges of 
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1.5K Si 

Fig. 2. In the schematic diagram for the Car -Power Adapter, note how the value of RK 
(which is RI with SI in the center position) is changed by putting R3 or R4 in parallel 
with RI. 

Wrap the remaining lead around the 
adjust terminal leaving no slack in the 
lead. Solder both ends of R2 to their 
respective terminals. 

Take six pieces of stranded wire 
about 5/s -inch long, strip off' /,6 -inch of 
insulation from one end of each, and 
tin that end. I suggest you use different 
colors for easy identification. Solder 
one of them to the LM317's center ter- 
minal, close to the regulator's body, 
and trim the terminal as short as possi- 
ble. Use a small piece of heat -shrink 
tubing to insulate the connection. 
(Don't worry if you do not have a heat - 
shrink gun; a blow dryer will do.) Take 
another piece of prepared wire and 
solder it to the input terminal, again 
trimming the terminal short and using 
heat -shrink tubing. 

Take another piece of tinned wire 
and solder it close to the body of R3. 

Use a piece of heat -shrink tubing to 
insulate the connection, but don't slip 
it over the end of the resistor -that will 
make it too bulky. Repeat the pro- 
cedure for R1 and R4, but use two 
pieces of wire on one end of Rl. 

Lay R3 next to R2, wrap its free lead 
around the lead of R2 as shown, and 
solder the connection. Follow the 
same procedure to connect R4 to R3. 

Now connect the free end of R1 to R2 

48 as shown, but don't lay it next to R2 just 

the regulator. Shrink the tubing and 
trim the excess. You should have a 
compact package with wires coming 
out one side. 

Strip 1/26 -inch of insulation off the 
ends of the wires from R3, R4, and one 
of the wires from Rl. Strip 1/8 -inch off 
the remaining ends of the other three 
wires and tin them all. 

Final Assembly. Before putting ev- 
erything together, you must first pre- 
pare the switch and case (which is the 
cigarette -lighter plug). You have to ex- 
pand the hole in the back end of the 
cigarette -lighter plug for the switch to 
fit through it. You can do that easily by 
twisting a triangular hand file around 
in the hole until it's large enough to 
accommodate the switch's threads. 

You also have to grind down the 
plastic sides of the switch to fit it in the 
cigarette -lighter plug. You can use a 
hand file or power grinder. If you use a 
power grinder, go slow -the plastic 
turns to powder very quickly. Your goal 
is to take enough off of the sides of the 
switch to allow it to enter the plug and 
seat firmly against the rear. Be sure to 
leave enough plastic around the out- 
side terminals to prevent them from 
breaking off. 

Now you must determine where to 
drill the hole for the power cord, which 

PARTS LIST FOR THE 
CAR -POWER ADAPTER 

RESISTORS (All resistors are %a -watt, 
5% units.) 

R1-1500-ohm 
R2- 240 -ohm 
R3-470 -ohm 
R4 -2400 -ohm 

ADDITIONAL PARTS AND 
MATERIALS 

UI -LM317 1 -amp adjustable- voltage 
regulator, integrated circuit 

PLI- Cigarette -lighter plug 
PL2 -See text 
Heat -shrink tubing, stranded wire, 

coax, electrical tape, solder, etc. 

should be a coax type to prevent in- 
ductive pickup of noise. Put the switch 
in position inside the cigarette -lighter 
plug and measure the distance from 
the front of the case (the end that is 

inserted into the dashboard) to the 
terminals on the switch. Use the mea- 
surement to help you drill a hole for 
the power cord so the cord can enter 
without interference from the switch. 
About 1/2-inch from the end with the 
switch worked well for me. Remove 
the switch and drill the hole for the 
power cord large enough to loosely 
accommodate the coax power line 
that you use. 

Connect the wire with the 1/26 -inch 
lead from R1 to the spring clip that 
connects the cigarette -lighter plug to 
ground. Connect the remaining wire 
from R1 to the center contact of S1. 

Connect the wires from R3 and R4 to 
the remaining terminals on the switch, 
as indicated in Fig. 3. 

Solder the wire from the regulator's 
input terminal to the center terminal 
on the cigarette -lighter plug. Run the 
power -cord coax through the hole 
you made for it and solder its shielding 
to the ground clip. Slip a small piece 
of heat -shrink tubing over the wire 
from the regulator's center terminal 
and solder the coax's center conduc- 
tor to the wire. Position the tubing over 
the joint and shrink it. 

Position the ground clip so that it 
surrounds the regulator. As a final 
touch, you might want to slip some 
heat -shrink tubing over the wires sol- 
dered to the clip to provide some 
strain relief. The tubing should be posi- 
tioned to hold a bit of the wire's insula- 
tion tightly against the clip. 

(Continued on page 90) 
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The MCS -80/85 Family User's Manual 
This 240 page MCS® 8080/8085 family user's manual cohtains detailed 
descriptions of the function, operation and Interfacing of Intel's 8080 and 8085 

microprocessors. 
Order # 205775 19.95 MCS -80/85 Family User's Manual Weight: .75 lbs. 

Memory 
Over 1000 pages of data sheets, application notes and article reprints on Intel's 

Dynamic and Static RAMs, EPROM5 and Flash Memories. 

Order # 210830 22.95 Memory Weight: 2 lbs. 

Microprocessors - Volumes 1 & 2 
More than 1400 pages of data sheets on Intel's Microprocessors such as the 8086 

and 8088. Also, all of Intel's Math Coprocessors (8087, 80287 and 80387A) and 

CPUs (80286, 80386 and 80486). 

Order # 230843 27.50 Microprocessors - Vol. 1 &2 ...Weight: 2.5 lbs. 

Microcommunications 
Over 1300 pages containing design and application information and data sheets, 
for Inters entire line of microcommunications products. A few examples listed are 

Intel's first 32 -Bit LAN Coprocessor (82596), 82050, 82504, 82510, 8251A, 82530, 
82586, 8273, 8274, 8291A, 8292, 2910A, 2911A, etc. Also Included are the twisted 

pair Ethernet' products, modem chips for desktop and laptop PCs and technical 
information on Intel's communications boards and supercomponents. 
'Ethernet is a registered trademark of Xerox Corp. 

Order* 231658 24.95 Microcommunications Weight: 2.25 lbs. 

8086/8088 User's Manual- Programmer's and Hardware Reference 
This manual provides an in -depth discussion of the 8086 and 8088 processors, 
and the 8087 numeric processor extension. From basic microcomputer concepts 
to instruction sets and programming examples, this 592 page manual is filled with 
essential information on these industry standard parts. 

Order # 240487 22:95 8086/8088 User's Manual Weight: 1.5 lbs. 

Embedded Controllers and Processors - Volumes 1 & 2 
NEW - UPDATED 270645!! 
This two volume set includes over 2963 pages of data sheets, detailed 
specifications and architectural descriptions of Intel's 8 -Bit Embedded Controller 
families - the MCSR -48, MCSR -51 and MCSR -80/85 along with Intel's 16 -Bit 
Embedded Controller MCSR -96 family, the 80186/80188 family and the 375T" 

Embedded Processor. Some of the part numbers included are: 8031, 8032, 8035, 

8039, 8040, 8044, 8048, 8049, 8050, 8051, 8052, 8080A, 8085A, 8096, 8097, 
8155, 8156, 8185, 8224, 8228, 8243, 8344, 8744, 8748, 8749, 8751, 8752, 8755, 

80031, 80C32, 80051, 80052, 80054, 80058, 83C51, 87C51, 87C54, 87C58, 
80186, 80188, 80C196, 80C452, 83C152, 83C452, 88F51, etc. 

Order # 270645 26.50 Embedded Contr. & Proc. - Vol. 1 &2....Weight: 6Ibs. 

Peripherals 
Over 1400 pages on Intel's popular peripheral components such as the 8237, 

8253, 8255, 8256, 8259, 8272, 8279, 8741, 8742 and more. In addition to Intel's 

complete line of 32 -Bit Bus Chip Sets, are application notes and technical briefs. 

Order # 296467 23.95 Peripherals Weight: 2.5 lbs. 

*Books are not returnable. We carry the newest versions available. 

111111111LFUJITSIME 
Linear Products 
This book has over 700 pages of data sheets and technical information on Fujitsu's 

Linear Products. Included in this book are sections on Operational Amplifiers, 

Comparators, Automotive Audio, Power Supply Controls, Motor Drivers, Disk 
Drivers, Data Conversion and other linear products. Also Included is a Linear 

Cross Reference Guide. 

Order # FM7262 9.95 Linear Products Weight: 2 lbs. 

Static RAM Products 
Almost 500 pages of data sheets and technical information on Fujitsu's wide range 

of Static RAM Products that are still manufactured. Sections covered in this book 

are High -Speed CMOS SRAMs (MB81067, 81C74, 81C81A, etc.), High -Speed 

BiCMOS SRAMs (MB82B001, 82B78, 82884, etc.), Low -Power CMOS SRAMs 

(MB8464, 84256 and 841000), Application Specific CMOS SRAMs (MB81051, 
MB8431, etc.) and Wide Temperature Range SRAM Products. Also included Is a 

Cross Reference Guide for High -Speed CMOS and BiCMOS SRAM5. 

Order # FM8052 9.95 Static RAM Products Weight: 1.25 lbs. 

Dynamic RAM Products 
Almost 700 pages of data sheets and technical information on Fujitsu's very 
popular Dynamic RAM Products that are still manufactured. Included in this book 
are sections on NMOS DRAMs (MB81256, 81257 and 81464), CMOS DRAMs 
(MB81C1000, 81C4256, 814100, 814400, etc.) and Application Specific RAMs 
(MB81461 and 8101501). 
Order # FM8053 9.95 Dynamic RAM Products Weight: 1.5 lbs. 

Programmable Memory Products 
Almost 800 pages of data sheets and technical information on Fujitsu's NMOS 
EPROMs (MBM2764 and 27256), CMOS EPROMs (MBM27C64, 27C128, 
27C256, 27C512, 2701000, etc.), CMOS EEPROMs (MBM28C64, 28C65 and 

28C256), CMOS One -Time Programmable ROMs (MBM27C128P, 27C256AP and 

27C512P), Programmable ROMs (MB7111, 7123, 71C44, etc.), CMOS Mask - 
Programmable ROMs, NMOS Non -Volatile RAMs and Wide Temperature Range 
PROMS. Also Included is a PROM Cross Reference Guide. 

Order # FM8054 10.95 Programmable Memory Products WT: 1.75 lbs. 

Fast Track to SCSI 
This book has over 400 pages presenting an overview of the SCSI concept, a 

criteria for SCSI's use, and an explanation of Fujitsu's vendor -unique design 
features for a SCSI Protocol Controller. You will find that the book covers the 

general (and generic) SCSI design Information in the first two chapters and 

continues with specific product information on Fujitsu's SPC line of products. 

Order # FM8159 14.95 Fast Track to SCSI Weight: 1.75 lbs. 

Power Transistor Products . 

Over 300 pages of data sheets and technical information on Fujitsu's Power 
Transistors. Included In this book are sections on Ring Emitter Transistors, 
Darlington Transistor Arrays, Full Plastic Mold Ring Emitter Transistors and Field 

Effect Transistor Arrays. Also included are application notes, design information 

and a Power Transistor Cross Reference Index. 

Order # FM8215 8.95 Power Transistor Products...Weight: 1.25 lbs. 

Telecommunication Devices 
Over 600 pages of data sheets and technical information on Fujitsu's 
Telecommunication Devices which include Bipolar Prescalers, CMOS Phase - 
Locked Loops (PLLs), CMOS Telephone ICs, BICMOS Single -Chip 
PLLs /Prescalers, Bipolar Single -Chip Prescalers /VCOs, Coders /Decoders 
(CODECs) and Cellular Mobile Radio ICs. Also included is a section on design 
information for Prescalers and PLL5. 

Order # FM8236 8.95 Telecommunication Devices Weight: 1.75 lbs. 

EASY ORDER: 1- 800 -582 -4044 

mojim 2917 Bayview DriveFremont, CA 94538 EASY FAX: 1-800-582-1255 

VISA Shipping: Include 5% of total order ($3.00 min.) CUSTOMER SERVICE: 1- 510- 770 -2345 

1111111111111111.111 'COD: $5.00 Additional Charge Monday -Friday, 7AM -5PM (PST) /10AM -8PM (EST) 

CIRCLE 30 ON FREE INFORMATION CARD 



50B 

ADVERTISERS INDEX 
Free Information No. Page Free Information No. Page Free Information No. Page 

147 Accord 50T 33 EKI 50C - Microthinc 50J 

45 Ace Communications 50G 30 EasyTech 50A - Mondo- tronics 50C I 

144 Alfa Labs 50E1 31 Easylèch 50H 145 Optoelectronics 50K 

25 All Electronics 50C 32 Electronic Goldmine 50X - P.C. Boards 50V 

26 Alltronics 50Q 34 Home Control Concepts 50Y 41 Prizm Resources 50A 1 

- C &C Specialties 50H1 - Information Unlimited 5011 - PMC 50V 

- CB City 50Z 148 Interactive Image 5OR - Seattle Film Works 50H 1 

46 C &S Sales SOL 35 Internt'I Micropower 50B I 40 Sescom 50P 

27 Caig Labs 50U - Inventor Scientific 50D1 39 Silicon Valley Surplus 50D I 

- Chenesko Products 50P 36,37 JDR Microdevices 50N 150 Skyvision 50G1 

- Command Productsion 50V 146 J.P. Video 50T - Spy Supply 50D 

28 Consumertronics 50J 143 Kelvin 50E 47 United Electronic Supply 501 

- Datak 50B 1 - LJM 50P 44 Viejo 501 

29 Davilyn 50W 38 Mark Electronics 50X 42 WPT Publications 50D1 

- EDE 50B1,D1 149 Mendelson 50F 43 Xandi 50B 

XANDI Electronics 
The use of sur- 
face mount . } 

loge 
this 

smallbst FM 

The Use of sur- 
face mount 
tchnology 0 rs 
makesthlsth > smallest % 

, 

transmitter you 
can buy! Thiele 

telephone 
you 

i / 
not a toy, it out 
performs most 

can buyefPowered by the phone 
line, it can transmit a phone con- 

The XTR100 Tracking Transmitter 
transmits a continuously beeping 

The XFM100 FM tranem Hier has r 

rangeofupto1 mile ItworkswIth an, units on the market today. Our E -Z -kit venetian uptol /4mile. Our E-Z kit tone that can be received by any FM standard FM receiver. It contains 1 has all the surface mount parts pre- hasallthesurfacemountpartspre- receiver. Can beusedforgames, con- built in high gain two stage audit amen bled tothe circuit board. assembled tothecircuitboard. tests, orasan anti-theft device. amplH1erfor maximum senstivIty. 
XST500(E-Z) E-Z Kit $39.95 XSP250(E-Z) E-ZKit $29.95 XTR100(C) Kit $39.95 XFM100(C) Kit $35.95 

h 

The XTT100 is a battery powered The XPB1 is a telephone transmitter phonetransmitterwith a rangeofupto The XBD200 quickly locates hidden capable of transmitting to any FM one mile. Itonytransmitswhenthe transmitters from 1 to 2000 MHz by UeetheXPS100tocallyourhomefrom receiver up to a 1/4 mile away. phone is being used In order to con- emitting an audio output proportional any other phoneandlisten In using the Powered by the telephone line it re- serve battery life. tothetranemit ievel. built in microphone and amplifer. qu ire* nobatteries. 
KTT100(C) Kit $35.98 XBD200(C1 Kit 544.95 XPS1001C1 Kit t AS BS YDRI (C) Kit loo oc 

WE ACCEPT VISA, MC, CK, MO TOLL FREE 
COD PL602- 

829 -81152 OR PHONE ORDERS 
WRITE FOR A CATALOG 1 -800 -336 -7389 

MAIL ORDERS TO: 
XANDI ELECTRONICS 

BOX 25647 
TEMPE, AZ 85285 -5647 
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COURTEOUS SERVICE QUALITY PARTS DISCOUNT PRI ES FAST SHIPPING 

Electroluminescent BACKLIGHTS INFRARED Remote A.C. SWITCH 

At last! A low cost electroluminescent 
glow strip and Inverter. These brand - 
new units were designed to backlight 
small LCD TVs made by the Citizen 
Watch company. The inverter circuit 
changes 3 or 8 Vdc to approximately 

100 Vac, the voltage required to light the glowstrip. Luminescent surface area is 

1.T X 2.25'. The strip is a salmon color in its off state, and glows white when 
energized. The circuit board is 22 X r. Glow strip and circuitry can be 

removed easily from plastic housing. Ideal for special lighting effects. 
Citizen* 91TA operates on 3 Vdc CAT*, BLU-1 

rr 
Citizens 92TA operates on 3-6 Vdc CATI BLU -92 

each LARGE QUANTITY AVAILABLE 
10 for $32.00 100 for $275.00 

Wireless Remote Control 
FOR NINTENDO'" 

Lt) 
CAMERICA'Freedom Connection' 
Turns your wired Nintendo'' control pad- 
dle into a remote control unit. Infrared re- 
mote like those used on TV's and VCR's 
eliminates messy wires. Allows players 
more mobility. Two players can use one 
remote unit except on games where they 
play simultaneously. In those games two 
'Freedom Connections' units are re- 

quired. A well -known national discount 
toy chain sells these for more than twice 
our price. Operates on 4 AAA batteries 
(not Included). CATS IR -1 $9.95 

FLASH UNITS 

klfts 

NEW compact flash assemblies from a 
camera manufacturer. Operates on 
3 Vdc. Measures 2 1/2' X 1 1/4'. Ideal 
for use as a strobe, warning light or atten- 
tion getter. Includes a hook -up diagram 

CAT* FSH-1 $3.75 each 
10 for $35.00 100 for $325.00 

Surface mount 
LED chip. 

Clear when off, green when 
Very tiny - whole unit is 

0.115' X 0.055' X 0.05" thick. 
1 mm (0.04') lens diameter. 
Gold -plated mounting surfaces 
for superior conductivity. 
CATI SMLED -2 10 for $2.00 

100 for $18.00 
1000 for $140.00 

Standard JUMBO 
Diffused T 1 -3/4 size (5 mm) 

RED CATS LED -1 

10 for $1.50. 100 for $13.00 
GREEN CATO LED-2 

10 for 52.00. 100 for $17.00 
YELLOW CAT*, LED -3 

10 for $2.00 100 for $17.00 

FLASHING LED 
W/ built M flashing circuit 
5 volt operation. T 1 -3/4 
(5mm) _ND 

RED $1.00 each 
CAT* LED-4 10 for $9.50 

GREEN $1.00 each 
CATI LED-4G 10 for $9.50 

YELLOW $1.00 each 
CATO LED-4Y 10 for $9.50 

LED HOLDER 

Two piece holder. 
CATO HLED 
10 for 651 

CATI RC -1 

í99s h 
2 for $17.00 

This Infrared remote control device lets you turn oNoff lamps, appliances 
or other 120 Vac devices using an IR transmitter similar to the one on your 

TV or VCR. Originally designed for use with a hydromassage unit. these 

transmitters and receivers will apparently operate most A.C. devices with 

2 prong non -polarized plugs. Not recommended for use with heaters. Re- 

quires a 9 volt battery (not Included). 

UV 'rin visable " INK 
When the ink dries the writing of these felt tip pens Is viable only under a 

UV 'deck light'. Originally for marking personal belongings in case of 

theft, these pens might also be used for writing secret messages or mark- 

ing merchandise for inventory control. Large quantities available. 
CAT*,UVP 3 for $1.00 - 100 for $25.00 

D.C. Wall Transformers (120 Vac INPUT) Electret MIKE 
Veit. Amp. Plug Styl. Cont., 

4 Vdc 70 ma. 2.5mm co-ax negative 
6 Vdc 300 ma. 2.1 mm co -ax positive 
6 Vdc 750 ma. 2.5mm co-ax negative 
9 Vdc 10 ma. battery snap 
9 Vdc 300 ma. 2.1 mm co -ax positive 
9 Vdc 500 ma 2.5mm co-ax positive 
9 Vdc 1 Amp 2.1 mm co-ax negative 
12 Vdc 100 ma, 2.1mm co-ax negative 
12 Vdc 200 ma. 2.1mm co-ax negative 
12 Vdc 500 ma 2.1mm co -an negative 

HEAT SINK COMPOUND 

G C Electronics *10-8109 - For effective 
transfer of heat between components and 
heat sinks. Z9 silicone heat sink compound. 
CATO HSC -1 $2.00 per 1 oz tube 

RFI /EMI LINE FILTER 

Corcoma 2086 
20 amp RFUEMI 
general purpose 
common -mode filter. Controls line-to- 
ground nolee.Small size, low leakage. 
3.46' X 1.16' X 2.81". UL and CSA listed. 

CATO RA -201 $8.50 each 

PHOTORESISTOR 

RECHARGEABLE BATTERIES (nickel- cadmium) 

AM 
AA 
AA w/ Solder Tabs 
Sub C w/ Solder Tabs 
C 
C Heavy Duty 
D 
D Heavy Duty 

... 

1.20 180 mAh 
1.20 500 mAh 
1.20 500 mAh 

1.20 1200 mAh 
1.25 1800 rnAh 
1.20 1200 mAh 
1.25 4000 mrAh 

*tit 
oat 
NCB-AAA 
NCB-AA 
NCB-SAA 
NCB-SC 
NCB-C 
HDNCB-C 
NCB-0 
HDNCB-0 

$1.50 
$2.00 
$2.20 
$4.25 
$4.25 
$5.25 
$4.50 
$7.00 

- 
$13.50 
$18.50 
$20.00 
$40.00 
$40.00 
$42.50 
$42.50 
$65.00 

1K ohms light, 16K ohms dark. 
0.182' dia. X .08' high. 
0.18' long leads. 
CATI PRE -7 
100 for $45.00 
1000 for $400.00 

2 forS1 

Cst. 

DCTXá70 
DCTX-632 
DCTX-675 
DCTX .8310 
DCTX-932 
DCTX-950 
DCTX-910 
DCTX-1210 
DCTX-122 
DCTX-125 

Pneu 

$2.00 
$2.75 
$4.00 
$1.50 
$3.00 
$3.50 
$5.00 
$2.50 
$3.00 
$4.50 

DIP RELAYS 
Miniature Relays With Pin 

Configuration To Fit 14 DIP. 

8.61 es. I 

5 Vdc - S.P.S.T. 
GI Clarea PRMA -1 A05B. 
Normally open reed relay. 
500 ohm coil. U.L. listed. 

Diode protected. 
CATO DRLY -57 $1.50 each 

12 Vdc - S.P.S.T. 
Gordos 846Aá12 

575 ohm coil. Sealed. 
Internal damping diode. 

CATO DRLY -12 $1.25 each 

24 Vdc - S.P.D.T. 
GI Clare PRMA 1C24 

2.150 ohm coil. 
10 vA switch.ng power. 

CATO DRLY -1C24 $1.00 ea. 

48Vdc - S.P.D.T. 
Aromar s DS1E- A -DC48V 

5,750 ohm coil. 
2 amp contacts. 

CATS RLY -788 $1.00 each 

Hgh efflcientcy, omni- 
directional, miniature 
electret condenser 
microphone element. 
Low current drain, good signal to noise 
ratio, operates on 2 to 10 Vdc. Ideal 
for telephones, tape recorders, noise - 
activated alarme and other applica- 
tions. 0.39' dia X 0.31' high. 

CATO MIKE -10 851 each 
200 pcs $150.00 (751 each) 

CID U 

HALL EFFECT SENSORS 

Mbros s a 
Tiny, solid state switch 
reads Instantly to 
proximity of magnetic field. 
Operates at extremely high speeds, 
up to 100 khz. Case size: 0.12 X 

0.17' X 0.06' thick. 4.5 Vdc to 24 Vdc 
supply voltage. 10 ma. sink type 
digital output. Operating gauss - 

15 to 40. P.C. leads. 
CATO HESW -2 751 each 

10 for $6.50 100 for $60.00 

SURFACE MOUNT STYLE 

Sprague a UGN3075LT 
Operates on 4.5 - 24 Volts 
Can sink 10 ma. With suitable output 
pull up, can be used directly with 
bl -polar or CMOS logic circuits. 
Espedally suited for electronic com- 
mutation in brushes* D.C. motors us- 
ing multiple ring magnets. Very tiny 
surface mount package 0.175' X 

0.09"X 0.06' thick. 
CAT O HESW-5 2 for 51.00 

100 for $45.00 
LARGE QUANTITIES AVAILABLE 

Highest Quality METAL CASSETTES 
Premium quality metal tape in C -60 style cassettes (30 or more per side). 

One of the finest "brand -name' tapes on the market, In durabe, clear plastic 

25 transport mechanisms. Recorded and bulk erased, the record- protect tabs 
have been removed and therefore, need to be taped over to re- record. each 
Audiophiles will appreciate the wide dynamic range of this tape. If your 

cassette deck has a'mteta"setting you will hear the difference. A real bargain) 
60 min. tape - CATI C-600M 

10 for $10.00 

CASSETTE STORAGE CASE 
Black, unbreakable plastic audio cassette storage case. 
CAT* CBOX 5 for $1.00 100 for $15.00 

FAX (818) 781 -2653 INFORMATION (818) 904 -0524 
Minimum Order $10.00 All Orders Can Be Charged To Visa, Mastercard 

Or Discovercard Checks and Money Orders Accepted By Mail California, Add 

Free 64 Page Catalog Sales Tax Shipping And Handling $3.50 for the 48 Continental United States - 

Outside the U.S.A. send $2.00 All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping 

postage for a catalog. Quantities Limited No C.O.D. Prices Subject to change without notice. 

Call Or Write For Our 

DI$CVEfl 

NIMBI 

MAIL ORDERS TO: ALL ELECTRONICS CORP P.O. BOX 567 VAN NUYS, CA 91408 
CIRCLE 25 ON FREE INFORMATION CARD 
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CELLULAR TELEPHONE 
MODIFICATION HANDBOOK 

How do you reprogram 

a cellular phone? 

Descriptions of cellular phones' 
vulnerabilities ! 

Techniques for decoding and changing 
cellular phones' NAMS and ESN's 

Where to buy programming devices 

Chip supplier's phone numbers 

Instructions on how to change phone 
numbers on all models 

Cellular phone manufacturer's 
ESN codes 

Complete Manual only 
$79.95 

M.O. or C.O.D. to 

SPY Supply 
7 Colby Court Suite 215 

Bedford, NH 03110 

(617) 327 -7272 

Sold for educational purposes only 



Kelvin Meters backed by s 
2 Yr Warrant - Parts A Labor 

KELVIN DIGITAL 
MULTIMETERS 

PRO 400 with 
20MHz 

Freq Counter 

100 Basic 150 Basic+ 200 Advanced 
DC VOLTAGE DC VOLTAGE DC VOLTAGE FREQUENCY COUNTER 
AC VOLTAGE AC VOLTAGE AC VOLTAGE TO 20MHZ IDEAL FOR 
DC CURRENT DC CURRENT DC CURRENT TROUBLE SHOOTING 
RESISTANCE RESISTANCE AC CURRENT AC /DC VOLTAGE RANGES 
CONTINUITY - CONTINUITY - RESISTANCE AC /DC CURRENT RANGES 
Test- Buzzer Test-Buzzer CAPACITANCE 5 FREQUENCY RANGES 
DIODE TEST DIODE TEST CONTINUITY - 5 CAPACITANCE RANGES 
BATTERY TEST TRANSISTOR hFE Test- Buzzer LOGIC TEST 

3h Digit LCD BATTERY TEST DIODE TEST CONTINUITY TESTER/BUZZER 

LOW BATTERY 3h Dot LCD TRANSISTOR hFE DIODE CHECK 
ACCURACY - LOW BATTERY 316 Digit LCD TRANSISTOR hFE TEST 
.r -05 %RUG ACCURACY- LOW BATTERY LED TEST VERIFY GOOOEAD 

IMPEDANCE -I Meg e - 0.5% RDG ACCURACY - DISPLAY -31,2 DIGIT LCD 

KEVIN IMPEDANCE -I Meg . -05% RDG ACCURACY, 05% 

100 Basic KELVIN IMPI_DANCE10Meg IMPEDANCE - la Mewe/lvr 

'19." 150 Basic+ KE,. VIN KELVIN PRO 400 
5 95 200 Advanced 

$39.99 rotective ases 
For Models 100. 150. 200 54.95 Case For Model Pro 400 '9 ss 

$69.95 

Traine- Manual 1100 Pgsl 
gives detailed instructions. 
An excellent training tool 
covering topics for Hugh 

School lOegnner Advancedl. 

Trade School (Beginner 
Intermediate) & College. 

FEATURES 
ONE DIGIT TRUE HEXADECIMAL DIS'LAY 

WITH BUILT IN LOGIC (MEMORY. DECCDER, 
DRIVERS) FULL ALPHA CHARACTERS 

TWO INDEPENDENT CLOCKS - USER 
ADJUSTABLE FREQUENCY 8 DUTY CYCLES 

BREADBOARD:500 PT PROTO -TYPE ,aREA 
TWO POWER DISTRIBUTION BUSSES tONC. VCC) 

4 DATA BIT SWITCHES 
MOMENTARY PUSH BUTTON SWITCH (EPDT) 
4 LED DISPLAYS w IC DRIVERS 
POWER SUPPLY: WALL PLUG -IN TYPE U.L. 

LISTED 
VOLTAGE REG:S VOLTS, SHORT CIR. 

OVERLOAD PROTECT 
HOOK -UP WIRES 
COMPACT CARRYING CASE 
INSTRUCTION MANUAL FOR BEGINNER TO 

ADVANCED USERS 
MADE WITH PRIDE IN THE USA 

FREE COMPREHENSIVE 
TEACHER STUDENT LAB MANUAL 

WALL TRANSFORMERS 

WALL 
TRANSFORMER 

STOCK NO. TYPE - Female 

220069 9v DC/500 mA 

220068 12V DC /500 mA 

A PEFFECT FIT WITHIN 
ANY DIGITAL CURRICULUM 

8 YOUR CLASSROOM 
TEXTBOOK 

111E KELVIN 
L D T 

Laptop 
Digital 
Trainer 

ONE Y 

$99 95 
Stock No. 840460 

BREADBOARDS 

AUTHORIZED 
DEALER 

FLUKE 87 

FLUKE 70 Serles II 

DISCOUNTED PRICES' 
BEST BUY NEW Series II 

FLUKE 70 Series 9 
$ 63 

FLUKE 73 series II 

FLUKE 75 series!! 

FLUKE 77 Series N 

FLUKE 79 Series II 

FLUKE 83 
FLUKE 85 
FLUKE 87 True WS 

FLUKE 86 AUTOMOTIVE 

FLUKE 88 AUTOMOTIVE 

$ 89 
5127 
$149 

$169 

$2119 

$259 
$289 

$367 
$423 

FLUKE 45 $599 

111.1..11 
MI OM =I Y 
MD NO ISO - as 

FLUKE 97 SCOPEMETER 

NEW! SCOPEMETER °' SERIES 

HAND HELD, 50 MHz, DUAL CHANNEL 

FLUKE 93 $1035 
FLUKE 95 $1395 
FLUKE 97 FULLY LOADED _ 51695 

SCOPES 

LED CENTER 
SPECIAL SPECIAL 

RED LED 
As Low As 

Oty 

JUMBO 
LED 
TYPE - T 1 34, 5mm 

SPECIAL Soldering 
IRON 
with STAND, BLUE 
LONG LIFE TIP 
Stock No. 990098 

$4.50 ea 

260020 Red S.06ea /100+ 

260027 Green °.08ea/100+ 
260026 Yellow .08 ea/100. 

LED HOLDER 
for T 1 3/4 SIZE, BLACK 
Stock No. 250019 

.10 ea! 100+ Oty 

$ .06 ea / 1000+ Oty 

. 1000. 01Y 

s.05ea 
5.07 ea 
$ A7 ea 

0.37" 
7 SEGMENT 
LED READOUT 
STOCK NO TYPE COST 

260022 Anode 5.95 .. 
260090 Cathode 51.25 w 

0.6" 7 SEGMENT 
LED READOUT 
STOCK NO. Anode Jumbo 
260021 COST $1.15. 

20. Oty 99 

MALE JACK 
STOCK NO. TYPE 

370048 2.1 mm Male 

5.49 ea s.39/10+ 

Stock No. TYPE YOUR COST 

600021 555 TIMER $ .20 EA 

600029 556 DUALTIMER $ .40 EA 

600039 LM566 PLL $ .60 EA 
FUNCTION GENERATOR 

600018 7410 OP -AMP . $ .30 EA 
INTERNALLY COMPENSATED 

600026 1458 OP -AMP $ .35 EA 
DUAL MC OP -AMP DIP 

630041 2N2222 5.18 EA 

630383 PN2222 $ .08 EA 

600023 7805 VOLTAGE REDS .36 EA 

SILICON CONTROLLED RECTIFIER 
(Similar to GE C106C1) 4.0 AMP, 100 EN 

600014 $ .89 EA $ .79 EÁ50+ 

680097 aO a0 
O0 

a1lLÜaiMa- YYatiiiWlWaa 

680098 680100 
Stock No. Pos Contacts ... YOUR COST 

680093 0 500 $ 4.25 

680097 0 840 s 5.95 

580098 2 1380 $1175 
580100 4 2390 $22 s 
WIRE JUMPER KIT 
Pre -cut, Pre -Stripped 
330289 140 Piece Set ...$ 4.7' 
330290 350 Piece Set ...$ 7.75 

,wt . y' é 
A. J 

20 MHz SCOPE $345 
Dual Trace 2 Yr Warranty -Parts 8 Labor 
Stock No. 740085 

SCOPE 
PROBES 
60 MHz, X1 8 X10 

SPECIAL 
700072 ... $18.95 
150 MHz, X10 

700073 $39 95 

575r 
5.99 .a 

RED LED 
DISPLAY 

20 PIN Bar Graph Í 
STOCK NO. Color YOUR COST loe Qty 

260058 Red $ 1.99 se 51.79 . 
260088 Green $ 1.99 .. 51.79 ea 

260089 Yellow 5 1.99 ea 51.79 .. 
MOVING SIGN DISPLAY 
for Fabricating Your Own Moving Sign DI.p aI 

50 mm 
STOCK NO. 
260001 

$595.. 

P roject 
Speaker 
2 ", 8 Ohm, .1 Wall 
Stock No. 350009 

59 0 
P ro e c t 
BUZZER ° 
3 - 9 Volt DC, 80 db 
Stock No. 680089 
'1.59 ea 

$1.39 ea / t0+ Oty -5.y El 
H O R N 
ALARM 

Loud Penetrating Sound 
Stock No. 640001 
5.75 ea 9VDC 
$ .69 ea / 10+ Oty 

DC MOTOR 
for SOLAR ROBOTIC 
Stock No. 852211 - 

$.50 ea 
1.5 to 6VDC 

S .45 ea 120+ Oty 

XENON STROBE 
Stock No. TUBE 
260050 
52.95 ea 
$2.50 ea / 20+ Oty 

TRIGGER COIL 
for XenonStrobe Tube 
Stock No. 320037 
$1.25 ea 
$ .89 ea / 20+ Oty 

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

$2.79 ea 

NEON LAMP 
062, Long Lands 
Stock No. 280003 

.15 ea 
$.12 ealloc +Qty 

PHOTO CELL 
CADMIUM SELENIDE 
Stock No. 260017 

$ .99 ea 

PHOTO CELL 
SULPHIDE 
Stock No. 260018 

4.99 ea 

PUSH -BUTTON SWITCH 
PUSH -ON, PUSH -OFF 
Stock No. 270021 
5.55 ea 
$ .49 ea / 100+ Oty 

$5.45 .. 20. 

Duracell / Eveready 
9V Alkaline Battery 
51.95 ea 

$1.75 ea/10+ 

9V Battery 
SNAP a HOLDER 
Snap 5.15 ea $.10 ea /100+ 

Holder '20 ea $ .10 ea /100+ 

KELVI .07,017 
10 Hub Drive. Melville. N 

IC CLIPS 
SOLDER TYPE 
SPRING LOADED 
Stock No. COLOR COST 25+ Oty 
990104 BLACK s .65 ea 1.50 ea 

990105 RED 5 .65 ea 5 .50 ea 

IC TEST 
LEAD SET 
5 COLOR CODED 
18" LEADS WITH 
MINIATURE HOOK -ON 

PROD AT BOTH ENOS 
Stock No. YOUR COST 
990108 '8.95 ea 

DOUBLE 
BANANA 
JACK 

3+Oryy 
'8.25 ea 

Stock No. YOUR COST 
600056 52.30 ea 

FEMALE 
BNC TO 
DUAL 
BANANA 
PLUG 
Stock No. YOUR COST 3+ Dry 
990103 12.95 ea 52.75 ea 

DUAL 
BANANA 
BINDING 
POST TO 
MALE BNC PLUG 
Stock No. YOUR COST 3+ Oty 
600058 '5.95 ea 54.95 ea 

BNC TEST CABLES 3 FT. 

3+ Oty 
$2.07 ea 

SUB- MINIATURE MOMENTARY 
SWITCH 
Stock No. 990002 
5.35 ea 
$ .28 ea / 100+ Oty 

MINIATURE TOGGLE SWITCH 
Stock No. 270034 
5.90 ea Type - SPST 

$ .79 ea / 50+ Oty 

MALE TO MALE 
Stock No. YOUR COST 3+ OV 
990101 '3.45 ea 52.95 ea 

Established 1945 
Electronics 

11747 

CIRCLE RESPONSE CARD o, 

WRITE for our CATALOG lull of 
WHOLESALE PRICED ITEMS 

OVER 10,000 ITEMS 
IN STOCK 

ELECTRONIC COMPONENTS 
8 TECHNOLOGY ACTIVITIES 

i 
VISA 8 MASTERCARD ACCEPTED 

$20 MINIMUM ORDER 
MINIMUM FREIGHT $5 

Call: 1(800) 645 -9212 

1(516) 756 -1750 

Fax 1(516) 756 -1763 

CIRCLE 143 ON FREE INFORMATION CARD 
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1 -800- 344 -4465 -THE NUMBER THAT SAVES YOU MONEY!" 

FIELD SERVICE KIT 

The Legge Field Service 
Kit permits repair tecnicians 
to perform field repair on a 
staticfree surface. Complete 
with 2' x 2' work surface, 

q wrist -band, 15 groundwith 
1 -meg ohm resistor and cli . 

Part No. 570 -0001 F 1q% $19 95 ea. 

9600 BAUD FAX CARD 
Microtek MFAX96P 
Auto dial & receive 
Background Operatio 
Multi -page /Destination 
Polling. Operates any Microtek 300 dpi . 

Scanner. Includes Fax Software. IBM PC,XT.AT 
Compatible 
Part No. 220 -3109 $99ea. 
TEMPEST LETTER 
QUALITY PRINTER 
120/240VAC 49/63HZ 
RS 232C /MIL- STD -18 
Serial Interface. Letter 
Quality Daisy 
Printwheel. Mfg. for Inteq by Qume 
FACTORY REFURBISHED 'Model LQP -5100B 
(AFP -7 -T). 55 CPS Print Speed .Wide Carriage 

Part No. 220 -3702 $149ea. 
IBM PC /AT CASE 
Genuine IBM Case 
Full Size AT Case 
Accepts Mini or 1,1 
Full Size Motherboards 0111lí °111Ní1 =I 

Slide -off Top. 8 Slot Frame 
Made in U.S.A. 

Part No. 220 -2759 $49ea. 
EXTERNAL DRIVE CASE 
Operates with PS /2 
models 25, 30, 50, 60 
and 80. Operates with 
Dos 3.3 on PS /2 models. 
Allows Data Exchange 
between PC /AT or PC /XT 
and PS /2. Powers On with 
Computer. 
Part No. 220 -2763F $2995ea. 
IBM PC /AT GUIDE TO 
OPERATIONS 
An ideal getting started guide 
for beginners. Complete with 
Exploring The IBM Personal 
Computer Software. Learn the basics: .. 

keyboard commands, printer functions, 
disk storage, dos, basic programming and 
Funwriter a basic word processing package. 

Includes IBM AT Diagnostics Disk. 
(IBM#6280102) Retail $9.95ea. 
Part No. 220 -0073 

/ ! H S - - vís 
% VISA' 

ALARM BOARD 
Great experimenting board. 
24 lug and 6 lug terminal ` qr strips, 8 relays, 8 slide 
switches, over 30 ICs, 4 hh 
heatsinks, 2ft. four conductor telephone 
line cord and many other parts. $3 95 $2 95 

Part No.100 -9990F (ea) 

REGENCY TRAVEL 
SCANNER I 

The INFORMANT. 
Great for the travelers, 
programed with frequencies for each state. 
Includes DC power cord and AC adapter included. 

(10 +) 

Part No. 660 -0018F $79 95 

ROBOTIC EDUCATIONAL 
KIT 
A comprehensive introductory 
course on intelligent 
machines which encom- 
passes robotics,AI,computers 
and sensor systems.The 
course has five units of text,a 
sixth with experiments and,a 
final exam kit. 

Part No. 370 -0006 

Itl In; era 
imam 

$9.95ea. 
3 1/2" DISK DRIVE 
360K Disk Drive 
MFG. By:Mitsumi 
Model No. M57BCL -1 

Complete with mounting 
bracket and two S &K switches. 
Great for hobbyist and computer -3,/;\-f 
buffs. 34 pin data connection 
and 4 pin power connection. $9 95 $795 

Part No. 220 -3415F (ea) (5 +) 

PLASTIC PARTS BOX 

.\ . 

15 "x14 "x5" 
Great for under 
counter storage. 

Part No. 580 -9998F 

$5 00 $4.00 
(ea) (10 +) 

POWER CORD 
Very popular computer 
and monitor power 
cord. 18 -3 cord. 
6' long. 

Part No. 630 -0120F 

$1 95 $1.65 
(ea) (10 +) 

3.5" SS DISKETTES 

Complete with 
labels. Formatts 
to 720K.(DS /DD) 
Order in lots of 10. 

Part No. 229 -7150F 

39C 25° 
(10 +) (50 +) 

Mendelson Electronics Co., Inc. 
340 East First Street Dayton, Ohio 45402 
800/422- 3525 513/461-3525 Fax 513/461 -3391 

1- 800 -344 -4465 
CIRCLE 149 ON FREE INFORMATION CARD 

SOLDER TYPE 
D -SUBS 

PINS 
9 

9 

15 

25 
25 
37 
37 
50 
50 

TYPE PART NO. 
Female 240 -1100F 
Male 240-1101F 
Male 240 -1093F 
Male 240-1311F 
Female 244 -1206F 
Male 240 -1096F 
Female 244 -7300F 
Female 244 -7064F 
Male 240 -1098F 

1 -24 

45e 

450 

65e 

65e 

650 

85P, 

85e 

95e 

950 

25+ 
30e 
30e 
45e 
500 
50e 
65e 
65e 
75e 
750 

PLASTIC DB 
HOODS 

Part No. 240- 1210F(9 PIN) 
Part No. 240- 1458F(15 PIN) 
Part No. 240- 1459F(25 PIN) 

PLASTIC DB 
HOODS 

'40 
75c 55' 
(ea) (25+) 

Part No. 240- 1091F(9 PIN) 
Part No. 240- 1092F(15 PIN) 

75C 55o 
(ea) (25+) 

14AWG HOOK -UP WIRE 
2 Conductor(red & black) 
with PVC (black). 
Great for installations. 1-4 5+ 
Part No. 630-0661F(50') $8.95 $7.45 
Part No. 630- 0662F(100') $15.95 $13.95 
Part No. 630- 0663F(1000') $99.95 -- 

24AWG TELEPHONE WIRE 
4 Conductor -. 
Outdoor 
approved. 
Part No. 630- 0761F(50') 
Part No. 630- 0762F(100') 
Part No. 630- 0763F(1000') 

1 -9 
$4.95 
$6.95 
$39.95 

10+ 
$3.95 
$5.95 

DUAL RG -59U COAXIAL 
CABLE 
78 %, 75 ohm, PVC. = - 

Easily separated 
for single runs. 1 -9 10+ 
Part No. 630-0861F(50') $8.95 $6.95 
Part No. 630- 0862F(100') $13.95 $10.95 

7.5VDC, 100MA ADAPTOR 

117VAC input, with 
10ít. cord and 2.1mm 
DC coaxial plug. 
7.5VDC, 100mA output. 

Part No. 600 -6108F 

LOOK FORAND SAVE!! 

$2.45 $1 .95 

(ea) (10 +) 

STORE HOURS. 8:30- 5:00(Eastern Time) Monday MR, Saturday 
IBM PC /XT is a registered trademark of IBM Corp. 
TERMS. MASTERCARDNISANDISCOVER. CHECK, or MONEY ORDER 
(Checks allow Iwo weeks for clearance.) 
Ohio residents add 6.5% Slate la, 
shippnginandarg -UPS Chan Rate. $2.00(Mm.$3.90)(add 64.0011 ordering COD) 
Prices subject to charge mewl notice. 

$20.00 Minimum Order 
Returns atlar 10 days sublecl to a 20% restocking fee (All returns most have RAS) 

ACall or write for a free catalog. 
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COMMUNICATIONS 

Communications Radios 
SCANNER & SHORTWAVE 

AOR 
AR1000XC 
$429.00 
AM Broadcast 
to Microwave 
1000 Channels 
500KHz to 1300MHz coverage in a 
programmable hand held. Ten scan 
banks, ten search banks. Lockout on 
search and scan. AM plus narrow and 
broadcast FM. Priority, hold, delay and 
selectable search increments of 5 to 
995KC. Permanent memory. 4 AA 
ni -cads and wall plus cig charger 
included along with belt clip case and. 
ant. & earphone. 
Size: 6 7/8 x 1 3/4 x 21/2. Wt. 12 oz. 

AR2500 
$499.00 
2016 Channels 
1MHz to 1300 MHz 
Computer Cotrol 
62 Scan Banks, 16 Search Banks, 35 
channels per second. Computer control 
for logging and spectrum display. AM, 
NFM, WFM, & BFO for CW/SSB. 
Priority bank, delay /hold and selectable 
search increments. Permanent memory. 
DC or AC with adaptors included. 
Size: 21/4 H x 5 5/8 W x 6 1/2D. Wt. 1 Ib. 
Mtng brkt & Ant incld. 

AR3000 
$1095.00 
100KHz to 2036MHz 
400 Channels 
Extreme coverage, excellent sensitivity, 
plus processor controlled band pass 
filtering and attenuation to elimmate 
interference. AM, NFM, Wide FM, LSB, 
USB, CW modes. RS232 control. Lockout 
in search. 4 priority channels. Delay & 
hold & Freescan modes. 
Size: 3 1/7 H x 5 2/5 W x77 /8 D. 
Wt. 2 lbs. 10 oz. Ant. & AC /DC 
pwr cords included. 

Free Shipping and Handling 
25 Day Satisfaction Guarantee 
Toll Free Service and Support 

No Credit Card Surcharges 
Full Warranties 

SCANNERS 
AOR AR900 
$269.00 
Lo, Hi, Air, UHF, 800 
100 Channel Hand Held 
5 Scan & 5 Search banks with permanent 
memory. Extremely compact. Unrestricted 
800 coverage. Permanent memory, Delay, 
Hold, Priority. Supplied with Antennas, 
Charger, Ni -Cad Batts, Belt Clip. 

Bearcat BC760 
$269.95 
Lo, Hi, Air, UHF, 800 
100 Channel Mobile 
Five banks of 20 channels, weather scan, 
delay, priority, and search. AC /DC power 
cords, Ant., and mtng brkt included 
Bearcat BC200XLT $259.95 
AOR AR950 $259.00 
Bearcat BC55XLT $119.95 
Bearcat BC560XLT $99.95 
AOR AR880 $149.00 
Bearcat BC210XLT $149.95 
Bearcat BC7OXLT $129.95 
Bearcat BC590XLT $199.95 
Bearcat BC855XLT $199.95 
Bearcat BC147XL $99.95 
Bearcat BC172XL $139.95 
Bearcat BC800XLT $2449.95 

2 -WAY 
RH256 
$319.00 
REGENCY /RELM 

!I 

A.Vid 

Keyboard programmable 16 channel 
25watt transceiver with receive scan. 
Program CTCSS tone, range 148- 162MHz. 
Mic, mtng brkt, DC cord included. 
Size: 61/2 W x 101/2 D x 21/2 W Wt. 64 oz. 
RSP Prog. Hand Held VHF $419.00 
HR3500 10 mtr Mobile $249.00 
Ranger Marine Mobile $159.00 
Ranger Marine Hand Held $179.00 

SONY 
ICF2010 
$349.00 
The top selling shortwave receiver. Covers 
150KHz to 30.0MHz with 76 to 108 FM and 
116 to 136MHz Air. Keyboard programmable 
with 32 memories. Synchronous detection 
and selectable IF bandwidth. 
Size: 61/4 H x 113/8 D x 21/16 D Wt. 3 lbs 12 oz. 
Kenwood R5000 $879.00 
Grundig SAT650 $849.00 
Grundig SAT500 $499.00 
Kenwood RZ1 $499.00 
Sangean ATS803A $174.00 

ACCESSORIES 

Wide Band PT ' 

Preamp 
GW-2 $89.00 
Impprove sensitivity of any receiver. -3 to 
+25db gain, adjustable. GaAsFET design, 
>1.5db NF, 100KHz to 1500MHz coverage. 
9VDC power, battery included. 
Size: 3H x 17/8 W x 11 /8 D Wt. 50z. BNC cnctrs. 

Interference Filter 
MPIF $59.00 
Filters interference from TV, FM broadcast, 
Paging and Cellular. 
Size: 3 H x l 7/8 W x 11/8 D Wt. 5 oz. BNC cnctrs. 

Wide Coverage Base Antenna 
DA300 $99.50 
25- 1200MHz RX. TX or RX. 37" high. N 
adaptor with 50 ft. of cable to BNC adaptor. 

Antennas, power adaptors, computer 
programs. Call for details. 

WARRANTIES & SERVICE 

Extended warranties available for many units 
Call toll free for details. Service available for 
many scanners and transceivers by ex- factory 
technicians. Call toll free for cost estimates. 

To Order Call 1.800.445.7717 
In All 50 States and Canada. 24 Hours a Day. Fax Orders: 1- 800 -448 -1084, 24 Hours a Day. 

ACE Communications Monitor Division 10707 E. 106th Street, Fishers, IN 46038 
Int'l Voice# 317 -842 -7115. Int'l Fax# 317 -849 -8794. 

Service and Support Lines: Mon -Fri 9 a.m. to 9 p.m., Saturday 10 -4.EST 
MasterCard, Visa, American Express, Check, Approved P.O.'s & C.O.D. (add 5.00) 

Price,specifications and availability subject to change. 

.60 
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50G 



EASY ORDER 

1- 800 -582 -4044 

MOTOR I a 
Order # Price Description Pins 
MC1377P 2.65 Color TV RGB to PAL/NTSC Encoder 20 
MC1408 -6 1.49 8 -Bit D/A Converter (DAC0806LCN) 16 
MC1408.7 1.49 8 -Bit D/A Converter (DAC0807LCN) 16 
MC1408 -8 1.49 8 -Bit D/A Converter (DAC0808LCN) 16 
MC1496P .89 Balanced Mod. /Demodulator 14 
MC1648P 3.95 MECL Voltage Controlled Oscillator 14 
MC2672B4P 19.95 Programmable Video Timing Controller, 4MHz 40 
MC2674B4P 19.95 Video Display Controller, 4MHz 40 
MC3346P 1.45 General Purpose Transistor Array 14 
MC3350P .75 Triple Independent Differential Amp 16 
MC3470P 1.05 Floppy Disk Read Amp System 18 
MC3479P 3.95 Biphase Stepper Motor Driver 16 
MC3486P .99 Quad EIA- 422/423 Line Rec. with 3 -State Outputs 16 
MC3487P .99 Quad EIA -422 Line Driver with 3 -State Outputs 16 
MC4024P 2.75 Dual Voltage Control Multivibrator 14 
MC4044P 2.75 Frequency Phase Detector 14 
MC6875I 12.95 Two -Phase Clock Generator /Driver 16 
MC10124P 1.45 Quad TTL to MECL Translator 16 
MC10125P 1.45 Quad MECL to TTL Translator 16 
MC14411P 7.95 Bit Rate Frequency Generator 24 
MC14490P 4.25 Hex Contact Bounce Eliminator 16 
MC14495P 3.95 BCD to 7- Segment Latch /Decoder /Driver 16 
MC145026P 2.65 CMOS Remote Control Encoder 

(Encodes 9 Bits and Sends Serially) 16 
MC145027P 3.95 CMOS Remote Control Decoder 16 
MC145028P 3.95 CMOS Remote Control Decoder (9 -Bit Address) 16 
MC145151P 9.95 Parallel Input PLL Frequency Synthesizer 28 
MC145406P 2.75 EIA- 232/V.28 CMOS Driver /Receiver 16 
MC146818A 4.15 Real Time Clock Plus RAM 24 
MC146818AFN 3.95 Real Time Clock Plus RAM PLCC 28 
MC146818P 4.25 Real Time Clock Plus RAM 24 
MC68000P12 11.95 16 -/32 -Bit MPU, 12MHz 64 
MC68008P10 8.95 16 -Bit MPU with 8 -Bit Data Bus, 10MHz 48 
MC68010P12 54.95 16 -/32 -Bit Virtual Memory MPU, 12MHz 64 
MC6802ORC16E 139.95 32 -Bit Virtual Memory MPU, 16MHz PGA 114 
MC6802ORC25E 189.95 32 -Bit Virtual Memory MPU, 25MHz PGA 114 
MC6803ORC16B 229.95 Second Generation 32 -Bit Enhanced 

Virtual Memory MPU, 16MHz PGA 128 
MC68030RC25B 319.95 Second Generation 32 -Bit Enhanced 

Virtual Memory MPU, 25MHz PGA 128 
MC68230P10 8.95 Parallel Interface/Timer 48 
MC68450L10 59.95 Direct Memory Access Controller 64 
MC68488P 22.95 General Purpose Interface Adapter (1 MHz) 40 
MC68661 PB 2.95 Enhanced Prog. Comm. Interface (SC2661 A or B) 28 
MC68681 P 7.95 Dual Universal AsynchronousReceiver /Transmitter 40 
MC68881 RC25B 114.95 HCMOS Floating -Point Coprocessor, 25MHz PGA 68 
MC68882RC25A 149.95 HCMOS Enhanced Floating -Point 

Coprocessor, 25MHz PGA 68 
MC68701 16.75 8 -Bit MCU, 2048 Bytes EPROM, 128 Bytes RAM, /0....40 
MC68705P3S 13.95 8 -Bit MCU, 1804 Bytes EPROM, 112 Bytes RAM, /0...28 
MC68EC03ORP25B 99.95 32 -Bit Embedded Controller, 25MHz PGA 124 
MC68HC000P12 17.95 Low Power HCMOS 16 -/32 -Bit MPU, 12MHz 64 
MC68HC11A1P 18.95 8 -Bit HCMOS MCU with SPI, SCI, 8 -Bit ND 

Cony., 512 Bytes EEPROM, 256 Bytes SRAM 48 
MC68HC705C8P 19.95 8 -Bit MCU, 24 I/O Lines, SCI, SPI, 8K of 

OTPROM, Internal Timer 40 
MC68HC705C8S 29.95 8 -Bit MCU, 24 I/O Lines, SCI, SPI, 8K of EPROM, 

Internal Timer 40 

Order # Price Organization Pins 
9346 2.75 1024 Bit Serial, 5V Read/Write 8 
2816A35 3.45 2048x8 35ons, 5V Read/Write 24 
2817A25 6.75 2048x8 250ns, 5V Read/Write (Pin 1- Ready/Busy) 28 
2864A25 8.95 8192x8 250ns, 5V Read/Write (Pin 1 -N /C) 28 
28C256 -25 26.95 32,768x8 250ns, 5V Read/Write CMOS 28 

HARD - TO - FIND SOCKETS 
Order # Price Description Pins 
S28SMS 1.39 Machine Screw, .3" Wide (Skinny Dip) 28 
S32LP .49 Low Profile, .6" Wide (Standard Size) 32 
S48MS 1.55 Machine Screw, .6" Wide (Standard Size) 48 

50H S64MS 1.95 Machine Screw, .9" Wide 64 

EASY FAX 

1- 800 -582 -1255 

Order # Price Description Pins 
ADC0804LCN 2.95 8 -Bit ND Converter (1 LSB) 20 
ADC0809CCN 3.75 8 -Bit A/D Converter with 8- Channel Multiplexer 28 
ADC0817CCN 12.95 8 -Bit A/D Converter with 16- Channel Multiplexer 40 
ADC0820CCN 8.95 8 -Bit High Speed A/D Cony. with Track/Hold Function 20 
DAC0800LCN 1.95 8 -Bit D/A Converter (t1 LSB) 16 
DAC0806LCN 1.49 8 -Bit D/A Converter (MC1408 -6) 16 
DAC0807LCN 1.49 8 -Bit D/A Converter (MC1408 -7) 16 
DA00808LCN 1.49 8 -Bit D/A Converter (MC1408 -8) 16 
DAC0830LCN 4.95 8 -Bit Up D/A Converter (.05% Linear) 20 
MB40576 3.55 6 -Bit Ultra -High Speed Video ND Converter 16 
MB87020 34.95 16 -Bit CMOS ND or D/A Selectable Converter 40 
TLC549IP 2.15 8 -Bit ND Converter (±0.5 LSB) 8 
ZN427E8 14.95 8 -Bit Successive Approximation ND Converter 18 
ZN428E8 7.95 8 -Bit Latched Input D/A Converter 16 
ZN429E8 3.75 8 -Bit D/A Converter (±1/2 LSB) 14 
ZN449E - 5.75 8 -Bit MPU Compatible ND Converter (1 LSB) 18 

Order # Price Description Pins 
Z0803008PSD 9.50 Serial Communications Controller 8MHz 40 
Z80A 1.25 CPU (MK3880 -4) (780C -1) 4MHz 40 
Z80A -CTC 1.55 Counter Timer Circuit (MK3882 -4) 4MHz 28 
Z80A -DART 3.95 Dual Asynchronous Receiver/Transmitter 4MHz 40 
Z80A -P10 1.85 Parallel I/O Interface Controller (MK3881 -4) 4MHz ..40 
Z80A -S10/0 3.95 Serial I/O (TxCB & RxCB Bonded) (MK3884 -4) 4MHz...40 
Z80A -SI02 3.95 Serial I/O (Lacks SYNCB) (MK3887 -4) 4MHz 40 
Z8OB 2.45 CPU (MK3880 -6) 6MHz 40 
Z84C0008 5.95 CPU 8MHz (CMOS) 40 
Z84C1008 10.95 DMA (Direct Memory Access) 8MHz (CMOS) 40 
Z84C2008 5.95 PIO (Parallel I/O Interface Cont.) 8MHz (CMOS) 40 
Z84C3008 5.95 CTC (Counter Timer Circuit) 8MHz (CMOS) 28 
284C4008 8.95 SIO /0 8MHz (CMOS) 40 
Z84C4108 8.95 SIO /1 8MHz (CMOS) 40 
Z84C4208 8.95 SIO /2 8MHz (CMOS) 40 
Z8530 4.55 Serial Communications Controller 40 

MOTOROLA DATABOOKS* 
Order # DL138 7.95 Fact Data Weight: 1 lb. 
Over 400 pages on the 74AC /ACT serles. 
Order # HB205 8.95 MECL System Design Handbook Weight: 1 Ib. 
234 pages about MECL operation. 
Order # M68HCO5AG 9.95 Mce9HCe5/HC7o5C8 Applications Guide Weight: 1 lb. 
296 pages about microcontrollers with details about the MC68HC705C8. 
Order # M68HC11 RM 13.95 MC68HC11 Reference Manual Weight: 2 lbs. 
484 pages on the MC68HC11 family. 
Order # M68000FR 12.95 MC68000 Family Reference Weight: 2 lbs. 
Over 700 pages covering the entire MC68000 family. 
Order # M68000PM 11.95 Programmer's Reference Manual Weight: 2 lbs. 
More than 500 pages of detailed information on each of the instructions used by the 
MPUs and coprocessors in the MC68000 family. 
Order # M68000UM 6.95 Microprocessors User's Manual ..Weight: .75 lbs. 
This 210 page manual provides hardware details and programming information for the 
MC68000, 68008, 68010 and 68HC000 microprocessors. 
Order # MC68020UM 7.95 MC68020 User's Manual Weight: 1.5 lbs. 
This 367 page user's manual describes the capabilities, operation and programming of 
the MC68020 MPU. 

Order # MC68030UM 13.95 MC68030 User's Manual Weight: 2 lbs. 
This 590 page users manual describes the capabilities, operation and programming of 
the MC68030 MPU. 
Order # MC68EC03OUM 7.95 MC68EC030 Users Manual Weight: 2 lbs. 
This 472 page user's manual describes the capabilities, operation and programming of 
the MC68EC030. 

Order # MC68881UM 13.95 MC68881/882 User's Manual Weight: 2 lbs. 
395 pages on the MC68881/68882 Floating -Point Coprocessors. 

ZILOG DATABOOKS* 
Order # Z29 9.95 Z80 CPU Technical Manual Weight: 1 lb. 
This 338 page manual contains everything you need to know about Zilog's Z80 CPU. 

Order # Z2480 13.95 Intelligent Peripheral Controllers Weight: 2 lbs. 
More than 700 pages on Zilog's Intelligent Peripheral Controllers. 

Order # 12503 13.95 Datacom ICs Weight: 2 lbs. 
Over 700 pages on Zilog's Data Communications ICs (Z8530, 8030, 80181, etc.). 

Order # Z8275 16.95 Microcontrollers Weight: 3 lbs. 
Over 1300 pages of data sheets, appl. notes and tech. info. on Zilog's microcontrollers. 

'Books are not returnable. We carry the newest versions available. 
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Order # 

Output 
Price Pwr. (W) 

Input 
Pwr. (W) 

Frequency 
Range (Mhz) 

Gain 
db/Mhz *Package 

MRF212 19.95 10 1.25 136-174 9/175 145A-09 
MRF221 16.35 15 3.5 136-174 6.3/175 211-07 
MRF224 17.75 40 14.3 136-174 4.5/175 211-07 
MRF237 3.69 4 025 136-174 12/175 79-05 
MRF238 15.95 30 3.7 136-174 9/175 145A-09 
MRF239 16.95 30 3 136-174 10/175 145A-09 
MRF240 17.49 40 5 136-174 9/175 145A-09 
MRF240A 17.49 40 5 136-174 9/175 211-07 
MRF247 24.75 75 15 136-174 7/175 316-01 
MRF260 11.95 5 0.5 136-174 10/175 221A-04 
MRF262 12.95 15 3.5 136-174 6.3/175 221A-04 
MRF264 13.95 30 9.1 136-174 5.2/175 221A-04 
MRF314A 35.95 30 3 30-200 10/150 145A-09 
MRF315A 32.49 45 5.7 30-200 9/150 145A-09 
MRF316 63.95 80 8 30-200 10/150 316-01 
MRF317 64.95 100 12.5 30-200 9/150 316-01 
M R F321 24.95 10 0.62 100-500 12/400 244-04 
MRF327 63.95 80 14.9. 100-400 7.3/400 316-01 
MRF340 9.95 8 0.4 30-200 13/136 221A-04 
MRF450A 14.49 50 4 14-30 11/30 145A-09 
MRF454 15.49 80 5 14-30 12/30 211-11 
MRF455A 12.69 60 3 14-30 13/30 145A-09 
MRF458 19.95 80 5 14-30 12/30 211-11 
MRF515 2.95 0.75 0.12 400-512 8/470 79-04 
MRF555 3.49 1.5 0.15 400-512 10/470 317D-02 
MRF557 5.49 1.5 0.23 806-960 8/870 317D-02 
MRF559 2.25 0.5 0.08 806-960 8/870 317-01 
MRF607 2.49 1.75 0.12 136-174 11.5/175 79-04 
MRF627 9.95 0.5 0.05 400-512 10/470 305A-01 
MRF629 4.49 2 0.32 400-512 8/470 79-05 
MRF630 3.95 3 0.33 400-512 9.5/470 79-05 
MRF641 20.49 15 2.5 400-512 7.8/470 316-01 
MRF644 23.95 25 5.9 400-512 6.2/470 316-01 
MRF646 25.95 40 13.3 400-512 4.8/470 316-01 
MRF648 30.95 60 22 400-512 4.4/470 316-01 
MRF650 29.95 50 11.7 100-500 6.3/470 316-01 
MRF652 11.49 5 0.5 400-512 10/512 244-04 
MRF654 19.95 15 2.5 400-512 7.8/470 244-04 
MRF660 13.95 7 2 400-512 5.4/470 221A-04 
2N3553 2.95 2.5 - 136-174 10/175 79-04 
2N3866 1.25 1 0.1 100-400 10/400 79-04 
2N4427 1.25 1 0.1 136-174 10/175 79-04 
2N5641 16.95 7 1 30-200 8.4/175 144B-05 
2N5642 18.49 20 3 30-200 8.2/175 145A-09 
2N5643 19.95 40 6.9 30-200 7.6/175 145A-09 
2N5944 11.95 2 0.25 400-512 9/470 244-04 
2N5945 11.95 4 0.64 400-512 8/470 244-04 
2N5946 14.95 10 2.5 400-512 6/470 244-04 
2N6080 9.89 4 0.25 136-174 12/175 145A-09 
2N6081 11.95 15 3.5 136-174 6.3/175 145A-09 
2N6082 14.95 25 6 136-174 6.2/175 145A-09 
2N6083 14.95 30 8.1 136-174 5.7/175 145A-09 
2N6084 14.95 40 14.3 136-174 4.5/175 145A-09 

MOTOROLA RF SMALL SIGNAL TRANSISTORS 

Order # Price Output Input 
Frequency 

Range 
Gain 

db /GHz Package 
2.5/1 317 -01 

12.5/1 317 -01 
MRF901 
MRF911 

1.50 High Gain ....Small Signal....0.15- 1.5GHz 
3.50 High Gain ....Small Signal 0.5 -5GHz 

POPULAR 1.5 -30MHZ RF TRANSISTORS 
Output Power Input Gain db 

Order # Price Watts (PEP /CW) Power Watts @ 30Mhz Package 
MRF401 13.49 25 1.25 13 145A -09 
MRF406 14.99 20 1.25 12 211 -07 
MRF421 29.95 100 10 10 211 -11 

MRF422 35.95 150 15 10 211 -11 

MRF426 19.49 25 0.16 22 211 -07 
MRF427 16.95 25 0.4 18 211 -11 
MRF428 59.95 150 7.5 13 211 -11 
MRF429 44.95 150 7.5 13 211 -11 

MRF433 12.49 12.5 0.125 20 211 -07 
MRF448 72.95 250 15.7 12 211 -11 

MRF464 24.95 80 2.53 15 211 -11 

MRF466 34.95 40 1.25 15 211 -07 
MRF475 9.95 12 1.2 10 221A -04 
MRF476 3.95 3 0.1 15 221A -04 
MRF477 13.75 40 1.25 15 221A -04 
MRF479 14.95 15 0.95 12 221A -04 
MRF485 19.95 15 1.5 10 221A -04 

SIST0111111 
25+ Description Order # 1-24 Case 

MJE2955T .75 .69 PNP Power Transistor TO-220 
MJE3055T .75 .69 NPN Power Transistor TO -220 
MPF102 .45 .39 JFET (N Channel) RF, VHF, UHF, Amp TO-92 
MPSA05 .25 .19 NPN Medium Power Amp and Switch TO -92 
MPSA06 .19 .15 NPN Medium Power Amp and Switch TO -92 
MPSA13 .25 .19 NPN Power Darlington TO-92 
PN2222 .12 .10 NPN General Purpose TO -92 
PN2907 .12 .10 PNP General Purpose TO -92 
TIP29A .49 .39 NPN Power Transistor TO -220 
TIP30A .49 .39 PNP Power Transistor TO -220 
TIP31A .49 .39 NPN Power Transistor TO -220 
TIP32A .49 .39 PNP Power Transistor TO -220 
TIP41 A .55 .49 NPN Power Transistor TO -220 
TIP42A .55 .49 PNP Power Transistor TO -220 
TIP102 .65 .59 NPN Power Darlington TO -220 
TIP120 .55 .45 NPN Power Darlington TO-220 
TIP125 .55 .45 PNP Power Darlington TO -220 
2N2219A .49 .39 NPN General Purpose TO -39 
2N2222A .25 .23 NPN General Purpose TO -18 
2N2907A .25 .23 PNP General Purpose TO -18 
2N3055 .69 .65 NPN Power Transistor TO-3 
2N3772 1.29 1.19 NPN Power Transistor TO-3 
2N3903 .23 .19 NPN General Purpose TO -92 
2N3904 .12 .10 NPN General Purpose TO -92 
2N3906 .12 .10 PNP General Purpose TO -92 
2N4123 .23 .19 NPN General Purpose TO -92 
2N4401 .15 .13 NPN General Purpose TO -92 
2N4403 .15 .13 PNP General Purpose TO -92 
2N5087 .25 .22 PNP Low Level, High Gain, 50 -100mA TO-92 
2N5089 .25 .22 NPN Low Level, High Gain, to 100mA TO -92 
2N5951 .69 .59 JFET (N Channel) RF, VHF. UHF, Amp TO -92 á. Lá 

IC Peak Ft 
Order # Price Polarity Vice (mA) (W) (MHz) Package 
BC328 .25 PNP 25 800 0.8 100 TO-92 
BC547 .20 NPN 45 100 0.5 300 TO-92 
BC549 .20 NPN 30 100 0.5 300 TO-92 
BC549C .30 NPN 30 100 0.5 300 TO-92 
BC557 .20 PNP 45 100 0.3 150 TO-92 
BC558 .20 PNP 25 100 0.3 150 TO-92 
BC639 .45 NPN 80 1000 1 130 TO-92 
BC640 .45 PNP 80 1000 1 50 TO-92 
BD139 .55 NPN 60 1000 8 250 TO-126 
BD140 .55 PNP 80 1000 8 75 TO-126 
BD681 1.05 NPN 100 4000 40 1 TO-126 
BD682 1.05 PNP 100 4000 40 1 TO-126 
BF199 .95 NPN 25 25 0.23 550 TO-92 
BF469 .95 NPN 250 50 1.8 60 TO-126 
BF470 .95 PNP 250 50 1.8 60 TO-126 

2917 Bayview Drive 

Fremont, CA 94538 

Easy Order: 1- 800 -582 -4044 
Easy Fax: 1- 800 -582 -1255 

International Fax: 1- 510- 770 -2346 
Customer Service: 1- 510 -770 -2345 

Monday -Friday, lam - 5pm (PST) /10am -8pm (EST) 

COD-No personal checks, US funds ($5.00 Surcharge) 

USPS \' UPS \ Federal Express \ Airborne 

Add approx. 5% of total for shipping UPS Ground ($3.00 m'.). 
Actual shipping charges based on weight. 

Call or write today for your free copy of our 32 page catalog. 

California res dents, add appropriate soles too. 
12 month warranty on all lasyTech products. 

30 day money back guarantee. 
We reserve the right to substitute manufacturers. 

Prices subject to change without notice. 
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