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Analog Module: Tuning an RF front end. 

Electronics 
Workbench. 
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Just $299* 
For DOS, Win<knvs or M IC Version. 

"Electronics Workbench - As an 

affordable tool for performing 

design trade-offs, you can't beat it" 
Prof M.A. Chapman, (retired) 

University of California San Diego Physics Dept. 

Electronics Workbench is a highly productive bench 

where you design and verify circuits in a fraction of the 

time. Connections are always perfect. Wires route 

themselves. And the simulated components and test 

instruments work just like the real thing. 
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Digital Module: Analyzing a logic circuit 

It's faster than building with actual components 
because you change connections and component 
values instantly. And since the simulated components 
are free, you don't need to replace burnt -out parts or 

keep an extensive inventory. The result: You save 

precious time and money. Guaranteed!* 

The standard for simplicity and power for over six 

years, Electronics Workbench is the most popular tool of 

its kind. It has gained worldwide acclaim as the ideal 

complement to any test bench. Fact: Over 90% of 
our customers recommend it to their friends 
and colleagues. 

Electronics Workbench 
The electronics lab in a computerTM 

Call: 800 263-5552 
INTERACTIVE IMAGE TECHNOLOGIES LTD. 
908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060 
Telephone: (416) 361-0333 FAX: (416) 368-5799 

'30 -day money -back guarantee. iN D vvs 
Caledlfel 

QM, Prices in U.S. dollars. shipping S15, Offer valid in U.S. and Canada only. 

All trademarks are the property of their respective owners. 
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Track down the sources of annoying car noises with this handy elec- 

tronic listening aid-Charles Hansen 
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EDITORIAL 
UPGRADING YOUR PERSONAL 
COMPUTER 
If you regularly use a PC, and are like most of us, you've 

probably been tempted to toss aside your old, or not -so -old, 

machine for one of the new, flashy Pentium models. If you 

haven't already done so, it's probably because of one of the 

following three factors: 

The first is money. It is tough to justify spending $2000 to 

$3000, or even more, if your old machine is working, and 

working reliably. 

The second is convenience. It probably took you quite a while 

to set up your PC exactly the way you wanted it. 

The third is fear. While the error discovered in the Pentium's 

floating-point unit last year has been corrected and Intel is 

offering replacement CPU's to those who request it, the mere 

existence of the error has stopped more than a few potential 

buyers dead in their tracks. 

Whatever the reason, if you are looking for better performance 

or more features, but are reluctant to just replace your old 

computer, there are some practical alternatives, especially if 

you own a 486 machine. This month, Popular Electronics 
begins a series of occasional articles that explores those 

alternatives. Titled "Upgrading and Maintaining Personal 

Computers," the series looks into ways to improve your current 

PC's performance and extend its useful life via simple, 

relatively inexpensive upgrades. 

The upgrades covered are things that almost anyone can do. 

Among other things, we will look at how to add multimedia 

capability to an older machine; how to install or replace floppy - 

and hard -disk drives; and much more. In this issue's first 

installment, we look at one of the easiest and most effective 

upgrades you can do: adding memory. The story begins on 

page 49. 

Carl Laron 

Editor 
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By Studying at Home 
Grantham College of Engineering, 

now in our 45th year, is highly experi- 
enced in "distance education"-teaching 
by correspondence-through printed 
materials, computer materials, fax, 
modem_ 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 Engineering Technology B.S. 
Degree Program is available in either of 
two options: 

(1) The B.S.E.T. with Major Em- 
phasis in Electronics, OR 

(2) The B.S.E.T. with Major Em- 
phasis in Computers. 

Our Computer Science B.S. Degree 
Program leads to the B.S.C.S.-the 
Bachelor of Science in Computer Science. 

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

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

Accredited by 
the Accrediting Commission of the 

Distance Education and 
Training Council 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 3 
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PLL ULTRASONIC 
CORRECTIONS 

A reader named Larry King 
pointed out an error in Fig. 2 of 
my column on ultrasonic gener- 
ators (Popular Electronics, 
January 1995, page 72). The 
positive lead of C11 should go to 
Q5's collector, not to its base. I 

hope that this error did not 
cause anyone too much con- 
fusion.-CHARLES D. RAKES 

I am starting my senior year at 
the University of Dayton, major- 
ing in electronics engineering 
technology. I plan to use ultra- 
sonics in my senior graduation 
project, so I particularly enjoyed 
seeing the articles on ultra- 
sonics that appeared in the 
December 1994 and January 
1995 issues of Popular 
Electronics. 

However, in the December 
issue, the schematics and parts 
list for the PLL Ultrasonic Gen- 
erator (Fig. 3, page 73) and the 
Ultrasonic Receiver (Fig. 4, 
page 74) seemed to be trans- 
posed. I figured that Fig. 4 
should be the schematic for the 
transmitter and Fig. 3 for the 
receiver, and the figure numbers 
in the Parts List were also re- 
versed. 

I just wanted to let other 
readers know about this error 
so that any confusion does not 
cause the usefulness of these 
versatile circuits to be over- 
looked. 

I also found an inexpensive 
source for ultrasonic trans- 
ducers. All Electronics Corp., 
P. O. Box 567, Van Nuys, CA 
91408 (Tel. 800-826-5432) 
charges $2 for a matched set of 
Panasonic transmitter/receivers 
with a center frequency of 40 
kHz. 

I'd like to see continued ultra- 
sonics articles in the area of 
location/distance finders. 
R.P. 

Dayton, OH 

TUBE -AMPLIFIER 
POINTER 

I enjoyed the tube -amplifier 
project in the January issue of 
Popular Electronics. However, 
I would like to point out that it is 
not advisable to try to force 
single -ended operation by dis- 
connecting the plate of one 
tube, as the author suggests. 

LETTERS 
First of all, because the tube's 
heater and screen grid would 
still be energized, the electrons 
leaving the cathode would (I 

believe) migrate to the screen. 
That could destroy the tube. 
Also, push-pull and single -end- 
ed output transformers are 
purpose-built and, for most in- 
tents and purposes, are not 
interchangeable. 
D.S. 
New York, NY 

BEAM-AIMER 
MODIFICATIONS 
Fred Blechman's article, "A DX 
Beam-Aimer Program" (Popu- 
lar Electronics, January 1995) 
was very interesting to me. For 
20 years, I did computer pro- 
gramming for a U.S. 
government mapping agency 
using geographic data. It ap- 
pears to be a very good 
program. 

As suggested by Mr. 

Blechman, I made several mod- 
ifications to the program, in 

addition to modifying it for my 
Commodore 128 computer. (I 

also owned an American Motors 
automobile until two or three 
years ago!) I tried his sugges- 
tion of converting the input to 
degrees, minutes, and seconds, 
but it got too long. Besides, 
most maps that would be used 
for data don't show seconds. I 

also tried an optional input in 
degrees and decimal minutes, 
but it was also too long. It is 
easier to estimate, unless a 
large-scale map is used for 
data; then a calculator makes 
the conversion quickly. (I would 
suggest dividing minutes by 60 
to get decimal degrees, rather 
than multiplying by 0.01667.) 

I eliminated the "E" or "W" 
and "N" or "S" from the input, 
using a negative number for 
west longitude and south lati- 
tude. (That is the convention 
used by geographers and car- 
tographers.) Even if I wanted to 
keep the "E" or "W" and "N" or 
"S" input, I would convert to 
negative numbers in the pro- 
gram, as it simplifies the 

calculations. The modified pro- 
gram will also accept longitude 
as a positive number between 
zero and 360 degrees, which is 
frequently used. 

I also eliminated the need to 
input whether point B is east or 
west of point A, determining that 
from an internal calculation. 
(That was the hardest part of 
my programming modifications.) 
Finally, I added an option to 
calculate more points before 
exiting the program. 

If anyone is interested, I 

would be willirg to send a disk 
with the Commodore program, 
for the same price as 
Mr. Blechman charges-$5 
U.S. and $7 foreign. The pro- 
gram works correctly, giving the 
same output as in Table 2 of the 
article on both a Commodore 
128 and a 64. 
BILL STILES, CET 
4599 Jarvis Road 
Hillsboro, MO 63050 

Bill also sent along the listing 
for the modified program. Unfor- 
tunately, space prevents us from 
printing it here. If you are inter- 
ested in obtaining a copy, send 
a self-addressed, stamped en- 
velope to Beam-Aimer, Popular 
Electronics, 500-B Bi-County 
Blvd., Farmingdale, NY 11735. 
-Editor 

HAVES & NEEDS 

I would like to obtain a service 
manual or schematic/dial-cord 
stringing for a GE model 
T2280A AM/FM table radio. All 
responses will be answered. 
Thank you. 
JAMES P. KOCH 
3867 Kelley Circle South 
Memphis, TN 38111 

I am in serious need of sche- 
matics for a Gretsch Fury 
model, tube guitar amplifier. I 

contacted the nice people at the 
Gretsch factory, and was told 
that the offices had burned 
down twice since their incep- 
tion, and most, if not all, of the 
amplifier schematics were lost. I 

have also called the folks at 
Groove Tubes; no luck there, 

either. If anyone can help me, I 

would be happy to pay pho- 
tocopy and mailing costs. 
Thank you for your help. 
MICHAEL EARHART 
P O. Box 181041 

Arlington, TX 76096-1041 

I need the operating manual 
and schematics for an Olson R- 
C analyzer model TE -189. Per- 
haps a fellow reader can help 
me. I will pay for copying costs 
and postage, of course. 
Thanks. 
ED ORTIZ 
582 Rambla 
Ponce, PR 00731 

I have really enjoyed reading 
your articles since I picked up 
my first issue back in 1989. I've 
also enjoyed building various 
projects, which have helped me 
understand electronics. And it 
was Popular Electronics that 
inspired me to take the 
Industrial Electronics Course. 
Thanks for making that 
possible. 

I went back through some 
past issues and found a circuit 
that I wanted to build. The arti- 
cle was "Build a Programmable 
Garage/Yard Light" (Popular 
Electronics, June 1990). How- 
ever, when I tried to find the IC, 
LS7210, I was told that it is no 
longer made. I would like to 
know if anyone might have 
some LS7210's in their parts 
bins that I might buy? Again, 
thanks. 
RUBEN L. GONZALES 
1609 Willow Drive 
Hearne, TX 77859 

I've been given a Panasonic SW 
Double Superheterodyne Re- 
ceiver, RF-B600. It performs 
well except that the frequency 
display doesn't work. Panasonic 
says that service information is 
unavailable, and so does Sams. 

Can anybody give or sell me 
a service manual or circuit di- 
agram, or some clues? Thanks 
in advance for any help that 
anyone can give me. 
MELVIN M. LEVINE 
2 Meadow Lane 
Saranac Lake, NY 12983 
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Nows the time to prepare fora profitable career. 

We've lowered the cost of 
higher education. 

It's true! You can earn a four-year, 

World College gives you the skills, 

the knowledge, the power to take 

advantage of your best opportunity in 

electronics. And you can do it all at 

your own pace! 

Without leaving home. 
World College continually works 

to provide its students with the most 

advanced education tools. From the 

latest equipment and reference books 

tó breakthrough computer -simulated 

experiments, students are exposed to 

the latest-technologióal advancements. 

Bachelor of Electronics Engineering All the equipment, parts, Ind soft`' 
Technology degree today ... and are you need are included in your 

affordable tuition including more than 

300 hands-on lab experiments you 

can complete in your home. 

prepare yourself for a high -paying 

electronics career ... without quitting 

your job or ever leaving your home. 

Because World College, an affiliate of 

the Cleveland Institute cf Electronics, 

offers you the total flexibility of indepen- 

dent study programs proven effective for 

people like you who truly want to suc- 

ceed! World College independent study 

lessons help you build valuable skills 

Mail/FaxToday 
or Cal 

1-800=696-7532 

step-by-step, and expert instructors are 

personally available to you with a toll -free 

call. What a way to earn an education! 

A world of opportunity. 
Where is your career headed?' 

With a four-year bachelor's degree " jle; ó . 

from World College, you call the shots:, """` 
choosing from incredible, high -paying 

opportunities in electroncstele 
communications, computer, electrical, 

pówerfand Zany other growiríg fields., ,- 

Choose your own pace. 
Earn your bachelor's degree 

on your time - and at your pace - 
because you pay tuition to World 

College only as you complete the 

upper -level semesters close to 

graduation. The faster you make it 

through, the less you pay. So you 

have an incentive to make your future 

happen quickly - yet the freedom 

to choose your own pace! 

Send today for your FREE 

course catalog - and give yourself that 

future you've alway wanted - 
with án electronics -de ree_educatign, 

from World College. 

Take charge of your future in electronics. 
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Earn your four-year 
degree! 

Self -paced 
training! 

Independent study in 
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4. Expert 
instruction! 
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World College course 

catalog today! 
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By Marc Spiwak 

Tiny 
Multimedia 

Toys 

MULTIMEDA 
ATCH 

ultimedia comes in all 
sizes. In the past year 

I've seen some large multi- 
media accessories, 
including full-sized chairs 
(the Thunderseat), heavy 
speakers, and unusual 
joysticks. This month, how- 
ever, I've got two items that 
are small in size but full of 
features. 

First on my list is the Vivid 
3D Plus from NuReality. I 

mentioned the Sound Re- 
trieval System, or SRS, a few 
times in the past, and how it 

Isr J aK 
9'.N` 

° !:,». 
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The Vivid 3D Plus generates realistic three-dimensional sound 
from only two speakers using SRS -licensed technology. 

generates realistic three-di- 
mensional sound from only 
Iwo speakers. SRS really 
works, and it works with any 
audio source. 

The only problem with 
SRS has been its price SRS 

gear has been relatively ex- 
pensive until now. But the 
Vivid 3D line-featuring four 
products with list prices 
ranging from $79.95 to 
$149.95-has changed all 
of that. All of the items in 
the line use the same SRS - 

licensed technology; they 
differ only in features. What's 
more, they are all very small 
and won't clutter up your 
workplace. 

The unit I checked out 
was the $99.95 Vivid 3D 
Plus. The unit accepts the 
line -level outputs from your 
sound card and drives a 
pair of powered speakers. 
The speakers are not in- 
cluded, but an AC power 
adapter and the hook-up 
cables are. 

I've always liked the 
effect that SRS has on au- 
dio, and the Vivid 3D Plus 
did not disappoint. It is an 
inexpensive way to add a 
surround -effect to your mul- 
timedia audio, and since it 
is a line -level device, it can 
be used with regular audio 
and video equipment, too. 

RENO 
Media Vision's Reno por- 

table CD-ROM drive is 

second on my list. Reno 
surely is a thing of the nine- 
ties. Its a sleek, portable 
CD-ROM player that dou- 
bles as a portable music 
CD player. 

Reno is a double -speed 
drive with a very fast seek 
time of 180 milliseconds. 
That even beats many non - 
portable double -speed 
drives. It features a SCSI2 
interface and will work with 
either a PC or Mac. For PC 
use, it comes with a SCSI 

interface card;. Macs have 
the SCSI connector built in. 
Reno comes with re- 
chargeable batteries, an 
AC adapter, headphones, 
and a carrying case. 

The drive itself is about 
the same size as a regular, 

portable CD player-may- 
be even a little slimmer. The 
back of the drive plugs into 
a SCSI-interface/battery- 
charger/AC-adapter dock- 
ing station that links the 
drive to the computer. The 
docking station adds about 
4 inches in length to the 
player. A SCSI cable con- 
nects from the back of the 
docking station to either the 
SCSI adapter card installed 
in a PC or to the SCSI 

connector in a Mac. An 
optional parallel -to -SCSI 
adapter is available that 
will let the Reno interface 
with a parallel port instead. 

The player and docking 
station both have 13.5 -volt - 
DC input jacks that the AC 
adapter can plug into; the 
jack on the docking station 
is used when the two are 
"docked." Two custom NiCd 
battery packs install in the 
docking station, and one 
pack installs in the player. 

When power is applied, 
Reno will trickle charge all 
three packs over a period 
of about 30 hours. The unit 
can be used while it is 

trickle charging. There is 

also a quick -charge mode 
that charges the three bat- 
tery packs in about 7 hours. 
The Reno can't be used 
while it's quick charging. 

For portable use as a CD- 
ROM drive, Reno runs off 
the two packs in the dock- 
ing station. When the player 
is removed from the station, 
it runs off its own single 
pack: The player is sur- 
prisingly light, even with the 
battery pack installed. 
When playing a music CD, 
the player resists skipping 
even when shaken, even 



The Reno from Media Vision makes a great portable CD player, 

but it makes a better external CD-ROM drive. 

though a firm lateral knock 
can cause it to jump. 

When I first heard what 
Reno's list prices were going 
to be, I figured that nobody 
would want to risk carrying 
around such an expensive 
CD-ROM drive just to listen 
to music CD's. However, I've 

seen street prices as low as 

$275, and even without a 
sound card, at that price I 

think it's an excellent toy. 

What's more important, 
however, is that Reno Is a 
fine CD-ROM drive. 

NEW STUFF 
I recently received the 

new 1995 Compton's Inter- 
active Encyclopedia on 
CD-ROM. It has been com- 
pletely updated in its 

design and content and is 

easier than ever to use. 

Patrick Stewart from "Star 

Trek: The Next Generation" is 

a special on-line video 
guide. With street prices at 
about $70, it is both an 
excellent gift and valuable 
thing to have at home. 

The Mega Movie Guide 
3.0 from InfoBusiness has 

been updated to include 
movies produced up to 
and including summer 
1994. Over 42,000 movie 
reviews are featured. Infor- 

mation on run time, rating, 
place of origin, availability 
on video, and more can be 
accessed. In addition, there 
are over 1000 in-depth re- 

views from movie critic Rex 

Reed. Almost two hours of 

film clips are containec on 
the disc. It lists for $49.95. 

Activision has recently re- 

leased The Zork Anthology 
collection on CD-ROM. The 

disc contains the five origi- 
nal Zork text adventure 
games for both the PC and 
the Mac. Zork has been 
around since 1979. It has a 
list price of only $19.95. 

I've been receiving lots of 
new CD-ROM titles from 
Creative Multimedia, The 

WHERE TO GET IT 

Activision 
11601 Wilshire Blvd., Suite 1000 
Los Angeles, CA 90025 

Compton's NewMedia, Inc. 
2320 Camino Vida Roble 
Carlsbad, CA 92009 

Creative Multimedia 
513 NW 13th Ave., Suite 400 
Portland, OR 97209 

InfoBusiness, Inc. 
887 South Orem Blvd., Suite B 

Orem, UT 84058 

Jasmine Multimedia Publishing 
6746 Valjean Ave Suite 100 
Van Nuys, CA 91406 

Media Vision 
47300 Baysíde Parkway 
Fremont, CA 94538 

NuReality 
2907 Daimler Street 
Santa Ana, CA 92705 

7th Level, Inc. 
1771 International Parkway 
Suite 101 

'Richardson, TX 75081 

Sony Imagesoft 
2400 Broadway Ave., Suite 550 
Santa Monica, CA 90404 

Face of LIFE is a multimedia 
collection of classic images 
and covers from LIFE maga- 
zine from 1936 through 
1972. Smithsonian's America 
is an interactive study of 
American history. Who Killed 
Taylor French, starring Sheryl 

Lee from "Twin Peaks," is 

fourth in a series of interac- 
tive murder mysteries. 

Sports Illustrated For IGds 

teamed up with Creative 
Multimedia to produce The 

Everything You Want To 

Know About Sports Encyclo- 
pedia on CD-ROM. Those 

discs range from $29.99 to 
$ 39.99. 

If you're curious about 
earthquakes and want to 
see footage of the worst 
such recorded disasters, 
you will find Earthquake 
from Sony Imagesoft quite. 

interesting. The disc con- 
tains over 40 minutes of 
video and thousands of 
photographs and sells for 

$59.95. 
I recently judged a bikini 

contest. I made up my own 
rules as to what I felt were 
important attributes for 
contestants to have in my 
contest. The contest was 

held on the screen of my 
PC with a little help from 
Jasmine Multimedia's 
Perfect 10 Bikini Contest CD- 
ROM. The disc is fun, and 
even my wife got into judg- 
ing the contest. However, 
my wife's contest rules were 
different than mine. 

Every so often a CD-ROM 
comes along that really 
makes having a drive 
worthwhile. Monty Python's 

Complete Waste of Time 

from 7th Level is an awful 
lot of fun-for Monty Python 

fans, that is. The disc is 

packed with screen savers, 

icons, and all sorts of fun 

stuff to waste time with. 

Priced around $59.95, this 

disc is a real gem. 

114°5% 
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TECHNOLOGY UPDATE 

900 MHz breakthrough! 

New technology launches 
wireless speaker revolution... 
Recoton develops breakthrough technology which transmits 
stereo sound through walls, ceilings and floors up to 1150 feet. 

By Charles Anton 

f you had to name just 
one new product "the 
most innovative of the 

year," what would you 
choose? Well, at the recent International 
Consumer Electronics Show, critics gave Recoton's 
new wireless stereo speaker system the Design 
and Engineering Award 
for being the "most in- 
novative and outstand- 
ing new product." 

Recoton was able to 
introduce this whole 
new generation of 
powerful wireless 
speakers due to the ad- 
vent of 900 MHz tech- 
nology. This newly 
approved breakthrough 
enables Recoton's wire- 
less speakers to rival the 
sound of expensive 
wired speakers. 
Recently approved 
technology. In June 
of 1989, the Federal 
Communications Com- 
mission allocated a 

150 foot range through walls! 
Recoton gives you the freedom to lis- 

ten to music wherever you want. Your 
music is no longer limited to the room your 
stereo is in. With the wireless headphones 
you can listen to your TV, stereo or CD 
player while you move freely between 
rooms, exercise or do other activities. And 
unlike infrared headphones, you don't have 
to be in a line -of -sight with the transmit- 
ter, giving you a full 150 foot range. 

The headphones and speakers have 
their own built-in receiver, so no wires are 
needed between you and your stereo. One 
transmitter operates an unlimited number 
of speakers and headphones. . 

band of radio frequen - 
cies stretching from 902 
to 928 MHz for wireless, 
in -home product ap- 
plications. Recoton, one 
of the world's leading w'reless speaker man- 
ufacturers, took advantage of the FCC ruling 
by creating and introducing a new speaker 
system that utilizes the recently approved fre- 
quency hand to transmit clearer, stronger 
stereo signals throughout your home. 

7r f *hi 
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Recoton's transmitter sends music through mall 
to wireless speakers over a 75/300 square foot area. 

Built-in receiver 
and amplifier: 

The wireless 

speaker and 
headphones 

both contain 
a built-in 
receiver and 

amplifier. 
Signals are 

picked up and 
f ransm if fed 

as far as 150 

feet quay 
through yells 
without fire 
use of wires. 

1 ; 

r` Crisp sound throughout your 
home. Just imagine being able to 

listen to your stereo, TV, VCR or CD 
- player in any room of your home with- 
out having to run miles of speaker wire. 

Plus, you'll never have to worry about range 
because the new 900 MHz technology allows 

stereo signals to travel 
over distances of 150 feet 
or more through walls, 
ceilings and floors with- 
out losing sound quality. 
One transmitter, un- 
limited receivers. The 
powerful transmitter 
plugs into a headphone, 
audio -out or tape -out jack 
on your stereo or TV com- 
ponent, transmitting mu- 
sic wirelessly to your 
speakers or headphones. 
The speakers plug into an 
outlet. The one transmit- 
ter can broadcast to an un- 
limited number of stereo 
speakers and headphones. 
And since each speaker 
contains its own built in 
receiver/amplifier, there 
are no wires running from 
the stereo to the speakers. 
Full dynamic range. 
The speaker, mounted in 

a bookshelf -sized acoustically constructed cab- 
inet, provides a two-way bass reflex design 
for individual bass boost control. Full dynamic 
range is achieved by the use of a 2" tweeter 
and 4" woofer. Plus, automatic digital lock -in 

AWARD WINNING WIRE 

Volume 'otter Tuning 

' 
Tared ports 

2" tweeter 

4" woofer 

Individual hit, right 
& mono switch and 

In tividual bass boost 

control (os back) 

Size: 9'H x 6'w x 5.5'L 
Signal-to-noise ratio: 60 dB 
Channel Separation: 30 dB 
Two-way bass reflex design 

10 watts/channel Riots amps 

Frequency Rtspanse: 
50 Hz -15 KHz 

LESS SPEAKER t 
Don't take our word for it. Try it yourself. 
We're so sure you'll love the new award -winning 
Recoton wireless speaker system that we offer 
you the Dare to Compare Speaker Challenge. 
Compare Recoton's rich sound quality to that of 
any $200 wired speaker. If you're not completely 
convinced that these wireless speakers offer the 
same outstanding 
sound quality as wired 
speakers, simply return 

them within 30 days tor 
a full "No Questions 
Asked" refund. 

Recoton's Design and 
Engineering Award 

Breakthrough wireless speaker design 
blankets your home with music. 

tuning guarantees optimum reception and 
eliminates drift. The new technology provides 
static -free, interference -free sound in virtual- 
ly any environment. These speakers are also 
self -amplified; they can't be blown out no mat- 
ter what your stereo's wattage. 
Stereo or hi-fi, you decide. These speak- 
ers have the option of either stereo or hi-fi 
sound. You can use two speakers, one set on 
right channel and the other on left, for full 
stereo separation. Or, if you just want an ex- 
tra speaker in another room, set it on mono and 
listen to both channels 
on one speaker. Mono 
combines both left and 
right channels for hi-fi 
sound. This option lets 
you put a pair of speak- 
ers in the den and get 
full stereo separation or 
put one speaker in the These wireless stereo 
kitchen and get com- headphones have a 

plete hi-fi sound. built-in receiver. 

Factory direct savings. Our commitment 
to quality and factory direct pricing allows us 
to sell more wireless speakers than anyone! 
For this reason, you can get these speakers far 
below retail with our 30 day "Dare to Compare" 
money -back guarantee and full one year man- 
ufacturer's warranty. For a limited time, the 
Recoton transmitter is only $69. It will operate 
an unlimited number of wireless speakers 
priced at $89 and wireless headphones at $59 
each. Your order will be processed ill 72 hours 
and shipped UPS. 

Recoton Transmitter (you must have a transmitter 

to operate speakers and headphones) $69 $7 S&H 

Wireless products compatible with the Recoton transmitter: 

Recoton Wireless Speaker $89 $9 UN 
Recoton Wireless Headphones $69 $6 S&H 

Please mention promotional code 165-PL1114 

For fastest service call toll -free 24 hours a day 

800-992-2966 
1 

w 
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Duress 

To order by mail send check or money order for the total 
amount including S&H (VA residents add 4.5% sales tax). 
Or charge it to your credit card by enclosing your account 
number and expiration date. Send to: 

rrrc 

INDUSTRIES 
2820 Waterford Lake Drive Suite 106 

Midlothian, Virginia 23113 
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A CHRONICLE OF CONSUMER ELECTRONICS 

At Home With 
Home Theater 

The movie industry rates films by spe- 

cific, objective criteria-violence, sex, 

adult language, adult situations, and 

nudity. The resulting ratings-G, PG, R, 

NC -17, or X-allow parents to judge 
whether a film is appropriate for children 
to view, and whether their own sen- 

sibilities might be offended by a film's 
content. But when adult viewers are debat- 
ing whether or not to venture out of their 
comfortable homes to stand on a long line 

and shell out 57 or more each-not includ- 
ing refreshments-at a movie theater, 
those ratings play a small role in the deci- 

sion -making process. Most of us use our 
own "rating system," based on the answer 

to one question: Is the movie a "theater" 
picture, or should we wait for it to come 

out on videotape? 
The answer to that question is purely 

subjective. Some folks like to see come- 
dies in a theater; somehow, they seem fun- 
nier when everyone else is laughing too. 

Other people prefer not to hear an au- 

dience howling with laughter-it makes it 

difficult to hear all the jokes. We know 
people who rush out to see critically ac- 

claimed independent or foreign films, 
knowing that those are not likely to ever 

make it to the shelves at Blockbuster. 
Some movies, however, definitely cry 

out for a theater setting. That's why such a 

large percentage of box-office hits are ac- 

tion/adventure films-those movies have 

big -screen appeal. Frame -by -frame, the 

fast-moving action fills the screen, while 
the soundtrack fills the theater. Movie- 
goers feel as if they are right in the thick of 
things. 

It's no longer necessary, however, to go 

to a movie theater to capture that total 

experience. You can recreate the experi- 
ence in your living room, with your own 
home theater. Virtually every audio/video 
manufacturer has jumped on the home - 

theater bandwagon, and all the equipment 
you need to set up your own home theater 

is readily available at your local home - 

electronics store. 

-. 
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The only missing ingredient is the 

know-how to put it all together. That's 

where we come in. This issue of Gizmo is 

devoted solely to home theater-what it 

requires, what it costs, what features you 

should look for, and how you can connect 

all the pieces into a seamless system. Our 
home -theater overview is followed by 
hands-on reviews of several possible com- 
ponent choices. 

GETTING DOWN TO BASICS 
The goal of every home -theater installa- 

tion is to create a theater -like setting: high - 

quality video to keep your eyes glued to a 

large screen, and a realistically re- 

produced soundtrack that makes you feel 

as if you're part of the action. How that 

goal is achieved, however, depends on sev- 

eral factors. At the top of the list are the 

size of your budget and the size of your 

viewing area. Also important is the level of 
sophistication that you and your family 
prefer-do you want all the bells and whis- 

ties, or is ease of use a top priority? 
Fortunately, there are components to 

meet every budget, every room configura- 
tion, and every level of sophistication. 
(See the "National Home -Theater Award 

Search" box for a look at award -winning 
systems in widely differing price ranges.) 

The idea is to follow some basic guidelines 
to create a system that's right for you-and 
your home and family. 

No matter how large or small the sys- 

tem, home theaters all start out with the 

same basic components. Front and center 

is a large -screen TV -27 inches or larger. 

That is augmented with a sound system 

consisting of an A/V receiver with a built- 
in or separate surround -sound processor 
and a minimum of four speakers. A Hi -Fi 

VCR and/or a laserdisc player round out 

the system. 
As you can see, all of the components 

are truly basic-in fact, you might already 

have some, or even most, of them in your 

home. Be sure to take a good look at what 9 
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Why suffer from beg lines, expensive prices, sticky floors, 3nd noisy neighbors at your local multiplex cinema when you can get the same movie -theater experience in your own home? This Pioneer system, consisting of a 50 -inch rear -projection televi- sion, a matched set of small home -theater speakers, a CD/Iaserdisc combi-player, and 
an AN receiver, fits unobtrusively in a family room to provide a comfortablle, private viewing experience. 

you currently own, with an eye toward 
incorporating It into your home theater, 
before you begin to shop. 

You'll also want to be armed beforehand 
with some knowledge about what you 
want from each component. The selection 
of products in each category is overwhelm- 
ing, and trying to put it all together into 
one coherent system can be truly daunting. 
To remove some of the confusion, and 
make you less likely to fall for eager sales 
pitches, let's examine what your options 
are, and what features to look for, in each 
category. 

THE BIG PICTURE 
In the video category, you will need one 

or more video sources, and a television or 
monitor on which to view them. The idea 
is to get the best and biggest picture for 
your viewing environment. That means se- 
lect the best quality video sources that 
your budget will allow, and match the 
screen size to your room size. 

Depending on where you live, cable 
television offers equi alent video quality, 
but more programming than you can get 
with a broadcast -TV antenna. Satellite 
television-whether from a standard large 
dish or one of the new small -dish digital 
services-provides significantly better 
picture and sound quality, and the most 
programming choices. 

For viewing prerecorded movies, a 
laserdisc player offers the best video and 

Gizmo is published by Gernsback Publica- 
tions, Inc., 500-E Bi-County Blvd., Farm- 
ingdale, NY 11735. Senior Writers: Chris F. 
O'Brian and Ted Scaduto. Copyright 1995 
by Gernsback Publications, Inc. Gizmo is a 
registered trademark. All rights reserved. 

CD -quality audio. Next in line is a Super - 
VHS VCR; last choice is a standard VHS 
VCR. 

As for your TV, bigger is not necessarily 
better. If you sit too close to a super -large 
screen, particularly a projection screen, 
imperfections in the picture can become so 
obvious as to become a distraction. 

Television/monitor. This will be the 
focal piece of your home theater, and the 
item on which you probably wilt spend the 
most money. There are two basic require- 
ments-the screen must be the right size 
for the room, and the set must be stereo- 
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and three basic options-direct-view, rear - 
projection, or front -projection. 

The optimum screen size corresponds 
directly to the distance between it and the 
furniture from which you will watch it. To 
determine the correct size screen for your 
viewing room, the first step is to decide the 
placement of the TV and the sofa. Measure 
the distance from the screen to the headrest 
on the sofa; it should be between four and 
six times the height of the picture. That 
translates to approximately 2.5 to 3.5 
times the diagonal measurement of the 
screen. If, for instance, your sofa is 15 feet 
(180 inches) from the TV, the proper 
screen size could range from 52 to 72 
inches (six feet). 

Also consider your viewing prefer- 
ences. Do you head for the front row in a 
movie theater for a total sensory experi- 
ence, or do you prefer the perspective of- 
fered from the back? Select the largest size 
within the recommended range for that 
close-up feeling, or the minimum size to 
retain some distance from the on -screen 
events. 

If possible, situate the sofa so that it is 
parallel to, and centered with, the screen. 
The angle of vision is an important factor 
in viewing, particularly with a projection 
system. Try not to set any seating at an 
angle of more than 30° on either side of the 
screen. 

When using your existing television in a 
new home -theater system, you might need 
to arrange the furniture to fit the screen 
size. In its "Consumer Guide to Home 
Theater" videotape, Dolby Laboratories 
offers a simple method of determining fur- 
niture placement based on screen size. 
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This custom hom3-theater in -wall system is linked to the RCA DSS digital satelite receiving system with its 18 -inch dish antenna. The system includes a built-in 35 -inch color TV, a Dolby Pro Logic surround -sound receiver, and audio/video components, all controlled by a single remote, for a suggested retail price of under $8000. The DSS system is priced from $699. 



Measure the width of your TV screen and 
mark off a square with each side four times 
that width. Ideally, the screen should run 
along the center of one side of the square, 
and the back cushion of the sofa (where the 
viewer's head would be) should be cen- 
tered on the side opposite the screen. That 
might mean placing the sofa away from a 

wall to be close enough to the screen. In a 

large room, you might want to divide the 
furnishings into separate seating areas for 
home -theater and other activities. 

If your room is large and you intend to 
buy a new TV to fit the scale of the room, 
one part of your TV -purchasing decision 
has been made for you-a direct -view set 
will not be big enough for your home the- 
ater. Mitsubishi manufactures the largest 
commercially available direct -view TV, a 

40-incher; 35 -inch sets are much more 
common. Although their size is limited, 
direct -view sets offer the brightest, high- 
est -contrast picture, which is particularly 
important if you watch television during 
the day or prefer to leave some lights on. 
Larger rooms, however, demand either a 

front- or rear -projection set. 
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The 40 -inch cathode-ray tube, shown 
being assembled in Mitsubishi's 
Braselton, GA, plant, is 31% larger in 
screen area than the 35 -inch CRT pic- 
tured next to it. 

Front -projection systems, which offer 
the largest size picture (up to 25 feet diago- 
nally), usually have two separate pieces: a 
projector and a screen. Although placing 
two pieces might seem like twice the 
work, it's possible to install them so that 
they are practically invisible. Some man- 
ufacturers build projectors right into cof- 
fee tables. Other projectors can be ceiling 
mounted, or, where there is enough head- 
room, can be mounted on a lift that disap- 
pears into the ceiling when not in use. 
Screens, of course, can be rolled up and 
hidden in a soffit or a specially built cab- 
inet; some are even remote controlled. Al- 
though it's possible to project the picture 
onto a blank wall, screens have special 
reflective surfaces to enhance the picture 
image. 

There are two different types of front 
projectors available. With LCD proj- 
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Sharp's LCD projection system, the 
SharpVision XV-H35U, features a space - 
saving design that allows the projector 
to be ceiling -mounted. 

ectors, the image produced by a liquid - 
crystal display is magnified for projection 
onto a screen. Other projection systems 
use three separate, ultra -bright picture 
tubes to create the three primary television 
colors-red, green, and blue-which are 
focused through a system of filters and 
lenses and projected onto the screen as a 

single, full -color picture. 
Rear -projection sets also use a three - 

tube system, but the projector, optics, and 

screen are housed is one unit. Diagonal 
screen sizes typically range from about 40 

inches up to six feet, so it's not surprising 
that such sets are becoming the most popu- 
lar home -theater choices. 

With rear -projection sets, however, the 

screen size is not the only measurement 
that must be considered. Although some 
leading manufacturers are now producing 
short -focus CRT's, Which serve to keep 
cabinet size as narrow as possible, proj- 
ection cabinets are generally deep as well 

as wide. It's important to make sure that 
the set will fit through your door and into 
your furniture layout. It isn't uncommon, 
particularly in custom installations, to 

build a false wall around the rear-proj- 

This Thomson ProScan 52 -inch rear - 
projection television takes up less floor 
space with its new slim -design cabinet. 
The set offers built-in Dolby Surround 
Sound and front fring speakers. 

ection set. Shelves to house audio and 
video components and front speakers can 

be set into the false wall, for a clean, uni- 

fied look. 
Once you've decided which type of tele- 

vision to go with, you need to decide what 
features you want. Full stereo capability is 

an absolute must for any home -theater TV. 

Picture -in -picture is now common; top -of - 
the -line models even offer two tuners, so 
that you can watch two programs without 
connection to a separate video source. 
Also frequently offered are on -screen 
menus for adjusting video settings, pro- 
geamming favorite channels, and other- 
wise customizing your viewing via remote 
control. Many sets come with universal 
remotes that can be used to control several 
audio and video components along with 

the TV. Some sets are, in effect, complete 
home -theater systems in a box, offering a 

built-in Dolby Pro -Logic surround -sound 
decode; and a center -channel speaker 
along with the amplifiers needed to power 
the included front -left and -right and rear - 
surround speakers. 

W'idescreen TV's, such as Proton's 34 - 

inch DT -3360 digital monitor/receiver, re- 

quire a different formula for determining 
how far you can comfortably sit from the 
screen. 

Some front -projection sets, however, 
not only lack stereo amplification and 
speakers, but also have no television tuner. 

They are merely projectors that must be 

connected to a video source and audio 
equipment. Others offer built-in tuners, 
speakers, stereo amplifiers, and even Dol- 
by Surround decoders. Some also feature 
"line doublers," which create twice the 
number of scan lines for a smoother, clear- 

er on -screen image that allows the viewer 
to sit much closer to the screen. 

Yet another option in today's televisions 
is the widescreen set. Instead of the stan- 

dard 4:3 aspect ratio, widescreen sets are 

intended to more closely match the aspect 
ratio of motion pictures: 16:9. They are 

increasing in popularity as more program 
material is becoming available in 16:9 for- 

mat, primarily on laserdisc. 
The formula for determining the dis- 

tance between screen and viewer changes 
when you select a widescreen set. Because 
its height is slightly less than half its diag- 11 



NATIONAL HOME -THEATER AWARD SEARCH 

When considering what type of home 
theater would work best in your own 
home, you might want to take a peek at 
some of the systems judged the best in 
their categories in the National Home - 
Theater Award Search. Video Magazine 
and the EIA/CEG reviewed hundreds of 
entries in four categories-under 
$1500, $1500-$3000; $3000-$5000, 
and over $5000. 

"While the more expensive home -the- 
ater systems often get a lot of attention, 
home theater is available in many price 
ranges, and people can install it them- 
selves," said Gary Shapiro, group vice 
president, EIA/CEG. "Our contest's four 
outstanding, winning systems are great 
examples of the wide variety of home 
theaters that are out there-from small, 
self -installed systems to large custom - 
designed and -installed systems." 

The entries were judged for originality 
and aesthetics of the system's decor 
and its components, as well as by the 
owners written descriptions explaining 
what makes their systems special. The 
results clearly illustrate that hóme the- 
ater is nothing if not versatile. The pos- 
sibilities are endless, and as individual 
as the people who create and use them. 
Let's take a look at the four contest win- 
ners and their systems. 

The system that Brad Tompkins, of 
House Springs, MO, put together cost 
less than $1500 in a house he shares 
with a roommate. For privacy's sake, 
Brad's bedroom doubles as his living 
room-and now as his home theater. 
His system, consisting of a Zenith TV, a 
Pioneer laserdisc player and AN sur- 
round -sound receiver, an RCA Hi -Fi 
VCR, and Infinity front speakers, all fits 
neatly in one corner of the room. A pair 
of JBL rear speakers rounds out the sys- 
tem. Brad's small, compact system 
"has all the vital ingredients of an im- 
pressive, larger home theater." 

Tito M. Famacion, of Daly City, CA, 
complained that his family's "home at- 
mosphere was boring" until they set up 
a home -theater system from scratch. 
Their winning (in the $1500-$3000 cat- 

t s: 

The winner di tÍie $1500-$3000 category 
in the National Home -Theater Award 
Search is this deceptively modest sys- 
tem in the Daly City, CA, home of Tito M. 
Famacion. 

12 

egory) system, complete with Toshiba 
26 -inch TV, Pioneer laserdisc player, 
Sharp Hi -Fi VCR, Bose front speakers, 
DCM center -channel speaker, Pioneer 
rear speakers, Carrera subwoofer, and 
Sony AN receiver, has changed all that. 
Now the family is "closer than ever, as 
we are together most of the time enjoy- 
ing the movies and music from our 
home -theater system." 

Donald R. Thomson, of Glenford, NY, 
faced quite a challenge in designing a 
home theater to fit in his circa -1826 
post -and -beam house. It had to blend 
in with such decorative antiques as a 
pipe organ and a spinning wheel, and 
architectural details including a slop- 
ing, beamed ceiling and a huge, rustic 
hearth. 
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At the high end of the home -theater 
spectrum is the over -$5000 award -win- 
ning system, designed to resemble a 
plush, old-fashioned movie palace. 

His solution: an entertainment center 
built into a wall of bookshelves, behind 
"Dutch doors" that slide open into an 
overhead pocket. With the doors 
closed, you'd never guess that they 
conceal a 46 -inch screen. The system 
includes a Hitachi rear -projection TV, a 
Pioneer A/V receiver with surround 
sound, a Panasonic Hi -Fi VCR, Yamaha 
front and rear speakers and subwoofer, 
and Advent center speakers. 

The winning system in the over -$5000 
category is a luxurious, Victorian -style 
theater, complete with drapery and 
three rows of theater -style seats. De- 
signed by Charles Clark from ASID, and 
Suzanne Hudson from The Design Cen- 
ter, Douglasville, GA, the system in- 
cludes a Harmon video projector and 
line -doubler, a Stewart 100 -inch screen, 
a Yamaha DSP audio/video processor, 
four Parasound power amps, a Mit- 
subishi Hi -Fi VCR, a Pioneer laserdisc 
player, and a Miller & Kreiser subwoofer 
and high-pass filter. Accessories in- 
clude a Panamax AC line conditioner, 
Makita drapery motors, and a Macro 
Corporation lighting/dimming panel. 
Says the homeowner, the theater is "a 
constant source of entertainment." Its 
"unparalleled surroundings" are en- 
joyed by the entire family, as well as 
friends and church groups. 

Each contest winner was awarded a 
plaque and a Sony laserdisc player to 
add to his home theater. 

onal size, a distance of four times the 
height would be about two times the diag- 
onal. In our example (15 feet between sofa 
and screen), that formula would suggest 
using a seven -foot diagonal screen. How- 
ever, many widescreen sets incorporate 
line doublers, which allow you to sit át half 
the distance that would normally be rec- 
ommended-a 1:1 ratio between screen 
size and distance-meaning that a 15 -foot 
diagonal picture would be acceptable in 
our example. 

Video Sources. A laserdisc player 
should be your first choice of video 
source. However, outside of urban areas, 
the selection of video discs available for 
sale or rental is often scanty, particularly 
when compared with videotape avail- 
ability. So, even if you already own, or are 
planning on purchasing, a laserdisc player, 
you'll want a VCR as well-for the ability 
to record programming off the air, as well 
as for the superior selection. 

Even the least -expensive laserdisc play- 
er will provide far better video and audio 
quality than the best VCR. As the price 
goes up, more features are added. Al- 
though all laserdisc players also play CD's, 
for versatility, you might want a player that 
also offers a CD changer. For con- 
venience, double -sided play can't be beat: 
Both sides of a disc can be played without 
the viewer having to get up and manually 
flip the disc over. It's also possible to get a 
player with plenty of "bells and whis- 
tles"-special video effects and editing 
functions, for instance. 

The only feature that a VCR must have 
to fit into your home -theater system is full 
stereo capability-look for "Hi -Fi Stereo" 
marked on the front panel. But there are a 
lot of other features that can improve a 
deck's home -theater performance. At the 
top of the list is Super VHS, a technical 
refinement that produces a picture with 
higher resolution than normal VHS. 
(Note, however, that a high -resolution 
television with an S -Video input is needed 
to take full advantage of an S -VHS VCR.) 
Four heads are better than two: they pro- 
vide clearer freeze frames and slow-mo- 
tion special effects (of course, virtually all 
stereo decks also have four video heads). 
Digital tracking automatically makes ad- 
justments to compensate for differences in 
tapes recorded on other units. 

Other VCR features won't necessarily 
improve your home -theater experience, 
but can be important nonetheless. Those 
include easy programming; today's almost 
universally available on -screen menus 
make timeshift recording easy. Built-in 
VCR Plus + is becoming more common, 
and makes it even easier to record pro- 
grams. A front -panel camcorder jack is 
convenient for editing and playing back 
home videos, and you might want to look 
for advanced tape -editing functions as 
well. 



SURROUNDED BY SOUND 
Video is only half of home -theater. 

Without realistic audio, the experience 
falls flat. In fact, the advent of a standard- 
ized audio system that recreated the sound 
systems used in movie theaters played even 
more of a role in the home -theater boom 
than the advent of large -screen TV. That 

system, of course, is Dolby Surround 
Sound, now widely available in its updated 
form, called Dolby Pro Logic. (For an in- 

depth look at home -theater sound, see the 
"Sound Decisions" box.) 

Look for the Dolby Pro -Logic logo 
when buying a surround decoder. Such 
decoders come in severa forms: You can 
buy a stand-alone unit or purchase a TV or 
an audio/video receiver with a built-in de- 
coder. In general, if you're building a full- 
scale home theater/audio system from 
scratch, you'd look for a Dolby Pro -Logic 
A/V receiver. Dolby Surround Sound isn't 

SOUND DECISIONS 

Dolby Surround Sound is the audio 
standard that has brought home theater 
to life, wrapping viewers in the realistic 
sound that the moviemakers intended 
them to hear in the theater environment. 
The idea is to heighten the illusion of 

reality with lifelike sounds that corre- 
spond to the images on screen. Cor- 
rectly mastered, a soundtrack can lend 
a three-dimensional quality to a film, 
while conveying a realistic sense of 
speed and motion. 

Movie soundtracks are recorded in 

four channels. Using Dolby Laborato- 
ries' process, the four channels are en- 
coded, combined, and printed onto two 
audio tracks on the same 35mm film as 
the movie's images. At a movie theater 
equipped for Dolby Stereo playback, 
those two channels are decoded into 
four channels that are then routed to a 

center channel for dialog, left- and 
right -front channels, and a rear (sur- 
round) channel that comes through 
speakers arrayed in the back, and usu- 
ally along the sides, of the theater. 

When a film is recorded onto video- 
tape or laserdisc, so is the encoded 
soundtrack. If your audio system is 

equipped with a Dolby Surround Sound 
decoder, all you need to recreate that 
cinema sound in your home is a set of 

speakers. 
The original home Dolby Surround 

Sound decoders, which became avail- 
able in the mid -1980's, offered three 
channels-left, right, and surround. A 

"phantom" image was created to com- 
pensate for the missing center channel. 
Today's Dolby Pro -Logic decoders, 
however, include the center channel for 
dialog, along with front -left and -right 
channels, and a mono surround chan- 
nel that's played through a pair of rear 
speakers. A subwoofer is often added 
to reproduce the low -frequency sounds 
from all four channels. 

li DolbyiaboratóiesPésenls r 

gvellable from Dolby Laboratories, the 
"Consumer Guide to Home lrheater" 
videotape not only explains how sur- 
rount-sound works, but also shows 
viewers how to set up a working home 
theater, including how to hook up all the 
components into a smoothly integrated 
system. 

encoded only on movies and TV pro- 
grams; such a receiver will allow you to 
take full advantage of the many compact 
discs and broadcast radio programs avail- 
able in surround -sound. For a smaller - 
scale home theater, intended primarily for 
viewing (as opposed to serious music lis- 
tening), you might consider an all -in -one 
Pro- Logic TV package. Ifyou already own 
a large -screen TV and a good audio re- 
ceiver, you'd probably opt to add a stand- 
alone Dolby Pro -Logic decoder. 

Atedio/Video Receivers. We prefer to 
use an audio/video receiver designed for 
home -theater applications. Besides 
providing Dolby Pro -Logic, such a re- 
ceiver should serve as command central 
for all your audio and video componenG- 
TV, VCR, laserdisc playa, compact -disc 
player, tape deck, satellite receiver, and 
speakers. It should also come with a uni- 
versal remote, to make it easy to use each 
and every one of those other components. 
The A/V receiver should incorporate the 
amplifiers needed to drive all five of the 
speakers, as well as an optional subwoofer 
output. 

Because the A/V receiver plays such an 
important role in your home theater, it's 
vital that everyone in the family can easily 
lea; to use it. (You certainly won't want to 
be is charge of switching from VCR to 
laserdisc to CD player to Nintendo every 

time someone else wants to use the sys- 
tem!) If the receiver's remote will be used 
to control the other devices in your system, 
be sure it has clearly marked keys and is 

easy to use. 
There are a few other features that aren't 

required for home theater, yet can enhance 
your system's performance and/or con- 
venience. For instance, some home -the- 
ater receivers offer on -screen guides to 
simplify setup. "Multiroom" receivers 
can control not only the home -theater sys- 
tem in your living room, but also can route 
video and audio signals to other rooms in 

the house. That way you can watch a ball 
game in the living room while your son 
watches music videos (played on the laser - 
disc player located in the living room) up- 

stairs in his bedroom. Digital signal 
processing (DSP) is used to recreate the 
ambience of different listening venues. 
Switch to stadium for watching a football 
game, arena for a live concert music vid- 
eo, or club for a jazz CD. 

Speakers. According to Dolby, the 
goal in setting up a home -theater audio 
system is to create a wide, diffuse, 
"cloud" of sound, so that the viewer can 
be surrounded by sounds such as wind, 
rainfall, or crowd noises. At the same 
time, you must create the directionality 
needed to hear a plane pass overhead, from 
one side of the room to the other. But the 
dialog must anchor your attention to the 
screen. It should not play second -fiddle to 

the sometimes overwhelming surround - 
sound effects. 

It is possible to create a decent effect 
with just four speakers (front right and 
left, surround right and left), as was done 
in the original Dolby Surround Sound sys- 
tems. However, the fifth (center) speaker 
used with Dolby Pro -Logic creates a sig- 
nificantly more realistic soundfield-we 
consider five speakers to be the minimum 
for an average -sized home theater. In large 
rooms, additional surround speakers 
might be required. Regardless of room 
size, the addition of a subwoofer can great- 
ly enhance the low -frequency response of 
the system, lending a rumbling realism to 

the roar of an engine or the pounding of 
horses' hooves. 

There is an incredible selection of 
speaker styles available today, including 
full-size, bookshelf, and in -wall models. 
Each has its place in home -theater. When 
deciding which ones are right for your 
system, you'll want to consider where you 
will be putting them. Are you using a 

home -theater entertainment center that has 

shelf space set aside for the center and 
front speakers? That would dictate what 
size speakers you could buy. Do you prefer 
to keep your system as unobtrusive as pos- 
sible? In -wall speakers would be the best 
bet, followed by tiny wall -mount or 
bookshelf units (perhaps ones that match 13 



TECHNOLOGY UPDATE 

World's first wireless home theater 
system makes professional -quality 
surround sound affordable... 
Now you can add surround sound to your home entertainment lineup 
with the amazing new Chase Technologies decoder that works with 
your existing stereo and an assortment of wired and wireless speakers. 

by John Lindner 

et's face it. As much fun as renting a 
video can be, it's just not the same as 
seeing a movie in a theater. I remember 

the first time I saw Jurassic Park-I nearly 
jumped out of my seat when the dinosaurs 
roared. One of the reasons movies seem so 
real is because surround sound makes it seem 

The secret of surround sound 
. Surround sound has become the rage ot'the 

. '90s because it adds depth and realism to 
stereo sound, giving you the home theater 
experience. In short, it makes you feel like 
you are actually aka concert a theater. 

To get surround sound, some people, 
have tried simply adding additional speak-, 
ers to their home entertainment- lineup. But 
it takes more than additional speakers to get 
surround sound; there needs to be a way of 
separating the original signal into distinct 
channels so that you're not just duplicating 
the same sounds and broadcasting them 
from different areas of the room. 

The new Chase Technologies HTS-1 sur- 
. round sound decoder does just that, an0 in 

a revolutionary way that rivals the best Dolby 
, Pro -Logic and THx systems available.The. 

HTS-1 provides five channels of sound from." 
any two -channel stereo source. 

'The HTS-1 works with a variety of speak- 
ers. In the front, you can use your existing 
stereo speakers. For the rear; choose from 
inexpensive wired speakers, high -quality 
wireless speakers, or even an audiophile - 
quality wireless satellite subwoofer system. 
The HTS-1 also gives you the ability to add 
a powered center channel speaker (instead 
of using your Tv's built- 
in speaker). 
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like you're actually there when events are hap- 
pening. Now there's an incredible new device 
that lets you use your stereo receiver to get 
that same surround sound in your home. 
The secret's in the signal. To get sur- 
round sound, you need to do more than sim- 
ply add extra speakers. There needs to be a 
way of separating the signal from the musi- 
cal score or movie soundtrack into distinct 
channel for each speaker. The new Chase 
Technologies HTS-1 surround sound decoder 
does just that, and in a revolutionary way that 
rivals the best Dolby Pro -Logic and THX sys- 
tems available today. 

Wins over critics. In the September 1994 
issue of "High Performance Review," noted 
audio critic Daniel Kumin said "the HTS-1 can 
do quite a job of recreating a 3D theatrical ex- 
perience...surround effects emanated with sat- 
isfying fullness...sound was clean at any 

level...with quite involving 
and natural sound ambience." 

Plus, John Sunier, a leading 
authority on surround sound 
and producer of Audiophile 
Audition, a nationally syndi- 
cated radio program for au - 

The new HTS-i 

decoder won 
the Design and 
Engineering 
Award at the 
Consumer 
Electronics 
Show for being 
one of the 
best and most 
Innovative 
new products. 

dio enthusiasts, says, "...the 
new Chase HTS-1, when used 
to decode the hidden ambi- 
ence in all musical recordings, 
definitely outperforms all the 
Dolby and THX processors 
(which could cost you up to 
$3,000)...1 am impressed!" 

Decoding breakthrough. 
Last year, audio industry vet- 
eran Bob Rapoport invented a 
new five -channel "passive" 
circuit for decoding the Dolby 

Surround' signals in every stereo, videotape 
or laserdisc. This passive method is superior 
to active decoders such as Dolby and THX be- 
cause it requires no AC current to decode. As 
a result, you experience more clarity, more de- 
tail, and a greater sense of space. Plus, you 
won't experience the noise or distortion which 
can occur with active decoding methods. You 
don't need any extra amps! Just connect the 
HTS-1 to your stereo, add your speakers, and 
you'll experience the magic of home theater 
at a fraction of the cost of other systems. 

f' 

Five channel options. The HTS-1 decoder 
can be used with two, three, four or five chan- 
nels of amplification, making it the most cost 
effective method for upgrading your stereo 
system to full home theater performance on 
the market. Best of all, the HTS-I works with 
a variety of hard wired and wireless speakers. 

In the front, most people use wired stereo 
speakers. Use your existing stereo's speakers 
or use one of a variety of wired speakers. 
Comtrad also offers the Chase Dialog center 
channel speaker. If your front speakers are 
more than eight feet apart, 
adding a center channel 
speaker will help keep 
voices and sound effects 
centered on the screen for 
stunning localization and 
clarity. The Dialog is self 
powered and video shield- 
ed to prevent interference 
with your television set. 

The Chase HTS-1 

decoder is 
the most cost- 
effective method 
for upgrading 
an existing 
stereo system to 
full home theater 
performance 
on the market. 
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The Chase Technologies HTS-1' 

nd sound decoder gives you 
ton of Using either tradition - 

át wired speakers like the Chase 
ELF -1S, or using wireless speakers 
or a wireless satellite subwoofer 
system for additional conveiience 
and enhanced sound quality 

urTo 
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Wireless freedom. When it comes to rear 
speakers, you can again choose standard 
wired speakers like the Chase ELF -is. But if 

you want to avoid the hassle of running speak- 
er wire up and down walls, behind furniture, 
and under carpet, you can add the freedom 
and convenience of wireless speakers. 

Recoton wireless speakers utilize a trans- 
mitter which broadcasts sound signals up to 
150 feet through walls, floors and ceilings. The 
speakers can be placed anywhere; they plug 
into a standard electric outlet. This eliminates 
the need to have wires running from the stereo 
to the speakers, which can be a nuisance with 
surround sound since the rear speakers are 
often elevated or wall mounted. 

Affordable option. Recoton's W440 speak- 
ers allow you to add wireless rear channel 
speakers without compromising the sound 
quality that wired speakers deliver. Each self - 
amplified speaker contains a two-inch tweet- 
er and four -inch woofer They deliver 10 watts 
per channel for strong, clear fill sound. Their 
compact design (9" high x 6" wide x 5.5" long), 
make them the perfect boókshelf-sized com- 
panion to your home entertainment set up. 
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Speaker Options 
Wired Speaker Options 
Front Speakers: The Chase HT3-1 surround sound decoder can utilize 

your existing stereo speakers, or any of a variety of wired speakers avail- 

able through.Comtrad or your local electronics dealer, 

-- -- Center channel speaker. If the front speakers 

1 are more than eight feet apart, adding a cen- 
' ter channel speaker will keep voice cues 

centered on the screen, We otter the Dialog. 
ft is self -powered and video shielded to pre- 
vent Interference with TVs. Dialog $75 $8 S&H 

Rear channel speakers. We recommend the 
quality Chase ELF -1 In either white or black 
for Inexpensive rear channel speakers. 
Mount them with the enclosed color -matched 
mounting brackets or flush mount them on 
the wall. ELF -1 $99/pair $10 S&H 

Wireless Speaker Options 
Rear channel speakers. Recoton W440 wire- 
less speakers are the perfect option for 
people who want quality stereo rear chan- 
nel speakers without having to run speaker 
wire. Their two -Inch tweeters and tour -inch 
woofers deliver 10 watts per channel-clear, 
strong stereo fill sound. The speakers work 
up to 150 feet from the transmitter without 
loss of sound quality. rxi000 transmitter 
(works unlimited speakers) $69 $7 S&H 

"C wireless speaker (each) $89 $9 S&H 

Get the Chase HTS-1 half oft ($49) when you buy the W440 speaker system! 
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Rear channel speakers. For true audio- 
phile -quality rear channel speakers, 
we offer the Recoton wireless satellite 
subwoofer system. This first -of -its - 
kind system combines a 10 -Inch rear - 
firing subwoofer with a pair of 25 -watt 
satellite speakers. The subwoofer pro- 
vides that distinctive "low -end punch" 
that you feel in movie theaters, while 
the satellites are designed to coincide 

with surround sound processor specifications balance per- 
fectly with the front speakers. wHr47o transmitter... $69 $7 S&H 

WHr421 wireless 50 -watt subwoofer $299 $24 S&H 

var462 pair of wireless 25 -watt satellite speakers $329 $24 S&H 

Get the Chase HTS-1 FREE when you buy the satellite subwoofer system! 

Audiophile quality. For the true stereo en- 
thusiast, we offer the Recoton self -amplified 
wireless satellite subwoofer system. The satel- 
lite speakers in the system each bolster 25 

watts of clean, distortion -free sound. The sub - 
woofer adds a whole new dimension to your 
home theater with its 50 -watt amplifier that's 
capable of creating enough rumble to make 

you feel like you're in the 
middle of an earthquake. The Recoton 

wireless sub - 
woofer's 50 -watt 
10 -inch speaker 
delivers thunder- 
ous bass that 
adds depth and 
realism to the 
surround sound 
experience. 
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Even the most discrim- 
inating surround sound 
enthusiast will be en- 
gulfed by the abundant 
power and delighted with 
the full -range, first-rate 
sound from these black 
oak vinyl veneer speakers. 

Easy to install. Every 
speaker option offered by 
Comtrad can be easily in- 
stalled with the HTS-1 in a 
matter of minutes. Just 
connect the speaker out- 
puts of your receiver or 
amp to the HTS-1, then 

connect speaker wire to the front and rear 
speakers. When using wireless speakers, con- 
nect the transmitter to the output. One trans- 
mitter will broadcast to each wireless speaker. 

Risk -free home trial. The best way to eval- 
uate surround sound is in your home-not a 

showroom. That's why we're offering the 30 - 

day risk -free home trial. Try these products in 

your home and if you're not delighted with 
the the surround sound experience, return 
them for a full "No Questions Asked" refund. 

HTS-1 surround sound decoder $99 $10 S&H 

Please mention promotional code 711 -PL -1113. 

For fastest service call toll -free 24 hours a day 

800-704-1211 

To order by mail, send check or money order for the total 

amount including S&H ( VA residents add 4.5% sales tax.) 

Or charge it to your credit card, enclosing your account 

Hunter and expiration date. 

11rIr W 
INDUSTRIES 

2020 Waterford Lake Drive, Suite 106 
Midlothian, Virginia 23113 



Sony's SA-VA1 home -theater speaker 
system, shown here with a 32 -inch TV, 
features two front tower speakers that 
include a Dolby Pro Logic decoder, am- 
plifiers, subwoofers, and inward -firing 
center -channel drivers. Two rear sur- 
round -sound speakers complete the 
system. 

HOME -THEATER RESOURCES 

CUSTOM ELECTRONIC DESIGN & IN- 
STALLATION ASSOCIATION (CEDIA) 
9202 North Meridian Street 
Suite 200 
Indianapolis, IN 46260 
Tel. 800-CEDIA30 
For recommendations of custom -in- 
stallation firms 

DOLBY LABORATORIES 
100 Potrero Avenue 
San Francisco, CA 94103-4813 
Tel. 1-800-241-4115 
"Consumer Guide to Home Theater" 
video; $19.95 

ELECTRONIC INDUSTRIES ASSOCIA- 
TION/CONSUMER ELECTRONICS 
GROUP (EIA/CEG) 
2500 Wilson Boulevard 
Arlington, VA 22201 
Tel. 703-907-7600 
"Guide to Home Theater" booklet; free 

SHARP ELECTRONICS CORPORA- 
TION 
Sharp Plaza 
Mahwah, NJ 07430-2135 
Tel. 1 -800 -BE -SHARP 
"Hollywood at Home" brochure; free 

the color of the walls). If you want your 
home theater to be the focal point of the 
room, full-size speakers would be your 
choice. 

If possible, all the speakers in a system 
should be of the same type, but that isn't 
always practical. After all, an entertain- 
ment center houses only three of the five 
speakers. You might not have room for 
free-standing surround speakers behind 
your sofa-in-wall speakers might better 
serve the purpose. 

No matter which type you select, there 
are two important rules to follow. First, 
any speakers that will be placed in' close 
proximity to a direct -view TV must be 

16 magnetically shielded to avoid picture-dis- 

toiling interference. Second, your speak- 
ers must be matched, in both power and 
tone. 

Of course, the easiest way to buy a 
matched set of speakers is to buy a speaker 
system that has been specifically designed 
for home theater. Many manufacturers of- 
fers such systems, which often include 
subwoofers as well as five or more 
matched speakers. 

If you plan to use a pair of existing 
speakers for the front -left and -right chan- 
nels, your best bet is to buy the same brand 
speakers for your center and surround 
channels. Again, make sure that they are 
tonally matched, and that the center -chan- 
nel speaker is magnetically shielded. 

There are also some basic, definitive 
rules to follow in placing the speakers in 
your viewing room. The center -channel 
speaker should be as close to the screen as 
possible, usually immediately above or 
below it. The right- and left -front speakers 
should be placed in line with and equidis- 
tant from the screen. The surround speak- 
ers should go behind the couch, spaced 
evenly to either side of, and just above, the 
viewer's head. If the size of the room de- 
mands additional surround speakers, 
those are mounted along the sides of the 
room, again, slightly above the viewer's 
head. 

A subwoofer can be placed just about 
anywhere in the room. Keep in mind that 
the closer it is to a wall, the deeper the 
bass. The deepest bass is achieved when 
the subwoofer is placed in a corner. 
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SETTING IT UP 
Before you even begin shopping, it's 

important to decide where in your home 
your theater will go. The obvious choice is 
usually the family room, because that's 
where you all tend to gather in the eve- 
nings, and that's usually where your audio 
and video components already are. 

But does every member of your family 
enjoy watching video in the evening? And 
do you all share the same taste in video 
fare? If not, you might want to keep the 
family room an all-purpose spot-where 
one person can do homework while an- 
other plays a video game and another reads 

ow. 
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How do you solve the seating -arrange- 
ment problem in a room with two focal 
points-a fireplace and a big -screen TV? 
Viewings Audio/Video Automation of 
Cincinnati, OH, took the "If you can't 
beat 'em, join 'ern" approach, by placing 
the TV above the fireplace, and grouping 
all the furniture to face both. 

Left Center 
41 
Right 

1 

Dolby recommends the above arrangement of speakers in relation to the TV and 
furniture in a home theater. In a large room, where the sofa is at a distance from the TV, 
side speakers could be used to fill in the surround -sound. 



THINKING OF THX? 

Used correctly, a Pro Logic surround 
system creates an authentic sound en- 
vironment that will thrill most home -the- 
ater enthusiasts. Purists, however, 
might want to take it a step further, by 
using a THX system in their home -the- 
ater setup. 

Star Wars creator George Lucas 
wanted theatergoers to experience his 
films exactly as they looked and sound- 
ed in post -production. But the sound 
systems in many, if not most, theaters 
were not up to the task. He urged tech- 
nicians at Lucasfilm Ltd. to come up 
with a solution, and, led by corporate 
technical director Tomlinson Holman, 
they did: THX. 

To meet the THX objectives-achiev- 
ing clear dialog, a high degree of sound 
localization from every seat in the the- 
ater, and non -localized but pervasive 
surround sound-components such as 
the surround decoder, amplifiers, and 
speakers are matched to the size and 
shape of individual theaters. Where 
needed, acoustical modifications are 
made as well. THX-equipped theaters 
(more than 600 worldwide) are tested 
upon initial setup, and again at periodic 
intervals, to be sure they meet THX 
specifications. 

Problems arose when trying to recre- 
ate THX-quality sound in home the- 
aters, where the acoustics of a smaller 
room tended to make the sound, which 
had been processed for a large theater, 
seem unnaturally brilliant or shrill. Lu- 
casfilm's Home THX technology, de- 
signed to solve those problems, 
consists of a controller, amplifier, and 
speakers that meet standards that allow 
them to provide home -theater sound re- 

production as close as possible to that 
heard in the production sound studio. 

Building upon Dolby Pro Logic de- 
coding, Home THX applies three en- 
hancement techniques to the audio 
input before the signals are re- 
produced. The system requires spe- 
cialized equalizers and circuitry that 
modify the characteristics of Dolby Pro 

Logic decoded signals to meet Home 
THX specifications. 

The first, called "re -equalization," is 

intended to compensate for the overly 
bright sounds caused when sound- 
tracks that have been processed for 
playback in large theaters are re- 
produced in smaller rooms. Re -equal- 
ization reduces the highs to restore the 
original flat -response characteristics 
before the signals are amplified. 

The second technique, known as 
"decorrelation," splits the mono sur- 
round channel into two uncorrelated 

the newspaper-and put the home theater 
elsewhere. 

"Elsewhere" can be just about any- 
where in the house, even in spaces that you 
wouldn't consider comfortable for other 
activities. Features that are considered ap- 

outputs for left- and right -surround 
speakers. It is intended to reduce lo- 
calization, which has been found to de- 
tract from the sense of envelopment, 
and to create a more spacious sound. 

Finally, "timbre matching" strives to 
ensure that there is no change in timbre 
between the front and rear speakers. 
Because the human ear responds dif- 
ferently to sounds coming directly from 
the front than to those coming diffusely 
from the sides, even if the front and rear 
speakers had identical reproduction 
characteristics, the listener would hear 
a change in timbre. Timbre matching 
filters the signals as they cross between 
front and rear speakers to reduce the 
perception of a change in timbre. 

Home THX equipment must meet the 
specifications for re -equalization, de - 
correlation, and timbre matching, as 
well as requirements for power ampli- 
fiers, loudspeakers, and interconnec- 
tions. THX-certified power amps must 
be able to amplify the controller's sig- 
nals to provide high-level, low -distortion 
outputs. THX front speakers are de- 
signed to aim sound directly at the view- 
ers to assure clear dialog and pin -point 
sound localization. Dipolar surround 
speakers are situated so that the view- 
ers receive no direct sound. 

There is a debate raging within the 
AN world as to whether or not that addi- 
tional THX circuitry truly enhances the 
home -theater experience. There is gen- 
eral agreement that, when viewing 
laserdiscs produced by Lucasfilm, 
THX-certified equipment significantly 
improves the quality of the soundtrack. 
And some folks firmly believe that THX- 
approved gear is the only way to go for 
all home -theater listening. 

But others feel that, while Home THX 
enhances the viewing experience, it 

can cause muddy reproduction of musi- 
cal recordings. Yet another group thinks 
that those three additional circuits pro- 
duce effects that are so obvious as to be 
obtrusive-not just when listening to 
music, but also when watching films. 

The only way to know if THX is right for 
you is to listen for yourself-and then 
check your bank account. A Home 
THX-certified sound system is a big - 
ticket item. It can cost more than an 
entire Dolby Pro Logic home -theater 
system including TV and audio/video 
sources. The least -expensive THX sur- 
round -sound processor is Kenwood's 
KC -X1, priced at $1000. Prices jump 
from there to around $2500 and much 
higher. THX-certified speaker systems 
also carry hefty price tags, typically 
ranging from $3000 to $8500, or more. 

pealing in other rooms-lots of natural 
light, fireplaces, vaulted ceilings, and fan- 
cy architectural detailing-can actually 
detract from a home theater. 

Do you have a basement "rec room" 
that young kids use during the day? Per- 

haps it's too dark and the ceilings are too 
low for anyone else to use the space. But 
with the addition of a comfortable sofa and 
home -theater components (possibly 
stored in a locked cabinet to discourage 
small hands from inserting peanut -butter 
sandwiches into the VCR tape slot), the 
basement can do double -duty as a home 
theater after the kids are tucked in for the 
night. 

A spare bedroom is another good home - 
theater candidate. The closet-no longer 
needed for clothes-can easily be convert- 
ed into a built-in home theater. A decent - 
sized closet can house all your compo- 
nents, as well as a large collection of CD's, 
videotapes, and laserdiscs. Once again, 
when you're not watching a movie, the 
room can pull double duty as a home of- 
fice, guest room, or hobby room. 

If you do decide to situate your home 
theater away from the main living areas of 
your house, you should consider buying 
an, A/V receiver with multi-rodm ca- 
pabilities. That way, you can route the 
source material from your home -theater 
components to speakers and monitors 
throughout the house. 

If you're still not sure where to put your 
home theater, or what to put into it, profes- 
sional he p is available. Shop at an audio/ 
video specialty store instead of one of 
those large discounters, and the extra 
money you'll spend on components will 
include expert advice on setting it up. 
And, if you'd prefer to have a pro make all 

the decisions-based on your budget, 
viewing habits, and aesthetic prefer- 
ences-contact CEDIA: the Custom Elec- 
tronics Design & Installation Association. 
Custom installers and designers can han- 
dle everything from pre -wiring a new 
home to designing a whole -house audio/ 
video -distribution system to fine-tuning 
the controls on your new home theater. 
CEDIA can recommend a qualified 
custom -installation company in your area. 

MAKING GOOD CONNECTIONS 
If you decide to do the job yourself, 

designing the system and buying all the 
components can be a piece of cake com- 
pared to the chore of properly connecting 
everything. After all, you'll need to con- 
nect to your A/V receiver a TV; five or 
more speakers; an antenna, cable box, or 
satellite IRD; a VCR and/or laserdisc play- 
er; and possibly a subwoofer, additional 
amplifiers, a CD player, and a tape deck. 
The idea is to plug everything into its prop- 
er jack, and somehow avoid creating a 
tangled jumble of wires and cables. 

If you're not completely comfortable 
making those connections, we highly rec- 
ommend Dolby's "Consumer Guide to 
Home Theater" videotape. 

(Continued on page 21) 17 



Larger than 
Life 
CRYSTAL ONE LCD PROJECTOR. From 
Vidikron of America,150 Bay Street, Jer- 
sey City, NJ 07302. Tel. 201-420-6666. 
Price: $7995. 

A large -screen TV isn't an essential in- 
gredient for enjoyable home theater, but it 
can sure enhance the experience. And for 
the biggest possible picture, a projection 
TV, such as Vidikron's Crystal One is 
called for. 

Unlike all of Vidikron's other projectors 
and most projection TV's on the market, 
the Crystal One generates its image with 
liquid -crystal display (LCD) panels in- 
stead of cathode-ray tubes (CRT's). Histor- 
ically, LCD projectors have not been able 
to match the performance of CRT models, 
but they are far easier to install and main- 
tain. The Crystal One, however, ap- 
proaches CRT -quality, and could hardly be 
easier to install. 

The main problem that most users (and 
installers) face with CRT projectors is that 
the beams from the three guns must be 
converged properly-a time-consuming 
and somewhat difficult task. LCD proj- 
ectors, by contrast, have only a single light 
source, which passes through LCD panels 
that are aligned properly during manufac- 
turing. The convergence on our Crystal 
One was close to-but not quite-perfect. 

The projector measures about 
8 x 22 x 15 inches and weighs 44 pounds, 
and is intended to be mounted on a high 
shelf or suspended from the ceiling. The 
top of the projector is intended to be at the 
same height as the top of the viewing 
screen at a distance that varies with the 
desired picture size. For example, for a 
six-foot diagonal screen size, the projector 
could be mounted anywhere between 15 

and 26.5 feet from the screen. For a ten - 
foot screen, the projector could be 
mounted at a distance from about 23 to 42 
feet. The 2 x zoom lens incorporated into 
the projector allows the picture size to be 
varied. 

The simplicity of the LCD projector, 
however, eliminates some mounting flex- 
ibility. For example, consider the con- 
straint of mounting the top of the projector 
at the samé height as the top of the screen. 
Mounting it lower and tilting the projector 
up at an angle toward the screen would 
result in keystoning, where the top of the 
picture would be wider than the bottom. A 
CRT projector can compensate for key - 
stoning even if it is not installed at the 
optimum height. Typically, a mounting 
angle of at least 20 degrees can be accom- 
modatQd by such projectors. With the 

18 Crystal One, it is possible to compensate 

for keystoning by tilting the screen toward 
the projector at the same angle as the proj- 
ector is tilted up from its horizontal posi- 
tion. 

Although the requirement for mounting 
the Crystal One at the same height as the 
top of the screen might seem an unrea- 
sonable restriction, it does have some ad- 
vantages. First, it makes it easier to walk in 
front of the screen without getting in the 
way of the projected beam. Second, it 
makes the noise generated by the proj- 
ector's cooling fan less noticeable. If the 
projector is still too intrusive for your 
tastes, you might consider mounting it be- 
hind a screen intended for rear projection. 
The picture can be flipped to its mirror 
image with a couple of remote -control but- 
ton pushes. 

Just how easy is the Crystal One setup? 
For our tests, we installed the projector on 
a high shelf in the rear of a 16 -foot -deep 
room. We turned it on, and adjusted the 
zoom and focus controls. Although we 
could have manually focused the projector, 
we used the zoom and focus buttons on the 
remote control instead. An. on -screen dis- 
play allows the 'projector to be focused 
even without a video input signal. 

The entire procedure took maybe five 
minutes-and most of that was spent un- 
packing the projector. It took somewhat 
longer to set up the screen. Although the 
projector can project an image onto a plain 
white wall, we chose to use a flat screen- 
with a reflectivity of 1.3 times a standard 
white surface, the screen allows viewing in 
brighter environments. 

The longest part of the setup procedure 
was neatly routing the audio, video, and 
antenna cables-all originating 16 feet 
away on the far side of the room-to the 
projector. 

The rear panel of the Crystal One ac- 
cepts video, audio, and antenna or cable 
inputs-a full TV tuner is built in, as is a 
front -panel speaker. In its simplest in- 
stallation, an antenna cable is connected to 

the rear -panel F connector, and the internal 
speaker provides audio. For all practical 
purposes, that would be a nonsensical in- 
stallation-a three-inch speaker can't sup- 
port a six-foot picture. Nonetheless, we 
applaud the inclusion of the speaker for a 
couple of reasons. First, it is a convenient 
aid in setting up the Crystal One. Second, 
it allows the projector to be set up quickly 
in a bare -bones arrangement. For exam- 
ple, we could imagine some users popping 
the projector in the trunk of their car to 
take up to the vacation home, and others 
taking it to clients' offices for business 
presentations. 

Rear -panel outputs are also provided for 
powering external stereo speakers at ten 
watts per channel. The internal amplifier 
can provide adequate audio in a pinch, but 
we wouldn't be satisfied with it in a home 
theater. 

Stereo audio inputs are provided on the 
rear panel, as are two BNC connectors for 
video inputs, one S -video input, and an 
RGB input. The projector, therefore, can 
be used to project the image from a com- 
puter with a CGA card. A $1300 adapter is 
available for displaying VGA signals. An 
S -video input is also provided on the rear 
panel, and an additional one is located 
behind the control door on the front panel. 

In operation, the Crystal One is a plea- 
sure to use, thanks, in part, to the remote 
control supplied with it. A sensible menu 
system makes it easy to change the audio, 
video, and feature settings. In many ways, 
the projector acts very much like a stan- 
dard TV. For example, it provides switcha- 
ble closed -captioning, parental channel 
lockout, automatic channel -scan for find- 
ing active channels, channel display, and 
user -programmable station -identification 
labels. 

The Crystal One provides a couple of 
menu options that are not found on most 
TV's. An operating -hours timer allows 
users to track the life of the projector's 
light source. The Crystal One has a 200- 



watt metal -halide bulb that has an estimat- 
ed working life of about 2000 hours. A 
spare bulb is included with the projector, 
and is user -replaceable. A personal -prefer- 
ence menu allows a user to configure each 
source with default brightness, color, tint, 
audio settings, and more. 

The display panels in the Crystal One 
are transmission -type active -matrix 
LCD's. They create an image in conjunc- 
tion with a series of folding and dichroic 
mirrors that direct red, green, and blue 
light to the appropriate LCD. The LCD's 
let the light pass through them to create the 
on -screen image. 

The 200 -watt metal -halide bulb can pro- 
duce an image that is considerably bright- 
er than most LCD projectors that we've 
seen. Although a darkened room provides 
the best viewing, it is not essential for 
casual viewing. Even in a room without 
draperies, we were able to enjoy the proj- 
ector on all but the sunniest days. 

The quality of the picture that is pro- 
duced is exceptional for an LCD projector. 
The projected image consists of 455 hori- 
zontal rows of pixels, and 479 vertical 
columns of pixels; the pixel layout is in a 

delta pattern that makes them less notice- 
able. The projector's horizontal scan fre- 

quency is 32 kHz, and a line -doubling 
process called "interlaced double -line ad- 
dressing" makes the picture incredibly 
smooth by making the scan lines virtually 
invisible even when a viewer sits closer 
than the recommended distance of twice 
the screen's diagonal size. No observable 
motion artifacts are introduced by the line - 
doubling technique. Our testing indicated 
a horizontal resolution that approaches 
400 lines, which is ideal for enjoying 
NTSC video. 

The screen was free of the "hot spot" 
that we've come to expect from LCD proj- 
ectors. Instead, the brightness was almost 
perfectly uniform from side to side and 
from top to bottom. Differences were no- 
ticeable only with the careful observance 
of test patterns. 

The only place where the Crystal One 
falls short of quality tube projectors is in 

producing a high -contrast ratio. Deep 
blacks are attainable in a darkened room, 
but in brighter environments, we could not 
obtain good blacks at what we consider an 
adequate, average picture level. Increase 
the average picture level to an acceptable 
level, and the blacks are not quite black, 
and the picture takes on a little bit of a 

washed-out look. 
All things considered, the Crystal One 

projector can be an easy way to enjoy in- 
credible video. Its superb picture, coupled 
with its ease of setup and use, is a com- 
bination that is difficult to beat. Set up the 
projector in your home theater, and you'll 
never feel the need to go out to the movies 
again. 

Home- Theater 
Sound Central 
CT -27V A/V PREAMPLIFIER/TUNER 
AND AV -405 POWER AMPLIFIER. Man- 
ufactured by Carver Corporation, P.O. 
Box 1237, Lynnwood, WA 98046. Tel. 

216-775-1202. Price: CT -27V, $850; 
AV -405, $750. 

The TV or projection screen might be 
the first thing that you notice about a home 
theater, but the thing that determines 
whether you just watch a movie-or be- 
come part of it-is the sound. When we 

installed Carver's CT -27V A/V preamp/ 
tuner and AV -405 5 -channel power ampli- 
fier, we became a part of every movie we 

turned on. 
With its video -switching and audio -pro- 

cessing circuitry, the audio system is the 
real heart and brains of a home theater. In 
our setup, the CT -27V became the brains, 
and the AV -405, the heart. 

The CT -27V is a Dolby Pro Logic au- 
dio/video preamplifier and tuner. It allows 
the power amplifier(s) that are best suited 
to your home theater to be used. It also 
allows the heavy, bulky power amplifier to 
be mounted out of sight. The unit mea- 
sures 4.4 x 19 x 15 inches, and can be 
rack -mounted. Alternatively, the rack han- 
dles can be removed so that the preamp 
will fit in 17 -inch equipment racks. 

The preamp offers seven sets of stereo 
audio inputs: phono, CD, tape, DCC, 
laserdisc, VCRI, and VCR2. Video inputs 
include composite connectors for a laser - 
disc and two VCR's. A composite output 
jack is also provided for connection to a 
monitor. One S -video input and an S -vid- 
eo output are provided. 

Preamp outputs include right- and left - 

front channels, right- and left -surround 
channels., a center -channel output, and a 

subwoofer output. The relative volume 
level of the subwoofer output with respect 
to the other channels can be adjusted with 
a rear -panel rotary control. 

Switched and unswitched AC outlets 
are available on the rear panel of the pre- 
amplifier. Unfortunately, they cannot pro- 
vide sufficient power for a power amplifier, 
which is a minor inconvenience. 

The preamp is compatible with the 
RC -5 remote -control bus, which allows 
remote -control signals to be passed among 
daisy -chained components. The remote 
that is supplied with the preamp can also 
be used to control a TV and VCR. 

The CT -27V is an AM/FM tuner as well 
as a preamplifier. Plus, a CATV input per- 
mits tuning of stereo signals that might he 
supplied over your cable system. A total of 
30 AM, FM, or CATV frequencies can be 
stored in memory presets. They can he 
entered manually by pressing the MEMO 
key and then entering the memory posi- 
tion. Alternatively, the receiver can scan 
through the band, stopping at any receiva- 
ble station for about five seconds. The 
station will be stored in the next available 
memory unless the TUNING/SCAN button is 

pressed, the band is changed, or the recep- 
tion mode is changed, 

The preamplifier's digital signal pro- 
cessing (DSP) circuits not only decode 
Dolby Pro Logic signals, but provide four 
additional surround -sound modes as well: 
Movie Surround, 3Logic, Hall 1, and 
Hall 2. 

Our preference is to watch movies in the 
Dolby Surround mode, and to listen to 
music in plain of stereo. However, al- 
though they are not to our tastes, we can 
appreciate the inclusion of the other 
modes. Movie Surround, for example, al- 
lows the delay time for the rear channel to 
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be set for up to 90 milliseconds, whereas 
Dolby surround allows for settings be- 
tween 15 and 30 milliseconds. That longer 
delay might be appropriate for unusually 
small rooms, so that the surround speakers 
sound as if they are located farther from the 
listening position. Under most circum- 
stances, the long delays just create an un- 
natural listening experience. 

The intent of the 3Logic mode is to 
improve the center of the sound field if the 
left and right speakers are located too far 
apart. The Hall 1 and Hall 2 surround 
modes expand the sound field and add 
reverberations. Under most circum- 
stances, the effect is not to our liking, but 
it is undoubtedly a popular feature. 

A matrix surround mode, in which a 
delayed stereo -difference signal is fed to 
the surround channels, is also provided. 
The rear channel delay can be set any- 
where from zero to 90 milliseconds. 

A front -panel VOCAL ZOOM knob is pro- 
vided to adjust the presence of dialog in 
the center channel in Dolby Surround, 
Movie, and 3Logic modes. Left in its cen- 
ter position, the control has no effect. Ro- 
tate it clockwise, and the vocals seem to 
move forward. Rotate it counterclockwise, 
and the vocals recede. 

Like all Pro -Logic decoders, the 
CT -27V includes a test tone for adjusting 
the volume levels of the front and surround 
channels. An input/output loop is pro- 
vided for the connection of an external 
processor such as a graphic equalizer. 

The AN 405 is a five -channel power 
amplifier that was designed specifically for 
home theaters. Electrically, it mates per- 
fectly with the CT -27V preamp. The am- 
plifier can supply a total of 410 watts to 
eight -ohm loads: 100 watts to the left- and 
right -channel speakers, 110 watts to the 
center channel, and 50 watts to each of the 
two surround speakers. 

The AN 405 amplifier was designed 
following Carver research that led to the 
conclusion that the center channel requires 
slightly more power than the left and right 
channels, and that the surround channels 
require roughly half the front power rating. 
In the best of all worlds, we would nor- 
mally prefer that all channels were equally 
powered. However, we can't fault Carver's 
design. Sounds remained consistent as 
they panned from right to left, or from 
front to rear. There was also no hint of 
variance ín either the power level or tonal 
quality. 

The AV -405 sports gold-plated phono 
jacks, heavy-duty 5 -way binding posts for 
speaker outputs, intermodulation distor- 
tion ratings of less than 0.1%, and total 
harmonic distortion of less than 0.2%. 

By themselves, both the CT -27V and 
AV -405 are admirable performers. To- 
gether, they're a formidable combination 
for any home theater. 

Up Front and 
Center and 
Surround 
SYSTEM 250 HOME -THEATER SPEAKER 
SYSTEM. From Atlantic Technology In- 
ternational, 343 Vanderbilt Avenue, 
Norwood, MA 02062. Tel. 
617-762-6300. Price: System 250, 
$1446; 252 PBM Bass Module, $549; 
251 LR front -channel speakers, $299 per 
pair; 253C center -channel speaker, 
$279.95; 254 SR surround speakers, 
$299 per pair. 

The importance of the speakers in a 
home -theater system cannot be overstated. 
They can pull the listener into the movie, 
making the experience a thrill, or they can 
turn an excellent film into washed-out fare. 

For example, the front speakers in a 
home -theater must create a realistic sound 
field that draws the listener's attention to 
the screen. Their imaging must be precise, 
and they must be consistent from right to 
left. 

In a movie theater-which is what a 
home theater should strive to emulate- 
most of the sound comes from speakers 
that are located directly behind the acous- 
tically transparent screen. The reason, of 
course, is that most of the dialog and ac- 
tion takes place on the screen, so the sound 
should come from there as well. 

In many homes, the front speakers for 
the TV are located on either side of the 
screen. That's not too much of a compro- 
mise if the screen is small and the viewer is 
sitting centered between the speakers. Sit 
off to one of the sides, however, and the 
sounds that should be coming from on- 
screen will instead seem to be coming 
from the speaker you're sitting near. If 
your speakers can be localized, you know 
that your home -theater experience is not 
what it could be-you are watching and 
listening to a movie instead of becoming 
part of it. 

A Dolby Pro Logic A/V receiver will 
provide a "phantom" mode that allows the 
two front speakers to create what sounds 
like a realistic center channel. It does 
eliminate the "hole in the middle," but 
can't create the realistic soundfield that 
three speakers can. Remember: about 
three quarters of a movie's sound comes 
from the center channel. 

Unfortunately, you can't take just any 
speaker and make it a center -channel 
speaker. First off, the center -channel 
speaker should be placed as close as prac- 
tical to the video screen, so if you have a 
direct -view TV set, you must get a mag- 
netically shielded center -channel speaker. 

Second, the center -channel speaker 
must acoustically match the right- and 
left -channel speakers so that dialog 
sounds natural as it is panned across the 
screen, and so all sounds maintain their 
tonal balance as they move from one side 
to another. That is the most difficult prob- 
lem that faces people who want to use their 
existing stereo speakers in their home 
theater. 

It is possible, of course, to get a decent 
match even with speakers from different 
manufacturers. Speakers built specifically 
for the task-such as Atlantic Tech- 
nology's 251-LR front -channel speakers 
and 253-C center -channel speakers-will 
do a better job. 

The 251-LR front -channel speakers fea- 
ture two 4 -inch woofers and a 3/4 -inch 
dome tweeter and deliver a frequency re- 
sponse of 80 Hz to 20 kHz, ± 3 dB. Their 
nominal impedance is 8 ohms. The 253-C 
features the same driver configuration, 
and the same power -handling capability 
(150 watts). The most obvious difference 
between the speakers is that the 253 -C's 
cabinet is narrower so that it can be placed 
horizontally on top of a TV. A special base 
that is supplied with the speaker allows it 
to be "aimed" at the listening position for 
optimum sound. 

There are a couple of other, more impor- 
tant differences that make the 253-C a 
dedicated center -channel speaker. First, 
the speaker has an adjustable midrange 



timbre, so that it can be a better sonic 
match for whatever speakers you have for 
your left and right channels. The control, 
on the speaker's rear panel, has a position 
labeled "251" that automatically matches 
the 253-C to Atlantic Technology front 
speakers. Even if your front speakers are 
from a different manufacturer, obtaining a 

good match is surprisingly easy: Just turn 
the control as you listen to the test tone 
(hiss) from a Pro Logic decoder until the 
speakers sound identical. 

A second control on the speaker's rear 
panel allows the high -frequency level to be 

adjusted. That can also be used to match 
the left and right speaker characteristics. 
But it also can be used to compensate for 
the brightness of most movie soundtracks. 
(The high frequencies are usually boosted 
to compensate for the absorption of the 
movie screen.) 

Although most of the action takes place 
in the middle and high frequencies, some 
of the most dramatic sounds come from 
the low frequencies. That's where Atlantic 
Technology's 252 PBM powered bass 
module comes into play. 

The 252 PBM powered bass module is 

versatile enough to fit in virtually any 
home theater. 

The 252 PBM is incredibly versatile and 
can become a part of virtually any home - 
theater system. First, it can operate in what 
Atlantic Technology calls a "passive" 
mode, in which the internal amplifiers 
power only the subwoofer with 90 watts. 

In that mode, the speaker outputs of an A! 
V receiver are fed directly to the sub - 
woofer's input. The front left- and right - 

channel speakers can be connected to the 

subwoofer's passive speaker outputs. In a 

second passive mode, the line -level sub - 
woofer output of an A/V receiver is fed to 

one of the line -level inputs of the sub - 
woofer module. 

In the powered modes, the internal am- 
plifiers provide amplified outputs for the 

right- and left -channel speakers as well as 

for the subwoofer. The amplifier config- 
uration in the powered mode is 3 x 40 
watts. 

The module's crossover point can be 
selected with the flip of a switch as either 
80 Hz or 120 Hz. The 80 -Hz position pro- 

vides the most accurate, natural -sounding 
bass. With a 120 -Hz crossover, the bass 
sounds excessively boomy. The driver ele- 
ment is a 12 -inch, long -throw, poly- 
propylene woofer. 

Of course, not all of the drama in a 

movie's soundtrack occurs in the deep bass 
or the center channel. Some of it should 
come from all around you via the surround 
channel. 

Most of the sounds in the surround 
channel, however, are not intended to be 

localized or even consciously noticed. In- 

stead, they are supposed to wash over the 
listener, providing ambience and fill. The 
only time you should ever be able to lo- 

calize on the surround channel is when 
directional information is deliberately 
placed there-such as when an airplane or 
spaceship flies overhead from the back to 
the front. 

In movie theaters, the surround sneak- 
ers are located along the side walls and in 

the rear. In home theaters, the surround 
channel is usually reproduced by a pair of 
speakers in the rear of the room. If they are 

not placed correctly, however, they can re- 

duce the realism of the surround experi- 
ence. Unlike most speakers, the surround 
speakers should not be mounted at ear 
level and they should not, in most cases. 
even face the listening position! 

Such considerations become difficult as 
people increasingly choose to wall mount 
their speakers. Atlantic Technology's 
Model 254 SR, which is intended for on - 

wall or in -wall mounting, solves the di- 

lemma with a pair of 31/2 -inch surround 
drivers that are mounted on a curved front 
baffle that protrudes slightly out from the 
front of the speaker (or the wall). The 31/2 

inch drivers are angled outward to the left 

and right so that they will disperse the 
sound widely throughout the listening 
room. A third driver, a 4 -inch long -throw 
woofer, increases the low bass response 
down to 50 Hz, and improves the power 
handling capability to 150 watts. 

The driver -mounting scheme does give 
the speakers wide dispersion charac- 
teristics. They produce a surround field 
that fills the room, and they cannot be 

localized almost regardless of where they 

are mounted. That allows for a great deal 

rA 

The surround -channel speakers sport 
drivers that are angled to produce a wide 
acoustic scatter. 

of mounting flexibility. They can be placed 
on a bookshelf, mounted on speaker 
stands, mounted on a wall, or recessed 
into the wall. (Brackets for new -con- 
struction and retrofit mounting are avail- 

able for $99.) 
The individual members of Atlantic 

Technology's System 250 performed ad- 

mirably. The real strength, however, is how 

the components performed together. For 
movies, the six speakers became one, fill- 
ing the room with sound that came from 
where it was supposed to. When T -Rex was 

pounding along in Jurassic Park, we could 

feel the footsteps. And that's what home 
theater is all about. 

HOME THEATER 
(Continued from page 17) 

CURTAINS UP! 
Now that you've put it all together, it's 

time to reap the benefits of home theater- 
and there are many. At the top of the list, of 
course, is the convenience of watching 
films in the comfort and privacy of your 
own horde. But there are other perks as 

well. 
First, after the initial capital outlay re- 

quired to set up your home theater, the 
money savings can be substantial. At $7 a 

head, it costs a family of four $28 before 
snacks to go out to the movies. Add in $4 
for a bucket of popcorn and $1.50 each for 

sodas, and you can easily approach $40 for 

the evening's entertainment. Compare that 
to the $3 or so charged by your local vid- 
eo -rental shop, and the price of some mi- 
crowave popcorn and a two -liter bottle of 
cola! 

Second, with your own home theater, 
what you see (and hear) is what you get. 
You know what quality you can expect 
from the sound system and the video com- 
ponents. You don't have to worry that the 
seats will be uncomfortable, that the room 
will smell funny, that your feet will stick to 

the floor, that the temperature will be too 
hot or too cold, or that the people behind 
you will reveal the ending of the movie 
before the lights go down. You'll never get 
stuck sitting in the first row, or behind a 

very tall person, or next to a very large 
person. In fact, your only worry is that 
you'll be so comfortable you'll fall asleep 
during the movie! 

Finally, families with home theaters 
often report an increase in "quality time" 
spent with the kids, watching films to- 

gether and maybe even talking about them 
afterward. 

So relax and enjoy your home theater, 
knowing that you've made a sound invest- 
ment in your family and your home-after 
you read the following reviews of some 
home -theater products, of course! 21 
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Dolby Pro Logic TV 
The Model PV5269BT 52 -inch rear -projection TV from Zenith Electronics 

Corporation (1000 Milwaukee Ave., Glenview, IL 60025) features built-in Dolby 
Pro Logic surround -sound capability and the StarSight interactive on -screen 
program guide. The short -focal -length projection system allows the set to fit in a 
smaller -footprint, "Slim -Profile" cabinet (less than 25 inches deep). With built in 
Pro Logic, no additional audio components are needed. However, jacks are 
provided for adding powered woofers and tweeters. Audio processing modes 
include "concert hall" and "theater" settings. Coming attractions can be seen 
listed on the StarSight programming guide, which also allows one -touch time - 
shifted VCR recording. Price: N/A. 

Home THX Receiver 
Technics' (One Panasonic Way, Secaucus, NJ 07094) Model SA-TXI000 Home 

THX receiver boasts the full complement of THX-Certified sound -enhancing 
features. Relying on Dolby Pro Logic circuitry to steer signals to four channels, in 
home -theater mode, the receiver pumps out 120 watts to each of the three front 
channels, plus an additional 110 watts to the surround channel. In stereo mode, it 
delivers 125 watts. The SA-TXI000 uses Class -H + amplifier circuitry: several 
different power supplies accommodate low and high power output, resulting in a 
more efficient multi -channel amplifier in a standard -size housing. It also assures 
that dialog will be clear and properly positioned, even when it's competing with 
music or sound effects, and that audio will move smoothly to follow the on -screen 
action. The noise commonly associated with other Class H + circuits has been 
eliminated through the use of three patented operations. The SA-TX1000 provides 
30 AM or FM station presets, and can handle up to three audio and four video 
inputs. Two S -Video jacks are provided, as is a subwoofer output. A built-in 
"help" function scrolls pointers across the unit's display. Price: $1199.95. 

Dracula Unleashed 
Following in the footsteps of Viacom New Media's (1515 Broadway, New York, 

NY 10036) interactive CD-ROM movie, "Dracula Unleashed," is a combination 
PC- and Macintosh -formatted version of the Dracula Unleashed CD-ROM. The 
sophisticated horror movie offers desktop players the chance to test their wits in 
the search for the Prince of Darkness. More than 40 actors appear in 135 scenes- 
over 90 minutes of video-that are interwoven into a realistic narrative setting 
using Viacom New Media's proprietary compression scheme. In the game, 
players are transported to Edwardian England for a period of four days. They 
assume the identity of Alexander Morris (brother of Quincy Morris from the 
original novel), and must identify and destroy Dracula before he gets them. Price: 
N/A. 

Quick Fix for Discs 
Scratches or scuffs can interfere with disc play, but the CD Repair Kit from 

Disk-Tek, Inc. (2345 South Federal Blvd., Suite 125, Denver, CO 80219) is said to 
restore the original play quality of scratched audio CD's, laserdiscs, CD-ROM's, 
Photo CD's, karaoke discs, and all forms of interactive CD's. The two-step 
maintenance system is easy to use and will improve disc quality without harsh 
chemicals, toxins, or petroleum distillates. The CD Repair Kit includes the CD 
cleaner, which safely removes dust and dirt; CD polish, which permanently 
restores the surface of the disc to its original transparency, removing fine scratches 
and minor abrasions; and a disposable, non-abrasive, lint -free cloth. Up to 50 
discs can be repaired with the kit. Price: $9.99. 
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SILENT SAM 
TURN -SIGNAL 
REMINDER 

Flasher 

552 " D. 124 

t _ 11!W 

CIRCLE 119 ON FREE INFORMATION CARD 

Prevent accidents, and nasty stares, with this automobile accessory. 

Automobiles of today are a far 
cry from what they were years 
ago, at least as far as elec- 

tronic accessories are concerned. 
You'll find cars equipped with heated 
seats and mirrors, headlight wipers, 
CD players . .. you name it. But we 
actually came across an automobile 
accessory that is not available as fac- 
tory equipment in any passenger car 
that we know of. That's surprising, be- 
cause the feature that this accessory 
offers makes so much sense that all 
cars should come equipped with it. 

The Silent Sam Turn -Signal Re- 
minder, or TSR, installs in your car and 
beeps to remind you that you've left 
your turn signal on-which, besides 
being a hazard to other motorists, 
makes you look like a jerk! Silent Sam is 

cleverly designed to be as unob- 
trusive as possible, yet still remind you 
that you've left your turn signal on. It 

does that by sounding a series of 
beeps 15 seconds after you turn on 
your blinker, and every 10 seconds 
thereafter, but only if your foot is noton 
the brake pedal. In other words, Sam 
is silent if you're merely waiting at a 
light with your blinker on. 

Silent Sam is very inexpensive, 
priced at $15 as a kit and $22 pre - 
assembled. There is also a "high -out - 

24 put" version for high -noise environ- 

ments, such as inside a truck, that sells 
for $27 pre -assembled. 

The Kit. If you're the type of guy-or 
girl-who always likes to do as much 
work yourself as possible, or if you just 
like building electronic kits, then pur- 
chasing Silent Sam as a kit is the wayto 
go. But be warned, though, that less - 
experienced builders might not want 
to tackle the kit. A handful of parts 
must be mounted on a PC board that 
is about the size of a quarter. A well - 
seasoned builder shouldn't have too 
much trouble building the unit, but a 
beginner might be overwhelmed. 

Four leads come off the finished TSR 

assembly, which is installed in a small, 
plastic, film -canister -type case. Two of 
those leads must be soldered to the 
terminals of the flasher unit in your 
car's electrical system, one lead to 
ground, and one to the low side of the 
brake -pedal switch. 

Installation. Installing Silent Sam is 

actually a simple matter, as long as 
you can find the flasher buried under 
your dashboard. The flasher is, usually 
a small metal can with two terminals 
on it that makes a clicking noise when 
your blinker is on (it's actually a relay 
that allows your turn signals and haz- 
ard lights to flash). We actually had a 

hard time finding it in the 1986 Chevy 
Camaro that was used as the test car, 
as it was quite hidden. To find it we 
had to turn on the blinker and listen for 
it! 

If the flasher in your car is located a 
great distance from the steering col- 
umn, you can order Silent Sam with a 
length of wire separating the flasher 
and the alarm circuit. That way you 
have access to the flasher socket and 
can still mount the alarm near the 
steering column for maximum au- 
dibility-not that Silent Sam is hard to 
hear from anywhere in your car, unless 
your stereo is blasting. 

If you choose to buy Silent Sam as a 
fully -assembled unit, you also have 
the option of having it pre -wired to a 
new flasher at a slight additional cost. 
That configuration provides the quick- 
est installation, as you have to con- 
nect only two wires to your car's 
electrical system (one to ground and 
one to the low side of the brake -ped- 
al switch), unplug your old flasher, and 
plug in the new flasher. 

One thing that you might have to 
do if you buy Silent Sam pre -wired to a 
flasher is reverse the Iwo leads sol- 
dered to the flasher terminals. That 
depends on your car's electrical sys- 
tem. To test Silent Sam, all you have to 
do is plug in the flasher, temporarily 



Be a h' -pai computer 
service technician 

Train With NRI - America's #1 Choice in Computer Training 

Only NRI gets you inside a powerful 
486DX2/66 MHz Intel -based computer 
system you keep-giving you the 
hands-on experience you need to 
work with, troubleshoot, and repair 
today's most widely used computer 
systems. There's no more affordable 
way to start a money -making career, 
even a business of your own, as a 
computer service technician. 

Rely on the 
original - NRI 

Over a decade ago, NRI 
pioneered at-home training 
in computer 
servicing. Today, 
NRI offers the 
only computer 
servicing course 
with real -world 
experiments 
using state-of-the-art 
computer equipment 
and professional diagnostic tools. 

There's no doubt about it: Working 
"hands-on" with all the most sought-after 
technology gives you practical skills and 
lasting confidence. Performing key tests 
and demonstrations, you're able to see for 
yourself how things work, what can go 

wrong, and how you can fix it. 

Train with and keep 
the most advanced computer 

in home study today 
NRI's unique training has you explore a top- 
notch computer system and its peripherals, 
beginning with the 486DX2 Intel CPU and 
Pentium Overdrive -ready motherboard. 

Your computer features 8 meg RAM, 
420 meg hard drive, and fax/modem to 
store, receive, and send huge amounts 
of data. 

You'll also appreciate the brilliant 
display of your Super VGA color monitor, 
the drama of your CD-ROM drive and 
16 -bit sound card, as well as the 
cutting -edge technology of Windows 95. 

Plus learn to use Ultra -X professional 
diagnostic hardware and software to pinpoint 
problems on any IBM-compatible machine. 

No experience needed, 
NRI builds it in 

Studies show that jobs for computer service 
technicians will be up by 38% in the next 
10 years. Even if you've never worked with 

j 
- 

NEW! 
4860X2/66 MHz 

Multimedia PC and 
Windows 95 

IV 

computers before, NRI's interactive training 
builds such a solid foundation of know-how 
and practical experience that tomorrow's 
jobs can be yours. 

Right from the start, hands-on 
experiments reinforce concepts presented 
in NRI's bite -sized lessons. And because 
your work is reviewed by your personal 
instructor, you know for certain that you 
can apply theory to real -world demands. 

FREE NRI catalog tells more 
Send today for your free, full -color catalog 
describing every aspect of NRI's innovative 
computer training in the up-and-coming 
field of your choice. 

YOU GET EVERYTHING YOU 

NEED FOR SUCCESS 

POWERFUL 486012/66 MHz INTEL -BASED 

COMPUTER 

Features IBM compatibility, 8 meg 
RAM, Pentium Overdrive -ready 
metherboard, and math coprocessor 

SUPER VGA COLOR MONITOR 

With .28mm dot pitch for high -resolution 
graphics and tilt -swivel base 

420 MEG HARD DRIVE 

For greater data storage capacity 
and data access speed 

EXCITING MULTIMEDIA 

PERIPHERALS 

Double -speed CD-ROM 
drive, 16 -bit sound 
card with speakers, 
and reference CD 

FAX/MODEM 

Gives you access to a 
world of on-line information 

ULTRA -X DIAGNOSTIC 

PACKAGE 

R.A.C.E.R. plug-in card and 
QuickTech-PRO software help you detect 
problems on virtually all IBM-compatible 
machines, even if computer is 5% operational 

NRI DISCOVERY LAB - 

Complete breadboarding system lets you design 
and modify circuits, diagnose and repair faults 

DIGITAL MULTIMETER 

Professional, hand-held test instrument for quick 
and easy measurements 

I WINDOWS 95 
The time -saving operating system that everyone ' 

will be using tomorrow 

i 

If the coupon is missing, write to: NRI 

Schools, McGraw-Hill Continuing Education 
Center, 4401 Connecticut Avenue, NW, 

Washington, DC 20008. 

IBM Is a registered trademark of the IBM Corporation. RACER. and QuickTech-PRO are registered trademarks of Ultra -X, Inc. 

SEND TODAY FOR FREE NRI CATALOG! 

Ar McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 iii1 I II 

'Check one FREE catalog only 

MICROCOMPUTER SERVICING 
Computer Programming LAN Specialist 

U TV/Video/Audio Servicing Bookkeeping and Accounting 

Desktop Publishing & Design Programming in C++ with Windows 

U Check for details 
on career courses 
approved under GI Bill 

Name (please (mint) Age 

Address 

City 
LAccredited Member, National Home Study Council 

State Zip 
18-0495 
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Your Ticket To 

r 
Over 28,000 technicians have gained admit- 
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 
ISCET offers Journeyman certification in 
Consumer Electronics, Industrial, Medical, 
Communications, Radar, Computer and 
Video. For more information, contact the 
International Society of Certified Electro- 
nics Technicians, 2708 West Berry Street. 
Fort Worth, TX 76109; (817) 921-9101. 
Name 

Address 

City 

State Zip 
Send material about ISCET and 
becoming certified. 
Send one "Study Guide for the 
Associate Level CET Test." En- 

t- closed is $10 (inc. postage). J 
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ELE RONIC- 
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Whether you order 1 part or 
all 50,388. -MOUSER stocks 

and...ships same day!! 

CALL... (800) 992-9943 

o, , for your 

FREE 
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di""' 2401 Hwy 287 N. 

Mansfield, TX 76063 
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TIPS FOR MAIL ORDER 
PURCHASE 

It is impossible for us to verify the claims of ad- 
vertisers, including but not limited to product 
availability, credibility, reliability and existence 
of warranties. The following information is pro- 
vided as a service for your protection. It is not 
intended to constitute legal advice and readers 
are advised to obtain independent advice on 
how to best protect their own interests based 
upon their individual circumstances and juris- 
dictions. 

1. Confirm price and merchandise information 
with the seller, including brand, model, color or 
finish, accessories and rebates included in the 
price. 

2. Understand the seller's return and/or refund 
policy, including the allowable return period, who 
pays the postage for returned merchandise and 
whether there is any "restocking" or "return" 
charge. 

3. Understand the product's warranty. Is there 
a manufacturer's warranty, and if so, is it for a 

U.S. or foreign manufacturer? Note that many 
manufacturers assert that, even if the product 
comes with a U.S. manufacturer's warranty, if you 
purchase from an unauthorized dealer, you are 
not covered by the manufacturer's warranty. If 
in doubt, contact the manufacturer directly. In 

addition to, or instead of the manufacturer's war- 
ranty, the seller may offer its own warranty. In 
either case, what is covered by warranty, how 
long is the warranty period, where will the prod- 
uct be serviced, is there a charge for service, what 
do you have to do to obtain service and will the 
product be repaired or replaced? You may want 
to receive a copy of the written warranty before 
placing your order. 

4. Keep a copy of all transactions, including 
but not limited to cancelled check, receipt and 
correspondence. For phone orders, make a note 
of the order including merchandise ordered, price, 
order date, expected delivery date and salesper- 
son's name. 

5. If the merchandise is not shipped within the 
promised time, or if no time was promised, with- 
in 30 days of receipt of the order, you generally 
have the right to cancel the order and get a re- 
fund. 

6. Merchandise substitution without your ex- 
press prior consent is generally not allowed. 

7. If you have a problem with your order or the 
merchandise, write a letter to the seller with all the 
pertinent information and keep a copy. 

8. If you are unable to obtain satisfactio from 
the seller, contact the consumer protection 
agency in the seller's state and your local Post 
Office. 

If, after following the guidelines, you experi- 
ence a problem with a mail order advertiser 
that you are unable to resolve, please let us 
know. Write to Advertising Department, 
Gernsback Publications Inc., 500B Bi-County 
Blvd. Farmingdale, NY 11735. 

Be sure to include copies of all correspondence. 

touch a spade lug on one of the leads 
to ground, and turn on the blinker; you 
should hear Silent Sam after about 15 

seconds. If you don't hear any beep- 
ing, the two leads must be reversed 
(that's done by opening up the Silent 
Sam unit and swapping two connec- 
tions on the PC board). 

The unit's ground connection is 

made to a grounded screw under the 
dash-that is no problem, as most 
dashboard screws are grounded. The 
last step is to connect the lead to the 
low side of the brake -pedal switch. 
That connection keeps Sam silent 
when your foot is on the brakes. A 12 - 

volt tester can be used to quickly 
identify which lead on your brake - 
pedal switch goes high only when you 
push on the brake pedal. Just make 
the connection to that lead using an 
included quick -connector, and in- 
stallation is complete. You can also 
find the correct brake -pedal -switch 
lead via trial -and -error. 

The only other problem you might 
encounter is if you have a newer car 
that uses a solid-state flasher. Silent 
Sam is designed to work with thermal 
flashers that were used universally in 
cars until just recently. Fortunately, you 
can easily replace a solid-state unit 
with a thermal one with no effect on 
turn -signal function. The literature that 
accompanies Silent Sam covers how 
to do that in more detail. 

Life With Sam. Silent Sam has been 
with us for a week's worth of driving, 
and it has remained silent except for 
once: We inadvertently did not have 
our brakes on when waiting for a 
turn-which is possible, but not wise, 
with a manual transmission. So Silent 
Sam is also good as a "keep your foot 
on the brakes when you're not mov- 
ing" reminder, at least as long as your 
blinker is on. We're also happy to know 
that nobody is ever going to look at us 
and say "look at that idiot driving with 
his blinker on!" 

For more information on the Silent 
Sam Turn -Signal Reminder, contact 
the Silent Sam TSR Co. directly at the 
address given in the box, or circle No. 
119 on the Free Information Card. 

FOR MORE INFORMATION 

Silent Sam TSR Co. 
1627 Basil Dr. 
Columbus, OH 43227 

CIRCLE 163 ON FREE INFORMATION CARD 



By John J. Yacono 
Technical Editor 
Windows Magazine 

Electronic 
Locks 

THINK TANK 
his month's letters con- 
tain some digital -lock 

concepts. We'll get to those 
later, but first, let's discuss 
resistor tolerance. Like all 
else in life, no component is 

perfect. For example, a 100 - 

ohm resistor is rarely a per- 
fect 100 -ohms. For that 
reason, resistors have a tol- 
erance rating a 
percentage that indicates 
the maximum error possible 
in the parts value. For ex- 

ample, a resistor rated 100 - 

ohms with a 10% tolerance 
could have a real value 
between 90 and 110 ohms. 

Parts values in circuits are 
seldom so critical that de- 
viations due to wide 
tolerance are troublesome. 
However, there are times 
when knowing a resistor's 
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Fig. I. A one -IC answer to your digital lock needs, this circuit 
will not activate a lock unless it receives the correct 7 -digit code. 

tolerance is important. Re- 

sistors can be 1%, 2%, 3%, 
4%, 5%, 10%, or 20% toler- 
ance units. Those values are 
represented by a brown, 
red, orange, yellow, gold, 
silver, or no -color band, re- 

spectively. A gap separates 
the tolerance band from 
the bands that represent 
the resistor's value. The toler- 
ance band is usually the 
fourth band, but it is the fifth 
band on high -tolerance 
units. 

If you find a silver or gold 
band in the third position, 
it's intended as a divisor for 
the parts value, not as a 
tolerance marking. Instead 
of adding zeroes to the 
parts resistance value, it 

shifts the decimal point left 
so the first two bands can 
be used to indicate resis- 

tance values lower than 10 

ohms. A silver band means 
you divide by 100, and a 
gold one means you divide 
by 10. So a resistor with 
yellow (4), violet (7), and 
gold (=10) markings has a 
value of: 

47/10 = 4.7 ohms 

Sometimes you'll find the 
actual tolerance band fol- 
lowed by another band. 
That last band indicates the 
failure rate of the compo- 
nent. Failure rate is 

measured in percent per 
1000 hours. Ratings are 1, 

0.1, 0.01, and 0.001; and are 
marked brown, red, orange, 
and yellow respectively. 

Well that's enough tutorial 
for now, but before I get to 
the letters I'd like to ask you 
all a favor: Please send in 

circuits dealing with NiCd 
batteries, the weather, or 
doorbells. I need one more 
of each topic to make a 
column based on it. 

SIMPLIFIED DIGITAL 
LOCK 

I'm 15 years old. I really 
enjoy Popular Electronics 
very much (especially the 
Think Tank section). In the 
Popular Electronics, July 
1994 issue, on page 70 
there is an article titled 
"Build a Digital Combina- 
tion Lock," by Jim Stephens. 
I felt that the circuit is a little 
difficult for beginners, so 

here's my version (see Fig. 

1). This new lock provides a 
high degree of security 
while being very simple. 

The heart of the circuit is 

a 4022 octal counter. When 
first powered up, C2 is 

charged via R5, so the reset 
input of the counter is kept 
high. That causes output Q0 

to go high while all other 
outputs are low. With the 
switches wired as shown, 
when S4 is pressed, the 
BS170 is switched on via 
debouncing network R2/C1, 

and U1 receives a clock 
pulse. Also, C2 is dis- 
charged via R4 and D1, 

removing the reset signal of 
the counter, allowing it to 
advance. The time required 
for C2 to charge via R5 (i.e., 

to reset the counter), is the 
maximum time that can 
lapse before the next key is 

pressed. The above cycle is 

therefore repeated only if 

S8 (connected to the Q1 

output) is pressed in time. 
When all keys have been 
pressed in time and in the 
correct order, Q7 goes high 
fair about 4 seconds to drive 
the "unlock" circuitry (e.g., a 
relay driver for an automat- 
ic door opener). 

The code shown is only 
an example; a builder can 
change the code to what- 
ever he or she likes by 
rewiring the switches. The 29 . 
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code for the lock shown in 
the circuit diagram is 

4-8-0-1-5-7-0. However, if a 
7 -digit combination code is 

considered too simple to 
crack, the 4022 octal coun- 
ter can be replaced by a 
4017 divide -by -10 counter. 
That will make it possible to 
add two more digits to the 
combination. 

The quiescent current 
consumption of the lock is 

a negligible 0.5 mA, so bat- 
tery operation is feasible. 
The circuit requires be- 
tween 6 and 15 volts. It is a 
very interesting and inex- 
pensive circuit. 

-Goh Chia Chieh, Perak, 
Malaysia 

That is super.! l have one 
suggestion to make the cir- 
cuit even simpler. Remove 
resistors R6 -R12 (connect 
the outputs of U1 directly to 
the switches) and insert a 
single 45K resistor between 
the common to all the 
switches, and the R1/R2 
junction. That has the add- 
ed advantage of prevent- 
ing the circuit from register- 
ing a correct entry if some- 
one punches all the but- 
tons at once. 

A neat construction tip 
would be to connect the 
outputs of U1 (except for 
Q7) to one side of an IC 
socket, and the switches to 
the other side. A combina- 
tion can then be easily set 
(and changed) by arrang- 
ing jumpers across the 
socket. 

LOCK REVISION 
On page 70 of your July 

1994 issue is an article 
showing a digital combina- 
tion lock. The circuit was fun 
to build and use. I found it a 
little time consuming, 
though, if I or someone else 
wanted to change the 
combination, so here is the 
solution I used to solve that 
problem (see Fig. 2). I used 
the outputs of the 4042 
latches to drive the inputs 
of BCD to decimal de - 

OUTPUTS 
FROM 

LATCHES 

+5V 

9 

13 
14 

12 

10 

u4 

TO 
RELAY 

DRIVER 

11274LS21 

Fig. 2. This revision of a former circuit requires a matching 3 - 
digit code to permit entry. 

coders, which eliminates 
the need for the inverters 
and all but one AND gate. By 

using the decoders, it's just 
a matter of moving the 
jumper to the decimal out- 
put desired for each digit. 
Only the jumpered outputs 
will drive the AND gate to 
energize the relay. Jum- 
pered as shown, the code 
is 697. 

Thanks for a great maga- 
zine. 

-Rick Thompson, Niles, 
OH 

Very nice. When I was a 
kid, I came up with a neat 
electric dead bolt. I started 
by removing the core from 
a small power transformer. 
The coil, which was used as 
a solenoid, was mounted 
inside a cabinet so that the 
hole in its center was ver- 
tical. A thick nail (the 
"deadbolt') was dangled 
from a cord so that the 
majority of its length pro- 
truded from the bottom of 
the coil hole. The door on 
the cabinet was fitted with 

an eyelet that faced the 
nail. When the coil was in- 
active, the nail dangled low 
enough to engage the 
eyelet, preventing anyone 
from opening the cabinet. 
When the coil was ener- 
gized, the nail pulled up 
away from the eyelet to 
permit access. 

JACK LOCK 
I have just graduated 

from high school, where I 

majored in electronics. I've 
spent a lot time designing 
and testing electronic cir- 
cuits that had a subversive 
nature. After having cre- 
ated a small handful of the 
circuits, I decided that it 
would be a good idea to 
make a simple electronic 
key to operate them. 

PL1 
ro 

J1 

CIRCUIT POWER 
SUPPLY 

Fig. 3. Only an 
appropriately wired plug of 
the right size will activate 
circuits with a non -shorting 
jack in their power -supply 
circuit. 

I came up with an ex- 
tremely simple key (see Fig. 

3). A phone jack (the type 
headphones are plugged 
into) is attached to the de- 
vice's chassis in a 
convenient place. The 
phone jack should have 
two terminals, and must be 
a non -shorting type. Cut 
one of the wires con- 
necting the power supply 
to the protected circuit and 
connect it to one of the 
jack's terminals. Then con- 
nect the other jack terminal 
to the circuit at the point at 
which the wire was cut. That 
way, the jack acts as an 
open switch, keeping the 
circuit inactive. 

A key is made from a 
phone plug that mates with 
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Fig. 4. This complete lock and key system uses frequency matching to provide security. The 

frequency of the tone -generating key must match the one looked for by the tone -decoding lock. 

the jack. The terminals of 
the phone plug are sol- 

dered together. When the 
key is plugged in, it closes 
the circuit, operating the 
device. If the power re- 
quired by the circuit is 

larger than the jack and 
plug can handle, then the 
jack can be used to turn a 
relay on or off to control the 
load. 

-Andrew Meyers, On- 
tario, Canada 

It's also a good idea to 
use a low -voltage relay if 
line -current is to be switch- 
ed. You don't want AC at 
the jack. 

A stereo jack and plug 
could also be used to fur- 
ther enhance the security 
of the lock, especially if one 
combination of contacts 
are used to short the relay 
preventing it from working if 
a person sticks any old 
piece of metal in the jack. 

FREQUENCY -BASED 
LOCK 

The circuit I've included 
this time is a frequency - 
based entry lock. The sys- 

tem is formed by two 
separate circuits --a key 

and a keyhole. They key 
engages the keyhole by 
means of a mating pair of 
connectors (the type is not 
important although I used a 

male and female D -sub- 

miniature pair). 

The key (see Fig. 4) is a 
tone -generator circuit con- 
sisting of a 4049 hex 
inverter CMOS IC (U1), 

switches (S1 and S2), a re- 

sistor (R1), and a capacitor 
(C1). The value of the tone 
generated by that circuit in 

Hz is determined by: 

1/(1.4 x RIC1) 

The keyhole is a 567 
tone -decoder circuit that 
can be configured to de- 
tect any frequency from 
0.01 Hz to 500 kHz. The 
frequency it detects (fo) is 

set by resistor R2 and ca- 
pacitor C2, according to: 

fo = 1.1/(R2C2) 

When the key is inserted 
into the lock, and switch S1 

is pressed, a tone is sup- 
plied to the input of the 
keyhole circuit. If the tone 
frequency is close enough 
to fo, the 567 IC turns on the 
relay (K1), which should be 
connected to the elec- 
tronic locking device. (In my 
case the circuit controls a 
solenoid bolt, but you can 
use it to control a device of 
your convenience.) Com- 
ponents R3 and D1 are 
used to latch the circuit, so 

the output stays on even 
after the input tone is re - 

moved. When S2 is pressed, 
the system is reset. Switch S3 

resets the circuit from inside. 
Note: The accuracy with 

which the keyhole circuit 
detects to can be set by 
changing the values of 
three components. First, R2 

should be between 2000 
and 20,000 ohms. Second, 
the value in microfarads of 
capacitor C4 should be: 

n/fo 

where n is a value between 
1300 (which gives a detec- 
tion accuracy of up to 14% 

of fo) and 62,000 (for an 
accuracy of about 2% of 
fo). Finally, capacitor C3 
should have about twice 
the capacitance of capac- 
itor C4. Battery B1 supplies 
both circuits. 

-Luis Balpuesta, Texcoco 
Edo. Mex., Mexico 

Excellent piece of work. 
The use of multi -contact 
connectors makes defeat- 
ing the lock a time- 
consuming affair. 

Please send your circuits 
to me here at Think Tank, 

Popular Electronics, 500-B 
Bi-County Blvd., Farm- 
ingdale, NY 11735. 

Earn $1000 
A Week White You Learn High 

Paying VCR Repair. 
Earn While You Learn .. . 

Secrets Revealed .. . 

Train at Home 
If you are able to 
work with small 
hand tools and pos- 
sess average me- 
chanical ability, you 

-- could earn top dol- 
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time. Our learn by doing method teaches you how 
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electronic basics. 
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Kansas City, MO 64120 
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What Do These Prestigious 
Companies Have In Cómmoi 

Aerovoxs 
DC Film and RFI Suppression Capacitors, Aluminum 

Electrolytic and AC Oil Capacitors, EMI Filters 

AMP 
Electrical/Electronic Connectors, IC Sockets, 

PCB Switches 

AL_VI 

Engineering, Inc. 

Motor Run Capacitors. HID lighting Capacitors, 

Power Factor Correction Capacitors 

/oo 
Miniature and Subminature Coaxial 

Connectors and Cable Assemblies. 

MX( CORPORATION 

MIC, Tantalum and Thin Film Capacitors, Resistors, 

Networks, Integrated Passive Components, 

Trimmers, Oscillators, Resonators. Filters, Pieta 

Devices, and Connectors 

BERG' 
E L E C T R O N r C 5 

High Density and Industry Standard . 

Con nectors/Subsystems 

CAROL 
C41401 C.eu CO .....,A( 

Electronic and Electrical Wire and Cable and 

Power Supply Cords 

COL 
Tubing, Conduits, Hose, Sleevings, Splices, 

Insulation and Cable Harness Products, Power 

Cords and Conducts 

.IICommunications MInstruments, Inc. 
CII Midtex 

Relays and Solenoids 

CPo o v -1R 
Bussmann 

Fuses, Fuseholders, Fuse Blocks, and Fuse 

Accessories 

CORNELL 
DUBILIER 

Capacitors -Aluminum Electrolytic, Mica, 

32 AC Oil, Film, MICA Paper and Relays 

A COMPANY Or 

TINT 

Dale Electronics, Inc. 

Resistors, Networks, Oscillators. Displays, 

Inductors, Thermiston, Connectors, & 

Transformers 

n v. 
INDUSTRIES. INC. 

Batteries: Computer, Cordless Phone, Laptop, 

Scanner, Alarm and Medical 

Antennas: Cordless Phone and Scanner 

nEAxaOR1v 
WIRE AND CABLE L.P. 

E:TN 
Eaton Corporation, Commercial 
& Military Controls Operation 

Switches, Relays. Displays and Keyboards 

ELECTRONICS 
Quartz Crystals. Clock Oscillators, Surface Mount 

Products, Programmable Devices 

A 

GERNSBACK 
PUBLICATION 

Electronics Now Magazine 

Q:p' GUARDIAN 

Relays and Solenoids 

KEMET 
Electronics Corporation 

Multilayer Ceramic and Solid Tantalum 

Capacitors 

K0A1 SPEER 
Resistors, SMT Tantalum Capacitors Inductors, 

Resistor Networks, SMT Thermiston 

MALLORY 
North American Capacitor Company 

Tantalums, Aluminums, SonalternR Ceramics, 

Films and AC's 

Mtron 
Quartz Crystal 

Hybrid Oscillators 

010 

Fixed Ceramic Capacitors, Variable Capacitors and 

Resistors, Crystal Oscillators, Ceramic Filters, 

Resonators, EMI Filters, Hybrid Circuits and more. 

Panasonic 
Industrial Company 

Resistors, Resistor Networks, Ceramic, Film, 

Electrolytic, Double Layer Capacitors. 

Potentiometers. Switches, Inductors, Filters, 

Resonators, Varistors, Thermiston 

Philips Components 
PhiLps Eteüro,aa North Amer.o CorporanoP 

Resistors, Ferrite Components 

Alluminum Electrolytic, Film & Ceramic Capacitors 

They sell 
Thl'c)Llgh 

cl istri butc )t :ti. 

They hetcmg 
to the 

- They belcmg 
can your 

vencic.)r list. 

Quam 
Loudspeakers and Commercial Sound Products 

ROHM 
Rohm Electronics Division 

Resistors, Ceramic Capacitors. 

Transistors/Diodes, Opto Components and IC's 

oeSEEECTA 

Switches, Relays, Terminals, Indicator/Pilot 

lights, LED Indicators. Test Clips, Test Leads, 

Cable Ties and Heat Shrinkable Tubing 

. CON A+. o 

Tantalum Capacitors, Wet & Foil Capacitors, 

Resistor Networks, Resistor Capacitor 

Networks, Filters 

SWitchcraft 
A Ilayllsessi Company 

Switches, Connectors, Jacks, Plugs, Jackrields & 

Audio Accessories, Cable Assemblies 

leadership in electronics is not 

just a matter of designing 

products better and 

manufacturing them better, but 

also of marketing them better. 

And the sponsors of this 

message understand that better 

service to customers requires 

effectively involving distributors 

as part of their marketing 

teams. 

Distributor involvement means 

lower prices, quicker deliveries, 

better service over-all. The 

Buyer wins...the Seller wins. 

Distributors help achieve 

marketing leadership. So does 

the manufacturer's involvement 

in the Components Group of 

the Electronic Industries 

Association. EIA fosters better 

industry relations, coherent 

industry standards, and the 

sharing of ideas, which helps 

one another and serves 

customers better. 

In choosing your component 

supplier, look for the marks of 

leadership -- 

availability through distribution 

membership in E.I.A. 

Our 
70th 
Anniversary 
Year 

Electronic Industries 
Association/Components Group 
2001 Pennsylvania Avenue, N.W., 

11th Floor 
Washington, D.C. 20006 
Phone: (202)457-4930 
Fax: (202)457-4985 

Committed to the competitiveness 
of the American electronics 
producer. 
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'Guardian 

Here is a rain shut-off for your automatic sprinkler -system 

that overcomes common problems, and can save dollars on your water bill. 

Ever drive by a yard during the 
height of a rain storm and won- 
der why the sprinkler system 

was working? The answer is simple: 

sprinkler systems are on timers, and 
don't know that it's raining. If you 
would like to keep your system from 

running in the rain, you can do one of 
two things: you can either turn off your 
sprinklers every time it looks like rain, or 

build the Sprinkler Guardian de- 
scribed in this article. 

The Sprinkler Guardian is an add-on 
unit that works with your sprinkler con- 
troller and turns off your system when 
the ground is damp. Using it can sig- 

nificantly cut the watering bill for your 
lawn. The Guardian also solves some 
of the shortcomings with a few com- 
mercially available sensing units. 

Some commercial units that detect 
lawn moisture have this problem to 
contend with: when the sprinklers turn 

on, the probes get wet, causing the 
unit to shut off the sprinklers (because 
the unit 'thinks" it is raining). That prob- 
lem is usually solved by telling the in- 

staller to bury the probes 4 to 6 inches 
below the ground. Doing so allows 
time for the water to soak down from 
the surface before it indicates that the 
ground is wet and the sprinklers 
should be off. There are a couple of 
drawbacks to that: For one thing, it 

solves the control problem by adding 
more work to the installation. In addi- 
tion, that type of sensing does not de- 
tect dry soil at the surface where grass 

roots are, but waits for soil to dry clear 

down to the depth of the sensors be- 
fore calling for watering. 

The above method also presents a 
problem with systems that have multi- 
ple branches. If the sensor prcbes are 
located in the first branch being wa- 
tered, the probes might get wet and 
the second and remaining branches 
might never turn on. To avoid that, the 
probes must always be placed where 
they are in the last area watered. 

Another type of sensing unit detects 
the resistance of water trapped in a 

small cup during a rain storm, and 
waits for that water to evaporate be- 
fore it turns on the sprinklers. The ob- 
vious drawback to that type of sensor 

operation is that it has nothing to do 
with the amount of moisture in the 
ground. 

How It Works. The Sprinkler Guard- 
ian can be used in conjunction with 
any sprinkler controller that uses stan- 
dard, 24 -volt AC valves. The add-on 
unit senses the moisture content at the 
ground surface, and if the ground is 

dry, the unit allows the controller to 
execute all the on -times preset by the 
controller clock. If there is enough 
moisture in the ground already, how- 
ever, the Guardian will prevent the 
valves from opening. 

The schematic for the Sprinkler 
Guardian is shown in Fig. 1. The unit 
obtains its power from the 24 -volt AC 
power supply of the controller it is 

used with. That power is supplied to 
terminals 1 and 2 of terminal block TB1, 

and the AC is then rectified by the 
bridge composed of diodes D1 

through D4. Capacitors C1 and C2 
act as supply filters, while C5 and C8 

are bypass capacitors. The 10 -watt re- 

sistor, R1, drops the supplied 24 volts 

down to about 14 volts, which is input 
to U1, the 12 -volt regulator. The output 
of U1 supplies a regulated 12 volts to 
the rest of the circuit. 

The ground probes are connected 
to terminals 1 and 2 of TB2. Resistor R2 

is used to balance the resistance of 
the earth between the two probes so 

that op -amp U2, which is configured 
as a comparator, outputs a high when 
the ground is dry. When that happens, 
PNP transistor Q1 is turned off, K1 is not 
energized, and terminals 1 and 2 of 
TB3 are shorted. Under those condi- 
tions, if the controller calls for watering 
the lawn, watering will commence. 

Now, let's assume that it rains, and 
that the ground is wet. The resistance 
between the probes drops, causing 
the output of U2 to go low which turns 

on Q1. That energizes K1, causing its 

contacts to open. Under those condi- 
tions, even when the controller is pro- 
grammed to water, the valves will not 
open. That covers the wet and dry 
conditions normally encountered. 

Now let's assume the soil is dry. Relay 

K1 is off and all is ready for the needed 
watering -cycle. When the pro- 
grammed watering time arrives, the 
water valve is opened, starting the 
timed watering -cycle. The probes are 
wetted immediately and U2 goes low. 33 
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Fig. I. The Sprinkler Guardian uses probes to sense the change in the ground's 
resistance when moist. If the moisture is caused by the sprinkler system, U3, a 555 
timer, allows the sprinkler to run for about an hour with the values shown for R8 and 
C7. 
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Fig. 2. The Sprinkler Guardian prototype was assembled on a printed -circuit hoard. A 
full-size template of it is shown here. 

As the voltage output of U2 drops, a through C4 to pin 2 of U3, a 555 timer, 
34 negative -going pulse is delivered which triggers the timer into opera - 

tion. The timer output from pin 3 turns 
02 off, which keeps K1 from closing 
during the time cycle determined by 
R8 and 07, That allows time for the 
sprinkler system to complete the wa- 
tering cycle. 

By the end of the U3 time period, 
the controller has most likely com- 
pleted its on -time and has shut off. 
With the component values shown, 
the time period set on the Sprinkler 
Guardian is about one hour, after 
which the sensor becomes active 
again. If an hour is not long enough, 
the U3 period can be adjusted using 
the formula: 

T= R x C x 1.1 

where T is the time in seconds, R is the 
resistance of R8 in ohms, C is the ca- 
pacitance of C7 in farads, and 1.1 is a 
constant. 

A DPDT switch, S1, is used to place 
the circuit in either the "automatic" or 
"manual" modes. In the "automatic" 
mode, the circuit operates as pre- 
viously described. In the "manual" 



PARTS LIST FOR THE 
SPRINKLER GUARDIAN 

SEMICONDUCTORS 
Ul-MC7812CT, 12 -volt regulator, 

integrated circuit 
U2-LM741 op -amp, integrated 

circuit 
U3-LM555 timer, integrated circuit 
QI, Q2 -2N3905, general-purpose 

PNP transistor 
DI -D4 -1N4001, 1 -amp, 50 -Ply 

rectifier diode 
LEDI-Red light -emitting diode 
LED2-Green light -emitting diode 
LED3-Yellow light -emitting diode 

RESISTORS 
(All fixed resistors are 14 -watt, 5% 

units, unless otherwise indicated.) 
R1 -50 -ohm, 10 -watt, 10% 
R2 -50,000 -ohm, potentiometer, PC - 

mount (Digi-Key K4A54 or 
similar) 

R3 -100 -ohm 
R4, R5 -10,000 -ohm 
R6, R7, Rli-1000-ohm 
R8-3.3-megohm 
R9 -470 -ohm 
R10 -100,000 -ohm 
R12 -47,000 -ohm 

CAPACITORS 
Cl, C2 -220-µF, 50-WVDC, 

electrolytic 
C3-100-4 16-WVDC, electrolytic 
C4, C5, C6, C8 -0.1-µF, metallized - 

film 
C7 -1000-µF 25-WVDC, 

electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 

K1 -12 -volt DC relay, AROMAT 
#HB2-DC12V (Jameco 18577 or 
equivalent) 

TB1-TB3-2-terminal, terminal 
block, PC -mount 

Sl-DPDT slide switch 
Printed -circuit materials, two 20D 

nails, insulated wire, solder, 
hardware, etc. 

mode, the terminals of TB3 are short- 
ed, effectively removing the Guard- 
ian from the system, and U3 is 

removed from the Guardian circuit, 
allowing R2 to be adjusted without 
worrying about the action of the timer. 
Note that R2 should always be ad- 
justed with S1 in the "manual" position. 

Two LED's are used to indicate the 
condition of the relay. When green 
LEDI is on, it indicates that the relay is 

off and that all watering cycles will be 
completed. When the relay is ener- 
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Fig. 3. Assemble your unit using this parts -placement diagram as a guide. Be sure to 

leave a r/4 -inch space between the PC board and RI for ventilation. 
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Fig. 4. This illustration shows how to properly connect the Sprinkler Guardian to your 
sprinkler -system controller and to the buried ground probes. 

gized, red LED2 is on, indicating that 
the sensor is wet and that the demand 
for water by the controller will not be 
accommodated. Because the timer 
keeps the relay from being energized 
even if the probe is moist, it is essential 
to know if the timer is in its timing cycle 
or if it is off, Yellow LED3 is on wnen the 
timer is in its timing cycle. 

Construction. The Unit can be built 
on either perforated construction 
board or on a printed -circuit board. 
For those who want to use a PC board, 
a template is shown in Fig. 2, and the 
parts -placement diagram is shown in 

Fig. 3. Using the PC -board layout elimi- 

nates wiring mistakes, but might limit 
parts substitutions, because of phys- 
ical differences in part sizes. 

All the components are mounted 
flush on the board except for R1. 

Leave about a 1/4 -inch space be- 
tween that high -wattage resistor and 
the surface of the PC board to allow 
better air -flow cooling. When install- 
ing capacitors Cl, C2, C3, and C7, be 
sure to check that their polarity 
matches that shown in Fig. 3. Also, be 
sure to install the two jumper connec- 
tions at the correct places. 

The probes can be two 20D nails, 
with the needed length of insulated 

(Continued on page 93) 35 



One of the first personal com- 
puters ever made available to 
the public was the $400 MITS 

Altair that Popular Electronics fea- 
tured as its January 1975 cover story. 
That PC, to coin an unfamiliar term, 
had few options and amenities: 
memory was 256 bytes, there was no 
permanent storage, and it came 
without a keyboard. Not only that, but 
you were expected to build it your- 
self=it was offered as a kit, 

Computers have changed dra- 
matically since then, especially since 
the advent of the IBM PC. PC choices 
have multiplied and prices have 
plummeted so that computer tech- 
nology is no longer beyond the aver- 
age person's budget. But what went 
on before the 1981 début of the IBM 
PC'? Let's take an archaeological look 
backward at the many fascinating 
people and . PC's that changed the 
computer world, and find out. 

The First Computers? In this article, 
we'll loosely refer to desktop personal 
computers as PC's. That's fine,' but ex- 
actly what is a computer? Definitions 
vary, but a computer is basically any 
instrument or tool for measuring, 
counting, or calculating in a variety of 
fields-architecture, astronomy, ord-. 
nonce, electricity, and electronics, to 
name a few. However, a computer 
need not have anything to do with bits 
and bytes. 

The ancient abacus is considered 
by many to be the first "computer." 
Before the Hindu -Arabic number sys- 
tem came into use, people counted, 
added, and subtracted with an aba- 
cus, which probably was invented by 
ancient Sumerians in Mesopotamia. 
The Greeks and Romans used peb- 
bles or metal disks as counters, mov- 
ing them on marked boards to solve 
arithmetic problems. Later, the coun- 
ters were strung neatly on wires 
mounted in a frame. 

The Egyptians, Chinese, and others 
2 also used the abacus. The Hindu -Ara - 
1 -cg bic system of counting, which in- 

cluded zero as a number, made 
written calculations much easier, so 

o the abacus passed out of favor in Eu= 

t. rope. However, people in Asia, par- 
ticularly in China, still use it, especially 
in business. 

Q Joseph -Marie Jacquard's automat- 
ic silk -weaving loom of 1800 is often 

36 cited as the harbinger of modern-day 
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that made:todczy's personal compiner possible. 

computing. Jacquard Used "lóom 
cards" to help control and automate 
the complex process of sik weaving. 

Jacquard's loom served as the in- 
centive for the technological reVolu= 
tion of the textile industry The loom, 
which could perform all necessary 
weaving motions, produced complex 
patterns Just as well as conventional 
mdchines proauced unadorned 
cloth. In 1806 the loom was declared 
public property, and the French gave 
Jacquard a pension and a royalty 
payment for each machine. The loom 
eventually gained acceptance be- 
cause of its many advantages, and by 
1812 there were about 11,000 of them 

É E 

In France. The loom soon spread to 
England and the New World. 

Around 1827, the British mathemati- 
cian Charles Babbage tried unsuc- 
cessfully'to design a working "differen- 
tial calculating machine." A later, 

-more ambitious, 1833 Babbage de- 
sign, the analytical engine, contained 
all of the necessary elements of a 
modern computer there were input 
-devices, memory (including a built-in 
library of often -used programs), a mill 
or computing unit, a control unit, and 
output devices. The design called for 
more than 50,000 moving parts in a 
steam -driven machine as large as a 
locomotive. 



Considered by many to be the first computer, the abacus was most likely invented by 
the Sumerians about 5000 years ago. The device is still in use in Asia. 

Significantly, most of the actions of 
the analytical engine were to be ex- 
ecuted using small perforated 
cards-an adaptation of the method 
already uséd to control Jacquard's 
automatic silk -weaving looms. Assist- 

ing Babbage was Augusta Ada Byron, 
Countess of Lovelace, said to be the 
first "computer programmer" be- 
cause she devised a control program 
for the analytical engine. However, al- 
though Babbage worked hard on the 
analytical engine for nearly 40 years, 
he never actually built a fully working 
machine. 

Early Calculators. Mechanical, 
electromechanical, and electronic 
devices that perform arithmetic oper- 
ations automatically are called cal- 
culators. But the early calculators 
were strictly mechanical devices: they 
performed their computations using 
machine parts-drums, disks, and 
gears-powered by hand or (later 
on) by electricity. 

One early, special-purpose me- 
chanical calculator was the platform 
scale, Invented by Thaddeus Fair- 
banks in 1830. Later in 1879, the first 
cash register was built by James Ritty, 

a storekeeper, to ensure his clerks' 
honesty. Six years later, Dorr E. Felt in- 
vented the comptometer, a high- 
speed, mechanical calculating ma- 
chine. The first "bookkeeping ma- 
chine"-an adding and printing 
device-was built in 1888 by William S. 

Burroughs, a bank clerk, although 
some credit the concept to the 
French philosopher, mathematician, 
and physicist Blaise Pascal as early as 
1642. 

Charles Hollerith, an American in- 
ventor and Census Bureau engineer, 
perfected the ideas of Jacquard and 

Babbage. In 1889, Hollerith patented 
a calculating machine that counted, 
collated, and sorted information 
stored on punched cards. When 
placed in his machine, the cards 
pressed on a set of metal pins that 
corresponded to the set of possible 
perforations. When a pin found a hole 
(which was punched to represent 
some variable or characteristic), it 

completed an electrical circuit and 
advanced the count for the appropri- 
ate category. 

The patent that Hollerith obtained 
represented the first data-processing 
machine. His highly innovative device 
was first used to sort statistical informa- 
tion for the 1890 U.S. census. In 1896 

Hollerith founded the Tabulating Ma- 
chine Company to produce similar 
machines and better exploit his in- 
vention, and left the Census Bureau. 
Hollerith's company changed names 
to become the Computing. Tabulat- 
ing, and Recording Company in 1911. 

Later, in 1924, after several mergers 
the company again changed its 
name to become the International 
Business Machines Corporation (IBM). 

IBM made punched -card -based of- 
fice machinery the dominant busi- 
ness -information system until the late 
1960's, when a new generation of 
computers rendered the punched - 
card machines obsolete. The digital - 
computing era had begun. 

Proto-Computers. Vannevar Bush, 

an American engineer, is generally 
credited with developing the me- 
chanical computer in 1928. His inven- 
tion, the differential analyzer, was the 
first calculator capable of solving dif- 
ferential equations. The device calcu- 
lated with decimal (not binary) 
numbers and therefore required hun- 

dreds of complicated gears and 
shafts to represent the various move- 
ments and relationships of the ten 
digits. 

In 1939 two American physicists, 
John V Atanasoff and Clifford Berry, 

developed a novel computer based 
on the binary numbering system. They 
correctly reasoned that binary num- 
bers were better suited to computing 
than decimal numbers because the 
digits 1 and 0 could more easily be 
represented by electrical circuits, 
which were either on or off, plus or 
minus. 

Further bolstering binary comput- 
ing was the math of George Boole, a 
gifted British mathematician. He al- 
ready had devised a complete sys- 

tem of binary algebra-Boolean 
algebra. Its two -valued nature could 
be applied readily to computer cir- 
cuits. The digital computer was taking 
shape. 

WWII Computers and Beyond. 
Computers really didn't play a revolu- 
tionary role in the world around .us 

and in our everyday lives until at least 
the 1940's. It took World War II to turn 
the still -mysterious "electronic brain" 
from sci-fi talk into a household word. 
The war spurred development of all 
kinds of technologies, including com- 
puting, especially for calculation -in- 
tensive military projects. Fortunately 
for us, the Allies were more interested 
in computing than were the Axis 
countries. 

In 1941 the German inventor 
Konrad Zuse produced an opera- 
tional computer, the Z3, which was 
used in aircraft and missile design dur- 
ing World War II. An unreceptive, war- 
time Nazi government hampered his 

attempts to build what would proba- 
bly have been the first electronic gen- 
eral-purpose computer. 

Two years later, in 1943, the British 

secretly developed Colossus, the first 
fully electronic (vacuum -tube based) 
computer, to crack secret German - 
military codes. Colossus was the 
brainchild of Alan M. Turing, an ex- 
traordinary English mathematician 
and -logician whose theoretical uni- 
versal computer, popularly called the 
Turing machine, provided the the- 
oretical basis for the digital computers 
that were developed throughout the 
1940's. 

In 1944, working under a govern - 37 
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ment contract, Harvard mathemati- 
cian Howard Aiken directed develop- 
ment of an early electromechanical 
computer. That was the Harvard -IBM 
Automatic Sequence Controlled Cal- 
culator, the first large-scale, automat- 
ic digital computer. It was later known 
as the Mark I, a sort of universal cal- 
culator that used clunky, electrical re- 
lays for calculations and punched 
paper tape for input. It used an amaz- 
ing 3,304 electromechanical relays 
as on -off switches. 

The Mark I contained over 700,000 
failure -prone electrical parts. It was so 
large that it even had its own building 
in which to live at Harvard. Its primary 
function was to create ballistics tables 
to make Navy artillery more accurate. 
An improved all -electric computer, 
the Mark II, was completed by Aiken 
and his colleagues in 1947. 

Because the British Colossus was 
designed for only one task, recogni- 
tion as the first full-scale, modern, 
general-purpose, electronic digital 
computer belongs to ENIAC (Elec- 
tronic Numerical Integrator and Cal- 
culator), the prototype for the modern 
computer. In 1946, John W. Mauchly 
and J. Presper Eckert, Jr., completed 
ENIAC, having begun work on it se- 
cretly in 1943. 

Housed in Philadelphia at the Uni- 
versity of Pennsylvania, ENIAC was a 
30 -ton monster. It contained over 
17,000 vacuum tubes, used some 500 
miles of wiring, and occupied 15,000 
square feet of floor space. Even in that 
pre -solid-state world, however, it 
could perform an amazing 100,000 
operations per second. ENIAC now is 

retired from service and housed in the 
Smithsonian Institution. 

There were other early behemoth 
electronic brains. In 1948, Mauchly 
and Eckert completed BINAC, the Bin- 
ary Automatic Computer, which 
stored information on magnetic tape 
rather than on punched cards. An- 
other example was MANIAC, short for 
Mathematical Analyzer, Numerical In- 
tegrator and Computer; it was used to 
perform extremely complex hydro- 
gen -bomb calculations. Remington 
Rand's prized UNIVAC, the Universal 
Automatic Computer, was used heav- 
ily by the Census Bureau in the 1950's. 

A Solid -State Age Dawns. The tran- 
sistor was invented in 1948 by the 
Americans Shockley, Brattain, and 
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In the late 1960's, computer technicians 
had a much harder time trouble -shooting 
than they do today-most computers had 
miles of cable to trace! 

Bardeen, and their work netted them 
a Nobel prize in physics. Their inven- 
tion also greatly facilitated electronics 
and computer development. Hot, 
large, and unreliable vacuum tubes 
could now be replaced by small and 
highly reliable germanium (later sil- 

icon) transistors that generated little 
heat yet functioned as switches or 
amplifiers. 

A further breakthrough in computer 
miniaturization came in 1958 when 
Jack KGlby, an American engineer em- 
ployed by Texas Instruments, designed 
the first true integrated circuit (IC). Ini- 
tially, Kilby's IC was a simple ger- 
manium wafer that included tran- 
sistors, resistors, and capacitors, the 
essential components or building 
blocks of electronic circuits. 

In 1959, just six months after K ilby 
designed the IC, physicist and Intel 
Corporation founder Robert Noyce 
introduced a more practical version 
of the IC, using a silicon chip. His in- 
vention helped bring the PC revolu- 
tion of the 1970's and 1980's closer, 
and it led to the extensive use of mi- 
crochips in all sorts of consumer prod- 
ucts, not just in computers. 

By the early 1960's, many mechan- 
ical calculators were replaced by 
electronic calculators. Those devices 
contained IC's to rapidly perform 
mathematical functions. Today's so- 
phisticated electronic calculators ac- 
tually are dedicated, special-purpose 
computers. While there indeed are 
analog calculators, digital calculators 
are the devices most commonly 

thought of as calculators. They deal 
directly with numbers or digits, and 
they work by counting, listing, com- 
paring, and rearranging those digits. 
Digital calculators include cash regis- 
ters, adding machines, and hand- 
held or desktop electronic cal- 
culators. 

To many, the 1960's were the glory 
days of the computer revolution. In that 
era, large computers-the heavy- 
weight, solid-state, big -business de- 
scendants of ENIAC, MANIAC, BINAC, 
UNIVAC, and the like, occupied whole 
floors or even buildings of universities 
and businesses. Mid-century America 
was full of big computers years before 
anyone even dreamed of calling 
them "personal." After all, no one but 
a tinkerer or an egomaniac would 
want a computer occupying every 
last square inch of his or her office, let 
alone having one that might noticea- 
bly sag his or her desk with its weight. 
But things were about to change. 

PC Industry's Incubation. It turned 
out that in the 1960's and 1970's, there 
were a few visionaries who wanted 
desktop computer power they could 
control themselves. They wanted to 
forever dispense with the isolation, 
elitism, and centralized control asso- 
ciated with the large computers, 
called mainframes. Those early 
hackers and technoids who influ- 
enced the development of the PC 
predate what we'll call the 1970's PC 
incubator. At the outset, those PC en- 
thusiasts were mainframe and mini- 
computer hobbyists. 

Hobbyist interest in computers can 
be traced back at least to the 1960's 
when Digital Equipment Corp. (DEC) 
introduced its PDP series minicom- 
puter, particularly the "relatively inex- 
pensive" ($24,000) PDP-8 mini. Also, in 
the mid -1960's, the ad hoc Midnight 
Computer Wiring Society of MIT (Mas- 
sachusetts Institute of Technology) 
took shape. It was spontaneously and 
nocturnally convened when the cur- 
rent crop of young hackers needed to 
creatively work around MIT's extensive 
regulations against unauthorized 
tampering with its valuable digital 
computers. 

What was emerging at MIT, Stan- 
ford, and other academic institutions 
with their bright computer -science 
students is often referred to as the 
Hacker Ethic. That ethic states, among 



other things, that access to computers 
should be unlimited and total, infor- 
mation should be free to all, cen- 
tralized authority is to be mistrusted, 
and computers are good in that they 
can change your life for the better. 
That ethic, which is still alive today in 

one form or another, is much better 
suited to the PC than it is to the main- 
frame or mini. 

While all of that was going on, mi- 
crochip technology continued to 
evolve. One of the most important 
steps in that evolution occurred in 

1971 when an American engineer, Ted 

Hoff, placed the essential elements of 
a computer on one silicon chip, which 
he called a microprocessor. The Intel 

4004 and the many CPU- (central - 
processing unit) chip variations that 
followed it, are actually the "kernels" 
that have operated untold millions of 
modern products and formed the 
brains of almost every general-pur- 
pose electronic computer. 

Because the chip -sized CPU repre- 
sented the very heart of a digital 
computer, computer hobbyists quick- 
ly realized that it was just a matter of 
time before computers would be- 
come affordable to the average guy 
or gal. That realization helped spawn 
one of the earliest computer -user's 

groups-the Homebrew Computer 
Club of Menlo Park. 

Homebrew was formed in 1975 to 
exchange information, swap ideas, 
and work on projects related to com- 
puters, terminals, and various other 
digital devices. The club's real signifi- 
cance was that its pioneering, base- 
ment- and garage -tinkering, hacker - 
oriented members strongly influ- 
enced the development of the PC on 
the West Coast. Homebrew also en- 
couraged the formation of similar 
clubs around the country. 

Between the efforts of hackers and 
the technological developments of 
the time, the stage was set for com- 
puters to indeed become much 
smaller and reside where an individu- 
al could control them, right on his or 
her desk or workbench. Let's take a 
look at some of the small "microcom- 
puters" that emerged as a result in the 
1970's. 

The Altair-A Revolution Begins. 
By the mid -1970's, the microprocessor 
and other IC's had dramatically re- 
duced the cost of the electronic corn - 

EXPERIENCE COMPUTER HISTORY 
AT THE SMITHSONIAN 

If you want fo experience computer 
history firsthand, be sure to visit the 
Smithsonian Institution in Washington, 
DC. It is a vast museum complex, re- 

search center, and educational institute 
that houses the historical, cultural, and 
scientific collections of the United 
States. Of special interest is the Nation- 
al Museum of American History, which 
documents the country's history, il- 
lustrating American progress in indus- 
try and science (including commurnca 
tions, computing, and electronics). 

The museum's 14,000 -square -foot in- 
formation -age and computing displays 
on the first floor are superb. They focus 
on instruments for measuring and com- 
puting in the fields of architecture, as- 
tronomy, and ordnance. There also are 
many cómputing aids, from the ancient 
abacus, to punched -card systems, 
mainframes, minicomputers, and PC's. 
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You can stop at more than 40 stations 
for hands-on use of computers and in- 
teractive equipment. The displays also 
treat electronic computer and software 
development since the 1940's. The 
world's first full-scale, general-purpose, 
electronic digital computer, ENIAC, is 
on display there. 

The good news is that admission to 
the Smithsonian museums is free. Most 
of the museúms are open daily (except 
Christmas Day) from 10 a.m. to 5:30 
p.m., and during spring and summer 
the hours are extended. Note: Those 
who have access to America Online 
can use the Smithsonian Online service 
to get the latest information on planning 
a visit. The service is found in America 
Online's Learning and Reference de- 
partment, and can also be accessed by 
typing in the keyword "SI" or "Smithso- 
nian." 

ponents required in a computer. The 
first affordable desktop computer 

specifically for personal use was the 
Altair 8800, sold by Micro Instrumenta- 
tion Telemetry Systems (MITS) of Albu- 
querque, New Mexico. 

The MITS Altair 8800 was the micro- 
computer that hardware hackers 
loved. Some consider it to be the first 

commercially available microcom- 
puter, the one that truly kicked off the 
microcomputer revolution. Even 
though the Altair was advertised as a 
minicomputer kit; today we would call 
it a microcomputer. The term "PC" 
hadn't caught on just yet. 

To keep the record straight, two 
other microcomputers actually pre- 
dated the Altair, One was the Mark 8, 

designed by Jonathan Titus; he pub- 
lished the details in Radio Electronics 
(presently Electronics Now) in July 
1974. However, it wasn't commercially 
available. Rather, it was just a list of 
parts for the builder to obtain, not a 
complete kit as was the Altair. The 

other pre -Altair challenger computer 
kit was Nat Wadsworth's Scelbi-8B, 
which used the 8008 chip (a less 

powerful one than the Altair's 8080). 
The computer was dropped when 
Wadsworth suffered health problems 
and couldn't support it. 

The $400 Altair kit (you could buy it 

assembled, but paid a much higher 
price) was the brainchild of enigmatic 
inventor, and former Air Force engi- 
neer, Ed Roberts who, incidentally, ulti- 
mately left the computer business 
and attended medical school. He 

used the 8 -bit 8080 chip, announced 
by Intel in 1974, as the machine's 
heart. The signal bus on the Altair (the 
S-100) had 100 pins, which brought 
out every signal of the 8080 CPU. That 
made it fairly easy to add memory 
and peripheral devices for anyone 
who could solder well. 

The Altair never became a com- 
mercially suitable computing appli- 
ance. For a user to end up with an 8K 

BASIC -speaking computer, he or she 
would have to spend nearly $2000 in 

add-ons for the machine. But the Al- 
tair did give a real boost to Bill Gates 
and Paul Allen, who licensed their ver- 
sion of BASIC to MITS, which enabled 
the Altair to actually "do something." 

Some competition for the Altair was 
offered by William Millard's IMSAI, Inc. 
(Millara later founded the Comput- 
erLand chain). They developed the 
IMSAI 8080, an 8 -bit Intel -8080 -based 
computer. While not identical to the 39 
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Altair, the IMSAI did use the same Al- 
tair -style S-100 bus structure, and it 
also had a cleaner design. The IMSAI 
made a valiant attempt to be a sturdy, 
capable, businesslike desktop appli- 
ance, one that even came equipped 
with a real user's manual. 

IMSAI wisely licensed the capable 
Control Program for Microcomputing 
(CP/M) operating system for 8 -bit 
computers from Gary Kildall's Inter- 
galactic Digital Research, now owned 
by Novell, Inc. CP/M, generally recog- 
nized as the first microcomputer -op- 
erating system, made using the 
computer (and especially floppy 
disks) much simpler and more prac- 
tical. 

Polishing the Apple. Perhaps the 
Homebrew Computer Club's greatest 
influence was on the Apple Comput- 
er Company of Palo Alto. In 1976, two 
young computer enthusiasts and 
Homebrew members, Steve Wozniak 
and Steve Jobs, began selling a re- 
markably small and cheap PC, the 
Apple I, for $666.66. It was based on 
the brand-new, inexpensive ($20), 8 - 
bit, MOS-Technology 6502 CPU. 

Wozniak, known as "the Woz," was a 
gifted hardware hacker who built the 
Apple I for his own pleasure and for 
the enjoyment of his friends, unveiling 
it in the spring of 1976 at the Home- 
brew Computer Club. But expecting 
to actually sell a computer to a non - 
hacker user was risky business in the 
mid -1970's. That was a time when 
gaining acceptance for a PC wasn't 
an easy task. 

Enter Steve Jobs-non-techie vi- 
sionary, deal -maker, and marketeer. 
He took the Woz's Apple I and his later 
Apple II and turned them into real, 
marketable products. Realizing what 
a user-friendly and good-looking 
computer the Apple really was, Jobs 
made a name for his fledgling com- 
pany in the industry. The rest, of 
course, is history. If the Altair kicked off 
the PC revolution, the Apple defined 
just what a PC was and ensured that 
the PC would be a commercial suc- 
cess. 

The Commodore PET. The Apple II 

wasn't the only hot product around. 
The Personal Electronic Transactor, or 
PET, was calculator -maker Com- 
modore International's first computer. 
Commodore introduced it at the 1977 
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Mainframe computers like this UN/VAC used to take up entire rooms or floors in 
buildings. Some even occupied entire buildings! Of course, today, those machines have 
been made obsolete by computers that are a lot smaller, lighter, and faster. 

Consumer Electronics Show in New 
York. The PET was the brainchild of 
Chuck Peddle, a gifted engineer who 
worked for the semiconductor man- 
ufacturer, MOS Technology. Com- 
modore, under the leadership of 
hard -charging entrepreneur Jack Tra- 
miel, presciently acquired MOS Tech- 
nology to ensure it always had chips 
available for its use. 

The 8 -bit, 6502 -based PET was quite 
capable for 1977, being equipped 
with either a 4K or 8K memory, a built- 
in green -screen monitor, a tiny key- 
board that looked suspiciously like a 
Commodore calculator keyboard 
rather than the expected typewriter 
keyboard, and a built-in cassette re- 
corder for data storage. The PET was 
priced at a bargain -basement $795, 
but the backlog for the machines was 
so great that you had to wait months 
to get one. 

Sure, the machine was a little 
strange, typical of Commodore's off- 
beat approach. Besides the odd key- 
board, all the ports were nonstan- 
dard, so you were locked into buying 
Commodore -supplied peripherals 
such as disk drives and printers. Later, 
an almost -standard typewriter key- 
board was substituted for the cal- 
culator model. But the machine only 

became suitable for serious business 
use when it metamorphosed into the 
CBM 4032, which had a then -respec- 
table 32K memory. More on Com- 
modore later. 

The Affordable TRS-80. In 1977, 
Tandy Corporation became the first 
major electronics firm to produce a 
PC. They added a keyboard and CRT 
to their basic computer and offered a 
means of storing programs on a cas- 
sette -tape recorder. 

The first TRS-80, Model I, Level I, was 
sold in August 1977. The pride of Fort 
Worth and designer Steve Leininger, 
the earliest Tandy Radio Shack TRS-80 

(for Tandy Radio Shack) was priced at 
$599.95, but it was not a very capable 
machine. Using the Zilog Z-80 CPU, a 
faster and more powerful version of 
the aging 8080, it still had but 4K RAM, 
a flaky cassette recorder, and no ca- 
pability to hook up a printer. 

The machine's affordability was its 

greatest asset, even though Radio 
Shack had never before sold anything 
for more than $500. Above all, the 
TRS-80's widespread availability intro- 
duced the public to computers.. No 
longer did you have to be a hardware 
hacker to work with bits and bytes: a 
real digital computer was as close as 
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The original TRS-80 Model I released in 1977 introduced an unknowing public to 

computers: you could take it home, plug it in, and actually do something with it within 
minutes. 

your local Radio Shack store. You 

could take your Tandy home, plug it in, 

and actually do some real computing 
with it within a few minutes. 

Unfortunately, Radio Shack's early 
policy was to not cooperate with 
third -party software and hardware 
developers, so that, as with Com- 
modore, you had to stick with Radio 
Shack peripherals and software pro- 
grams. Even the TRSDOS operating 
system, a CP/M variant, wasn't com- 
patible with the popular mainstream 
CP/M operating systems of the period. 
If you owned a TRS-80, you were 
stranded in your own computing 
world. 

The players described so far had 
the most significant and lasting im- 
pact on the emerging PC industry. If 

you'd like to read about some of the 
other PC -manufacturing companies 
that surfaced in the 1970's, refer to 
Stan Veil's History of the Personal Com- 
puter (see the "Books on Computer 
History" box for more information). 

The PC Comes of Age. The Com- 
modore PET was, well, just another PC 

in a new and chaotic industry. But in 

1978, Commodore's MOS Technology 
subsidiary developed a very special 
chip that let a computer use a color 
display rather than a black -and -white 
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It's no secret that today's crop of ultra - 
light portable PC's-laptops and 
notebooks pack more memory and 
overall computing power than the early 
mainframes. This ZEOS notebook packs 
a punch that 1981 Osborne I portable - 
PC owners would surely envy. 

screen. The Video Interface Chip 
(VIC), with its colorful 22 -column ca- 
pability, became the impetus for the 
revolutionary Commodore VIC-20 
computer that Commodore intro- 
duced in 1981 for under $300. 

A consumer could bring the little, 
one-piece PC home from the local 
discount store, hook it up to his or her 
color TV set, and enjoy the computing 
world in eight glorious colors. No one 
seemed to mind that it had but 22 

columns of rather large and clunky 
letters as its display, and that it had less 

than 5K of main -system memory. 
The pioneering VIC-20 was fol- 

lowed in 1982 by the legendary Com- 
modore 64, arguably the most 
popular single computer ever built. 
The C-64, many thousands of which 
are still running today, had it all: a 40 - 

column screen, a music -synthesizer 
chip, easily programmed graphics, 
and a seemingly infinite 64K RAM. 

VIC-20 owners loved the C-64 be- 
cause they could use their notoriously 
nonstandard VIC peripherals (disk 
drives, printers, and modems) with it. 

The C-64 was initially list -priced at 
$595, but eventually sold for about 
one-fourth of that price. In 1983, price 
cuts and price wars reportedly made 
Commodore the first personal -com- 
puter company to reach $1 billion in 

sales. 
Jack Tramiel was the driving force 

behind Commodore as its long-time 
president, but resigned abruptly in 

mid -1983 in a dispute with the com- 
pany's chairman. In a complex deal, 
Tramiel and his sons took over the 
struggling game and PC maker, Atari, 
from its parent, Warner Communica- 
tions. Tramiel, then marketed the 
graphically oriented, Macintosh -like 
Atari 520ST, with its TOS (Tramiel Oper- 
ating System), a CP/M variant, and its 

nifty GEM graphics interface. In fact, 
the Atari ST was so Mac -like that the 
trade press creatively dubbed it the 
"Jackintosh." 

Atari, founded by legendary Pong 
video -game inventor Nolan Bushnell, 
made a name for itself with its Atari 
2600 Video Computer System, and 
also earned respect for its Model 400 
and 800 personal computers, well- 
known for their superb graphics quali- 
ty. However, under its new manage- 
ment, led by Tramiel and his sons, Atari 
did not do well. As this is written, Com- 
modore has liquidated and Atari is 41 
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struggling for survival. Like so many 
other PC pioneers, both companies 
became engrossed in their own vision 
of the way the world should be, ig- 
nored their customers, and in the end 
lost their ability to compete in the 
marketplace. 

Some Competition. Could a major 
semiconductor manufacturer pene- 
trate the "home -computer market" to 
follow up on their success with con- 
sumer -oriented products like cal- 
culators? In 1980, Texas Instruments (TI) 

introduced the TI 99/4, which boasted 
excellent color and graphics but was 
a closed system that discouraged 
third parties from developing soft- 
ware and accessories for it. 

Though a consumer -oriented ma- 
chine, the TI 99/4 was priced well out 
of the consumer market with its initial 
and highly unrealistic $1200 price tag. 
An improved machine, the TI 99/4A, 
was eventually developed; it could 
be sold in department stores and dis- 
count houses for under $500. TI be- 
came involved in computer -price 
wars with Atari and Commodore in 
1983, and even announced a snazzy 
Professional Computer and the 
CC -40 Portable. Although the TI 99/4A 
was a high -quality machine, TI never 
could make any money on it. 

Consequently, in late 1983 the TI 

99/4A went out of production, and the 
existing inventory was dumped at fire - 
sale prices. That action instantly cre- 
ated a large community of users, 
many of whom still use their bargain - 
priced machines today. 

There were many other competing 
manufacturers who leff their mark on 
the still -fledgling PC industry of the 
early 1980's. A few of them merit a 
closer look: 

Adam Osborne, a Ph.D. in chemical 
engineering, formed the Osborne 
Computer Corporation to turn out a 
no -frills, low-cost PC for traveling pro- 
fessionals. The Osborne 1, a heavy 
clunker designed to fit under an air- 
plane seat, hit the market in 1981. 
Priced at $1795, it used the fairly stan- 
dard CPIM operating system and also 
included some useful productivity 
software. The 64K computer, which 
used the Z-80 CPU, was popular and 
sold well, but competition from others 
including Kaypro, Cromemco, and 
Morrow contributed to doing in the 
Osborne company. 

BOOKS ON COMPUTER HISTORY 

One way to acquire an appreciation 
for the early days of computers is 
through a personal library of historical - 
reference books. The following books 
cover a variety of interesting topics_re- 
lating to computer history. Most of them 
are available through your local 
bookseller, though a few of the older 
titles might be out of print. 

Accidental Empires, by Robert- X. 
Cringely, 1992, $24.00. Addison- 
Wesley Publishing Company, 1 Jacob 
Way, Reading, MA 01867; Tel. 
617-944-3700. ISBN: 0-201-57032-7. 

Big Blues: The Unmaking of IBM,_ by 
Paul Carroll, 1993, $24.00. Crown Nib - 
fishing Group, 201 E. 50th St., New York, 
NY 10022; Tel. 212-751-2600. ISBN: 
0-517-59197-9. 

Dvorak Predicts: An Insider's Look at 
the Computer Industry, by John C. 
Dvorak, 1994, $16.95. Osborne 
McGraw-Hill, 2600 Tenth St., Berkeley, 
CA 94710; Tel. 800-227-0900. ISBN: 
0-07-881981-4. 

Gates: How Microsoft's Mogul Rein- 
vented an Industry-and Made Himself 
the Richest Man in America, by Step- 
hen Manes and Paul Andrews, 1993, 
$25. Bantam, Doubleday, Dell, Inc., 656 
Fifth Ave., New York, NY 10103; Tel 
800-223-6834. ISBN: 0-385-42075-7. 

Hard Drive: Bill Gates and the Making 
of the Microsoft Empire, by James Wal- 
lace and Jim Erickson, 1992, $22.95. 
John Wiley & Sons, Inc., 605 Third Ave., 
New York, NY 10158-0012; T6I. 
800-225-5945. ISBN: 0-471-56886-4. 

Heath Nostalgia, by Terry Perdue, 
K8TP, 1992, $9.95. Heath Nostalgia, 
4320 -196th S.W., Suite B-111, Lynn- 
wood, WA 98036`-6754. ISBN: 
0-9637627-0-2. 

Stan Veit's History of the Personal 
Computer, by Stan Veit, 1993, $19.95. 
WorldComm Press, 65 Macedonia 
Road, Alexander, NC 28701; Te'I. 
704-252-9515. ISBN: 1-56664-030-X. 

Tandy's Money Machine, by Irvin 
Farman, 1992, $19.95. Published for Ra- 
dio Shack distribution by Mobium 
Press, 414 Orleans, Chicago, fL 
60610-4487. ISBN: 0-916371-12-3. I 
Best known for the CP/M-based Kay - 

pro II and several portables, Andrew 
Kay and his well -positioned Kaypro 
firm rushed in to fill the void when the 
Osborne failed. Originally intended 
for engineers, the compact, portable, 
and affordable Kaypro II computers 
were popular in the business market. 
Kaypro went on to become one of the 
largest sellers of desktop computers, 
and also was a pioneer in laptops. 
Reportedly more than 300,000 CP/M 
Kaypros were produced. 

Another company, Vector Graphic, 
had been around since the 
mid -1970's. It was best known for its 

smart -looking desktop computer, the 
Vector 1, that used an 8080A CPU. The 
firm also turned out a line of small- 
business oriented, Z -80 -based com- 
puters in the early 1980's. One of 
those, the Model 3005, even had a 10 - 
MB hard disk when hard disks (then 
called "Winchesters") were uncom- 
mon and almost prohibitively expen- 
sive. But the days of CP/M and 8 -bit 
computers were numbered, and the 
company didn't survive the IBM PC 
onslaught. 

English inventor Clive Sinclair un- 
dercut even master price cutter Jack 
Tramiel of Commodore and Atari 
fame. In 1980, Sinclair offered the first 
under -$200 PC, the tiny ZX-80. It sport- 
ed a Z-80 CPU, a 1K RAM, a mem- 
brane keyboard, and a 4K ROM that 
contained the operating system and 
a bare -bones BASIC. Later, the ZX-81 

offered more for less, with its 8K ROM 
and expandability to 16K RAM, all for 
$99.95 ($79.95 in kit form). 

Timex took over distribution and 
sold the little PC's like watches, making 
the Sinclair the first mass -marketed 
computer. It dubbed them the Timex/ 
Sinclair, but withdrew about eight 
months later when heavy post -sale 
service and support demands be- 
came too great for the watchmaker. 
Ultimately, huge inventories caused 
the PC's to be sold for a few dollars 
apiece or to be given away as pre- 
miums and prizes. Sinclair was even- 
tually acquired by AMSTRAD, another 
British firm. 

In 1977, the Heath Company intro- 
duced the H8 and H11 PC's-unusual 
machines that used the Altair -style 
S-100 bus, and Heath's HDOS operat- 
ing system. Heath was bought out by 
Zenith Electronics Corp. in 1979, and 
offered computer kits and factory - 
wired equivalents. Their H-100 series kit 
(Z-100 if factory -wired) had two micro- 
processors: an 8088 to run under 
MSDOS (like the IBM PC) and an 8085 
chip to run under CP/M. Despite the 
popularity of the PC's, however, losses 
by Zenith in its N business, declining 
interest in kit -building, competition in 
computers, and other business -re- 
lated factors eventually forced Heath 
to largely abandon the kit and com- 
puter business and concentrate on 

(Continued on page 89) 
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Hunting down car noises is not 
easy because of the high 
background -noise level of the 

automobile. The cheapest method in- 
volves using a length of tubing or hose 
held up to one's ear to focus the noise, 
but that has a number of disadvan- 
tages. First of all, the tube acts as an 
audio filter that tends to resonate in a 
narrow frequency range determined 
by its length. Also, the limited bend 
radius of the tube restricts motion, and 
might not allow you to focus on the 
noise. Another option is to use an inex- 
pensive mechanic's stethoscope, 
which is a metal probe connected to 
a metal or plastic diaphragm. How- 
ever, that requires that you be in phys- 

headphone amplifier, which is built 
around the other half of the dual op - 
amp. That audio output can be heard 
on any "Walkman -style" 32 -ohm 
headphones. 

Figure 1 is the schematic for the 
Electronic Auto Stethoscope. Thai cir- 
cuit is powered by a 9 -volt battery, B1, 

and power -supply filtered by capaci- 
tor C1. The NE5532 audio op -amp, U1, 

directly drives low impedances and 
can therefore drive the headphones 
without the need for a dedicated 
power -amplifier IC such as the LM386. 
A bipolar power supply has to be used 
with U1. So, to replace the bipolar - 
supply ground connection, two re- 
sistors, R1 and R2, are used to split the 

Build the 
Auto 

stethoscope 
' 

POWER VOLUME 

fi 

1$, 

TONE a 

1651. 

ical contact with the noise source. 
The Electronic Auto Stethoscope 

presented in this article has a number 
of advantages over the previously 
mentioned mechanical ones. It has a 
built-in amplifier that amplifies low- 
level sounds, earphones to help block 
out other background noises, and a 
tone control that allows you to focus 
on the frequency range of the noise 
being investigated, whether it is low - 
frequency road noise or a high- 
pitched wind whistle or rattle. 

How it Works. The Stethoscope uses 
an electret-microphone element, 
MIC1, which is amplified by Yz of U1, an 
NE5532, dual audio op -amp. The out- 
put of the op -amp is connected to 
the tone -control section and the vol - 

46 ume control, where it is sent to the 

3 HEADPHONE 

through C6, to the tone -control circuit 
consisting of C7, C8, R7, R8, and R9. 

Tone -control potentiometer R8 allows 
the user to peak the amplifier re- 
sponse to the frequency of the noise 
being investigated. When R8 is cen- 
tered, the frequency response is flat 
from 20 Hz to 15 kHz. When R8 is 

moved toward the bass or treble posi- 
tion, response in the rejected fre- 
quency range (i.e. bass is rejected in 
the treble position) is cut by as much 
as 12 dB. 

The output of R8 is connected to 
volume -control potentiometer R10, 
and U1 -b amplifies the signal at the 
wiper of R10. Gain is determined by 
R11 and R12. The output of U1 -b is bi- 

Find the source of those annoying 
car1noises with_this high-tech ear. 

9 -volt, DC power supply and provide 
a "virtual ground." To provide bal- 
anced headroom for the audio sig- 
nals, R1 and R2 are of an equal 
resistance. Capacitor C2 provides a 
bypass for audio signals and improves 
load regulation. 

The 4.5 -volt DC bias for the electret 
microphone, MIC1, is obtained from 
B1 through resistor R3. Capacitor C3 
couples the audio output from MIC1 
to U1 -a, resistor R4 provides the virtual - 
ground connection, and resistors R5 
and R6 determine the audio gain of 
U1 -a. High -frequency roll -off above 15 

kHz is provided by capacitor C4, and 
capacitor C5 rolls off the low -frequen- 
cy response below 20 Hz. Capacitor 
C11 provides decoupling for the 
power -supply pins of U1. 

The output of U1 -a is coupled, 

BY CHARLES HANSEN 

ased to the virtual -ground voltage of 
4.5 volts by R1 and R2. If that output 
were fed directly to the headphones, 
there would be a DC voltage continu- 
ously applied to them, which could 
limit battery life. For that reason, it was 
decided to isolate the headphones 
from the DC voltage. 

To couple only the audio signal to 
the headphones, capacitor C10 is 

connected in series with the output. 
Large capacitive loads have a tend- 
ency to cause instability, peaking, and 
ringing in the output of a closed -loop 
op -amp circuit. To prevent that, R13 is 

connected in series to decouple the 
output of U1 -b from 010. Feedback - 
capacitor C9 then provides a high - 
frequency feedback bypass, restoring 
stability to the amplifier. 

The stereo headphones are con- 
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Fig. I. The heart of the Stethoscope is the NE5532 audio op -amp, Ul. That component 
directly drives low impedances and allows the use of headphones without adding 
another amplifier. 
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Fig. 2. If you would like to build the project on a PC hoard, use this full-size tetnplate 
to etch your own. 

nected in series to make it easier for 
the op -amp to drive them to a useful 
volume. Because the microphone sig- 
nal is monophonic, there is no need 
for stereo output. 

Construction. The prototype Elec- 
tronic Auto Stethoscope was built on a 
perforated board. Because of the 
high gain used, wire lengths were kept 

short to prevent noise pickup cnd os- 
cillation. For your convenience, a 
printed -circuit board template is pro- 
vided in Fig. 2 if you prefer to etch and 
drill one. If that is the case, use the 
parts -placement diagram shown in 

Fig. 3 to make building the project 
easier. Select a project enclosure that 
has sufficient room for the perforated 
board or PC board and all chassis - 

4 

PARTS LIST FOR THE 
ELECTRONIC AUTO 

STETHOSCOPE 

RESISTORS ° . 

(All fi»ed resistors are 1 -watt, 5% 
units, unless otherwise noted.) 

R1, R2 -2700 -ohm 
R3, R4 -18,000 -ohm 
R5 -220,000 -ohm 
R6, R7, R9 -10,000 -ohm 
R8 -50,000 -ohm, linear 

potentiometer 
R10-:50,000 -ohm, audio -taper. 

poténntiometer 
RI I-15,000-ohm 
R12 -680,000 -ohm 
R13 -100 -ohm 

CAPACITORS 
CI -47-µF, 35-WVDC, electrolytic 
C2-l0-µF, 35-WVDC, electrolytic 
C3-4.7-4 35-WVDC, electrolytic 
C4-33-pF, mica or metallized -film 
C5, C6 -1-µF, 35-WVDC, tantalum 
C7, C8 -0.033-µF, metallized -film 
C9-10-pF, mica or metallized -film 
C10 -220-µF, 35-WVDC, 

electrolytic 
CII--O.I-µF, ceramic -disc 

ADDITIONAL PARTS AND 
MA/ERIALS 

Ul-NE5532N, low -noise dual op- 
amjE integrated circuit 

MICI-electret microphone (Radio 
Shack #270-092 or equivalent) 

11 -15 -mm phone jack 
SI-SPST toggle switch 
B1-9volt alkaline battery 
Printed -circuit materials, project 

enclosure, 9 -volt -battery snap, with 
leads, 3/s -inch ID tubing=(see text), 
two -conductor shielded 
microphone cable, control knobs, 
32 -ohm stereo headphones, 
standoffs, wire, solder, hardware, 
etc. 

mounted components. 
In keeping with good assembly 

practice, install the least -sensitive 
parts first, followed by the more -sen- 
sitive perts. Start by installing the bat- 
tery connector and an IC socket at 
the position for U1. Next, connect the 
wiring to potentiometers R8 and R10, 

switch S1, and jack J1. Solder in the 
passive parts (resistors, then capaci- 
tors) and double check the orienta- 
tion of the polarized components. 

Before installing the last on -board 
component, U1, into its socket, and 
before attaching MIC1, test the power 
supply. Ifurn on S1 and measure the 47 
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Fig. 3. Use this parts -placement diagran as a guide when assembling the 
Stethoscope. Be sure to double check the alignment of the polarized components. 

MICROPHONE ELEMENT 

é 

PROBE TUBE 

SPLICES (3) 

2 -CONDUCTOR 
SHIELDED MICROPHONE CABLE 

Fig. 4. The electret microphone element, MICI, needs to be mounted in a tube 
assembly. Before doing that, extend the reach of MICI's short leads by attaching them 
to a two -conductor, shielded microphone cable. 

battery voltage across C1. Then 
check the virtual -ground voltage 
across C2; it should read half the bat- 
tery voltage. If that is the case, turn off 
S1 and prepare the microphone as- 
sembly for attachment. If the voltage 
seems too high, check for wiring mis- 
takes. 

Microphone MIC1 can be mounted 
in a number of ways. The prototype 
has the microphone installed inside a 
six -inch -long, 3/8 -inch diameter, plastic 
tube "wand," with the end of MIC1 just 
below flush with the open end of the 
tube. Because the leads on MIC1 are 
only a couple of inches long (as sup- 
plied by the vendor), they need to be 
extended (as shown in Fig. 4) before 
the microphone is mounted in the 
tube. 

To extend the leads of MIC1, use 
two -conductor, shielded microphone 
cable; splice the red (+) microphone 
wire to the red wire in the cable, and 
then splice the white microphone -sig- 
nal wire to the black wire in the cable. 

Finally, splice the ground wire of the 
microphone to the shield of the ca- 
ble. Use shrink sleeving over each of 
the splices, and then cover them all 
with one larger piece of shrink sleeve 
for ruggedness. You can then either 
directly connect the other end of the 
cable to the circuit board (as indicat- 
ed in Fig. 1) or you can add another 
jack and plug to make the micro- 
phone detachable. 

If you do mount the microphone 
probe directly to the case of the am- 
plifier module, the tone and volume 
controls of the Stethoscope will be 
easier to use because the entire case 
can be aimed at the noise source. 
That is why a six -inch -long probe was 
recommended. 

Once the microphone assembly is 

prepared and the leads are con- 
nected to the circuit board, turn on S1 

again and measure the voltage 
across the red microphone lead to 
the shield. It should be 3.5- to 6 -volts 
DC (4.5 -volts DC nominal). If that is so, 

turn off S1. You can then safely insert U1 

into its socket. 
If you want to use the Stethoscope 

in physical contact with engine noise 
sources (similar to a mechanical 
probe -diaphragm unit), mount MIC1 
in a metal tube. That will provide the 
necessary rigidity to transmit me- 
chanical sounds to the microphone. 
Be sure to electrically insulate the 
case of the microphone element 
from the metal tube. It is also a good 
idea to cover the metal tube with a 
non-conductive material such as 
shrink sleeving to prevent the tube 
from causing any electrical shorts un- 
der the hood. 

Checkout and Use. Plug in the 
headphones and turn on the 
Stethoscope. Place the TONE control, 
R8, in the center of rotation and turn 
the VOLUME control, R10, all the way 
down (to the left). There should be no 
sound in the headphones. If you do 
not get any noise, proceed as follows. 

Aim the microphone at a known 
low -volume audio source such as a 
radio speaker, and turn the VOLUME up 
until you can hear the audio source 
through the headphones. You should 
then be able to turn up the VOLUME high 
enough so that the sound in the 
headphones drowns out the source. 
Also, you should be able to greatly 
affect the tone of the audio source 
with the TONE control. That completes 
the check-out procedure. 

When selecting headphones to use 
with the Stethoscope, keep in mind 
that the differences in sensitivity and 
frequency response between various 
Walkman -style headphones is surpris- 
ing. Of course, the more expensive 
headphones have higher volume and 
fidelity; however, the Stethoscope 
can drive even the cheapest head- 
phones to adequate volume. Watch 
out for small headphones, though. At 
high volume, acoustic feedback can 
occur between them and the micro- 
phone. Closed earpiece head- 
phones are less prone to feedback 
than the smaller, open type. 

The author originally built the 
Stethoscope to track down a rattle in 
the console of his car (which turned 
out to be a lost jeweler's screwdriver). 
Without the Stethoscope, that 
wouldn't have been possible, even 
with someone else driving. You should 
find it to be just as useful. 
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Squeeze more performance out of your PC with these easy and easy -to-do upgrades. 

BY MARC SPIWAK 

If you own a PC, soorer or later you 
will face the need, or urge, to up- 
grade. You might need or want 

additional memory. Drives, both hard 
and floppy, sometimes need to be re- 
placed or reformatted, or larger -ca- 
pacity ones are required. Adding 
peripherals such as Internal modems 
or video cards can occasionally give 
even experienced PC users fits. 

Then there is multimedia. Multi- 
media has been the hot area in com- 
puters for the last little. while, and 
these days, all but the most -basic sys- 

tems come equipped, with a CD-ROM 
drive and sound card That 1s fortu-, 
nate, because if you've ever had to' 

add a multimedia set-up to an exist- 

ing system you know what a night- 
- mare it can be. Still, occasions arise 

when a CD-ROM or sound card must 
' be installed, upgraded, or replaced. 

When upgrade time arrives, you 
have two chroices: pay someone to 
do it for you, or do it yourself. The first 

choice is the lazy way out. What's 
more, it is (obviously) more expensive 
and totally unnecessary for anyone 
with a little technical know-how and a 
small amount of manual ability. 

Unfortunately, when it comes to 
PC's, many otherwise competent , ndi- 
viduals feel a little intimidated, The 
fact is, though, that anyone with a bit 

of technical knowledge and some 
patience -and concentration can 
perform those types of basic up- 
grades without fail. In this first Install- 
ment in an occasional, series of 
articles, we will discuss the work in- 
volved in adding different types of 
memory to a PC. Future articles will 

cover other types of upgrades. 

Upgrading PC's. As you can imag- 
ine, there are variations in the pro- 
cedures involved in installing hard- 
ware in PC's from different manufac- 
turers, so there's no way we can ,lead 
you by the hand with yours. However, 
you should be able to adapt what we 
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Fig. 1. This motherboard contains two SIMM sockets for adding more RAM, five DIP 
sockets for adding a secondary cache, and two ZIP sockets for adding more 'ideo 
DRAM. 

cover here to your own PC. Some PC's 
make upgrades a snap, while others 
might involve extra disassembly pro- 
cedures just to get at what you want to 
upgrade. A modern motherboard 
design can make a job much less 
scary for a beginner. 

The motherboard in the PC that is 

discussed in this article is practically 
state-of-the-art as far as com- 
pactness and integration is con- 
cerned (see Fig. 1). Older mother- 
boards had different numbers of 
expansion slots for different machine 
configurations. This newer mother- 
board has only one expansion slot in 
which mounts a vertical riser con- 
taining four expansion slots. Smaller or 
larger risers can be installed on the 
same motherboard for different PC 
layouts. 

A super I/O processor chip on the 
motherboard controls all I/O interface 
circuits. That includes the IDE hard - 
drive controller, the floppy -disk -drive 
controller, Iwo serial ports, and one 
parallel port. Four megabytes of RAM 
are permanently mounted on the 
board, and there are Iwo SIMM sock- 
ets for adding more memory; the 
computer supports up to a total of 64 
megabytes of RAM. A bus -controller 

50 IC integrates all peripheral, bus, 

memory, data, and address -buffer 
logic in a single chip. Also perma- 
nently mounted on the motherboard 
is a local -bus video -accelerator chip 
and 1 megabyte of video memory 
with sockets for an additional 1 mega- 
byte. The board also contains a tiny 
built-in piezoelectric speaker. 

That modern motherboard design 
cuts down on hardware costs, which is 

one reason why powerful PC's are be- 
coming so cheap. The design also 
cuts down on power consumption, 
which benefits everyone but your lo- 
cal power company. It also makes 
doing upgrades easier because 
there's less hardware to get in the way. 
Unfortunately, if you have an older PC 
with lots of hardware and ribbon ca- 
bles, you might find that you have lo 
do some disassembly on occasion lo 
get at whatever you are interested in. 
While that is some extra work, it really is 

not that big a deal; just be sure to 
label everything clearly so that you 
can put everything back together 
properly. 

Adding RAM. When it comes to 
computers, you can never have too 
much memory. A PC uses RAM, or ran- 
dom-access memory, to store code 
that it needs to run the software it has 

been asked to run. While most DOS 
programs can run in less than 640K, 
some programs, notoriously games, 
hog almost the entire 640K for them- 
selves, requiring everything else that's 
running (operating system, TSR's, etc.) 
to be loaded high into upper memory 
above 640K. Other DOS programs re- 
quire extended or expanded memo- 
ry for them to run. 

Windows software, on the other 
hand, doesn't have so many memory 
restrictions-it uses memory linearly, 
and many programs can run at the 
same time. It's just that Windows needs 
a lot of memory to do that efficiently, 
with four megabytes being the mini- 
mum practical amount. Depending 
on what programs are running, Win- 
dows will want to transfer chunks of 
data to and from a swap file on a hard 
drive. That is much slower than read- 
ing from RAM, so it's done only for data 
that's least -needed at the time. De- 
pending on the amount of RAM in- 
stalled, more or less information will 
have to be swapped to and from the 
hard drive. 

A more -realistic minimum amount 
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Fig. 2. This 4 -megabyte SIMM contains 
eight I -megabyte by 4 -bit memory IC's 
arranged as 32 -bit wide memory to 
match the PC's 32 -bit data bus. The 
alignment notch ensures that the SIMM 
is installed with the correct orientaion. 



of RAM for a computer that always 
runs Windows is 8 megabytes, and 
probably will be 16 for running Win- 
dows 95 (once it's released). With only 
four megabytes, many Windows pro- 
grams run painfully slow; upgrade 
from Word for Windows 2 to version 6 
on a PC with only four megabytes of 
RAM and you'll know what we mean. 

Our first upgrade will involve 
adding one non -parity -checking 
four -megabyte SIMM (single-inline 
memory module) for a total of eight 
megabytes of RAM; recall that four 
megabytes are permanently 
mounted on the board. Note that the 
board has two SIMM sockets that can 
accommodate any combination of 
4-, 8-, 16-, or 32 -megabyte 72 -pin 
SIMM's. 

The four -megabyte SIMM is shown 
in Fig. 2. It contains eight 1 -megabyte 
by 4 -bit memory IC's arranged as 32 - 
bit wide memory to match the com- 
puter's 32 -bit data bus. Notice the 
bare space in the middle of the SIMM; 
that's there because the manufac- 
turer uses the same PC board to make 
SIMM's that check parity and ones 
that don't. If your computer does not 
require SIMM's that check parity 
(check the documentation that 
came with your motherboard for de- 
tails on the SIMM's required), you can 
save some money by buying the non - 
parity -checking type. 

SIMM's are delicate CMOS memory 
devices, and should be handled 
carefully to avoid damage from static 
electricity. You should discharge your- 
self on the grounded PC chassis be- 
fore handling a SIMM, and try to stay in 

contact with the chassis with one 
hand or wrist while you handle it. Also, 

do not touch the contacts on the bot- 
tom edge of the SIMM. Naturally, the 
PC should be turned off when you in- 
stall anything. 

The SIMM is keyed with an align- 
ment notch so that it fits in the socket 
only one way. It is inserted into the 
socket at an angle and then pivoted 
vertically until the alignment pins on 
the socket fit into the alignment holes 
on the SIMM. Two small plastic clips on 
the socket snap into place to hold the 
SIMM in position; other SIMM sockets 
might have metal clips that serve the 
same purpose. 

Usually when a PC boots, the RAM is 

checked and a count of it is dis- 
played. If the count checks out and 
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When these five standard -width, 28 -pin 32K x 8 chips are installed, the computer will 
have a 128 -kilobyte secondary memory cache. 

- o 
tyrr- ,. 

Two ZIP IC's can be installed to increase video memory to 2 megabytes and allow our 
video controller to display up to 16.8 million colors. 

matches the RAM configuration 
stored in CMOS, the test is passed. 
After adding the four -megabyte 
SIMM, our memory check noticed 
that there was more memory than 
usual, and told us to enter setup. The 

setup menu indicated that extended 
memory was now at 7168 kilobytes, 
about 4 .megabytes higher than be- 
fore. We were asked to save the new 
setup configuration in CMOS. 

Different motherboards have dif- 
ferent requirements concerning SIMM 

configuration, speed, parity check- 
ing, the quantity of SIMM's that can be 
installed, and the arrangement in 

which they must be installed in the 
sockets. An older 486 DX2-50 we have 
has more -involved memory -expan- 
sion procedures. That older mother- 
board accepts 30 -pin SIMM's in two 4 - 

slot banks of sockets. Those SIMM's are 
similar in appearance to the 70 -pin 
one we installed, and the installation 
procedure is identical. However, that 
motherboard demands that if a bank 
is used, it must be filled, and that all 

SIMM's in a bank be of the same type. 
For example, that machine was once 
upgraded from 8 to 16 megabytes. 
Before the upgrade, both banks were 
filled with 1 -megabyte SIMM's; after- 
wards, one bank was filled with 4 - 

megabyte SIMM's. 

In addition to being fussy about 
SIMM configurations, that PC requires 
that jumpers on the motherboard be 
set according to how the SIMM's are 
installed. That kind of information can 
only be obtained from the documen- 
tation that accompanies a mother- 
board, or from its manufacturer. 

Secondary Cache. A CPU reads 
data from the data bus, processes it, 

and writes it back to the bus. All 486 
CPU's contain an internal 8K primary 
data cache between the CPU and 
the bus. However, a secondary mem- 
ory cache can speed things up by 
letting the fast CPU work at its own 
pace and stuff things as needed into 
temporary storage. 

(Continued on page 91) 51 



A 
Vacuum - 
Tube RAM 
Bring the warm glow of 
vacuum tubes to your PC 
this April 1 with this 1 -bit 
computer -memory circuit. 

BY MICHAEL A. COVINGTON 

by should high -end au- 
diophiles and antique -ra- 
dio buffs have all the fun? 

This project brings the warm glow and 
mellow ambiance of vacuum -tube 
technology to the computer hobbyist. 

The Vacuum -Tube RAM described 
in this article interfaces to any PC 
through the parallel port. Access time 
is under 100,000 nanoseconds, and 
there are only 15 components per bit, 
resulting in an estimated cost of 
8.4 x 10' dollars per megabyte 
(9.4 x 107 if you add parity checking). 
If that sounds like a lot to you, you can 
first build a 1 -bit, working demonstra- 
tion unit. That way you can see for 
yourself the widely acclaimed bene- 
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fits of vacuum -tube technology, es- 
pecially for WAV and other sound files. 

The Vacuum -Tube RAM. The circuit 
is a classic in every sense of the word: 
an Eccles -Jordan bi-stable multi - 
vibrator (that's a "flip-flop" in modern 
jargon)-the very circuit that made 
digital computers possible, and the 
heart of the ENIAC and other historic 
machines. Unlike its 300 -volt an- 
cestors, though, this one runs on 12 - 
volt and 5 -volt power supplies, so that 
it can be powered by a personal 
computer. 

That is made possible by the special 
12U7 vacuum tube used in it. The 12U7 
is part of an almost forgotten family of 

02 
2N7000 

0+12V 

-0 +5V 

R9 

2.2K 

7 
O 

DATA 

LM311 OUT 
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Fig. 1. The circuit is built around a 12U7 low -power dual -triode tube originally 
developed for car radios. The tube became obsolete about one year after its 
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PARTS LIST FOR THE 
VACUUM -TUBE RAM 

RESISTORS 
(all resistors are 1/4 -watt. 5% units) 
RI, R2 -220,000 -ohm 
R3-R6-I-megohm 
R7-I000-ohm 
R8, R9 -2200 -ohm 

ADDITIONAL PARTS AND 
MATERIALS 

VI -12U7 low -voltage, dual -triode 
vacuum tube 

Ul-LM3I1 comparator, integrated ' 

circuit 
QI, Q2 -2N7000. switching 

MOSFET transistor 
Cl. C2 -0.05-µF. ceramic -disc 

capacitor 
Breadboard or prototyping board, S- 

and 12 -volt power sources, wire, 
solder, hardware, etc. 

LISTING 1 

DEFINT A -Z 

PRINT "Demonstration of vacuum tube RAM' 
addr = &H378' base addr of parallel port 
FOR 1=0TO1 
store addr, i 

PRINT"Stored: ';1 
PRINT "Retrieved: "; retrieve(addr) 

NEXT I 

FUNCTION retrieve (addr) 
IF (INP(addr + 1) AND 16) <> 0 THEN 
retrieve = 1 

ELSE 
retrieve = 0 

END IF 
END FUNCTION 

SUB store (addr, value) 
IF value = 0 THEN 

OUT addr + 2, 13 ' pull RESET high 
ELSE 

OUT addr + 2, 7 ' pull SET high 
END IF 
'Fast computers might need a delay here 
OUT addr + 2, 15 ' both go back to low 

END SUB 

low -voltage tubes that entered the 
world in 1957 to serve as RF stages in 
partly transistorized car radios. With 
the advent of good RF transistors, they 
became obsolete about a year later 
and have been abundant on the sur- 
plus market ever since. You can get 
them today from Alitronics (2300-D 
Zanker Road, San Jose, CA 95131) and 
Antique Radio Supply (PO. Box 27468, 
Tempe, AZ 85285). 

The circuit for a 1 -bit demonstration 
unit is shown in Fig. 1. The 12U7, a low - 

(Continued on page 91) 



 

If you have ever used a carpenter's 
level in poor -light conditions, then 
you know how hard it can be to 

see the position of the tiny bubble. Or 
perhaps you have tried to put up a 

high shelf and found the entire level 
difficult to see, let alone the bubble. If 

you have had one of those problems, 
then the Audible Level described 
here might just be the solution. 

The Audible Level is a device that 
produces a series of tones that serve 
the same purpose as a bubble in a 
conventional carpenter's level. It not 
only signals perfect horizontal levels, 

but the direction in which a surface is 

off level as well. 

Sensors. Electronic levels have 
been around for some time in other 
forms. For example, machines that 
need to be level to operate have to 
translate their tilt into electronic form 
using sensors. Those sensors should 
ideally be accurate and have a grad- 
ual response arounc the level state. 
For that reason, the electrolytic gravity 
transducer is used in most profession- 
al applications. 

That transducer is a simple compo- 
nent that consists of a vial filled with an 
electrolyte into which on air bubble is 

introduced. Electrodes penetrate the 
liquid and bubble from both ends, 
and a third electrode is at all times 
totally immersed in the electrolyte. As 

Build an 
-- - Audible 

Level 

the bubble moves, the amount of 
wetted area in the electrodes 
change, but not in phase. Thus the 
relative resistance between the two 
end electrodes and the third one indi- 
cates the level status. Basically, the 
sensor forms two arms in an AC - 
powered bridge circuit. 

Unfortunately, to the best of my 
knowledge, that sensor isn't readily 
available to the hobbyist. For that rea- 
son, an alternative had to be devised 
for use in the Audible Level. Given the 
sensor criteria already mentioned, a 

standard alcohol -filled vial seemed 
like a good starting point, but the bub- 
ble's position still had to be elec- 
tronically represented in some way. 

An electro -optical method appeared 
to be the most feasible way of ac- 
complishing that. The idea that came 
to mind was to pass the beam from an 
infrared LED through the bubble. Two 

correctly placed detectors (pho- 
totransistors) could then sense any 
optical disturbance caused by a tilt 
and record its direction. 

After some experimentation, the 
correct optical geometry was de- 
veloped. An infrared LED directs a 
beam perpendicularly down through 
the bubble and onto the reflective 
bookplate of the alcohol -filled vial. 
The beam is then reflected, and is re- 

ceived by two infrared phototran- 
sistors that are situated on either side 

With it you'll never again 
strain to see if a surface is 

level you could listen 

instead. 

BY PETER CARTWRIGHT 

of the LED in the vial's lengthwise di- 
rection. As the bubble moves, the 
phototransístors pick up differing 
amounts of reflected radiation. Com- 
mon sense suggests that because the 
bubble is transparent, the detector 
nearest the bubble will receive the 
most radiation. Actually the opposite 
is the case. To see why, it must be un- 
cerstood that the meniscus forms a 

concave lens. That makes the beam 
diverge as it enters the liquid and then 
exits, as shown in Fig. 1. 

A conventional carpenter's level 

PHOTOTRANSISTORS 

LEVEL LINES 

Fig. I. This is the optical geometry for 
the sensor used in the Audible Level. 
Due to the refraction caused by the 
bubble in the alcohol filled vial, less 
infrared light reaches a phototransistor 
as the bubble moves closer to it. 53 
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Fig. 2. In this circuit, the amounts of infrared radiation received by phototransistors 
Ql and Q2 are translated by op -amp UI and dual -timer U2 into either a steady tone, 
or a fast- or slow -pulsing one. 

can be regarded as a sensor with a tri- 
state output. The bubble is either be- 
tween the cross lines, or elsewhere in 
one of two significant directions. To 
make the Audible Level work, unam- 
biguous audible equivalents for each 
of those three bubble positions had to 
be chosen. Different tones were 
avoided because not everybody can 
clearly differentiate pitches. So in- 
stead, the level state is expressed as a 
continuous tone, and the two off -level 
states are signaled by fast and slow 
pulsed tones. 

Circuit Description. The schematic 
for the Audible Level is shown in Fig. 2. 

To make it portable, the circuit is 

powered by a 9 -volt battery, B1. Unfor- 
tunately, there is a drawback to using 
a battery for power: the ratio of the 
phototransistors' resistance will 
change as the supply voltage goes 
down. 

To solve that problem, D1, an LM185, 
2.5 -volt, voltage -reference diode is 

used. That way, when the battery volt- 
age declines to a point at which the 

54 Level would become inaccurate, the 

tones abruptly cease, indicating the 
need for a new battery. That diode 
also ensures that there will be a con- 
stant current supplied to the infrared 
LED, LED1. If you can't find the LM185 
locally, you can order one from Digi- 

o ,. 
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Key (P.O. Box 677, Thief River Falls, MN 
56701-0677; Tel. 800-344-4539). 

The infrared LED used in the author's 
prototype emits a wide-angle beam. 
If that type of unit isn't available, you 
might be able to get away with using 
a more -common round -headed LED. 

If need be, you can always convert it 
to a wide-angle type by using a 
hacksaw to cut the hemispheric end 
off. The possible necessity for that will 
be discussed later. 

Also in the previously mentioned 
controlled -voltage circuit are resistors 
R2, R3, and R4, which set two voltage 
levels on the inverting inputs of U1 -a 
and U1 -b. With the bubble off center 
in the direction of Q1, Q2 will receive 
the most radiation. Under that con- 
dition, the voltage at the Q1/Q2 junc- 
tion is near zero. That's below the 
voltage thresholds on the inverting in- 
puts of both op -amps, putting both 
outputs low. 

Both halves of a 556 dual timer, U2, 
are wired as oscillators. The output of 
U2 -a (which runs at a low frequency) is 

fed to the reset input of U2 -b at pin 10. 

With U2 -a active, the second oscillator 
(responsible for the tone) is switched 
on and off, producing the required 
pulsed sound. 

The output of U1 -a is connected via 
R10 to the control -voltage input (pin 3) 
of U2 -a. That expands or contracts the 
limits within which the voltage on tim- 
ing capacitor C2 is held, altering its 

charge/discharge period and fre- 
quency. With the output of U1 -a low, a 

11 

As this internal view shows, stiff copper -wire braces are used to secure the position of 
the LED and the two phototransistors over the alcohol -filled vial. However, do not 
solder the braces in place until you have calibrated the Level. 



PARTS LIST FOR THE 
AUDIBLE LEVEL 

SEMICONDUCTORS 
Ul-LM324 quad op-anip, integrated 

circuit 
U2-NE556 dual oscillator/timer, 

integrated circuit 
Ql, Q2-T1L78 phototransistor 
Q3-BCI07 or similar NPN silicon 

transistor 
DI-LM185, 2.5 -volt voltage - 

reference diode 
D2 -5.1 -volt, 0.5 -watt, Zener diode 
LED I-Wide-angle . infrared -emitting 

diode 
D3 -D5 -1N4148 general-purpose 

silicon diode 

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

units.) 
R1, R10--4700-ohm 
R2,' R4 -47,000 -ohm 

° R3, R11, RI3-100,000-ohm 
, R5 -3300 -ohm 

R6, R8, R9 -10,000 -ohm 
R7 -33,000 -ohm 
R12 -18,000 -ohm 

CAPACITORS 
CI -47-µF, 16-WVDC, radial -lead 

electrolytic 
C2-10-1.LF, 16-WVDC, radial -lead 

electrolytic 
C3- 0.01-µF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

B1 -9 -volt transistor -radio battery 
BZI-Piezoelectric buzzer 
S1-SPST switch 
Printed -circuit materials, project 

enclosure, alcohol -filled vial (see 
text), battery holder and snap 
connector, aluminum strip 
(optional), thumbscrew (optional), 
metal plate (optional), wire, solder, 
hardware, etc. 

high-speed pulse is generated. The 

output of op -amp U1 -b is also low, 

which keeps transistor Q3 switched 
off. 

As the bubble moves to a central 
position, the voltage at the Q1/Q2 
junction increases. When the voltage 
at pin 12 of U1 -b exceeds that applied 
to pin 13 (the inverting input), Q3 turns 
on. The output of U1 -a is still low and 
sinks current from U2 -a, the slow os- 

cillator. Because the trigger input of 
U2 -a (pin 6) is kept low, its output is 

forced high, producing the constant 
tone. 

Finally, with the bubble off center in 

the direction of Q2, Q1 receives the 
most radiation. The output of U1 -a 
then goes high and blocks off the cur- 
rent through Q3. Simultaneously, the 
voltage at the control -voltage input 
(pin 3) of U2 -a increases, and the puls- 

ing tone reappears, but at a lower 
frequency. 

The circuit centered around U1 -c is 

responsible for the low -battery alert. 
Op -amp U1 -c normally has its output 
high, but as the battery voltage drops 
to about 6 volts, the non -inverting in- 

put goes below the inverting input. 
That switches the output low with the 
help of the positive feedback intro- 

duced by R13, and turns off U2 -b. 

Construction. To keep the Level as 

portable as possible, use a PC board 
(a full-size foil pattern is shown in Fig. 

3). Install the passive components first 

and the heat -sensitive semiconduc- 
tors last, using the parts -placement di- 
agram in Fig. 4 as a guide. Note that 

1-3/8 INCHES 

Fig. 3. Here is the full-size printed - 
circuit template for the Audible Level. 

-R1- 

R5 

`01 ' 

LED1 r- 
1 02 

-R3 
---Cr-- 

U1 

R10 

R11 

C3 
I 

S1 - 
D5 

L. e1 

Fig. 4. Use this parts -placement 
diagram as a guide when building the 
Level. Note that LEDI, Ql , and Q2 all 
mount on the foil side of the board. 

t4 

-R7- 

D2 
-J - -R8= 
C1 

LED1, Q1, and Q2 are mounted on the 
foil side of the circuit board. Soldering 
on the same side as the components 
makes 'heat damage more likely, so 

you might want to use a heat sink. Let 
the aforementioned emitter and two 
receivers hang 5 mm or so above the 
alcohol -filled vial, and leave long 
erough leads so that you can make 
fine changes to their angles. A length 
of at least 15 mm is recommended. 

To increase the Level's ruggedness, 
fit the emitter and receivers with 
braces. You can make those braces 
out of a length of heavy copper wire. 
Wind that around the body and glue it 
in place with epoxy resin. Solder the 
other end onto the printed -circuit 
board a'ter calibration. 

A conventional level still gives a 
"level reading" on an angle of about 

(Continued on page 92) 55 



Build a Preselector 
-_- for the 

AM 
Broadcast 
Band - - - -121 7.1.71'43 s -. 

.=,1. 

The AM broadcast band pre- 
sents some of the greatest 
challenges for radio receivers. 

Considering that, it is rather unfortu- 
nate that the majority of AM receivers 
have substandard circuitry; even 
communications receivers that are 
top performers will sometimes be of 
lesser quality on the AM broadcast 
band (BCB) than on the shortwave 
bands. 

Among the factors that those trying 
to get good AM reception must deal 
with are huge numbers of stations on 
the AM BCB and the fact that re- 
ceivers often lack the front-end and IF 

selectivity to deal with all that RF ener- 
gy. Unfortunately, even though it might 
be fun to improve the dynamic range 
of the receiver, that's a major engi- 
neering undertaking and generally 
not practical. 

So, what can you do to get rid of all 
that AM-BCB overload? Try building 
the AM Broadcast -Band Preselector 
described in this article. As the name 
suggests, it preselects the AM BCB sig- 
nal ahead of any radio receiver that 
uses a coaxial antenna input (rather 
than a loopstick antenna) and is rea- 
sonably well shielded. To find out if the 
Preselector will work with your receiver 
you can try these simple tests: 

Disconnect the antenna from the 
back of your receiver and then tune 
across the band. If you hear as many 
stations without the antenna as with it, 

56 then there is an internal loopstick and 

Improve your receiver's 
performance on the AM 

broadcast band. 

BY JOSEPH J. CARR 

the AM-BCB Preselector will not work 
well. Also, if local stations are only 
slightly attenuated by disconnecting 
the antenna, then the shielding of the 
receiver might be too poor to get any 
benefit from the Preselector. To con- 
firm that, short the center conductor 
and shield of a matching coaxial 
connector (e.g. use a PL -259 plug 

J1 

IN 

L_ 

L1 

180µH 

C2 
1 00pF 

when the antenna jack on the re- 
ceiver is an SO -239 receptacle), and 
install it on the receiver's antenna -in- 
put connector. That effectively shorts 
out the input circuitry of the receiver. If 

there is still a signal, then this project 
will provide only marginal benefits. 

Circuit Description. The Preselector 

J2 
OUT 

S1 -b 

Fig. I. The circuit for the AM-BCB Preselector is completely bilateral; for that reason, 
J2 could just as easily be the input jack. That makes connecting the unit to your 
receiver a breeze. Note that switch Si can be set so that the unit is bypassed. 



circuit shown in Fig. 1 is a doubled - 
tuned, resonant, L -C tank circuit in 

which the two resonant circuits are 
coupled by the mutual -inductance 
method. Inductor L5 provides the 
coupling impedance between the 
two halves of the circuit. 

The AM-BCB Preselector is designed 
to be completely bilateral. That is, it 

doesn't matter which way it ís hooked 
up. Jack J1 is designated as the input 
to follow the standard of having the 
input of a circuit on the left of a sche- 
matic, but in practice, you could use 

J2 as the input instead. Switch S1 is 

configured so that it either connects 
the Preselector to the signal line, or 

bypasses it entirely. 
Each half of the Preselector con- 

tains two coils in series-L1 and L3 in 

one half, and L2 and L4 in the other. 
Variable coils L1 and 12 are Toko coils 
(part no. TK-1222) that are sold by Digi- 
Key (PO. Box 677, Thief River Falls, MN 

56701-0677; Tel. 1-800-344-4539); the 
inductance of those coils is 180 µH. 

The fixed coils in each tuning circuit, L3 

and L4, are wound on bazooka BALUN 

forms and have a value of 49 µH 

each. The mutual inductive reac- 
tance that couples the two coils to- 

gether is provided by a 10-µH toroid 
coil, L5. We'll deal with how to wind L3, 

L4, and L5 later. 
In each tuning element, the afore- 

mentioned series -paired coils have 
no discernible mutual coupling be- 
tween their magnetic fields. As a re- 

sult, the total inductance of each pair 
is simply the sum of the individual in- 

ductances, or about 229 µH. 

The coils are resonated, or tuned, 
by a Iwo -section, 380-pF air -variable 
capacitor, C1. Note that in the author's 
prototype, a three -section unit was 

used because it was on hand; the 
third section was simply not con- 
nected. Also, because there is a bit of 
room on the range of the capacitor, a 
standard dual -section 365-pF tuning 
capacitor should work quite well. The 

two sections of C1 are trimmed by the 
100-pF trimmer capacitors, C2 and 
C3. 

Winding the Coils. Coils L3 and L4 

are wound on type BN-61-202 ba- 
zooka BALUN forms. Those are avail- 
able from either Amidon Associates 
(2216 East Gladwick Street, Domin- 
guez Hills, CA 90220; Tel. 
310-763-5770) or Ocean State Elec- 

B 

Fig. 2. This is a three-dimensional view 

of the bazooka, BALUN coil form (A). 

Shown here (B) are two turns on the 

BALUN form. 

tronics (PO. Box 1458, Westerly, RI 

02891; Tel. 401-596-3080). The coup- 
ling windings of 13 and L4 are each 
two turns of #26 enameled wire 
wound in the center of the core (i.e. 

wound first). The tuning windings of L3 

and 14 consist of 11 turns of the same 
wire wound over the top of the pri- 

mary. 

A view of the bazooka coil form is 

shown in Fig. 2A. Note that at its end it 

has two holes for admitting wire. Fig- 

ure 2B illustrates the method for wind- 
ing the coils and counting the turns of 
L3 and 14. To make each coil, start by 
passing wire through one of the holes 

at the left end of the form. Then, pass 

the wire through the other hole from 
the opposite end of the coil and bring 
the wire end back to the same side it 

started from. The turns count at that 
point is one turn (the "U-shaped" 
winding formed by passing the wire 

through each of the holes once is one 
turn). As shown in Fig. 2B, pass the wire 
back through each hole one more 
time to form the two -turn primary 
winding. When the winding is finished, 
make it snug up to the form (but not 
too snug.) and secure it with a tiny dab 
of glue or a sliver of tape. Next, wind 
the 11 turns of the tuning coil over the 
top of the coupling coil, starting from 
the opposite end of the form. 

The fixed inductor that couples the 
two sides of the circuit, L5, is wound on 
an Amiaon Associates' T-37-15 (RED/ 

WHT) toroidal coil form. To make that 

3 INCHES 
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Fig. 3. The printed -circuit board pattern for the Preselector is shown here in its full 
size of 3 x 4 inches. 57 



Fig. 4. When building the Preselector, use this parts -placement diagram as a guide. 
Be careful when making the off -board ground connections; if those aren't made 
correctly, the unit might cause unwanted noise. 

coil, you will need #28 or #30 wire. 
Start from the outside of the toroid 
and wind 33 turns. Be careful when 
doing so; that wire is fragile and being 
too energetic can cause it to break 
(which, according to Murphy's Law, 
usually occurs around turn 25 so you 
have to start over again!). 

Once the coils are wound, it is time 
to turn to the actual construction. Let's 

do that now. 

Construction. A printed -circuit foil 
pattern for the Preselector is shown in 
Fig. 3. You can either make the board 
yourself, or contact the firm noted in 

the Parts List, which made the board 
in the author's prototype. The parts - 
placement diagram is shown in Fig. 4. 
Once you have either etched or pur- 
chased the PC -board, installing the 
on -board components is straightfor- 
ward, so do that before going on. 

The next step is to connect the on - 
58 board shielding indicated in Fig. 4. In 

PARTS LIST FOR THE 
AM BROADCAST -RAND 

PRESELECTOR 

C1-380-pF, dual -section variable 
capacitor, see text 

C2, C3-100-pF, trimmer capacitor 
Ll, L2 -100-µH, variable inductor 

(Toko TK-1222 or equivalent) 
L3, L4 -49-µH, inductor (see text) 
L5 -10-11H, inductor (see text) 
SI-DPDT toggle switch 
JI, J2-SO-239 connector 
Printed -circuit materials, metal 

chassis, brass -stock strip, metal 
mounts (4), coaxial cable, 
insulated wire, solder, hardware, 
etc. 

Note: A drilled and etched printed - 
circuit board is available from FAR 
Circuits (18N640 Field Court, 
Dundee, IL 60118). When 
contacting them for ordering 
information, send a copy of the PC 
layout and this article. 

4 

the author's prototype, that was made 
from a 1- x 4 -inch brass -stock strip. 
One of those can be purchased from 
a hobby shop that caters to model 
builders, or from a shop that deals with 
amateur jewelry makers. Cut six, 3/4 - 

inch pieces of stiff, uninsulated wire. 
Insert one of those wires into one of 
the six holes that are shown overlap- 
ped by the shielding in Fig. 4. Solder 
the wire in place so that at least' an 
inch of wire protrudes from the com- 
ponent side of the board. Repeat that 
process for the other five holes and 
wires. Then, solder the brass strip to 
one side of the "fence" of wires to 
form the shield. 

The next step is to make the off - 
board connections indicated in Fig. 4. 

To connect the positive terminals of 
capacitor C1 to the board, use reg- 
ular wire; for the shield or ground con- 
nection, mount C1 to the chassis using 
the ground -terminal screws on the 
capacitor's bottom. For the connec- 
tions between the board and jacks J1 

and J2 and switch S1, you will need 
coaxial cable. The off -board ground 
connections that are indicated in the 
parts -placement diagram should be 
made to the chassis to provide shield- 
ing. In addition, the board itself should 
be grounded to the chassis, which is 

taken care of if you use metal mounts. 
Of course, a metal chassis will have 

to be used to house the project. Don't 
use a cheap metal box; avoid those 
boxes that lack an overlapping lip be- 
tween the two halves, or those that do 
not fit together well. If RF leaks around 
the flanges of the box or cabinet, the 
circuit's performance will almost cer- 
tainly deteriorate. 

Alignment and Use. To align the 
circuit correctly, you will have to keep 
in mind that there is a slight interaction 
between any adjustments you make. 
For that reason, it is best to go over 
'them several times. If you have a de- 
cent signal generator, it helps, but the 
project can be aligned using signals 
you get off -the -air. 

To begin, connect an antenna to 
one of the jacks of the Preselector, 
and connect the other jack to the an- 
tenna input of the receiver with a 
short piece of coaxial cable. Set the 
dial of the receiver to a station in the 
lower one-fourth of the AM BCB (e.g. 
540-800 kHz). Tune C1 for maximum 

(Continued on page 92) 



< 

Most variable 
power sup- 
plies use con- 

stant current limiting to 
keep load current at a 
fixed maximum value. That 
method works even when a 
load is shorted. Another meth- 
od used is foldback current limit- 

ing, which reduces load current if it 
exceeds a preset value. Foldback 
limiting is a better approach than 
constant limiting, because foldback 
limiting avoids excessive heat dissipa- 

tion. Despite that advantage, how- 
ever; foldback limiting is not 
practical for variable power sup- ( 
plies because the current draw 
varies for different load voltages; 

A better choice is a current - 
crowbar circuit. A current crowbar is a 
circuit that responds to current, in- 

stead of voltage, and _shuts down a 

power supply if a preset value is ex- 

ceeded. They can be used with both 
discrete and integrated variable volt- 

age regulators. Unlike ordinary 
foldback current limiters, current 
crowbars also enable voltage reg- 
ulators to supply the same maximum 
load current at load voltages with ex- 

cellent regulation. 
Described below are simple cur- 

rent -crowbar circuits you can build. 
Such circuits combine the advan- 
tages of foldback and constant cur- 
rent limiting, while avoiding their 
disadvantages. But before we exam- 
ine the operation of current crowbars, 
let's see how constant and foldback 
current -limiting circuits work. 

Current -Limiting Circuits. The volt- 
age -regulating circuit shown in Fig. 1A 

uses' constant current limiting. Zener 
diode D1 and operational amplifier 
U1 (LM741C) regulate the input volt- 

age. The desired output voltage is set 

using potentiometer R3. When a con- 
nected load draws 149 mA, approxi- 
mately 0.7 volts are applied across R2. 

With that voltage, transistor Q2 starts 

conducting and diverts some current 
away from the base of Q1. That pre- 
vents load current, drawn through Q1, 

from increasing much further. 
The performance of the constant 

current limiter is shown graphically in 

Fig. 1B. Two points should be noted 
about that circuit: First, maximum load 
current is practically the same at all 

supply voltages. Second, load current 

is not reduced when the load is short- 

ed. Therefore, a major disadvantage 
of the constant current limiter is high 
power dissipation in Q1 under short- 

' circuit conditions. 
A conventional voltage reg- 
ulator with foldback current limit- 

ing is shown in Fig. 2A. In that 
I. circuit, R1 and R2 form a volt- 

age divider across the load 

u 
About 
Current 
Crowbar 
Circuits 

voltage. When load current flows 
through R3, a voltage equal to Iou,R3 is 

produced and added to the load 
voltage. Consequently, a total volt- 

age approximately equal to I0,R3 + 

Von,, is sampled by the voltage divider. 

That sample is then fed back to the 
base of Q2. The voltage fraction (K) of 
the voltage divider is given by: 

K=R2/R1+R2 

If load terminals are shorted, output 
current is given by: 

Ise = VBE/KR3 

where Is, is the shorted load current in 

amperes, VBE is the base -emitter volt- 

age of Q2 in volts, and R3 is the value 
of that current -sensing resistor in 

ohms. 
When the load is working normally, 

maximum load current is given by: 

Immc = ISL + (1 - K)Vout/KR3 

Protect your designs from 
possible _damage with these current -crowbar 

circuits that you can build. 

BY IMANGA KALIANGILE 
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Fig. I. The drawback to the variable voltage regulator with 
constant current limiting (A) is the high dissipation of power in 
Ql under short-circuit conditions. As shown in B, maximum 
load current is practically the same at all supply voltages with 
constant current limiting. 
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where Imo. is the maximum load cur- 
rent in amperes, and Vou1 is the output 
voltage of the regulator in volts. 

The output current for the compo- 
nent values given in Fig. 2A is: 

IsL = 0.7/(0.9565 x 10) 73 mA 

Suppose the output voltage is 15 
volts, then maximum load current is: 

l, = 0.073A+(1-0.9565) x 15V 
0.9565 x 1 OR 

= 0.073A+0.0682A 
= 141 mA 

If the output voltage is changed to 
6 volts, then the maximum load cur- 
rent is 100 mA. At 3 volts it is only 87 mA, 
which is 38 percent lower than the 
maximum load current at 15 volts. In 
other words, when the output voltage 
is changed, maximum load current 
also changes. That is a major problem 
with foldback current limiting in varia- 
ble power supplies. 

The performance of the foldback 
current -limiting circuit is shown graph- 
ically in Fig. 2B. Note that load current 
decreases when the load is shorted, 
thus reducing power dissipation in Q1. 
Also note that maximum load current 

140 160 180 
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15 

12 

o L 
20 40 60 80 100 120 140 160 180 

LOAD CURRENT (mA) 

B 

Fig. 2. Power dissipation is reduced in this variable voltage 
regulator with foldback current limiting (A), but when output 
voltage changes, so will maximum load current (B). 

is reached when output voltage de- 
creases slightly from its desired value. 

Current -Crowbar Limiting. So tar, 
we have discussed the advantaaes 
and disadvantages of iwo conven- 
tional types of current -limiting circuits. 
The current -crowbar circuit shown in 
Fig. 3A combines the advantages of 
both constant and foldback current 
limiting, and overcomes their disad- 
vantages. 

The circuit shown in Fig. 3A reduces 
load current and voltage consider- 
ably when current exceeds a preset 
value. It also enables the power sup- 
ply to provide the same maximum 
load current at all supply voltages. The 
circuit shuts down the output supply 
voltage in a way that is similar to the 
action of a voltage crowbar, except 
that it responds to current instead of 
voltage. That is why it is called a "cur- 
rent crowbar." 

Figure 3A is basically a modified 
version of the circuit in Fig. 2A. That 
was done by adding transistors Q3 
and Q4, and the resistors labeled R4 
and R5. Foldback current limiting is 

provided by transistor Q2 and resistors 

R1, R2, and R3, as described earlier. 
Transistor Q4 supplies most of the load 
current, while Q3 and R5 determine 
the maximum load current. 

Here is how the current crowbar 
works: Initially, load current is supplied 
by Q1 and flows through R4 and R3. 
When the load draws about 30 mA, 
sufficient voltage is produced across 
R4 to turn on Q4. Because most of the 
load current, which is supplied by Q4, 
bypasses R3, there is insufficient volt- 
age across R3 to turn on Q2. There- 
fore, foldback current limiting is not 
activated even at high load currents. 
As load current increases through Q4, 
it reaches a value that produces 
enough voltage across R5 to turn on 
Q3. When Q3 conducts, it raises the 
base of Q2 above the output voltage. 
Transistor Q2 then starts conducting, 
because there is more than 0.7 volts 
between its emitter and base, and 
foldback current limiting is activated. 

With the current crowbar, maximum 
load current depends only on the val- 
ue of R5 and is independent of output 
voltage. That is how it is possible to get 
the same maximum load current at all 

(Continued on page 96) 
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Send for CIE's FREE Course Catalog and 
See How We Can Help Your Career Too! 

Í 

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
s:udy, which can save you 
money. 

H 

ES! I want to 1 o`get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 

representative contact you - there 
is no obligation.) 
Pease Print Clearly 

Name 

Address 
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State Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
Veteran AH64 Active Duty 

Cleveland Institute of Electronics, Inc. 
1; 76 East 17th Street 
Cleveland, OH 44114 

A School of Thousands. 
LA Class of One. Since 1934. 
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By Marc Ellis 

The Minerva 
Tropicmaster: 

A Postwar 
Puzzle 

ANTIDUE RADIO 

A dually, I'm hoping that 
the title for this month's 

column proves to be a mis- 
nomer. While the Minerva 
Tropicmaster is somewhat 
of a puzzle to me, it might 
not be to some of you 
knowledgeable readers out 
there. And if anyone does 
have some good babk- 
ground material on the 
Tropicmaster and would be 
gracious enough to send it 

in, I'd be very interested in 

sharing it with the other 
readers in a future column. 

Here's the Tropicmaster all closed up in its box. How about that 
wild calligraphy! 

We don't get Into postwar 
radios very much on these 
pages, but when I spotted 
this set at last September's 
Antique Wireless Association 
meet in Rochester, New 
York, I was struck by its inter- 
esting construction and 
boldly silk-screened logo. 
The radio belonged to 
none other than Alan 
Douglas, author of the high- 
ly -regarded three -volume 
encyclopedia Radio Man- 
ufacturers of the 1920's. 

This was a duplicate set 
for Alan, who had a better 
one in his collection, and it 

had barely missed being 
shipped to an overseas col- 
lector. It was removed from 
storage in response to a 
"Want" ad, but was brought 
to Rochester ofter the ad 
was accidentally mis- 
placed. Alan's price was 
very reasonable, so I decid- 
ed to buy it. 

GENERAL 
CONSTRUCTION 

The Minerva Tropicmaster, 
otherwise known as the 
Model W-117, is definitely a 
utilitarian set. With its front 
door shut, it is totally en- 
closed in a plain (except for 
the Tropicmaster logo, em- 
blazoned in flamboyant 
calligraphy) cabinet made 
of heavy -gauge metal and 
finished with gray -crackle 
paint. Pick it up and gravity 
will exert about a 20 -pound 
downward force on your 
hand via the unpadded 
metal fold -out carrying 
handle. 

Two military -style twist - 
and -snap fasteners are lo- 
cated at the top of the front 
door: Release them and the 
door hinges downward to 
reveal the set's gray -enam- 
eled front panel. It looks like 
a conventional home -en- 
tertainment radio in battle 
dress. Speaker at the left, 
behind a grill incorporating 
the Minerva monogram; 
pointer -type dial at the 
right above the four control 
knobs (volume, tone, band - 
switch, and tuning). In 

addition to standard broad- 
cast, the Minerva has a 
5.5 -18 -MHz shortwave 
band. 

Other cabinet details in- 
clude a frame (empty in my 
case) on the inside front 
cover made to hold a chart 
or a schematic, as well as a 

neat slide -open door in 

back that accesses the an- 
tenna and ground 
terminals (no loop antenna 
here!) and the stowed AC 
line cord. Remove four 
thumbscrews (they match 
the little knob on the sliding 
door) at the corners of the 
back panel and you can 
slide the entire radio, front 
panel and all, backwards 
out of the cabinet. 

Even out of the cabinet, 
the radio and panels form 
a solid unit. The two metal 
panels sandwich the chas- 
sis and are securely 
attached to it, at their bot- 
tom edges, via insulating 
spacers (this is an AC -DC 
set). The two panels are 
firmly bolted together at 
their top edges via a cou- 
ple of sturdy cross -members 
that span the space be- 
tween them. 

ELECTRICAL DESIGN 
If the mechanical design 

of the Tropicmaster seems a 
bit on the robust side for a 
home -entertainment radio, 
the electrical design isn't far 
behind. The set's eight tubes 
include a 6SK7 IF amplifier, 
a 6SA7 mixer, a 6SK7 IF 

amplifier, a 6SQ7 detector/ 
AF amplifier/AVC tube, two 
50L6 push-pull power -out- 
put tubes with an associ- 
ated 6SC7 phase inverter, 
and a 25Z6 rectifier. 

That is about as many 
tubes as I have ever seen in 

the series string of an AC - 
DC table radio. In fact, the 
Iwo 50L6 filaments had to 
be wired in parallel to re- 
duce the voltage drop- 
which would otherwise 
have exceeded the 115 - 

volt -AC line voltage. The 
parallel arrangement was 
feasible because the total 
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Dropping the front cover reveals the receiver's utilitarian front 
panel. 

current passing through the 
two 0.15 -amp 50L6 fila- 
ments is 0.3 amps, which 
matches the filament cur- 
rent ratings of the other 
tubes in the string. 

I'm not sure why the 
three -tube push-pull output 
arrangement was neces- 
sary; I'd imagine that the 
usual single 50L6 in AC -DC 
sets could easily provide 
enough audio to overload 
the built-in six-inch speaker. 
A jack for a larger external 
speaker might have justified 
the powerful output stage, 
but there is no such Jack. 

The Minerva's electrical 
construction parallels its 

mechanical construction- 
high quality all the way. The 

RF and oscillator coils are 
enclosed in metal cans; 
leads to and from the vol- 
ume and tone controls are 
carried in shielded cables 
that are carefully solder - 
bonded to each other and 
to the chassis base; small 
power resistors that, in a 
lesser set, would be sup- 
ported by their leads, are 
mounted with through -bolts; 
hookup wire is carefully 
routed and of high quality. 

A MORALE SET IN 
"CIVVIES"? 

Of course, anyone who 
has ever looked at a World 
War II army -morale radio 

knows that I have just de- 
scribed one. Where else 
would you find what is es- 
sentially a home radic 
receiver built to such exact- 
ing specifications? Alan 
Douglas, who has collected 
several morale sets, feels 
this set is one that was 
designed near the end of 
the war and thus never 
made it to combat. The 

surplus stocks, minus the mil- 
itary identification tags and 
then painted gray wrinkle 
instead of "OD," were sold 
in the postwar civilian mar- 
ket. 

What we'd both like to 
know is: Has anyone ever 
encountered this radio with 
its military paint and mark- 
ings? According to some 
advertising (provided by 
Alan) for a later Minerva 
civilian radio, the company 
claimed to have made 
wartime radios for military 
organizations and organi- 
zations working "in the 
interest of the serviceman," 

Has anyone come across 
any advertising for the set 
in its civilian form as dis- 
cussed here? And whatever 
became of the Minerva 
Company? It appears to 
have vanished Just a few 
years after the war's end. 

WHY DID THEY BUY IT? 
It's also fun to speculate 

NEW BOOKS 
for the Project Builder 
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Antennas for 
VHF and UHF 

ctronic Music and 

Projects 

RA Fenrold i 

n BP301-ANTENNAS FOR VHF 
I I AND UHF $6.00 
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setting up a multi -antenna array for 
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this book explains the basics of VHF and 

UHF antenna operation and installation. 
The text describes in easy -to -understand 
terms the essential information about 
how antennas works, the advantages of 
different antenna types, and how to get 
the best performance from an antenna. 
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about why civilians, delight- 
ed and relieved to have 
World War II finally in the 
past, would be interested in 

buying a radio that was 
more at home in the bar- 
racks than the living room. I 

can think of a couple of 
reasons, Being old enough 
to remember those heady 
days just after the war, I 

recall the hunger for the first 
peacetime consumer 
goods. They were slow in 

coming, it seemed, and 
people were more than 
willing to accept compro- 
mises. 

I still remember the first 
new car in our community: 
a Studebaker owned by the 
high-school principal. We 
all marveled over it, and I 

was fascinated by the fact 
that Mr. Shultz's new 
"wheels" had bumpers 
made of wooden planks. 
The factory would replace 
them, I heard, as soon as 
enough chromium became 
available to produce the 
genuine issue. 

The other point is that 
many folks were happy to 
buy the surplus items that 
were produced for a war 
we no longer had to fight. 
Most people did not find 
them depressing. They were 
of high quality, had macho 
overtones, were associated 
with our victory, and were 
usually sold at bargain 
prices. Certainly if the per- 
formance of this Minerva 
matched the quality of its 

construction, it would be a 
radio anyone would be 
proud to own-even if they 
didn't play it in the living 
room. 

Actually, Minerva seems 
to have survived long 
enough to produce a sim- 
plified and conventionally 
styled version of the W-117, 
which was known as the 
W-117-3. According to some 
service notes for the 
W-117-3 included in Alan's 
info -package, the chassis 
was almost identical, but 
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A peek inside the set shows its battleship -style construction. The 
shield can has been removed from right-hand (oscillator) coil to 
check for possible damage (see text). 

the cabinet was of conven- 
tional civilian styling. I can't 
tell from the photocopy 
whether it was made of 
wood or plastic. 

Looking at the schematic 
of the W-117-3, I find it inter- 
esting that a loop antenna 
was added and the phase - 
inverter stage was elimi- 
nated. 50A5's were 
substituted for the 50L6's 
and paralleled 35Z5's were 
substituted for the 25Z6. The 
latter change increased 
the voltage drop across the 
filament series string to the 
point where the power - 
dropping resistors used in 
the W-117 were no longer 
needed. 

RESTORING THE 
TROPICMASTER 

Having developed a 
healthy curiosity about how 
well this interesting set will 
perform, I'm going to make 
it our next restoration proj- 
ect. Cosmetically, the 
outside of the set (cabinet 
and front panel) is in really 
nice shape, and won't 
need much more than a 
cleaning. Inside, it's not 
quite so nice. The damp 
environment in which the 
radio was apparently 
stored for some time had 
more of an effect there. 

The chassis is pitted in 

spots where the plating has 
been attacked, and the 
speaker frame is almost 
completely covered with a 
light coating of rust. How- 
ever, all parts seem to be 
present, and the original 
factory wiring appears not 
to have been disturbed, ex- 
cept for the replacement of 
some caps. 

A couple of potential 
problems were immediately 
apparent, though. For one 
thing, the open -frame filter 
choke, which is mounted 
above the chassis, had a 
couple of layers of plastic 
electrical tape wrapped 
around it --definitely a bad 
sign. 

For another, the top of 
the oscillator -coil shield can 
has some nasty dents. 
They're not the type of 
dents that would have 
been made by an acci- 
dental impact; they look 
more like they were 
pounded in with a pointed 
tool-I can't imagine why. 

I decided to look into 
these problems imme- 
diately. If the choke had a 
serious problem, I could be- 
gin looking for c 
replacement. But if the os- 
cillator -coil assembly was 
damaged, there wouldn't 
be much point in con- 
tinuing the restoration until 

such time as I might be 
lucky enough to locate a 
junker parts set. 

Starting with the easier 
task, I carefully unwound 
the tape from around the 
choke and discovered the 
expected problem. One of 
the two leads had become 
separated from the choke 
and had been simply 
taped to the side of the 
unit. The other lead was still 

electrically attached to the 
choke, but had apparently 
been pulled out of its me- 
chanical attachment point. 
Apparently the tape was 
there to keep it from flop- 
ping around and thereby 
breaking the electrical con- 
nection. 

It might be possible to 
securely reattach both 
leads; I'll know later. If nec- 
essary, a replacement 
choke with the proper 
specs wouldn't be too hard 
to locate. 

It was a little bit harder to 
remove the dented can, 
which was definitely not in- 
tended to be taken off 
after the coil had been 
wired in, However, I man- 
aged by removing the 
can's under -chassis mount- 
ing nuts and also the nuts 
on the side of the can that 
hold the coil in place. 

There was just about 
enough slack in the coil's 
connecting leads for me to 
(very carefully!) pull the can 
away from the chassis until 
its mounting studs were 
free. Then I was able to 
maneuver the can until the 
coil's mounting studs pop- 
ped back inside it. 

Now there was nothing to 
stop me from sliding the 
can off the coil assembly. 
Once I did that, I was grati- 
fied to find that the 
assembly had not been 
damaged in any way. I 

plan to replace the can 
(after doing my best to re- 
move some of the dents) at 
the start of my next work 
session. 



By Jeff Holtzman 

Methods, 
Attributes, 

and Messages 

COMPUTER BITS 
Object -oriented tech- 
nology (OOT) is the 

hottest thing in the comput- 
er industry since the 
graphical user interface 
(GUI) of Windows overtook 
the command -line inter- 
face of DOS. Many of the 
concepts of OOT date back 
to the late 1960's and a 
programming language 
called SIMULA (for Simula- 
tion Language), but it has 
taken a good twenty-five 

COMPONENTS 

ELECTRONIC 

INDUCTORS RESISTORS SEMICONDUCTORS CAPACITORS 

DISCRETE INTEGRATED 

ANALOG DIGITAL 

So what is an object? A 

switch is an object. A semi- 
conductor junction is an 
object. A chunk of software 
is an object. What those 
objects share in common is 

that they can be viewed as 

entities that: 

Perform actions 
Have characteristics 
Interact with other ob- 
jects 

For example, a plain -old 

ELECTRICAL 

RELAYS SWITCHES FUSES 

SINGLE POLE MULTI POLE 

SSI MSI LSI VLSI 

Fig. I. By organizing objects into a hierarchy, parts with common characteristics can be treated 

by software in a similar manner. As an example, that approach is taken here with a group of 
electronic and electric components. 

years for OOT to achieve 
mainstream status. In the 
mid -1980's, OOT was over - 
hyped as "The Solution" for 
everything that ailed the 
process of developing soft- 
ware. Others proclaimed it 

interesting under -the -hood 
technology, but irrelevant 
as far as the user is con- 
cerned. Nonetheless, OOT 
kept inching forward to the 
point where it now has rele- 
vance across all sorts of 
disciplines. 

Last month, we discussed 
what is probably the key 
feature of 00T: the hier- 
archy. This time we're going 
to discuss what the word 
object means. 

SPST switch can interrupt 
the flow of current; its pri- 
mary characteristic is that it 

can be either on or off. A 

more complex switch could 
have other characteristics, 
such as number of poles, 
number of positions, make - 
before -break or break -be- 
fore -make switching 
characteristics, current -car- 
rying capacity, voltage 
isolation, resistance, etc. 

A semiconductor junction 
could be viewed as a 

more -complex switch ob- 
ject, with a smoothly 
varying range from on to 
off. Other characteristics 
might include sensitivity to 
light, and leakage current. 

When you look at a soft- 
ware object, exactly the 
same principle applies. In 

fact, you might have a soft- 
ware model of a switch or a 
pn junction. The object 
model would have the 
same characteristics and 
would perform the same 
actions. It would also inter- 
act with other objects in the 
"circuit" just as a "real" di- 
ode or transistor would. 

A software object can 
perform actions, has 

characteristics, and can in- 
teract with other software 
objects. In OOT terms, an 
object's actions are called 
methods. There is no univer- 
sally accepted term for its 

characteristics, but the 
word "attribute" does ap- 
pear fairly often. The way 
an object interacts with 
other objects is by sending 
messages. You can sum- 
marize the above with a 
formula: 

Object = Methods + 
Attributes + Messages 

SOFTWARE OBJECTS 
How can you tell a soft- 

ware object when you see 
one? You can't, not unless 
you're a programmer. But 

rt's not hard to make a 
good guess. For example, 
Windows is not an object - 
oriented operating environ- 
ment except to the extent 
that nearly everything you 
interact with in a typical 
Windows program is an ob- 
ject. For example, a button 
that you "push" by clicking 
with the mouse is an object. 
the same is true for the 
menu bar that appears at 
the top of your screen; all 
the buttons in that fancy 
icon bar; the common di- 
alog boxes of Windows, 

(Continued on page 94) 67 
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Motorcycle 
Circuits 
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HEADLIGHT 
SWITCH 

CIRCUIT CIRCUS 
With the temperatures 
warming and the 

days growing longer, it's a fit 
and fine time to go motor- 
cycle riding. So what does 
that have to do with elec- 
tronic circuitry you might 
ask? Stick around and you'll 
see, as we share a number 
of simple electronic ac- 
cessories that you can build 
to add to your cycling 
pleasure. 

HEADLIGHT MONITOR 
Our first entry, see Fig. 1, 

could help keep you from 
harm's way, and save you 
from a ticket at the same 
time. The headlight on most 
newer bikes is keyed on 
with the ignition switch to 
guarantee that you are 
never underway without 
your headlight being on, 

(TO 
MOTORCYCLE 

BATTERY) 

HEADLIGHT 

Fig. I. With this simple 
circuit, you'll never again 
forget to turn your headlight 
on. 

However, many older bikes 
have a factory headlight 
switch, and a growing 
number of the newer bikes 
are owner -modified in the 
same way. That switch is 

often added to lessen the 
load on the battery when 
starting up the bike, but the 
problem is that you must 
remember each time to 
turn the headlight switch 
back on before you get 

rolling. Riding without your 
light on will get you a ticket 
every time. 

One solution is to add a 
simple headlight monitor 
like the one in Fig. 1. That 
circuit consists of just an LED 

and a current -limiting re- 
sistor wired across the 
headlight switch as shown 
in the figure. When the igni- 
tion is on and the headlight 
switch is off, the LED will 
glow. A super -bright jumbo - 
size LED (see Parts List) was 
chosen to be seen better in 

bright sunlight. 

IMPROVED HEADLIGHT 
MONITOR 

A second solution to the 
previously mentioned lights - 
off problem is shown in Fig. 
2. In that circuit, a 555 IC 
timer is connected in a 
very -low -frequency os- 
cillator circuit. That 
configuration adds an on/ 
off flashing output to the 
LED and powers a piezo 
sounder that chimes in with 
a beep for each flash. 
When the ignition switch is 

on and the light switch is 

off, power is supplied to the 
555 circuitry. The oscillator's 
frequency is set by the val- 
ues of R1, R2, and C1 to 
about 1 Hz. Increasing the 
value of R2 or Cl will lower 
the oscillator's frequency 
and decreasing one of 
those values will increase 
the frequency. The IC's out- 
put at pin 3 drives the LED 

through R3 and sends 

(TO 
MOTORCYCLE 

BATTERY) 
HEADLIGHT 

Fig. 2. If the LED in this 
circuit is flashing and the 
piezo sounder is buzzing, 
then your headlight is not on. 

power to the piezo sounder. 
Use a bright LED so that 

you will be able to see it in 
the daytime. If you use an 
LED other than the one 
specified in the Parts List, 

select a value for R3 that 
will allow the maximum - 
rated current of that LED to 
flow. Just divide the LED's 

maximum current into the 
supply voltage (12 volts) 
and use the nearest stan- 
dard resistor value. 

TUNE-UP AID 
Our next item (see Fig. 3) 

can be a big help if you like 
to do your own carburetor 
tune-up and happen to 
own a newer twin -cylinder 
motorcycle that has an 

PARTS LIST FOR THE 
HEADLIGHT MONITOR (Fig. 1) 

LEDI-Jumbo light -emitting diode (Radio Shack 276-086 or 
equivalent) 

RI -470 -ohm, 1/2 -watt, 5% resistor 
Wire, solder, etc. 



PARTS LIST FOR THE IMPROVED 
HEADLIGHT MONITOR (Fig. 2) 

SEMICONDUCTORS 
U1-555 timer, integrated circuit 
LED1-Jumbo light -emitting diode (Radio Shack 276-086 or 

equivalent) 

RESISTORS 
(AÍ1 fixed resistors are Y4 -watt, 5% units, unless otherwise noted.) 
R1 -4700 -ohm 
R2=100,000 -ohm 
R3 -330 -ohm, 1/2 -watt 

ADDITIONAL PARTS AND MATERIALS 
C1=10 -µF, 25-WVDC, electrolytic capacitor 
BZ1-Píezo sounder 
Wire, solder, IC socket, etc. 

electronic ignition system. 
On the older twins, with the 
standard breaker -point ig- 
nition system, it was possible 
to just pull the spark -plug 
wire from one cylinder and 
make your carburetor ad- 
justment on the running 
cylinder. You could then re- 
peat the procedure for the 

END 
CAP 

1/4 -INCH -THICK 
PLASTIC MATERIAL' 

'SEE TEXT 

other cylinder. 
But on one of the newer 

bikes equipped with an 
electronic ignition system, 
pulling the plug wire with 
the engine running would 
blow the ignition coil. P -te 

reason is that the newer 
ignition systems generate a 
much higher voltage and, 

(TO F-0- IGNITION 
COIL) 

(TO SPARK 
PLUG IN 

ENGINE) 

(TO 
ENGINE 

GROUND) 

Fig. 3. Performing a tune-up on a newer bike is made a lot easier 
with this helpful circuit. Because of the high voltages present, 
make sure SI has an insulated handle and that the fixture is 

grounded. 

PARTS LIST FOR THE 
TUNE-UP AID (Fig. 3) 

SI-Knife switch (see text) 
Wire, solder, spark plug, hardware, end cap, plastic material (see 

text), etc. 

when there is no ground for 
the spark to jump to, the 
spark can jump between 
the coil's windings. If a car- 
bon path is formed by an 
internal breakdown, the 
coil's output voltage will be 
greatly reduced and the 
coil could be ruined. 

Our simple tune-up aid 
always supplies a gap and 
ground for the high voltage 
to jump to. In Fig. 3, a spark 
plug is shown mounted with 
nylon cable ties to one end 
of a 1/4 -inch thick piece of 
plastic or plexiglass (to pro- 
vide adequate insulation). 

Remove the ground gap 
tab located at the base of 
the spark plug. Make the 
fixed gap tram a metal 
screw, or some similar item, 
and space it about 0,025 
inches from the plug's end. 
Connect on end cap to the 
fixed gap and hold it in 

place with a couple of 
nylon cable ties. Also con - 

S3' 
MERCURY 

SWITCH 

nect one end of a knife 
switch, SI, to the fixed gap 
and connect the other ter- 
minal to a grounding clip. 
Be sure that the knife switch 
has an insulated handle. Do 
not use an old switch with a 
wood handle. It's no fun 
being the lightning rod for 
a high-tech ignition systeml 

With the ignition turned 
off, remove one of the 
spark plug wires and con- 
nect it to the spark plug on 
the fixture. Slip the fixture's 

end cap over the spark 
plug on the cycle and 
you're ready to go. Open S1 

and start the engine. Then, 

close SI; the cylinder with 
the fixture should not fire 
and a spark should be seen 
at the fixed gap. Be sure 
that the fixture is connected 
to the engine ground be- 
fore closing SI. 

BURGLAR ALARM 
The simple burglar -alarm 

(TO 
MOTORCYCLE 

BATTERY) 

(r0 of 
SIREN 
OR 

HORN) 0- 

'SEE TEXT 

Fig. 4. Feel safer with this alarm circuit. When you're away, 

S3 makes sure no one touches your bike; when you're on it, 

S2 doubles as a panic switch. 69 


