
AUTOMOTIVE ELECTRICAL TESTER PDA'S BUILD A SHORTWAVE RADIO 

Marti :994 

PERSONAL DIGITAL 

ASSISTANTSand EO face off in our 

head -to -head evaluation 

Build a World -Band 

Reienerative Radio 
Our nine-band receiver gives you a window 

on historic events around the world 

Build an 

Electrical - System 

Analyzer for your Car 

A useful and inexpeasive test accessory 

Ilvn*ng in the 

Fab ttous Fifties 
A look back at the great sear and good 

times from the goldel age of amateur radio 

B 

E 

All 

craps, and slots -without the financial risk 

GERNSBACK 
PUBLICATION 

£iSZ-90509 lI many 
209 3Atl 0Ntla9 166 

WWI 1H39011 
dS3ä566L08366WH090509# 

509 1I9I0-£`****Y**H0009X9# C 



A DAY IN THE Lw OF SCOPEMETER 
6:42 AM, Motor in #2 shaft overheating. 
Dual channel shows incorrect drive signal. 

w . 

HOLD 

SCOPE: 
FREE CAPTURE M N MAX TRIGGER 
RUN 10 ®D I V on A at 50% ANN 

10:57 AM, Intermittent Auditorium lighting. 
Waveform shows too much noise. 
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1 :22 PM, Copier toning uneven. 
Counter finds clock off frequency. 

4:05 PM. Salesman presents demo board. 
25MS /s finds 4Ons glitches. 

AC 10 :1 PROBE B 2000V OFF 1 :1 .ROBE 
ms/DIV Trig:Af -10IV 

8:23 AM, Security Monitor not working. 
3 -1/2 -digit DMM indicates bad ground. Vrms 
03,61 

V DC 

+0224 
5ms /D1V AUTO 

<= CHANNEL A => <__= EXT TRIGGER IN =_ => 

Vrms V- mV- * n 

CHANNEL A 

11:17 AM, 5V Control Signal is bad. 
Scope display reveals -DC offset. 

Vrms AC 

3.60 1 

V 

CHANNEL A 

<:rCHANNÉL"AA"U=A>L <==B1ÉXT TRIGGER T7RIOEV IN ===> 

2:14 PM, Testing Power Inverter loads. 
Save reference waveform to memory. 

From the roof top to the basement, 
indoors and out, the ScopeMeter test 
tool works wherever you work. The sealed, 
ruggedized case is designed for hand -held 
use. The backlit screen works in both 
bright sun and low light conditions. And 
the logical control panel makes operation 
simple. So, make your day a little easier. 
Call 1- 800 -44 -FLUKE and ask how the 
ScopeMeter test tool can help you save 
time and frustration with electrical 
problems, on the go. 

01993. John Fluke Mfg. Co., Inc., P.O. Box 9090, M/S 
250C, Everett, WA 98206 -9090. U.S. (206) 356 -5400. 
Canada (416) 890 -7600. Other countries (206) 356-5500. 
All rights reserved. ScopeMeter is a registered trademark 
of John Fluke Mfg. Co., Inc. Ad No. 00387 

FLUKE® 
CIRCLE 153 ON FREE INFORMATION CARD 

9:25 AM, Conveyor Stepper Control fails. 
Cursors help find broken sync connect'on. 

12:58 PM, Air Conditioner overheating. 
Resistance shows corroded connection. 

fYl n 

235 521 
EXT T2.IN 

3OMA 

_> < =_= EXT TRIGGER IN ===> 

3:12 PM, Copier fails, again! 
The ns rise time helps find broken shield. 
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COLORIZING MOVIES -MUCH ADO 
ABOUT NOTHING 
I know, you're already mad at me! How could I possibly defend 
colorizing old black- and -white movies? Well I can! It's all a 

matter of personal choice. And if I don't like seeing an old 
movie in color, all I need to do is use my remote to turn off the 

color. So why all the excitement? 

What I would like you, our reader, to do is to take a favorite 
monochrome movie that has been colorized and watch it. 

While you are watching, turn the color on and then off every 15 

minutes, or so. Now you're watching segments of the same 
movie, some in color, some in monochrome. When you're 
done, drop me a note; a postcard will do. Give me the name of 

the movie you watched, and tell me if it was better or worse in 

color. Don't bother protesting the colorization; I don't intend to 

debate that subject. Just tell me if the movie was better or not 

better after being colorized. 

In a couple of months, I'll let you know how you rated 

colorization, and list the movies you rated. 

If you want to have even more fun, do the same thing with a 

recent, color movie. Turn the color off and on every 15 minutes 
and then tell me which version you liked better. 

Again, give me the name of the movie as well as your opinion.. 

I'll be looking for your responses. 

)41.-4-4k 

Larry Steckler, EHF, CET 
Editor -in -Chief and Publisher 



Engineering 

Technology 

Bachelor of 

Earn A 

Degree 

Electronic 

Introducing a New Era 
In Technical Training. 
World College, an affiliate 
of the Cleveland Institute of 
Electronics, was created to 
provide a four year, indepen- 
dent study, technical degree 
program to individuals seeking 
a higher education. The 
Bachelor of Electronics Engi- 
neering Technology Degree, 
offered by World College, pre- 
pares students for high -paying 
careers in electronics, telecom- 
munications, electrical power, 
computer and control systems. 
World College's curriculum 
is taught in an effective, time - 
proven, independent study 
environment. With World 
College's flexible study sched- 
ule, students have the opportu- 
nity to work or spend time with 
their family without having to 
worry about rigid scheduling 
residential colleges offer. 

A Quality Education 
with a Flexible 
Schedule. 
In a world heavily dependent 
on electronic equipment, 
people who understand elec- 
tronics will have no problem 
putting their knowledge to 
work... in high -paying careers. 
The staff and faculty of World 
College have invested over ten 
years developing, what we be- 
lieve to be, the finest indepen- 
dent- study, baccalaureate 
degree program available. 
World College's mission is 
to instill in each student the 
knowledge, education, and 
training that employers are 
seeking for the many technical 
positions available today. It's 
a program created to provide 
the best education and 
training possible with 

*o.s. 
00, 

a flexible schedule = .,,. 
to match your busy 
lifestyle. < 4 

h+rs s'000 

World College is currently seeking 
approval to confer the Bachelor 
Degree from the Virginia Council of 
Higher Education. 

from 

(OW 
WORLD 
C O L L E G E 
Bringing Technology Home! 

Lake Shores Plaza 
5193 Shore Drive, Suite 1 13 

Virginia Beach, VA 23455 -2500 

Send For Your Free 
Course Catalog. 

Take the first step towards a new start 
in life. Send for World College's Free 

Independent Course Catalog today and 
discover how easy and affordable it Is 
to get started on your Bachelor Degree. 

World College is affiliated with 

Complete the Entire 
Degree Program Under 
One Roof. Yours! 
Only World College offers an 
independent study, four year 
technical degree which can 
be completed through one 
school. All lab equipment*, 
parts, and software are 
included in your tuition and 
the program's 300 -plus 
laboratory experiments can be 
completed in your own home. 

You Pay Only For Time 
Actually Used. 
World College not only 
provides a means to eam 
a Bachelor Degree while 
fulfilling current obligations, 
but there are no restrictions 
on how fast you can complete 
the program. At World 
College, you pay tuition only 
for the actual upper -level 
semesters it takes to graduate. 
The quicker you complete the 
program, the less you pay in 
tuition. It's an effective way to 
keep you motivated in order 
to complete the course and 
move on to a better paying 
position as quickly as possible. 

Currently not available in Ohio. 
Student must have access to a personal 

computer system. 

rr 

YES! Please send me 
World College's Free Course 
Catalog detailing the full 
curriculum. 

Name: 

Address: 

Apt: 

City: 

State: Zip: 

Phone: ( 

Age. 

Return to: 
World College 
Lake Shores Plaza 
5193 Shore Drive, Suite 113 
Virginia Beach, VA 23455 -2500 

WAH06 
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SORRY, WRONG 
NUMBER 

In the article, "Build a Relative 
Humidity Indicator" (Popular 
Electronics, January 1994), the 

telephone number of Hy -Cal 

Engineering is mistakenly listed 

as 800 -444 -4000. That number 
is answered by an MCI Informa- 
tion operator. The correct 
number is 818 -444 -4000. 

Other than that, the article 
was very good. Keep up the 

good work. 
P.B. 

Kalamazoo, MI 

RELOCATED 
SUPPLIERS 

The company referred to as 

"KA7QJY Components" in the 

article "Where to Find Elec- 
tronics Parts" (Popular 
Electronics, November 1993) 

has moved and changed its 

name. The company is now 
known as Dan's Small Parts and 
Kits. It is located at 1935 South 
3rd West #1, Missoula, MT 
59801. The phone /fax number 
is 406 -543- 2872.- Editor 

Oak Ridge Engineering, men- 
tioned in "Where to Find 

Electronics Parts," has moved. 
The new address is 477 Ann 
Street, Pigott, AR 72454. The 
new phone number is 

501- 598 -3459. 
LINDEL CLARK, OWNER 
Oak Ridge Engineering 
Pigott, AR 

MISSING TRADEMARK 

Thanks for the review of our 
company's Robix Robot -Con- 
struction Set (Popular 
Electronics, January 1994). I 

hope you readers enjoyed it. 

I'd like to correct one omis- 
sion. " Robix" is indeed a 

trademark of Advanced Design, 
Inc. 
EVAN ROSEN, PRESIDENT 
Advanced Design, Inc. 

Tuscon, AZ 

WE ASKED -YOU 
ANSWERED 

In response to your request 
( "What's Next'?," Popular Elec- 
tronics, December 1993) for 

input on your good magazine's 

LETTERS 
content for the upcoming year, I 

would like to make a couple of 

comments. 
First, I'd like to say that I do 

enjoy the content of your maga- 
zine. I am an Electrical 
Engineer both by training and 
practice. I'm also an electronic 
and computer hobbyist. Your 

level of electronics coverage is 

more than adequate for my ap- 
preciation-I get enough of the 

theoretical stuff at work. 
I do thoroughly enjoy the arti- 

cles on simple basic transistor 
and IC application "whatever's" 

(oscillators, amplifiers, etc.). I 

see so many projects that use 
micro's that it is relaxing to 

review some very fundamental 
control ideas. It also makes one 
realize that in some applica- 
tions, a bunch of transistors can 
do the same job. It might not be 

as precise, but then sometimes 
we tend to be too exacting. 

I would enjoy seeing more 
articles on linear devices inter- 
facing with some type of 

transducer (temperature, hu- 

midity, acceleration, etc.). It 

would also be nice to see items 
on magnetic compasses using 
a fluxgate magnometer, and on 
the use of transistors instead of 

IC's as basic integrators and 
differentiators. Then there is the 

subject of home automation: 
What sort of bus structure is 

going to be used, and how do 
we interconnect to it? 

Also in the wings, is low - 

power RF to be used as a 

control feature? Note the com- 
puter industry and the extent to 

which it is being promoted for 
printer and peer -to -peer com- 
munications. The cost of RF 

communication devices is de- 

creasing rather rapidly, more so 

than the apparent cost of using 
fiber -optic and /or copper lines in 

the home. 
I also like the articles and /or 

reviews of new electronic de- 
vices that are being introduced 
to the market, and items that 

are on the forefront of their 
respective areas, be it stereos, 
computers, photography, blen- 
ders, or robotics. The short 
reviews keep one informed that 

a lot of progress is being made 
to make us live better and enjoy 
what we have that much more. 

It would also be nice to have 
more articles on adding new 
functions to our cars. And then 
there are remote -controlled 
electric lawn mowers ... I could 
keep going, but I think you get 
the idea that what you are doing 
is what you should be doing. 
Just continue to do it and keep 
up with the times. 
R.B. 
Cortland, OH 

I'd like to commend you on a 

very fine magazine. I've read 
Popular Electronics for many 
years. 

As an electronics hobbyist, I 

really appreciate the con- 
struction articles, and the 
articles that deal with the new 
and upcoming electronic 
"gizmo's." I feel as if the maga- 
zine is just about right in the 
balance of articles. 

Even though I am not person- 
ally interested in every area 
covered, the areas you do cover 
are about right for electronic 
hobbyists and professionals (of 

course, this is only my "2 -volts 
worth "). Since you did ask, how- 
ever, I would like to see more 
construction articles in the com- 
puter /digital area. 

Please keep up the good 
work. 
R.R. 
Bedford, IN 

RECALCULATING 
ELECTRIC CAR COSTS 

After reading the letter titled 
"Electric Car Costs" (Popular 
Electronics, December, 1993), 
I think that R.D.C. must have 
spend most of his time at the 
ballpark and not in mathematics 
class. His attempt to prove that 
operating battery -powered elec- 
tric vehicles (BPEV's) will cost 
more than operating internal - 
combustion engine vehicles 
(ICEV's) is seriously flawed with 
basic arithmetic errors. Those 
errors, when corrected, paint a 

completely different picture. 
First, in the BPEV calcula- 

tions, R.D.C. failed to convert 
547.5 billion pounds of coal per 

year to tons before multiplying 
by $52 per ton to get the annual 
cost of coal. The correct annual 
cost, using R.D.C.'s assump- 
tions, would be $14.235 billion. 
How he arrived at $28.47 billion 
is a mystery. 

Second, gasoline weighs six 
pounds per gallon. All airline 
pilots (such as myself) rely on 
this number to calculate critical 
weight and balance of an air- 
craft prior to every flight. Why 
R.D.C. is concerned about the 
weight of gasoline is another 
mystery. 

Third, the annual cost of gas- 
oline (73 billion gallons per year 
multiplied by $1.23 per gallon at 

the pump) would be $89.75 
billion. How R.D.C. arrived at 

$12.82 billion is yet another 
mystery. 

Using the corrected numbers, 
ICEV's are 6.3 times more ex- 
pensive than BPEV's. If you add 
the hidden cost of the various 
oil subsidies paid to oil compa- 
nies (estimated to be $3 per 
gallon) you add another $219 
billion to the annual ICEV fuel 
costs. The 6.3 factor now be- 
comes a whopping 21.7. 

As for pollution, 100 million 
ICEV's would emit about 869 
tons (360 grams per mile) of 

carbon dioxide versus 580 tons 
(240 grams per mile) for 
BPEV's, providing even more 
justification for making the tran- 
sition to electric vehicles as 
soon as possible. 

To carry this thinking further, 
development of fuel -cell electric 
vehicles (FCEV's), using hydro- 
gen as a fuel, should be 

considered. The hydrogen could 
be produced from solar - 
powered photovoltaic cells and 
could eliminate the use of fossil 
fuels completely. FCEV tech- 
nology could provide a 

renewable energy source that 
could be stored and distributed 
like gasoline. It would result in 

zero pollution and provide a 

solution to short- and long -dis- 
tance transportation. 
D.E.M. 
Gilbert, AZ 



Turn a Faulty VCR Into a Profit 
Newly revised, MAINTAINING 
AND REPAIRING VCRs is 

the ONE book you need to quickly 
pinpoint any malfunction and fix it 
right down to the component level. 

See how easy it is to make 
successful VCR repairs 

Packed with hundreds of helpful 
pinout diagrams and exploded -view 
illustrations, MAINTAINING AND 
REPAIRING VCRs gives you the 

...gives all the necessary infor- 
mation for learning the art of trou- 
bleshooting popular brands. /iP 

-Electronics For You 

o 

DOS 

how -tos to tackle even the trickiest 
VCR, Beta, or camcorder repairs. 
Don't spend your time looking 
through service literature, and using 
trial and error. 

Everything you need to turn a 
broken VCR into cash in your 
pocket is here in MAINTAINING 
AND REPAIRING VCRs. 

Turn to Bob Goodman 
for expert advice 

Bob Goodman walks you 
through every service, maintenance 
and repair you make, giving you 
actual case problems, symptoms to 
watch for, and solutions for each. 

711> la 
1= 

. 

FREE UNIVERSAL 
TEST LEAD KIT 
WITH EACH ORDER! 

3 Easy Ways to Order: 
CALL 1- 800 -822 -8158 

FAX: 1- 717 - 794 -5291 

Mail: TAB/McGraw -Hill Inc. 
Blue Ridge Summit, PA 17294 -0840 

MAINTAINING AND REPAIRING 
VCRs will help you master main- 
tenance and repair procedures, 
including how to: 

Adjust belt and drive wheels 

Replace audio and video heads 

Fix damaged or weak control 
functions 

Minimize damage caused by 
contaminants 

Repair and replace dirty switch 
contacts 

Troubleshoot electronic or 
mechanical servo malfunctions 

Identify and correct video head 
sticking and friction 

Turn a snowy, weak picture into 
a crisp, strong picture 

Adjust an improperly running 
tape path 

And much more. 

. fully explains the mechan- 
ical systems and electronic circuitry 
... also details servicing data on all 

popular brands of VCRs. PP 
-VIDEO Magazine 

Includes 14 electronic tools that you can use 
to test and measure equipment. 

Please cut along dotted line 

Nr YES, send me MAINTAINING AND REPAIRING 
VCRs -3rd Ed. (#023969 -XH) to examine FREE for 30 days. 
After 30 days, I will pay $39.95 plus postage, handling and 
applicable state and local sales tax. If I am not completely satisfied, 
I can return the guide and owe nothing. 

Name 

Address 

City State Zip 

Telephone 

Signature X 
order invalid without signature 

Order subject to credit approval and acceptance by McGraw -Hill. Prices subject to change. 
Orders made outside the U.S. and Canada must be prepaid in U.S. dollars drawn on U.S. 
banks, and Include an additional $5.00 postage and handling. SP34PV2 
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Radio 
Receiver 

Projects You 

Can Build 
by Homer L. Davidson 

ELECTRONICS 
LIBRARY 

The 33 projects in this book are 
sure to appeal to radio buffs, 
students, and hobbyists who 
enjoy working with electronics. 
No experience is necessary to 
build all types of inexpensive, 
useful radio receivers from 
scratch, following the common- 
sense, hands -on directions of- 
fered in the book. More than 
200 helpful circuit diagrams and 
photographs accompany the 
plain -English text. 

RECEIVER PROJECTS 

HOMER L. DAVIDSON 

Some of the projects include 
a simple crystal radio, an inte- 
grated AM radio, an antique - 
tube regenerative radio, a two - 
tube regenerative battery - 
powered radio, an integrated 
tube radio, a one -tube short- 
wave radio, a toroidal -coil 
shortwave radio, a solar - 
powered radio, and a direct - 
conversion shortwave receiver 
that uses the TDA7000 IC chip. 

The book also covers PC- 

board, chassis, and cabinet 
construction. Sources for parts 
and components are included. 

Radio Receiver Projects You 

Can Build costs $18.95 and is 

published by Tab Books Inc., 

Blue Ridge Summit, PA 

17294 -0850; Tel. 800 -233 -1128. 
CIRCLE 98 ON FREE 
INFORMATION CARD 

HIGH -TECHNOLOGY 
DEGREE 
ALTERNATIVES: 
Earning a High -Tech 
Degree While Working 
Full Time 
by Joel Butler 

If there's one thing that's certain 
in today's economy it's that ev- 
erything changes. Advanced 
education can help you cope 
with the changing job market, 
and advance your career in a 

positive direction. Whether you 
have no credits or are only a 

semester short of graduation, 
this book shows you how to get 
a college degree without leaving 
your full -time job. 

There are more than 50 ac- 

credited undergraduate and 
graduate programs across the 
country that offer non -traditional 
methods of obtaining a college 
degree in technical fields such 
as engineering, computer sci- 
ence, information systems, 
electronics, and technology -ori- 
ented management. Many of 
those offer "external" degree 
programs that you can complete 
no matter where you live, with- 
out ever entering a traditional 
classroom. 

This book reveals time- and 
money- saving techniques that 
can get your college education 
on track. It offers three steps to 
help you discover which high - 
tech degree will help you move 
up the ladder in your chosen 
field, and how to select the right 
school. Cost -cutting pointers in- 

linty to , '.mpkte the 
nl ,. need 

w HmwIt.,rt yuwr, meet-. 
with the lea tm amot 

CA lime, enn.,. ,n nt money 

dude earning college credit for 
work and military experience, 
turning what you know into col- 
lege credits, sure -fire credit 
transfers, and using exams to 
build credits and cut your de- 
gree completion time. The book 
also covers how to personalize 
a degree program to fit your 
goals, schedule, and budget by 
creating your own college 
courses and individualized ma- 
jors, and by taking independent - 
study courses by mail. 

High- Technology Degree Al- 
ternatives costs $21.95 and is 
published by Professional Pub- 
lications, Inc., 1250 Fifth 
Avenue, Belmont, CA 94002; 
Tel. 800 -426 -1178. 

CIRCLE 85 ON FREE 
INFORMATION CARD 

A CONCISE 
INTRODUCTION TO 
WORDPERFECT 5.2 
FOR WINDOWS 
by P.R.M. Oliver and N. 

Kantaris 

The routines described in this 
book will help you get the most 
out of WordPerfect 5.2 for Win- 
dows. Written with busy 
beginners in mind, the book 
assumes no prior knowledge of 
WordPerfect and has an under- 
lying structure based on the 
philosophy "what you need to 
know first appears first." 

The book outlines the hard- 



A Concise introduction to 
WordPerfect 5.2 for 

Windows 

Word Processing 

, WordPerfect . 

5.2 

ware requirements for 
WordPerfect 5.2 for Windows, 
and walks you through a stan- 
dard installation on a PC. It 

familiarizes you with the basics 
of WordPerfect and the Win- 
dows environment, and explains 
how to benefit from the built -in 
Help system and the different 
operating modes and screen 
views. The book covers how to 
enter, edit, and enhance text; 
how to work with formatting 
codes, button icons, the ruler, 

tabs, graphic boxes, and styles; 
and how to use advanced fea- 
tures such as document 
checking, columns, outlining, ta- 
bles, file and data management, 
transfers, and creating and run- 
ning simple recorded Macros. A 
brief introduction to the Macro 
Programming Language is in- 
cluded. The book also shows 
how to come to terms with the 
program's ability to use two sets 
of printer drivers, and still pro- 
duce good -looking printed 
output. 

A Concise Introduction to 
WordPerfect 5.2 for Windows 
(order Nc. BP339) is available 
for $7.25 plus $2.50 shipping 
and handling from Electronics 
Technology Today Inc., P.O. Box 
240, Massapequa Park, NY 
11762 -0240. 
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GORDON WEST'S NEW 
ADVANCED CLASS FCC 
LICENSE PREPARATION 
by Gordon West, WB6NOA 

By taking the step to the next- 

Advanced Class 
FC(' f .iceüw Preparation 

to- highest amateur- operator /pri- 
mary- station license -the 
Advanced Class -you can enjoy 
increased privileges on world- 
wide bands and can become a 
part of the VE system for con- 
ducting amateur license 
examinations. This book makes 
it easier to take that step, by 
providing everything you need 
to learn about, prepare for, and 
pass the exam. It contains the 
exact 507 FCC Element 4A 
questions with their multiple - 
choice answers, that are valid 

until July 1. 1995. Fifty of those 
questions will appear on each 
exam given. The correct answer 
each of the questions is identi- 
fied, and an explanation as to 
why that answer is correct is 

provided. The fully -illustrated 
text also includes study pointers 
and instructions for successfully 
taking the exam, along with 
charts, diagrams, and formulas 
for an easy -to- understand ap- 
proach to learning. 

Gordon West's New Ad- 
vanced Class FCC License 
Preparation is published by 
Master Publishing Inc. and is 
available for $9.90 at Radio 
Shack (Cat. no. 62- 2415). 
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MAINSTREAM 
MULTIMEDIA: 
Applying Multimedia in 
Business 
by Roger L. Fetterman and 
Satish K. Gupta 

As multimedia computing based 
on desktop platforms begins to 

SCANNER USERS COMMUNICATIONS PROFESSIONALS 

Were Got Your 
umbers: 

(319,000 FREQUENCIES) 

POLICE CALL 
1994 EDITION 

COMPLETELY REVISED 
CURRENT THROUGH OCTOBER, 1993 

14,000 Codes and Signals. 
All Inclusive Frequency List. 

Illustrated Listener's Guide Book. 

GOT A SCANNER? GET POLICE CALL. 
At your scanner dealer and all Radio Shack stores. 

po pLc LISTENER'S 
GUIDE 

' 
EN :99 Edition 

E CALL 
rurrersuce 

Guide 

Am, 
RADIO 

CODES 

'C.,, Letters 

. ,"'"^ 
Pftlftby : 

V1Ume7 
tKUt . M.,n 

ft.. :g ÿtt. Ma,,. ...,,t , 
More People Buy POLICE CALL Than All Other Frequency Guides (VHF /UHF) Combined. 



Computer Books in Language 
You Can Understand and Use 

8 

kocca L PEITF.xMeN 
SerrsN K. GI/PTA 

Mainstream 
ultimedia 

gain acceptance in the business 
world, this book describes how, 

when, where, and why multi- 
media capabilities can and 
should be used in different busi- 
ness environments. It can help 
business managers make in- 
formed decisions about 
multimedia applications. 

The book explores the trans- 
formation of personal 
computers from "compute -in- 
tensive" to "communications - 
intensive" device, and explains 
how advances in desktop plat- 
forms, operating systems, 
authoring systems and applica- 
tions software can provide 
seamless integration of audio, 
images, and video with text, 
graphics, and animation. 

Taking a structured -analysis 
approach, the book shows how 
to match multimedia computing 
and networking solutions to ap- 
plication requirements to ensure 
success. The technology in- 

frastructure is revealed in 

discussions of the components 
needed to implement desktop 
applications and multimedia -ca- 
pable networks, with separate 
sections covering computing 
platforms, operating systems, 
storage devices, compression 
technologies, and networking 
solutions. Methods for analyz- 
ing costs and value are also 
provided. 

Mainstream Multimedia is 

published by Van Nostrand Re- 
inhold, 115 Fifth Avenue, New 
York, NY 10003. 
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IN PLAIN ENGLISH: 
WINDOWS 3.1 
by Jack Nimersheim 

Windows 3.1 is a graphic inter- 
face designed to simplify using 
an IBM PC or compatible com- 

puter, but at first glance it can 
seem anything but simple to 
new users. Because most of 
today's most powerful and 
useful programs operate in the 
Windows environment, it's worth 
learning to use the program. 
With a minimal amount of "com- 
puterese," this book helps you 
have fun while mastering Win- 
dows, instead of getting lost in a 

frustrating technical puzzle. It 

doesn't get bogged down ex- 
plaining absolutely everything 
there is to know about Win- 
dows -the Windows manual 
does that. Instead, this book 
provides a full explanation of 

everything you need to know to 

effectively use Windows on an 

everyday basis. 

In Plain Englisli 

WINDOWS 

Jack Ni 

The book begins with a look 
at Windows basics and a step - 
by -step installation guide. It 

goes on to explain how to use 
Windows' standard mode and 
the enhanced 386 mode; select 
icons; open and change win- 
dows; use the control panel, 
work with different fonts; per- 
sonalize your Windows desktop; 
use the Program Manager and 
the File Manager; manipulate 
data; work with directories and 
files; modify program groups; 
and deal with memory. Plenty of 

screen shots accompany the 
text, and each chapter includes 
a glossary of new terms that 
have been introduced in its 

pages. 
In Plain English: Windows 3.1 

costs $9.95 and is published by 
WorldComm, Division of 
Creativity, Inc., 65 Macedonia 
Road, Alexander, NC 28701; 
Tel. 704 -252 -9515. 
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ALL THUMBS GUIDE TO 
TELEPHONES & 
ANSWERING 
MACHINES 
by Gene B. Williams 

No experience (or repair shop) 
is necessary to keep your tele- 
phone gear running smoothly. 
You can save money by doing 
the job yourself, by following the 
clear, step -by -step instructions 
in this book. It explains how to 
safely and easily troubleshoot, 
test, and repair problems with 
virtually every type of tele- 
phone, including cordless 
phones, and answering ma- 
chines. 

The book explains how to 

install wiring inside and outside 
your house; take apart, repair, 

and put back together tele- 
phones and answering 
machines; disassemble, install, 
and modify telephone jacks; 
and clean the heads in your 
answering machine. Also in- 

cluded are pointers on 
performing tests with a volt - 
ohmmeter, and instructions for 
building a simple signal gener- 
ator to test the wires inside 
walls. 

GUIDE TO 

TELEPHONES 
SWERING 

INES 

Written for complete novices, 
the book explains the basics of 
safety and describes the tools 
necessary and shows how to 
use them. The text is heavily 
illustrated with detailed draw- 
ings. Finally, a money -back 
guarantee is offered if you find 
yourself unable to follow the 
book's instructions. 

All Thumbs Guide to Tele- 
phones & Answering Machines 
costs $9.95 and is published by 
Tab Books Inc., Blue Ridge 
Summit, PA 17294 -0850; Tel. 

800 -233 -1128. 
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THE PRESENTATION 
DESIGN BOOK: Second 
Edition 
by Margaret Y Rabb 

You can spend a fortune on 
desktop -publishing hardware 
and software and still turn out 
boring presentations, if you 

don't know how to use those 
tools creatively and effectively. 
The bottom line is communica- 
tion, and this book shows you 
how to get your message 
across to your audience with 
polished computer graphics and 
screen shows that lend power 
and appeal to presentations. 

Ts Presentation 

Design Book 

The book provides sound ad- 
vice, insightful how -to 
examples, and easy -to- follow 
guidelines for designing per- 
suasive slides, overheads, and 
handouts. The updated second 
edition adds material on using 
sound, video, animation, and 
interactivity in presentations, 
without sacrificing clarity or im- 
pact. A four -color section 
explores the use of color to 
create depth and set the tone. 
The book shows how to analyze 
the audience and environment 
to determine to optimal presen- 
tation media; understand the 
subtle effects of typeface on 
audience perceptions; create 
the best layout and design; inte- 
grate va 'ous multimedia 
elements nto a cohesive, bal- 
anced on sentation; and 
determine hardware and soft- 
ware requirements for 
multimedia presentations. 

The Presentation Design 
Book: Second Edition costs 
$24.95 and is published by 
Ventana Press, P. O. Box 2468, 
Chapel Hill, NC 27515; Tel. 

919 -942 -0220; Fax: 
919 -942 -1140. 
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NRI knows: The best way to learn to 
service todas computers is to 
actually build a state-o f d1e -art 
computer from the 
keyboard 
up. 

NEW! 
SUPER VGA 

COLOR MONITOR, 
200 MEG HARD 

DRIVE! 

TRAIN WITH THE LEADER - NRI 

The Department of Labor forecasts over 
220,000 jobs for computer service 
technicians by the year 2005 -a full 38% 
increase over today's level. With NRI's 
easy, effective training, you can cash in on 
this wide -open opportunity and become a 

high -paid computer service technician. 
NRI is the best way to prepare for a 

profitable new career, even a business of 
your own. A leader in at -home training for 
80 years, NRI knows how to help you break 
into this high -demand field - regardless of 
your background in electronics! That's 
because you start with the basis, moving 
on step -by -step to master advanced 
computer concepts - all the while 
reinforcing theory with hands -on training 
that ensures success. 

LEARN BY DOING 

NRI's highly acclaimed learn -by -doing 
approach gives you a complete under- 
standing of the intricate electronics behind 
the 1 meg RAM, 32 -bit CPU computer 
included in your course. You perform 
hands -on electronics experiments with 
your NRI Discovery Lab and digital 
multimeter, then build and test the 
powerful 486sx/25 MHz computer you 
train with and keep. You install 
the floppy drive and, to give you 
maximum storage capacity, the 
200 meg hard disk drive. And you 
go on to interface the Super VGA 
color monitor now included in 
your course. You even learn to 
recognize and service virtually any 
computer problem with the 
extraordinary R.A.C.E.R. plug -in card 
and QuickTech diagnostic software. 

STUDY AT YOUR OWN PACE 

With NRI, you study in the privacy and 
convenience of your own home - with 
your personal instructor and NRI's team of 
technical professionals behind you every 
step of the way. You learn at your own 
pace - no classroom pressures, no night 
school, no point in quitting your present 
job until you're ready to make your move! 

Everything you need, for your 
training and your future, is included in the 
course...from the NRI Discovery Lab you 
use to build up and test prototype circuits 
to the mini -tower 486sx IBM -compatible 
computer with color monitor, 200 meg 
hard drive, 3.5" floppy drive, DOS, QBasic, 
and Microsoft Works, with its many 
utilities. 

What's more, NRI's expanded and 
updated lessons give you a thorough under- 
standing of computer operation, trouble- 
shooting, and servicing. Your broad -based 
knowledge will come from detailed, easy- 

to- understand explanations of everything 
from batch file applications to recovering 
lost data to printer servicing. You'll be on 
top of the latest trends and techniques, and 
by practicing what you read, you'll quickly 
acquire lasting, real -world knowledge that 
you can put to use right away! 

It's a fact: Only NRI gives you such 
thorough, effective training in computer 
servicing because only NRI has you 
assemble and test one yourself! 

LEARN MORE ABOUT NRI TODAY 

Send today for NRI's free, full -color catalog 
that describes every aspect of NRI's inno- 
vative computer training, as well as hands - 
on training in other growing high -tech 
career fields. If 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 International Business Machines 
Corp. R.A.C.E.R. and QuickTech are registered trademarks of 
Ultra -X, Inc. Intel Inside is a trademark of the Intel Corp. 

SEND CARD TODAY FOR FREE NRI CATALOG / McGraw -Hill Continuing Education Center / SchooIS 4401 Connecticut Avenue, NW, Washington, DC 20008 Ì:11 
g Check one FREE catalog only Computer Programming 

Programming in C++ with Windows 
MICROCOMPUTER SERVICING Desktop Publish:ng & Design 
TV /Video /Audio Servicing Word Processing Home Business 
Telecommunications Bookkeeping & Accounting 
Industrial Electronics & Robotics Home Inspection 
Security Electronics Building Construction 
Electronic Music Technology Small Engine Repair 
Basic Electronics Automotive Servicing 

For career courses 
approved under GI BIII, 

check for details. 

Name (please print) Age 

Address 

City/State /Zip Accredited Member, National Home Study Council 18 -0394 
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Hi8 VCR 

NEW PRODUCTS 

For playing back and editing Hi8 
and standard 8mm videotapes, 
Sony's EV -C100 Hi8 player /re- 
corder delivers crystal -clear 
images and hi -fi stereo. The 
deck's Hi8 recording system 
captures more than 400 hori- 
zontal lines of resolution (versus 
250 lines for VHS), to reveal 
image details without jitter or 
noise, even in still, slow- motion, 
or frame -by -frame modes. The 
EV -C100 also provides up to 
two hours recording in SP (best - 
picture) mode. 

The AFM sound -recording 

feature provides hi -fi stereo au- 
dio with wide dynamic range 
and minimum distortion. Sony's 
"Voice Boost" system minimizes 
background noises by boosting 
the frequency of the human 
voice. 

For editing, the EV- C100's of- 
fers a dual -mode shuttle dial, 
which lets the user operate 
slow- motion and picture search 
in both forward and reverse. 
Other features include frame - 
by -frame advance /reverse but- 
tons, a flying erase head, 2- 
times fast play, a Control L 

(LANC) editing interface, one - 
touch synchronized editing, and 
an edit switch to maintain max- 
imum picture quality during 
editing. 

The EV -C100 Hi8 VCR has a 

suggested retail price of $650. 
For more information, contact 
Sony, 1 Sony Drive, Park Ridge, 
NJ 07656. 
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LONG -LIFE SMOKE 
DETECTOR 

Safety studies have shown that 
between 30% and 50% of all 
installed smoke detectors are 
not doing their job because of 
missing or dead batteries. 
Ultralife Batteries addresses 
that problem in its Ultralife 
Smoke Detector, which is 

powered by a unique 9 -volt 
lithium battery that lasts up to 
four times longer than an al- 
kaline battery and up to ten 
times longer than a carbon -zinc 
battery. The company offers a 

six -year limited warranty for 
both the battery and the detec- 
tor. The detector senses fires in 

their earliest stages, responding 
with a powerful 85 -dB horn. 

To let the homeowner know 
when the battery finally does 
die, a "low- battery" chirp will 
sound for 30 days. When the 
battery is working properly, a 
red operating light flashes at 45- 
second intervals to indicate that 
the unit is receiving power. In 

addition, the smoke detector 
has a battery -test button. 

V TRALIFE 

The main cause for missing 
batteries is false alarms: Con- 
sumers remove the batteries 
when the smoke alarm goes off 
due to fireplace, cigarette, or 
cooking fumes, and then forget 
to replace them. The Ultralife 
detector has a "quiet- alarm" 
button that can be used to 
quickly silence those nuisance 

alarms, without removing the 
batteries. The unit re -arms itself 
in ten minutes. In addition, the 
detector cover will not close 
unless a battery is in place 
within the unit. 

The Ultralife Smoke Detector 
has a suggested retail price of 
$19.95. For further information. 
contact Ultralife Batteries, Inc., 
1350 Route 88 South, P. O. Box 
622, Newark, NY 14513; Tel. 

800 -332 -5000. 
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POCKET-SIZED LOGIC - 
SCOPE PROBE 

Aimed at technicians, engi- 
neers, students, or hobbyists, 
for use in the lab or as a cost - 
effective enhancement to fieid- 
service equipment, the MX9100 
logic -scope probe converts an 
ordinary analog oscilloscope 
into a logic- analysis instrument 
suitable for examining and ana- 
lyzing single -shot and repetitive 
digital phenomena. The porta- 
ble 8- channel unit can be used 
independently or can be daisy - 
chained to provide 16- or 24- 
channel reading capability. The 
probe offers a full complement 
of grabber test leads and a 

BNC scope interface. It will 
work with any scope with a 

bandwidth of 5 MHz or higher, 
sensitivity of 200 mV /div or bet- 
ter, and external- triggering 
capabilities. 

The MX9100 has three oper- 
ating modes. In the logic - 
analyzer mode, the usual ana- 
log scope becomes an 8- 
channel logic analyzer with a 

memory input depth of 16 bits. 
Each channel is displayed as a 
horizontal line in a "timing di- 
agram" manner. In the trigger - 
probe mode, a real -time trigger 
signal is generated whenever 
an 8 -bit user selected condition 
is met. Analog signals can be 
viewed while triggering the 
scope externally using a digital 
combination. The MUX mode 
allows eight digital signals in 

real time to be simultaneously 
displayed on the screen. 
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The MX9100 logic scope 
probe kit, including 11 test 
leads, 8 gray signal leads, one 
clock lead (yellow), a red power 
lead, and a black ground lead, 
costs $330. For more informa- 
tion, contact ITT Pomona, 1500 
East Ninth Street, Pomona, CA 
91766 -3835; Tel. 909 -469 -2900; 
Fax: 909 -629 -3317. 
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MULTIMETER WITH 
THERMOMETER 

Extechs Model 380505 hand- 
held multimeter offers seven 
functions, including a Type -K 
thermocouple input for tempera- 
ture measurements from 
0 °- 1999 °F. The multimeter also 
monitors five ranges in both DC 
and AC voltage, DC amps, AC 
amps, and resistance. All func- 
tions are displayed on a 0.95 - 
inch LCD readout. The unit also 
provides diode and audible con- 
tinuity tests, as well as polarity 
and over -range indications. It 

comes complete with a rubber 
holster, test leads, a tempera- 
ture probe, and a 9 -volt battery. 

The Model 380505 multi - 
meter with thermometer costs 
$59. For additional information, 
contact Extech Instruments Cor- 
poration, 335 Bear Hill Road, 
Waltham, MA 02154; Tel. 
617 -890 -7440; Fax: 
617 -890 -7864. 
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A/V RECEIVER WITH 
GRAPHIC USER 
INTERFACE 

The first audio /video receiver in 

Pioneer's Elite line to offer a 

built -in graphic user interface 
(GUI) is the Model VSX -97. 
Featuring computer -like icons 
designed to guide the user 
through a variety of audio -video 
settings, the GUI facilitates on- 
screen programming menus. 
The GUI also features a video - 
edit mode that allows users to 
create customized videos by 
mixing any combination of audio 
and video sources. Users can 
also adjust the mix and fade 
levels for more refined video 
production. 

f 
The VSX -97 also offers digital 

audio -signal processing (DASP) 
based on the PD -00883 chip, 
which combines a Dolby Pro 
Logic decoder and sound -field 
processor on a single chip. 
DASP digitally controls delay 
time as well as the steering 
logic of the surround system. 
DASP is said to achieve three 
times the processing power of a 
conventional digital signal pro- 
cessor with significantly lower 
distortion. Through DASP, the 
receiver provides a standard 
stereo mode, three preset 
sound -field controls (movie, 
concert, and sports), and one 
advanced sound -field control 
that allows the user to program 
and store into memory four 
customized system configura- 
tions. For custom settings, 
users can choose four of an 
available ten "built -in cornpo- 
nents' and set the acoustic 
parameters of each through the 
GUI. The adjustable parameters 
include initial delay, " liveness' 
effect, room size, wall type, and 
mode. 

Other features of the VSX -97 
include the ability to transfer S- 
video to composite format and 
vice -versa, and multi -room and 
multi- source capability, and a 
"pure -line" switch that automat- 
ically turns off the receiver's 
fluorescent display and clock 

SUPER 
12 HOUR 

RECORDER 
CALL TOLL FREE 

Modified Panasonic 
Slimline. 6 hrs per side. 
120 TDK tape furnished. 
AC/DC Operation. 
Quality Playback. 
Digital Counter. 

f 

$119.00* 
Durable Lightweight Plastic. 

Starts & Stops Recorder 
Automatically When FCC 

Hand Set is Used. APPROVED 

Solid State! $28.50* 
CE ACTIVATED CONTROL 

Solidstate Adjustable $28.50* 
Sensitivity. Voices & 

Sounds Activate Recorder. 
Adjustable Sensitivity. 
Provisions for Remote Mike. 

Be an FCC 
LICE N SED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$2000 /Week 
and more! 

7Learn at home in spare time. 

w l No previous experience needed! 

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

F command PRODUCTIOMS 
FCC LICENSE TRAINING, Dept. 100 
P.O. Box 2824, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 

ADDRESS 

CITY STATE ZIP 
.1 

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

ALL MAIL TO: Box 20100, Boulder, CO 80308 
AMC SALES INC., 193 Vaquero Dr., 

Boulder, CO 80303 
Phones (303) 499 -5405 1- 800 -926 -2488 
FAX (303) 494 -4924 Mon -Fri 8 -5 MTN. TIME 
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For your Heart's sake 
get PULSE STICK 11 

our very own sophisticated 
I pocket health monitor, PULSE 

STICK II, checks your pulse rate 
quickly and accurately anywhere. 
Regular monitoring of your pulse 
rate during exercise will enable you 
to plan an exercise regimen suit- 
able for your stage of fitness. pulse 
stick II provides an early warning 
that you may be exceeding your 
own capabilities. 

PULSE STICK II photoelectri- 
cally measures the changes 

Only 

'392' 

in the pulsed intensity of infrared 
radiation emitted by superficial 
blood vessels below the skin of the 
thumb. The time intervals between 
pulses are automatically measured 
and analogued by the micro- 
processor based circuitry and dis- 
played in a liquid -crystal display 
(LCD). 

Before attempting any exercise pro- 
gram, consult your doctor. Ask for 
guidance regarding the recom- 
mended safe pulse ranges for your 

exercise program. Follow 
your doctor's instructions 

carefully. 

Uses three AA dry cells 
supplied with PULSE STICK II 

PSII-2 

Ideal for running, walking and 
aerobic training programs! 

YES! Please send me PULSE 

STICK II at $39.95 each. Price includes ship- 
ping and handling charges. 

Total amount of order $ 

Check or Money Order enclosed. Make 
check payable to CLAGGK Inc. PULSE 
STICK II Offer 
Charge my Visa MasterCard 

Account No 

Exp. Date 

Credit Card 
Signature 

L 

Print Name 

Address 

City State _Zip 

No telephone orders or C.O.D. Signature re- 
quired on credit card orders. All prices include 
postage and handling. Payments in U.S.A. 
funds only. New York residents must include 
local applicable sales taxes. No foreign orders. 

Mail orders to CLAGGK Inc. Pulse Stick II 

Offer, PO. Box 4099, Farmingdale, NY 11735. 

FAX orders to 1-516-293-3115. 

1 

J 

when a source component is 

directly connected to the power 
amplifier. 

The VSX -97 audio /video re- 

ceiver has a suggested retail 
price of $2,600. 
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DIGITAL VOICE 
RECORDER 

GetTechs AudioQ -218 digital 
voice recorder will record up to 
218 seconds of speech. The 
device offers four selectable 
sampling rates (4.8 -, 8.5 -, 9.6 -, 
and 11 -kHz), and sampling rates 
up to 17.8 kHz are available. As 
many as eight different variable - 
length messages can be stored 
in battery backed -up RAM. The 
recorder measures 2.6 x 2.6 
inches. 

Two independently adjustable 
audio outputs are provided. One 
high -level output will drive an B- 

ohm speaker to 400 mW; the 
other can be used for output to 
an external amplifier or trans- 
mitter. An on -board regulator 
allows use from 8 to 15 VDC. 
An open -collector output for 
keying a transmitter or external 
device during playback is also 
available, as is customizing. 

The fully assembled and test- 
ed AudioQ -218, including 
backup battery and 4 mega- 
bytes of RAM, costs $149 plus 
shipping and handling. For addi- 
tional information, contact 
GetTech, 402 Riley Road, New 
Windsor, NY 12553; Tel. 

914 -564 -5347. 
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CAR AUDIO SIGNAL 
PROCESSOR 

Summit Electronics has li- 

censed the Aural Exciter with 
Big Bottom audio signal pro- 
cessing technology, originally 
designed by Aphex Systems for 
use in the recording and broad- 
cast industries. The technology 



is incorporated in the BAX -1 

automotive audio signal pro- 
cessor. A pulse -width 
modulated power supply and 
variable gain have been added 
to the' / DIN dash -mountable 
unit, which requires no added 
power or amplification to pro- 
cess low and high frequencies. 

The BAX -1 is said to kick up 
the overall sound and perceived 
loudness of any car stereo sys- 
tem, and to allow the human 
ear to perceive the enhance- 
ments as a natural part of the 
overall sound. It adds a small 
amount of a processed signal 
back into the original, un- 
processed signal, using a 
variety of mixing and balance 
controls. The BAX -1 also cuts 
above ambient noise caused by 
traffic, wind, and road condi- 
tions. 

The BAX -1 Aural Exciter with 
Big Bottom has a suggested list 
price of $249. For further infor- 
mation, contact Summit 
Electronics, 12420 Montague 
Street, Arleta, CA 91331; Tel. 

818 -890 -3025; Fax: 
818- 890 -5103. 

CIRCLE 107 ON FREE 
INFORMATION CARD 

HANDHELD 
FREQUENCY COUNTER 

Intended for use in the test, 
communications, security /sur- 
veillance, two -way amateur 
radio, law- enforcement, and 
communications -monitoring 
markets, the latest model in 

Optoelectronics' line of Handi 
Counters represents a substan- 
tial improvement in features and 
capabilities. The Model M -1 

handheld frequency counter is a 
full -range counter with coverage 
from 10 Hz to 2.8 GHz that 
provides ultra- high -speed mea- 
surements as well as very high - 
resolution ten -digit measure- 
ments. It features ten user - 
selectable gate times, ranging 
from 13 milliseconds to 10 sec- 
onds, with corresponding 
resolution from 10 kHz to 0.1 

Hz. 
The M -1 is based on a high- 

speed application- specific IC 
that is capable of 250 -MHz di- 
rect counting. An embedded 

microcontroller provides digital 
filtering that reduces the display 
of random noise and oscillation 
without loss of sensitivity. Digital 
auto capture locks the counter 
display on the first reading to 
pass the filter. An arm /store 
button sends captured data into 
a three -register stack that can 
be recalled later. 

The addition of an 
asynchronous serial data port 
allows the TTL data to be level 
shifted to RS -232C using the 
optional accessory interface 
(Model CX12). The interface in- 
cludes data -logging software 
that can be used with any PC to 
log and time -stamp frequency 
data. 

A 16- segment relative signal - 
strength bargraph is sensitive to 
low levels of RF and can be 
used to verify transmitter output 
or locate a stuck transmitter or 
an unauthorized source of RE 
The bargraph is fully indepen- 
dent of the frequency - 
measurement circuitry. 

The M -1 costs $229. For 
more information, contact Op- 
toelectronics Inc., 5821 NE 14th 
Avenue, Fort Lauderdale, FL 
33334; Tel. 800 -327 -5912; Fax: 
305 -771 -2052. 

CIRCLE 108 ON FREE 
INFORMATION CARD 

"Sorry...the computer's gone 
to lunch." 

The professio eather 
station for peo p curious 

about Ike r. 

Haven't you always wanted a weather station? The 
Weather Monitor If makes a state-of-the-art weather 
monitoring system affordable enough for home use! 

FEATURES INCLUDE: 

Inside & Inside Instant Metric 
Outside Tent 6 Humidity Conversions 
Wind Speed Wind Chill 
& Direction Alarms 

Highs & Lows 
Option 

Rainfall ion 
Optional PC 
Interface 

Order today: 

1 -800- 678 -3669 
M -F 7 a.m. to 5:30 p.m. Pacific Time PE639E 

FAX 1 -5 10- 670 -0589 M/C and VISA 
One -year warranty 30-clay money -back guarantee 

DAVIS INSTRUMENTS 
9166 Diablo Ave., Hayward, CA 94546 

Outside Hum. 
& Dew Point 

Barometer 

Time & Date 

CIRCLE 162 ON FREE INFORMATION CARD 

r --------- 
Learn VCR 

repair at home! 
MAKE GOOD MONEY IN YOUR 

OWN FULL- OR PART -TIME JOB 

Professional - 
level home study 
course. You will 
master easy -to- 
learn, high- profit 
repairs with- 
out investing 
in high -tech 
instruments 
or a costly 
workshop. 

Want more 
independence 
and higher 
income? Send 

/ or call today! 

Free career literature: 

800 -223 -4542 
Name_ Age 

Address_. Phone(_) 
City State Zip 

The School of VCR Repair 
6065 Roswell Road 

Dept. \C341 , Atlanta, Georgia 30328 
L 

CIRCLE 159 CN FREE INFORMATION CARD 
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MICROCODE 
ENGINEERING 
CIRCUITMAKER 

dtegrated Sehematic Capture 
ad Digital Simulation 

CIRCLE 119 ON FREE INFORMATION CARD 

An integrated schematic capture and digital simulation program for Windows that's 

great for beginners and experienced hobbyists. 

In the days when almost every- 
thing ran from DOS, learning to 
use a new software package 

meant immersing yourself more in the 
software's idiosyncrasies than in the 
task you were trying to perform. Once 
that initial shock was out of the way, 
going further than the basics virtually 
meant becoming a programmer. 

Being a roll -up- your -sleeves kind of 
person, I didn't personally mind that 
too much, but I felt it wasn't fair to most 
folks and, more importantly, I knew 
things really didn't have to be that 
way. Well, by now the existence of 
Windows has proven that a PC com- 
patible full of software can be easy to 
learn and operate with any level of 
interest or expertise. 

Recently, I had the good fortune to 
come across a Windows -based soft- 
ware package that's so easy to use, its 

suitable not just to teach a beginner 
how to use a computer, but about 
digital electronics as well. The pack- 
age is Circuit Maker from MicroCode 
Engineering (1943 N. 205, West Orem, 
UT 84057; Tel. 801 -226- 4470). It allows 
you to quickly and easily draw modify, 
and combine analog and digital 
schematics, and can simulate the op- 
eration of the digital portion of your 

16 circuits. Further, since it's a Windows 

application, it can print its waveforms 
and schematics on any Windows -se- 
lectable printer. 

In a sense, the software is not really 
new but it has only recently been 
ported over from the Macintosh "uni- 
verse." That means the program has 

already been "worn-in" development 
wise, for those that don't like -aking the 
first ride on any bandwagon. 

On a PC compatible, it requires 
Windows 3.1 or higher, 2MB of free disk 
space, a VGA monitor or better, and a 
mouse -typical minimal- require- 
ments for Windows applications. 

Parts and Macros. To draw a circuit 
diagram (which can span several 
pages), you use the mouse to select 
devices from the provided library. 
Then you connect them using wires. 
Parts can then be moved, rotated, 
etc. Let's talk about parts, wires, text, 

and finally the ways they can be 
graphically manipulated. 

The device library includes TTL de- 
vices; generic devices (such a gates 
and flip -flops); I/O and display de- 
vices such as switches; a pulse gener- 
ator; LED's; 7- segment LED displays; 
analog devices such as transistors, re- 
sistors, capacitors, and inductors 
(which are only graphic symbols- 

they are not simulated); and mis- 
cellaneous devices such as PROM 

and RAM IC's. In all that's 120 digital 
(and simulated) devices and 18 pure- 
ly graphical ones. 

One feature of the digital devices 
that distinguishes this package from 
most simulator software in its price 
range is that they have programma- 
ble propagation delays. That allows 
you to simulate circuits made up of 
chips from varying families (pure TTL, 

low -power Schottky, etc.). Circuits like 
that have a greater need to be simu- 
lated anyway, so their simulation 
should be accurate. 

If the bundled parts library is insuffi- 
cient for your needs, you can create 
"macros" and add them to the library. 
Macros are devices you can use for 
simulation and /or graphical use. They 
can be moved between libraries, re- 
called from a library, edited, and re- 
saved at any time. For a functioning 
macro (one that can be processed by 
the simulator) you start by drawing the 
schematic that describes its function, 
which, by the way, can contain nested 
macros. Then you decide on the de- 
vice's name and package, which 
could be a dual -in -line or user -de- 
fined type. 

To create a user- defined package 



you first draw it in any Windows -based 
drawing program. Second, you im- 
port the package drawing into the 
device's schematic via the clipboard 
and add pins to it. Adding pins is auto- 
mated with the help of a toolbar full of 
the two types of pins (active high and 
active low) in every orientation. 

Whether user -defined or DIP the 
package's pins are then labeled. 
Next, you connect the pins to their cor- 
responding points in the device's 
schematic and save the macro. 
When the macro is chosen for use in 
another circuit, only its package is visi- 
ble, its circuitry is not. To see the sche- 
matic diagram represented by the 
macro, it can be "expanded" using an 
option from the Macro menu. For 
purely graphical macros, you simply 
dispense with drawing a schematic, 
and therefore there's nothing to con- 
nect to the desired package. 

Once created, macros are han- 
dled exactly as though they were 
parts. So from here on, when we dis- 
cuss operations with parts, remember 
that the same applies for macros. 

Placing Parts, Wires, and Text. 
Parts are listed on library pull -down 
menus (labeled "LI," "L2," etc.). To 

place one on a schematic, you start 
by selecting the right menu using an 
arrow- shaped cursor (called the "ar- 
row tool ", which is activated from the 
toolbar), then select its name from the 
menu. The menu will disappear and 
the arrow tool will be replaced by a 
picture of the part. Move the part 
where you want it and click the mouse 
to place it on the schematic. If the 
program's "Repeat" option is on, it's 

now ready to place another copy of 
the part elsewhere on the schematic. 
If it is off, the arrow tool reappears. 

Parts are connected together using 
"Wires," which are composed of line 
segments drawn between the termi- 
nals of parts. For that, the mouse is 

used along with a cross -hair cursor 
called the 'Wiring tool" which is acti- 
vated from the tool bar. 

You start by moving the wiring cur- 
sor close to a terminal. You can't tell 
how close is close enough because, 
unlike most Windows programs, no 
handle markers appear. However, you 
don't have to be precise because Cir- 
cuitMaker's "Smart Wires" automat- 
ically snaps wires to terminals. 

Clicking the mouse then starts the 

wire and the cursor disappears. At this 
point the program is waiting for you to 
move the mouse so it can give you an 
appropriate cursor. There is one cur- 
sor for drawing vertical line segments, 
activated by moving the mouse up or 
down, and another for making hori- 
zontal segments, activated by moving 
left or right. The vertical- segment cur- 
sor is a horizontal line and the horizon- 
tal- segment cursor is a vertical line. 
Both cursors span the whole drawing 
area to help you align the endpoints 
of segments with component termi- 
nals and such. From then on, single 
mouse clicks alternate you between 
the horizontal and vertical cursors, 
which allows you to make bends in 

the wire. A double click terminates the 
wire. If the wire is terminated near a 
terminal, the SmartWires feature 
snaps it to the terminal. 

I found the disappearance of the 
cursor a bit disconcerting. Having it 
change shape or color would have 
been nicer. Also, I'm used to the more 
conventional click and drag format of 
wire placement. However, that auto- 
mation typically means you relinquish 
your control over where bends occur 
until you go back and do some clean 
up, so there's something to be said for 
the CircuitMaker wiring concept. 

Software paradigms aside, there is 

a different "draw back" to the wiring - 
cursor algorithm: it runs too fast on a 
fast machine (I used a 50MHz 486). 
What that means is that you'll be trying 
to double click the cursor to terminate 
a wire, only to have the program 
switch back and forth between the 
horizontal and vertical cursors. That 
can be overcome by lowering Win- 
dows' double -click speed from the 
control panel, although that might 
make it less than optimal for your 
other applications. 

To start placing text on a schematic 
(say, to document its operation) you 
must select the Text icon from the tool- 
bar. The usual Windows "I "- shaped text 
cursor then appears, which you place 
to the upper -left of where you want 
the text to appear. A click of the 
mouse opens a window at that posi- 
tion for typing the text. I really like that 
feature because the window's height 
and width can then be adjusted to 
control the wrapping of the text and 
the area it occupies. Another plus is 

that the text can be fully stylized with 
regard to point size, attribute, and 

Earn Your B.S. Degree 
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font. While the window is present all 
the usual Windows' text- editing fea- 
tures (double clicking on words, click 
and drag selection, etc.) are avail- 
able. 

Clicking the mouse outside the text 
window causes the window -frame 
and background to disappear leav- 
ing the text on the drawing itself. Simul- 
taneously, a new text window opens 
where you clicked to accept another 
block of text. 

By the way, my trouble with the wir- 
ing cursor lead me to discover some- 
thing else: you can't undo a 
placement of wiring, parts, or text. If 

you don't like an item or its placement 
you must move it or delete it, the latter 
of which means selecting a different 
tool, which we'll mention later. 

Editing. Individual objects (parts, 
text, wires, and in some cases a line 
segment in a wire) and groups of ob- 
jects are most often edited with the 
help of the arrow tool. To select a sin- 

gle part for editing, just aim the cursor 
at the part and click. To edit multiple 
items click and drag the cursor to 
draw a rectangle over all the parts of 
interest. You can also use a Select -All 

option on the edit menu to select all 
the parts on a schematic at once. 

Moving single objects is done by 
simply clicking and dragging them to 
their new location. Unfortunately, on 
fast machines, that means the pro- 
gram sometimes moves an item you 
only wanted to select for some other 
editing operation. Again, the cure is to 
alter the mouse's responsiveness from 
the control panel. One nice feature of 
moves is that all wiring remains intact, 
as though the wires connecting the 
selected part to the rest of the sche- 
matic were made of rubberbands. 
Moving is one of the operations that 
affects individual line segments in a 
wire, which combined with rubber - 
banding, makes it very useful for 
cleaning up schematics. 

You cannot move multiple items ex- 

cept by cutting and pasting them. By 

the way, the cut, copy, and paste op- 
erations are the same as in any other 
Windows application. However, those 
commands are augmented by com- 
mands that allow you to copy sche- 
matics or waveforms from the 
simulator to the clipboard in either 
metafile or bitmap format. There's also 
a Duplicate option for making multi- 

ple copies of a part or group of parts 
without resorting to the clipboard. 

The Edit menu also features Delete, 
Mirror, and Rotate 90° options. Delete 
and Mirror are self explanatory, while 
Rotate rotates each selected object 
around its center, not the center of the 
selected area. Deletion or rotation 
can also be accomplished using the 
delete or rotation tools, respectively, 
both of which are available from the 
toolbar for ease of use. However, the 
delete tool only takes -out one object 
at a time. Note, wires don't remain 
connected after a rotation or mirror- 
ing as rubberbanding only works for 
classical move operations. Of course, 
if you don't like the appearance of 
your schematic after a change, you 
can undo the last edit. 

The edit menu also has three elec- 
tronics- oriented options: Edit Delay, 
Edit PROM, and Edit Pulser. The first op- 
tion let's you set the propagation de- 
lay of selected parts on a schematic. 
The second allows you to program 
data bytes into the program's PROM 
device. The last option lets you adjust 
the output of the software's pulser tool, 
used to inject signals (stimulus) into a 
schematic during simulation. That op- 
tion lets you set the pulser for free - 
running or external triggering (via its 

two inputs one for high pulses, the 
other for low ones), set the high and 
low time of the probe, and invert the 
probe's output. The probe output 
does not enter a high- impedance 
state simply because the protection 
that that feature would offer a real 
circuit is unnecessary for a virtual one. 

Simulating. The simulator is excel- 
lent. Simulation of digital circuits is 

completely live, so the circuit re- 
sponds to stimulus from the probe and 
switches in real time. That interactively 
is one thing that makes the program 
an incredible learning tool. 

Operation of the circuit can be ob- 
served in one of four ways. First, with 
the Trace option enabled, the state of 
every node in the circuit is shown si- 

multaneously as the simulation runs. In 

this mode, a wire at a logic one is 

shown in red, a wire at a logic zero is 

blue, and a wire at a high- imped- 
ance state as green. Those colors can 
be changed if you wish. 

Second, oscilloscope probes can 
be connected to any nodes in the 
circuit thus causing the timing di- 

agrams for those nodes to be shown 
in a separate "Waveforms" window. To 

see the timing diagrams, click on the 
waveforms icon in the toolbar, or se- 
lect waveforms in the option window. 

Third, the probe tool can be used to 
monitor any node in the circuit, to in- 
ject logic into a node, or toggle a 
switch position, while the simulation is 

running or when it is stopped. You start 
by selecting the probe tool from the 
toolbar. Touch its tip to a wire to see its 

state, and click the mouse to toggle 
that state. If you touch a switch with it, 

the switch will toggle. 
Fourth, you can connect any of a 

variety of displays to key points in the 
circuit, as the displays run in real time, 
too. Provided are ASCII, discrete, and 
7- segment displays. 

To start a simulation, you click on the 
run icon in the toolbar. To stop a sim- 
ulation, you click on a stop -sign icon 
that replaces the run icon in the tool- 
bar. Alternatively, you could click on 
the step icon to advance the simula- 
tion one tick at a time. To reset the 
circuit to the starting state, there's a 
reset icon as well. 

CircuitMaker gives the user the op- 
tion of setting breakpoints a set of 
logic conditions at key points in the 
circuit that will halt the simulation. 
Basically, inside the waveform window 
you indicate the logic state that each 
point of interest should be in when you 
want the simulation to stop, then run 
the simulator. That allows you to check 
the circuit for performance accuracy 
during critical moments of operation. 

The Tutorial. Besides the hands -on 
approach the simulator affords, the 
best aid for beginners in digital elec- 
tronics is the manual's easy -to- follow 
tutorial. It includes 6 very simple, yet 
important experiments complete with 
questions and solutions. It breaks all of 
the experiments down into simple 
steps that anyone can perform and 
has a helpful glossary of terms. 

While CircuitMaker may need a lit- 

tle more polish to take fuller advan- 
tage of the Windows environment at 
only $199.95 plus shipping, its an ex- 
cellent digital simulator and learning 
tool. A demonstration version is also 
available for $10. If the program 
sounds interesting to you, please con- 
tact MicroCode at the address given 
earlier, or circle No. 119 on the Free 
Information Card. 
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By Len Feldman 

Yamaha RX- 
V870 Stereo 

Receiver 

PRODUCT 
TEST REPORTS 

With more and more 
consumers opting for 

home -theater audio /video 
integration, many major 
manufacturers are now of- 
fering stereo receivers that 
can handle all the ampli- 
fication, decoding, and 
switching operations 
needed to recreate the 
theater experience you en- 
joy when you attend a 
"blockbuster" motion pic- 
ture in a properly equipped 
movie theater. Further, 
many of these new re- 
ceivers offer digital signal - 
processing circuitry that 
can allow your listening 

48C1027 r.ed1 

a. ... 
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The Yamaha RX -V870 Dolby Pro Logic surround -sound A/V 
receiver. 

room to mimic a variety of 
acoustic environments such 
as an opera house, a con- 
cert hall, a disco or a jazz 
club. One such receiver is 

the Yamaha (6722 Or- 
angethorpe Ave., Buena 
Park, CA 90620) RX -V870. It 

offers all the electronics you 
would need for a complete 
home -theater installation, 
including amplifiers for the 
center and rear Dolby sur- 

round channels. All you 

need to add are the speak- 
ers, a monitor for video, 
and one or more program 
sources NCR, CD player, 
etc.). 

The digital sound -field 
processor (DSP) incorpo- 
rated in the RX -V870 
includes a full Dolby Pro 

Logic surround decoder, 
with four program settings 
for audio -only sources and 
four settings for audio /video 
program sources. The re- 
ceiver features an 
automatic input balance 
control for Dolby Surround 
as well as a test -tone gen- 
erator for easy speaker - 
balance adjustment. There 
are three center -channel 
listening modes available: 
normal, wide and phantom 
(when no center -channel 
speaker is installed). 

The built -in AM /FM stereo 
tuner is capable of 40 -sta- 
tion random preset tuning. 
In addition to standard vid- 
eo- signal inputs and 
outputs, the unit can ac- 
commodate S -video 
signals. The receiver fea- 
tures a sleep timer for 
automatic turn -off as well 
as on- screen displays that 
are helpful in accessing all 
of its control features. A fully 
programmable, learning re- 
mote control is supplied 
with the receiver and it can 
be used to control other 
Yamaha components as 
well as components made 
by different manufacturers. 

While priced somewhat 
higher than its predecessor, 
the Model RX -V850, the 
new Model RX -V870 offers 
many improvements. For 

example, the addition of 

70mm Theater and N The- 
ater Cinema DSP programs. 
The former adds depth to 
the Dolby Pro Logic sound 
field, providing the impres- 
sion of a much larger 
theater and greater sepa- 
ration between dialogue, 
sound effects, and music. In 

the audio -only applications, 
a "Church" mode and a 
"Jazz Club" setting have 
been added. Finally, the 
on- screen display is a major 
plus in setting up the system 
and in fine -tuning its con- 
trols. 

CONTROLS 
The front panel of the RX- 

V870, though somewhat in- 
timidating at first glance, is 

actually arranged in a log- 
ical fashion considering the 
number of features and 
control settings that must 
be handled. A power on /off 
switch and a stereo head- 
phone jack are at the 
extreme left end of the 
panel. A well illuminated 
display area occupies the 
upper right section of the 
panel and offers useful sta- 
tus indications including 
surround -sound selections, 
time -delay selection (when 
used), tuner signal -strength, 
preset selection and fre- 
quency, and much more. 
Just below the display area 
are pushbuttons for center - 
channel mode selection 
and Pro Logic, "Enhanced," 
"70 mm," and "N- Theater" 
modes, as well as pushbut- 
tons for audio -only DSP 

modes including "Rock 
Concert," "Jazz Club," 
"Church," and "Concert 
Hall." A surround -sound on/ 



off button is also found 
here. Further down, below 
the display area, are but- 
tons for adjusting time 
delay (when Pro Logic or 
DSP modes are active), and 
rocker -type buttons for ad- 
justing the relative levels of 
the center, front, and rear 
channels. Along the bottom 
left of the panel are speak- 
er- selector switches, a bass - 
enhancement button, and 
a tone -bypass pushbutton. 

The upper -right section of 
the front panel houses a 
row of buttons used to se- 
lect the program source. 
Just below these are eight 
numbered preset buttons 
that, when combined with 
a button that sequentially 
selects A,B,C,D or E groups 
of presets, provides for a 
mix of up to 40 AM and FM 

preset station settings. Be- 
low the preset buttons are 
an up /down tuning bar, a 
memory button, a tuning - 
mode button (automatic 
and manual), an AM /FM 
band- selector button, and 
the A/B /C /D /E button. The 
lower -right section of the 
panel houses the bass, tre- 
ble, and balance controls 
as well as a selector switch 
that allows you to record 
one program source while 
listening to or viewing a 
different program source. A 
rotary master volume con- 
trol is located at the 
extreme right end of the 
front panel. 

The rear panel of the RX- 

V870 is equipped with sep- 
arate FM and AM antenna - 
input terminals (an AM 
loopstick is an included ac- 
cessory), the required 
number of stereo -audio 
and video input and output 
jacks (including S -video 
connectors), Iwo sets of 
front -speaker terminals, 
speaker terminals for the 
rear and center -channel 
speakers and several jacks 
that Yamaha calls "ac- 
cessory terminals." Those 
include front -out and front- 
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This plot of harmonic -distortion -plus -noise versus modulating 
frequency shows that the distortion plus noise at / kHz was 
0.074% for mono (solid curve) and 0.13% for stereo (dashed 
curve). 
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The stereo separation for the FM -tuner section of this receiver 
was exactly 50 dB at mid frequencies, and remained remarkably 
good even at high bass and treble frequencies. 

in terminals (normally jum- 
pered if the built -in front - 
channel amplifiers are 
used), rear -out and center - 
out jacks for those who pre- 
fer to use separate power 
amplifiers to drive those 
speakers rather than the 
built -in amplifiers, and a 
"low- pass" terminal used for 
feeding a mono amplifier, 
which in turn might be used 
to drive a subwoofer. The 
cut -off frequency for this 
last -named output jack is 

200 Hz. At the extreme 
lower right of the rear panel 
there are two switched AC 
convenience outlets and 
one unswitched outlet. 

In addition to duplicating 
most of the control func- 
tions found on the front 
panel of the RX -V870, the 
remote control supplied 
with this receiver is used to 
activate the test tone used 
for speaker balance adjust- 
ment, for setting the sleep 
timer, for activating the on- 
screen display, and for 
muting volume level. As 

mentioned earlier, the re- 
mote control can also be 
"taught" the control signals 
for other components - 
even those produced by 
compeating manufacturers. 
Special switch settings and 
blank buttons are provided 

for that purpose, along with 
overlay cards that fit over 
the existing buttons and 
can be labeled with the 
learned functions. 

LAB MEASUREMENTS 
We measured the perfor- 

mance of the tuner section 
of this receiver first. The fre- 
quency response of the FM 

tuner section. was down 2.0 
dB at the 20 Hz and 15 kHz 

frequency extremes, easily 
meeting the published 
specification of ± 1.5 dB. 
The unit attained 50 dB 
quieting in mono with only 
14 dBf of input signal, while 
in stereo, 37 dBf of signal 
strength was required for 
the same degree of quiet- 
ing. Both results are 
somewhat better than what 
is claimed by Yamaha. 
Strong -signal signal -to -noise 
ratios measured 78.5 dB for 
mono reception and 72.5 
dB for stereo signals. 

At 1 kHz, harmonic- distor- 
tion -plus -noise versus 
modulating frequency for 
mono measured only 
0.074 %, while in stereo, the 
reading was 0.13 %. Again, 
both results were substan- 
tially better than claimed 
by the manufacturer. The 
mono usable sensitivity (the 
signal level required to pro- 
duce a 30 -dB signal -to- 
noise ratio) measured ap- 
proximately 9 dBf. 

The stereo separation for 
the FM tuner section was 
exactly 50 dB at mid -fre- 
quencies, just as claimed 
by Yamaha. More remarka- 
bly, even at 100 Hz, stereo 
separation remained a 
high 48 dB, and at 10 kHz, 

where most FM- stereo cir- 
cuits tend to show markedly 
decreased separation, the 
RX -V870 still boasted a sep- 
aration of 46.5 dB. All other 
FM performance specifica- 
tions either met or 
exceeded published 
claims, as can be seen by 
consulting the Test Results 
table that appears 23 
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Yamaha made no claims for the frequency response of the AM- 
tuner section of this receiver, and this plot shows why. 

Unfortunately, such performance is typical of many otherwise 
excellent stereo receivers. 
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available for the front -left 
and front -right outputs. In 

fact, our tests revealed that 
if the center- channel am- 
plifier is the only channel 
driven, it is capable of 
providing as much as 100 
watts into 8 -ohm loads. We 
also measured the output 
power available at the 
rear- channel speaker ter- 
minals and confirmed that 
those amplifier channels 
were able to deliver in ex- 
cess of the 25- watts -per- 
channel claimed for them. 

Tests of the tone -control 
circuitry showed that their 
action was typical of most 
such tone -control circuits. 
Finally, we applied low -level 
signals to the phono inputs 
of the receiver in order to 
measure the accuracy of 
the phono equalization. 
Mid- and high -frequency 
phono equalization was as 
close to perfect as we have 

seen, while at 20 Hz, devia- 
tion from the RIRA curve 
amounted to no more than 
1.6 dB. Maximum input for 
the phono circuitry, for a 1- 

kHz test signal measured 
100 mV or 10 mV more than 
claimed by Yamaha. 

Phono signal -to -noise 
ratio, referred to a 5 -mV 
input signal, measured ex- 
actly 86 dB as claimed by 
Yamaha, while the signal - 
to -noise for the various 
high -level inputs, referred to 
an input level of 0.5 volts, 
measured 95 dB. The bass 
extension feature, activated 
by a front -panel pushbut- 
ton, provided a fixed 7 dB 
of bass boost at 50 Hz, as 
listed in the specifications. 

HANDS -ON TESTS 
A headline found in 

Yamaha's brochure detail- 
ing the features of this new 
receiver states, "Everything 

That a Receiver is Supposed 
to Do-and More That You 

Never Dreamed a Receiver 
Could Do." We couldn't 
agree more! While most 
present -day surround - 
sound stereo receives do a 
creditable job of Dolby Pro 

Logic decoding, few, if any, 
offer the additional 70mm 
movie -theater mode and 
the Dolby Pro Logic En- 

hanced mode provided by 
the Yamaha RX -V870. The 
70mm mode offers sound - 
field expansion for both 
front and rear channels, 
producing all the dramatic 
intensity and sweeping 
grandeur of big- theater 
sound at its best. 

We auditioned and view- 
ed several excerpts from 
some of the better known 
action films on laser vid- 
eodiscs, including scenes 
from "Raiders of The Lost 

Ark," "Top Gun," and "Al- 

ways." They never sounded 
better. 

Almost as impressive were 
the surround sounds we ex- 
perienced when playing 
ordinary stereo CD's and 
subjecting them to one or 
more of the digital signal - 
processing modes avail- 
able on this receiver. 
Especially noteworthy was 
the realistic ambiance cre- 
ated when listening to pipe 
organ recordings in the 
"Church" DSP mode and to 
several symphonic record- 
ings played back using the 
"Concert Hall" settings. 

When you consider all 
the features and flexibility 
offered by the Yamaha RX- 

V870, its suggested price of 
$899.95 is nothing less than 
a real bargain! For more 
information on the RX -V870 
contact Yamaha directly, or 
circle No. 120 on the Free 
Information Card. 
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Elecfronic 

Projects Whether you wish to save money, 
boldly go where no guitarist has gone 
before or simply have fun building 
electronic gadgets designed for your 
musical pleasure, then read 

Electronic Projects for 
GLU =TAR 

1295 
Preamplifier Headphone Amplifier Soft Distortion Effects Unit 
Compressor Auto -waa Waa-waa Pedal Phaser Dual Tracking 
Effects Distortion Unit Expander Dynamic Treble Booster 
Direct Injection Box Dynamic Tremelo Thin Distortion Unit 
and Guitar Tuner. 

Anyone with some previous electronic project building experi- 
ence should have no problem assembling the projects. 

Some of the add -on guitar 
gadgets you can build are: 

ELECTRONICS TECHNOLOGY TODAY INC. 
P.O. Box 240, Massapequa Park, NY 11762 -0240 

Yes, send my copy of ELECTRONIC PROJ- 

ECTS FOR GUITAR by RA Penfold to the 
address at right. I am enclosing $12.95 plus 
$2.95 for shipping charges in USA and Can- 

ada. All payments must be made in US 

funds. Sorry, no orders accepted outside of 
USA and Canada. New York State residents 
add local sales tax. Allow 6 -8 weeks for 
delivery. 

Please charge my Visa MasterCard 

Signature 

Account No. - Expir. Date 

Name 

Address 

Check enclosed. City State ZIP 

FREE 
Electronics & Computer Software 

Education Catalog 

*Fast -Track Individual Learning Programs 
'State -of- the -Art Classroom Courses 
'The Best Values in Electronics Education 

New 
Career -Level Courses 

Personal Computer Servicing 
TV and VCR Servicing 

New 
Computer -Aided Instruction 

DC & AC Electronics 
Semiconductors 

Electronic Circuits 
The stunning animations, hypertext 

glossary, and easy -to- understand text make 
learning electronics a breeze...and fun! 

Learn the easy and affordable way from the 
Masters In Electronics Training - Heathiclr 
From Basic Electricity to Advanced Microproces- 
sor Applications and more, Heathkit will provide 
you with an unparalleled learning experience at a 
fraction of the cost of other programs. 

Heathkit" 

Educational Systems 
For your FREE Catalog. call 

Toll -Free 1- 800 -44 -HEATH 
please mention this code when calling I(II -023 

CIRCLE 155 ON FREE INFORMATION CARD 

25 



 

w 

By John J. Yacono 

Pinouts and 
Tools 

14 13 

THINK TANK 

his month, I'll present 
some 7400 -series chips 

that have alternate pinouts 
and functional blocks (as 

promised last time). It came 
as a surprise to me (and 
maybe to you, too) when I 

first learned that some 
7400 -series chips with the 
same function number, but 
different architecture (L, S, 

LS, H, or F), had differing 
"guts" and pinouts. In fact, I, 

frankly, don't know why that 
is the case. 

Unfortunately, there are 
too many examples of al- 
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Fig. 1. Some versions of the 7451 have only 2 -input AND gates 

26 (A), while others have a section based on 3 -input AND gates (B). 

ternate pinouts to review 
them all here. However, I 

can present a few exam- 
ples of the functional 
discrepancies, with just one 
pinout each. Furthermore, 
rather than bore you with a 
gate -by -gate description of 
the chips, I'll present a truth 
table for each chip section. 

The discrepancies in the 
7400 series begin with the 
7451. It has one pinout style 
for the standard, high - 
power, and Schottky ver- 
sions (Fig. 1A) and another 
for the low -power and low - 
power Schottky (Fig. 1B). The 
key difference is that the 
unit in Fig. 1A has 2 -input 
AND gates, while one section 
of the chip in Fig. 1B has 3- 
input AND gates. The truth 
table for the 3 -input AND 

gate section is shown in 
Table 1, while the other sec- 
tions are governed by Table 
2. By the way, pins 11 and 12 

for the chips represented 
by Fig. 1A should never be 
connected to anything. 

The 7453 comes in two 
varieties: standard TTL (see 
Fig. 2A) and high -power (In 

Fig. 2B). The key difference 
is again in their AND -input 
stages. The standard unit 
has four 2 -input AND gates, 
while the other has three 2- 
input gates. The truth table 
for the standard unit is 

shown in Table 3, and the 
other in Table 4. Note the 
pins labeled N and N are 
expansion inputs for chain- 
ing more than one unit 
together, and so do not 
appear in either table. 
Once again don't connect 
the unused pin (pin 6 in Fig. 
2A). 

Now I'll end this introduc- 
tion with a real teaser; a 
chip with three pinouts: the 

7454. The standard form of 
the chip is shown in Fig. 3A, 

and its truth table is in Table 
5; the low -power and low - 
power Schottky format is in 

Fig. 3B and Table 6; and 
last, Table 7 and Fig. 3C 
provide the high -power ver- 
sion information. 

TABLE 1 -3 INPUT ANO 

STYLE 

Inputs Output 

10 1A 1B 1C 10 1E 1F 

H H H X X X L 

X X X H H H L 

All other combinations H 

TABLE 2 -2 INPUT AND 

STYLE 

Inputs Output 

AB C D Q 

H H X X L 

X X H H L 

All other combinations H 

TABLE 3 -7453 TRUTH 
TABLE 

Inputs Output 

O A B C D E F G H 

N H X X X X X X L 

X X H H X X X X L 

X X X X H H X X L 

X X X X X X H H L 

All other combinations H 

TABLE 4 -74H53 TRUTH 
TABLE 

Inputs Output 

O A B C D E F G H I 

H H 

X X 

X X 

X X 

X 

H 

X 

X 

X 

H 

X 

X 

X X 

X X 

H F I 

X X 

X 

X 

H 

X 

X X 

X X 

X X 

H H 

L 

L 

L 

L 

All other combinations H 

TABLE 5 -7454 TRUTH 
TABLE 

Inputs Output 

O A B C D E F OH 
H H X X X X X X L 

X X H H X X X X L 

X X X X H H X X L 

X X X X X X H H L 

All other combinations H 



TABLE 6 -74L54 AND 74LS54 
TRUTH TABLE 
Inputs Output 

O B C D E F G H I J 

H H 

X X 

X X 

X X 

X X 

H H 

X X 

X X 

X X 

H X 

X H 

X X 

X X 

X X 

H H 

X X 

X X 

X X 

X X 

H H 

L 

L 

L 

L 

AH other combinations H 

TABLE 7 -74H54 TRUTH 
TABLE 

Inputs Output 

D A B C D E F G H I 

H 

X 

X 

X 

H X 

X H 

X X 

X X 

X 

H 

X 

X 

X X 

X X 

H H 

X X 

X X 

X X 

H X 

X H 

X 

X 

X 

H 

L 

L 

L 

L 

AH other combinations H 

All the Tables and pinouts 
have used up a lot of 
space for this month's intro- 
ductory topic. So we'll have 

114 13 12 

to continue this discussion 
next month. As for now, to 
the mail bag .... 

AN OUNCE OF 
PREVENTION 

I recently read about the 
"AC -Short Circuit Indicator" 
by John A. Alvarez in Think - 
Tank Popular Electronics, 
March, 1993. I have used a 
similar circuit for many 
years in electronics. I am 
enclosing a schematic di- 
agram of the circuit as I use 
it (see Fig. 4). Switch S1 is a 
SPDT center -off toggle 
switch, which eliminates the 
need for plugging -in and 
unplugging the device 
being tested. Fuse F1 can 
be a fuse or circuit- breaker 
of suitable rating, which is 

included in the circuit to 
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Fig. 2. While both versions of the 7453 are expandable (via 
their N and N inputs), one has only 2 -input AND gates (A), while 
the other has one 3 -input AND gate (B). 

avoid blowing the appro- 
priate house fuse. 

I use several sizes of bulbs 
for 11. For testing a small 
device, I may use a 60 -, 40 -, 
or even a 25 -watt bulb. For 
testing a large device, I 

may use a 200 -watt bulb or 
a 250 -watt heat lamp. I 

also use several sizes of 

bulbs when I use this circuit 
in what a friend calls my 
"poor -man's Variac." When I 

want to test a device at 
reduced line voltage, I start 
with a smaller bulb and go 
to larger ones until I get to 
the voltage I want. 

I think I can best describe 
how SO2 is used by telling 
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Fig. 3. The AND gates on a 7454 can be four 2 -input types (A); 
a mix of two 2 -input and two 3 -input types (B); or three 2 -input 
gates with one 3 -input type (C). 27 
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OFF 
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Fig. 4. This short- circuit 
checker not only protects 
your household wiring from 
"ill" devices under repair, 
but can act as a poor -man's 
Variac, too. 

how I used it a few days 
ago. I wanted to test an 
electric motor that had 
been given to me, which I 

was told blows fuses. I used 
a 200 -watt bulb for 11, and 
plugged a portable elec- 
tric heater into S02. The 

heater has two settings, 750 
watts and 1500 watts. I set 
the heater to 750 watts and 
plugged in the motor. The 

bulb lit and the heater got 
warm, confirming a short in 
the motor. After repairing 
the short, I set the heater to 
1500 watts. The motor ran 
(with no load), and the bulb 
glowed very dimly, so I 

switched S1 to "Direct" and 
the motor ran fine. 

-Bill Stiles, Hillsboro, MO 
Simple and useful. I won- 

der if a light -bulb socket or 
two in parallel with SO1 

would be useful for that 
250 -watt heat -lamp bulb? 

RIBBON CHECKER 
I came up with a simple 

but effective way to easily 
check ribbon -cable assem- 
blies. Take a short piece of 
ribbon cable that has one 
extra wire (use 26- conduc- 
tor ribbon for DB -25 
assemblies, or 37- conduc- 
tor ribbon for Centronics 
connections) and peel one 
edge wire back about half 
way from each end (see 
Fig. 5). Strip the edge wires 
and apply circular lugs to 
them as test points. Install a 
female and a male IDC to 

each end of the ribbon to 
allow any combination of 
connectors (male -male, 
male -female, or female - 
female) to be checked. 

With the cable to be test- 
ed plugged into the 
appropriate connectors, all 
the wires will, in effect, be 
connected in series. With 
an ohm meter or continuity 
checker connected to the 
lugs, you can check every 
wire and connection in one 
reading. 

The darn thing worked so 

well that it has become a 
standard tool in my shop. I 

techs, my soldering iron sits 

turned on in its stand, hour 
after hour. Although the 
stand radiates heat effec- 
tively, it seems that I'm 
always replacing heater el- 
ements (at least a couple 
of times per year). Also, de- 
pending on its age, the 
element I'm using always 
seems either too hot or too 
cool for the next point to be 
soldered. 

So, here's what I did. A trip 
to the local hardware store 
turned up a metal outlet 
box, a few feet of 16 -gauge 
3- conductor AC line cord, a 

Fig. 5. A length of ribbon cable can help you check an entire 
ribbon -cable assembly with one measurement. Start by peeling 
back one wire from each end as shown and add connectors. 

hope this will help others as 
it did me. 

-Charles Blanchard, 
Wilmington, NC 

I love doing tricks with 
ribbon cable (like multiple 
connectors on the same 
line). Once I made a V- 

connection using a single 
piece of ribbon. First I at- 
tached one end of the 
ribbon to my project, which 
was designed to send Iwo 
sets of signals, one to each 
connector at the other end 
of the ribbon. One of those 
connectors was applied 
upside down. Then I drilled 
out any holes on The Iwo 
connectors that would 
cause a conflict. Two sets of 
signals, one cable, no con- 
flicts! 

A HOT TIP 
Like almost all electronics 

Fig. 6. This custom 
soldering -iron outlet can 
save your elements, tips, 
money, and time, and help 
save the environment. Pretty 
darn good for a one -evening 
project! 

three- terminal AC plug, and 
a switched -outlet recepta- 
cle. My junkbox provided 
one 1N4004 diode. Wiring 
the diode across the switch 
contacts (see Fig. 6) pro- 
vided a simple method of 
inserting the diode into or 
shorting it out of the AC line. 

All that was left to alter was 

my iron, so I waited for the 
death of the element I was 
currently using. I replaced it 

with a 45 -watt element and 
I plugged the iron into the 
switched (shunted- diode) 
outlet. 

When the iron is idling 
along, powered through 
the diode, it uses less 

power, generates less heat, 
and the tip lasts much lon- 
ger. A surprise came once 
when I used the iron on a 
small PCB I was fixing. It had 
been idling along and I 

had forgotten to switch to 
full power. I found that the 
45 -watt element did an ad- 
mirable job, even when set 
to low. 

When I had to have more 
heat, throwing the switch to 
high (simply shunting the 
diode out) restored the iron 
to its full 45 -watt capability 
in less than 1 minute. Since 
the switched outlet has it's 

own cord, it travels with the 
iron whenever I need to go 
out on a job. 

Not only are heat and 
power saved, the life of the 
element is increased, so the 
hassle of traveling to my 
element supplier has been 
virtually eliminated. Further- 
more, the amount of old 
elements taking up space 
in the local dump has also 
been reduced. Remember, 
less garbage equals a bet- 
ter environment! 

Oh yes, the results? This is 

the seventh year that I'm 
using that element and I 

hope for another seven! 
Also, the iron tips are lasting 
much longer! 

-Bernard Maguire, 
Montreal, Quebec, Canada 

I would never have 
thought your solution would 
work as well as it did. I 

mean, your getting 14 times 
the use out of one element 
so far. That's pretty incredi- 
ble. Frankly, if it works that 
well, I think you've got the 
makings of a great product 
on your hands. 

(Continued on page 89) 
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McGraw- 's 

Computer Electronics Series 
NEW! Now you have a 
fast, easy, low -cost 
way to meet the 
challenges of today's 
computer electronics. 
McGraw -Hill's unique 
new learning series is 
as innovative as the 
technology it 
explains, as 

fascinating as the 
experiments you 
perform. 

From circuit 
theory to the Pentium 

chip, you master one 

subject at a time with the 

McGraw -Hill Computer 

Electronics Series. 

Twelve unique modules, 

sent to you one every 

4 -6 weeks, give you a thorough understanding of 
such subjects as digital logic, microcomputer 
operation, data storage devices, data communica- 
tions, PC servicing, local area networks, and more. 

Each module goes right to the heart of the 

matter. You waste no time on extraneous material 
or dry history. Instead, you get a fast, efficient, 

and lively learning experience...a nontraditional 
approach to the most modern of subject matter. 

Unique interactive instruction 
Your learning experience is reinforced through 
the integration of vividly illustrated text with actual 

electronic experiments. In fact, by the time you 

complete your sixth module, you will have 

assembled the McGraw - 

Hill Prototyping 

Design Lab, a 

breadboarding lab 

you'll use long after 
you complete the 

series for building up 

and testing prototype 
circuits. Your modules also feature 

indexed binders to preserve your text, 
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Nine -Band SL..ww. 
Tune in on the world with this nine -band solid -state version of 

the classic regenerative receiver 

Although once extensively used 
in military and maritime ap- 
plications, today the re- 

generative receiver is generally 
viewed as a hobby or toy circuit. How- 
ever, the redesigned regenerative re- 
ceiver described in this article is much 
more than a toy or a historical curi- 
osity. The World Band Regenerative 
Radio (which hereafter will be re- 
ferred to as the WBR) can receive all 
nine shortwave broadcast bands, al- 
lowing you to listen to numerous for- 
eign, English- language stations - 
such as the BBC, Radio Netherlands, 
Radio Canada, Radio China, and Ja- 
pan Radio, If so desired, the number 
of bands can easily be extended 
beyond the initial nine provided on 
the basic receiver. It can also receive 
single -side band (SSB) and continu- 
ous -wave (CW) code signals. 

Unlike traditional regenerative re- 
ceivers, the WBR has a calibrated fre- 
quency dial and uses a short whip 
antenna. The unit also has an output 
that can be fed to a frequency coun- 
ter to provide a digital frequency 
readout. Also, because there are no 
custom parts (including inductors), 
the WBR is easy to build. 

BY LYLE RUSSELL WILLIAMS 

Regenerative Radio. There are 
three favorable characteristics of re- 
generative radios: For a one -tube or 
transistor device, it has extraordinary 
sensitivity; for a one resonant- circuit 
device, it has extraordinary selectivity; 
and unlike a single- conversion super - 
het, the regenerative radio does not 
produce unwanted image signals. 

A schematic diagram of the tradi- 
tional tube -based regenerative re- 
ceiver is shown in Fig. 1. That circuit is 

essentially an RF oscillator with varia- 
ble feedback (that is connected to an 
antenna) with a resonant circuit corn - 
posed of variable -capacitor Cl (the 
tuning control) and inductor L1. Feed- 
back is provided through a second 
coil (L2), called a tickler coil, that is 

located on the same coil form as L1 

and is wired into the tube's plate cir- 
cuit. The amount of positive or re- 
generative feedback is controlled by 
a variable resistor that's connected 
across the tickler. 

The quality (Q) factor of the reso- 
nant circuit without feedback is less 

than 50 when loaded by the antenna 
and the vacuum tube. When the 
feedback of the oscillator is adjusted 
so that it is just below the point of os- 

ciliation, the Q of the resonant circuit 
increases to around 1000. That in- 
crease in Q greatly amplifies the sig- 
nal and narrows the bandwidth of the 
resonant circuit. 

The tube is biased so that plate de- 
tection of an AM signal can take 
place. Thus, RF amplification and AM 
detection are accomplished with a 
single vacuum tube. The 3 -30 -pF trim- 
mer capacitor (C2) that is connected 
in series with the antenna is used to 
reduce the loading effect of the an- 
tenna. In some cases, antenna load- 
ing can be large enough to prevent 
oscillation. The regenerative principle 
is sometimes used in different parts of 
superhet radios: The second detector, 
intermediate -frequency (IF) amplifier, 
or the radio- frequency (RF) amplifier 
stage can be regenerative. In the lat- 
ter case, the stage is called a Q multi- 
plier. 

A review of approximately 40 re- 
generative- receiver designs revealed 
some interesting characteristics of the 
traditional circuits. There are over a 
dozen distinct types of RF oscillators 
(such as Colpitts, Hartley, Pierce, etc.), 
any of which could be used as the 
basis of a regenerative radio. But for 33 
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Fig. 1. The traditional tube -based regenerative receiver is essentially an Armstrong RF 
oscillator with variable feedback that is connected to an antenna and a resonant 
circuit. 
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Fig. 2. As shown by this block diagram, the WBR is composed of several 
subassemblies: An active antenna, an amplifier (with a regeneration control and a 
band -switching circuitry), an AM detector, a power amplifier, and some form of output 
device (internal speaker, external speaker, or headphones), plus a multi- voltage power 
supply. 

some reason, nearly all of the old de- 
signs used the basic Armstrong circuit 
shown in Fig. 1. 

Tradition must have played a role in 

the strong preference for the Arm- 
strong circuit. It was well known that 
using a pentode tube in a re- 
generative receiver was superior to 
the triode design. However, nearly all 
of the old circuits were of the triode 
type. Almost none of the old circuits 

34 had a volume control. The volume of 

the receiver had to be reduced by 
backing off the regeneration control, 
which had the undesirable effect of 
widening the bandwidth of the circuit. 
Fortunately, those and other undesira- 
ble characteristics of the traditional 
regenerative receiver have been 
overcome in this modern, solid -state 
design. 

The WBR Receiver. A block di- 
agram of the WBR is shown in Fig. 2. 

The receiver is composed of several 
subassemblies: An active antenna, an 
amplifier (with a regeneration control 
and band -switching circuitry), an AM 
detector, a power amplifier, and 
some form of output device (internal 
speaker, external speaker, or phones), 
plus a multi -voltage power supply. 

The schematic diagram of the WBR 

is shown in Fig. 3. In that solid -state 
version of the regenerative receiver, a 
dual -gate MOSFET, Q4 (which is anal- 
ogous to a pentode vacuum tube), is 

used as the regenerative amplifier. 
The dual -gate MOSFET is configured 
as a Colpitts oscillator, rather than an 
Armstrong type. The MOSFET's feed- 
back from source to gate is provided 
via R18 and C33. 

The circuit contains several stan- 
dard fixed -value inductors, each of 
which is connected in parallel with a 
small variable capacitor. Those L/C 
pairs along with a SP12T rotary switch 
(S2) are used for band selection. Plug - 
in coils were very popular for band 
switching in the past, but this rotary - 
switch arrangement is cheaper and 
more convenient. 

Regenerative amplification and 
AM detection are performed by two 
separate transistors, Q4 and Q5. The 
AM detector (which is called an infi- 
nite impedance detector) has the 
advantage of not loading the RF 

stage appreciably. Because D3 is op- 
erated with a slight forward bias, ei- 
ther a germanium or silicon diode 
can be used in that position. The DC 
voltage across R24 (the volume con- 
trol) should be about 0.1 volts. 

Regeneration is controlled by vary- 
ing the voltage applied to gate 2 of 
Q4. That changes the transconduc- 
tance of the transistor. The circuit also 
contains fine and course regenera- 
tion controls that allow delicate ad- 
justments. 

The traditional regenerative re- 
ceiver required at least an indoor 
long -wire antenna for proper recep- 
tion. The WBR, on the other hand, uses 
an active -antenna circuit, consisting 
of transistors Q1, Q2, and Q3. Thanks to 
that circuit, under most conditions, a 
short whip antenna is adequate. 

The active -antenna circuit con- 
nects to gate 2 of Q4, while the reso- 
nant circuit is connected to gate 1. 

The resonant circuit is isolated from 
the antenna and tuning is indepen- 
dent of antenna length, allowing a 
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calibrated dial to be used on the tun- 
ing capacitor. The level of regenera- 
tion as set by R16 and R17 is 

unaffected by the antenna, and so 
the WBR does not require an antenna 
trimmer. 

Components C12 -C14, C18, L3, L4, 

R6, R7, and R14 form a high -pass filter 
(which has a cutoff frequency of 3.4 
MHz) that prevents local broadcast 
stations from overloading the circuit. If 

operated in a rural area away from 
strong stations, that filter can be dis- 
abled. (The high -pass filter may have 
to be modified if bands below 3.4 MHz 

are added to the WBR) 
Many traditional regenerative re- 

ceivers had tuning ranges as large as 

10 -MHz per band. But in our circuit, 
using a low -value tuning capacitor al- 
lows the circuit to tune only the short- 
wave broadcast bands -which vary 
in width from 350 kHz to 700 kHz. Nar- 
rowing the range makes the receiver 
easier to tune. It is not necessary to use 

a reduction drive on the tuning ca- 
pacitor. A simple knob with a pointer is 

adequate. 
Although a standard 12- position ro- 

tary switch was used for S2, only 9 posi- 
tions are needed. However, the three 
additional switch positions can be 
used to extend the range of the WBR. 

The extra positions could be used for 
the ham bands, WWV signals at 5 MHz 
and 20 MHz, or some other segment 
of the shortwave spectrum. In order to 
add the extra band, the band induc- 
tances must be determined. The in- 

ductances required for the extra 
bands, are given by: 

L = [fx6.96x10 -)2 
where L is the desired inductance in 

henrys, and f the is the center fre- 
quency of the desired band in hertz. 
The equation assumes a mean tuning 
capacitance of 123 pF To receive the 
WWV time signal at 5 MHz, the re- 
quired inductor would be 8.25 H. 

Resistor R20 is used to sample the RF 

signal in the regenerative amplifier 
without affecting its operation. The 
signal is amplified by Q6 and Q7, and 
fed to J4 and J5 for application to an 
external frequency counter if desired. 

Construction. Except for the power 
supply, the controls, the connectors, 
and the internal speaker, the entire 
circuit was assembled a 5- x 6 -inch, 
single- sided, printed- circuit board. A 
template for the printed- circuit layout 
is shown in Fig. 4. Once you have 
etched your board and obtained the 
parts listed in the Parts List, con- 
struction can begin. 

Guided by Fig. 5, begin assembly by 
installing the passive components (re- 
sistors and capacitors), making sure 
that the polarized capacitors are cor- 
rectly oriented. After installing the pas- 
sive components, install the semicon- 
ductors; start with the diodes, followed 
by the transistors, and then the IC's. 

14 
6 INCHES 

36 Fig. 4. This full -sized printed- circuit template can be used to etched your own board. 
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Fig. S. When assembling the WBR's printed -circuit board, make sure that the 
polarized capacitors are correctly oriented. Also, when installing the semiconductors, 
pay particular attention to the orientation of Q4, and be careful that you do not 
confuse the 2N3904 general- purpose transistors with the low -power (78Lxx series) 
voltage regulators, both which are housed in the same TO -92 style case. 

TABLE 1- FREQUENCY LIMITS OF THE INTERNATIONAL BAND 

Band 
(Meters) 

Band 
Limits 
(MHz) 

Frequency 
Received 

(MHz) 

L/C 
Band 

Trimmers 

49 5.95 - 6.20 5.90 - 6.26 L5/C23 
41 7.10 - 7.30 7,00 - 7.40 L6/C24 
31 9.50 - 9.90 9.40 -10.0 L6/C25 
25 11.65 -12.05 11.37 -12.1 L8/C26 
21 13.60 -13.8 13.44 -14.23 L9/C27 
19 15.10 -15.6 14.96 -15.88 L10/C28 
16 17.55 -17.9 17.44 -18.46 L11/029 
13 21.45 -21.85 21.21- 22.40 L12/C30 
11 25.67 - 26.10 25.10 - 26.32 L13/C31 

Pay particular attention to the orien- 
tation of Q4 (the dual -gate MOSFET). 

Be careful when installing the 2N3904 
general -purpose transistors and the 
low -power (78Lxx- series) voltage reg- 

ulators; those units are housed in the 
same TO -92 style case, so don't get 
them confused. 

Note from the parts -placement di- 
agram that there are three unused 

R16 
FINE 

REGEN 

R17 
COARSE 

pad groupings in the area of the 
band- determining capacitor /induc- 
tor pairs. Those pads (as mentioned 
earlier) are provided for those who 
want to extend the band coverage of 
the WBR. 

Once all of the on -board compo- 
nents have been installed, check your 
work for constructions errors -cold 
solder joints, solder bridges (and other 
shorts), misoriented or misplaced 
components, etc. When you are satis- 
fied that there are no errors, put the 
board to the side momentarily and 
go on to the next phase of con- 
struction. 

Power Supply. The next thing that 37 



you will need is a power source for the 
WBR. There is, of course, nothing crit- 
ical about the circuit's power source, 
and no printed- circuit layout is pro- 
vided for that portion of the project. 
Instead, an external power supply, 
comprised of two chokes, a filter ca- 
pacitor, and a bridge rectifier were 
wired together (see Fig. 3) on a small 
section of perfboard. The perfboard 
and a 24 -volt transformer were then 
wire together and mounted to a 
block of wood. An AC line cord was 
then connected to the input of the 
supply and a suitable plug con- 
nected to its output. Doing things that 
way helps to keep power -line noise 
out of the receiver. 

Of course, a standard plug -in 12- 

volt, 500 -mA or so power adaptor can 
be used as the power source as well; if 

you decide to go that route, connect 
two filter chokes between the supply 
and the receiver. Once the power 
supply is complete, it is time to pre- 
pare the project's enclosure. 

The Enclosure. The author's pro- 
totype was housed in a large alumi- 
num enclosure measuring about 91/4 

x 53/s x 6 3/4 inches. Prepare the en- 
closure by drilling holes in suitable lo- 
cations for the controls, and mounting 
holes for the printed- circuit board 
and the unit's internal speaker. 

The author's front -panel layout in- 
cludes the band, volume, the fine and 
coarse regeneration controls, and a 
phone jack. The rest of the off-board 
components -the counter, auxiliary 
speaker, and the power and antenna 
jacks -are mounted to the rear panel 
of the prototype. 

After deburring the holes, dry- trans- 
fer lettering can be used to label 
each control, switch, and connector. 
Once labeled, mount the off -board 
components to their respective posi- 
tions on the enclosure and, using short 
lengths of insulated wire, connect the 
off -board components to the appro- 
priate points on the printed- circuit 
board. The connections to the volume 
control (R24) and the counter jacks 
should be made through small - 
gauge shielded cable. 

Down The Dial. The tuning -dial pat- 
tern for the WBR was made by taking a 
blank pattern (like that shown in Fig. 

6), and gluing it to a piece of card - 
38 board using white paper glue (avail- 

PARTS LIST FOR THE 
WORLD -BAND REGENERATIVE RADIO 

SEMICONDUCTORS 
U 1 -78L12 12 -volt, 100 -mA, voltage 

regulator, integrated circuit 
U2 -7808 8 -volt I -amp or 78L08 8- 

volt 100 -mA, voltage regulator, 
integrated circuit 

U3 -78L05 5 -volt, 100 -mA, voltage 
regulator, integrated circuit 

U4 -7812 12 -volt I -amp, voltage 
regulator, integrated circuit 

U5 -LM386 low -voltage audio -power 
amplifier, integrated circuit 

Ql- MPFI02, VHF JFET 
Q2, Q3, Q5- Q7- 2N3904 general - 

purpose NPN silicon transistor 
Q4- 40673, MPF121, MPFI31, or 

NTE222, or similar dual -gate 
MOSFET 

BRI -DB10I 1 -amp, 50 -PIV, bridge 
rectifier 

DI- 1N4001 1 -amp, 50 -PIV, rectifier 
diode 

D2 -IN34 general -purpose 
germanium diode 

D3 -1N914 general -purpose silicon 
diode 

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

carbon units, unless noted.) 
R1, R5 -2200 -ohm 
R2- 220 -ohm 
R3- 4.7- megohm 
R4- 2.2- megohm 
R6- 22,000 -ohm 
R7- 10,000 -ohm 
R8, R13, R28 -1000 -ohm 
R9- 150,000 -ohm 
RIO 47,000 -ohm 
R 11 -3300 -ohm 
R12 -470 -ohm 
RH 4700 -ohms 1/4-watt, 1 %, metal - 

film 
R15- 15,000 -ohm 
RI6- 100,000 -ohm panel -mount 

linear potentiometer 
R17 -5000 -ohm panel -mount linear 

potentiometer 
R18 -82.5 -ohm, %a -watt, 1 %, metal - 

film 
R19 402 -ohm, 1/4-watt, 1 %, metal - 

film 
R20-51 -ohm 1 -watt, 1 %, metal -film 
R21- 810 -ohm, 1/4-watt, 1 %, metal - 

film 
R22- 10- megohm 
R23- 560,000 -ohm 
R24 -5000 -ohm, panel- mount, audio 

potentiometer with SPST switch 
R25 -10 -ohm 
R26, R29 -499 -ohm 1/4-watt, 1 %, 

metal -film 
R27 -3900 -ohm 

CAPACITORS 
Cl, C2, C9, C45-470-µE 16- 

WVDC, electrolytic 

C3, C5, C6, CIO, C15-C17, 
C20 -C22, C35, C36, C38 -C41, 
C46, C48, C49- 0.1µF, ceramic - 
disc 

C4, C7, C19, C37, C42, C47- 
22 µF, 16 -WVDC, electrolytic 

C8-4700-p,F, 16 -WVDC, 
electrolytic 

C11- 100 -pF, silver mica 
C12- 6,8 -pF, silver mica 
C13- 300 -pF, silver mica 
C14- 56 -pF, silver mica 
C18- 10 -pF, silver mica 
C23- C31- 3.5- 20 -pF, miniature 

ceramic trimmer 
C32- 3 -I8 -pF panel -mount air 

variable 
C33- 330 -pF, silver mica 
C34- 120 -pF, silver mica 
C43- 100 -µF, l6 -WVDC, 

electrolytic 
C44 0.05 -p,F, ceramic -disc 

INDUCTORS 
LI, L2- 100 -p H, 2 -amp (Radio 

Shack 273 -102) 
L3- 8,2 -µH (J.W. Miller 9310 -34) 
U 43 p.H (J.W. Miller 9210 -58) or 

two 22 -RH (J. W Miller 9310 -44), 
see text 

L5- 5,6 -µH (J. W. Miller 9310 -30) 
L6- 3,9 -µH (J. W. Miller 9310 -26) 
L7- 2,2 -µH (J. W. Miller 9310 -20) 
L8- 1,5 -µH (J. W. Miller 9310 -16) 
L9- 1,0 -µH (J. W. Miller 9310 -12) 
L10- 0,82 -0H (J. W. Miller 9310 -10) 
Ll1 -0.56 -1H (J. W. Miller 9310 -07 

or 9230 -14) 
L12- 0,33 -µH (J. W. Miller 9310 -04 

or 9230 -080 
L13- 0,18 -µH (J. W. Miller 9230 -02) 
L14-47 pH (J. W. Miller 9250 -473) 
L15 -56 -11H (J. W. Miller 9250 -563) 
FBI- General- purpose ferrite bead 

ADDITIONAL PARTS AND MATERIALS 

J1- 2,1 -mm DC power jack (Radio 
Shack 274 -1565) 

J2 -1/4-inch panel- mount, closed - 
circuit stereo jack 

J3 -RCA jack 
J4, J5- Individual pin -jacks 
Sl -SPST switch (part of R24) 
S2 -SPI2T rotary switch 
SPKRI --4 -8 -ohm, miniature speaker 

PLI- 2,1 -mm power plug (Radio 
Shack 274 -1567) 

ANT -30 -inch whip antenna (Radio 
Shack 270 -1401) 

T1 -24 -volt, 300 -mA, center -tapped 
transformer 

Printed- circuit materials, enclosure, 
117 -volt AC power plug with line 
cord, four small control knobs, one 
large pointer knob, wire, solder, 
etc. 



Fig. 6. The author started out with a blank tuning -dial pattern like this one, and added 
the appropriate frequency markings to the dial during the calibration procedure. 

Fig. 7. Using a marker generator, the author.fiirst located and marked the 100 -kHz 
points on the tuning dial, then the 50 -kHz points, followed by 25 -kHz points. This is 
what his dial looked like when completed. The dial shown here is strictly for reference. 
Each unit is different and must be calibrated according to the instructions given in the 
text to compensate for the tolerances of the actual components used in the set. 

able from art -supply stores). Once laid 
down, a rolling pin was used to 
smooth out the dial pattern and to 
produce a good bond. 

Once the glue dries, the excess 
cardboard can be cut away with a 
single -edge razor blade or X -acto 
knife. Cut the screw and the capaci- 
tor -shaft holes in the dial face and 
mount the dial on the aluminum en- 
closure with four 4 -40 screws and nuts. 
The mounting nut for the variable ca- 
pacitor goes outside the dial card- 
board and helps hold the dial to the 
enclosure. Frequency markings on 
the dial will have to be added after 
construction is completed. 

The dial pointer was made from a 
large paper clip. The paper clip was 
straightened out and filed down 
slightly. A hole was drilled in the side of 
a large control knob with a #66 drill 
bit (the size used to drill printed- circuit 
boards). The filed -down paper clip 
was then force fitted into the hole in 
the knob, and the knob was mounted 
on the shaft of the tuning capacitor. 

Once the knob is mounted, set the 
tuning capacitor to maximum ca- 
pacitance and place the pointer so 
that it points to the far left (log scale 0) 

position on the dial. After that, mount 
the unit's internal speaker to the inside 
surface of the enclosure. The connec- 

tions between the internal speaker 
wires and the printed- circuit board 
should be made with short lengths of 
twisted -pair wire and kept close to the 
metal enclosure and away from the 
antenna. 

The antenna was mounted to the 
back of the cabinet with two plastic 
brackets that were intended to an- 
chor the bottom of window blinds. The 
antenna feedthrough was made by 
drilling holes to mount an SO -239 
coax receptacle. Instead of mounting 
an SO -239, however, a piece of sheet 
plastic was mounted over the cutout 
and a hole was drilled in the center of 
the plastic. A wire from the antenna 
connection on the printed- circuit 
board was then passed through the 
hole in the plastic to the antenna ter- 
mination on the outside of the en- 
closure. That type of feedthrough has 
a lot less capacitance than a coax 
connector. 
Calibration. Calibration should be 
done before the outside cover is 

placed on the enclosure. The first step 
is to set the band limits. A frequency 
counter is helpful for that purpose. If a 
counter is available, connect it to the 
counter terminals, J4 and J5. Connect 
the power supply to the receiver and 
turn it on. Set R24 for maximum vol- 
ume and set R16 (FINE REGEN) to its cen- 
ter position. Set S2 to 49 meters. Turn 

R17 (COARSE REGEN) control until the WBR 

oscillates (heard as a rushing sound, a 
hum, or whistle from the speaker) and 
the counter shows a steady reading. 
From Table 1, note that the band limits 
for 49 meters are 5.95 MHz to 6.20 
MHz. Adjust C23 until the receiver 
covers that range as C32 is rotated 
from maximum to minimum capaci- 
tance -a range of 5.9 to 6.26 MHz 
was obtained in the author's receiver. 

Referring to Table 1, switch S2 to a 
higher frequency band and adjust 
R17 (COARSE REGEN) for continuous os- 
cillation if necessary. While rotating 
C32 from minimum to maximum ca- 
pacitance, adjust the appropriate 
trimmer capacitor so that the receiver 
tunes the international band. On 
some of the bands, the tuning capac- 
itor will tune a wider frequency range 
than needed. It doesn't matter 
whether the desired band is on the 
upper or lower part of the range. 

Trimmer capacitors C23 through 
C31 should have enough range to al- 
low the proper band limits for each 39 



band to be set. But if the frequency 
range is too high, a small fixed capac- 
itor can be soldered across the ap- 
propriate inductor (L5 through L13), If 

the frequency range is too low the 
inductor for that band will have to be 
changed to the next lowest value. 

The dial should be calibrated when 
the receiver is completed and no fur- 
ther changes are expected. Each 
band should be calibrated when the 
fewest radio stations are on the air. 

The lower frequency bands are clear 
during the daytime, and the higher 
frequency bands are clear at night. 

A marker generator capable of 
generating squarewaves of 100 kHz, 

50 kHz, and 25 kHz that was built from 
plans found in the 1988 ARRL Hand- 
book was used to calibrate the dial. 
Use a frequency counter to find the 
approximate location of the first multi- 
ple of 100 kHz on the dial. Start by 
turning on the WBR and allowing it 

warm up for at least 30 minutes. Ro- 

tate R17 until the WBR oscillates. Back 
off R16 until oscillation stops; then ad- 
vanced it until the set almost oscil- 
lates. Set the marker generator to 100 

kHz and turn it on. 
Loosely couple the output of the 

marker generator to the antenna of 
the WBR. A wire from the output of the 
marker generator placed near the 
WBR's antenna should be adequate. 
A signal that is strong enough to be 
received but weak enough that the 
regeneration control can be set to its 

most sensitive position is desired. Turn 

C32 (TUNE) slightly until a weak signal is 

heard as a rushing sound or a hum. If 

no signal is heard, increase the coup- 
ling to the marker generator and try 
again. When a signal is heard, turn the 
marker generator off and on to verify 
the origin of the signal. Using a pencil, 
lightly mark the point on the dial. 
Move the tuning capacitor up the dial 
and mark the next 100 -kHz point. 

When all the 100 -kHz points are 
marked, switch the marker generator 
to 50 kHz and mark points between 
the 100 -kHz points. Make those points 
distinguishable from the 100 -kHz 
points. Once the 50 kHz points have 
been marked, switch the marker gen- 
erator to 25 kHz and add those points. 
When all the points for all bands are 
on the dial, remove the dial from the 
radio, write over the dial markings in 

ink and add the frequency numbers. 
40 Erase any pencil markings left visible. 

Spray the completed dial with clear 
lacquer or cover with a clear plastic 
sheet. The finished dial should look 
something like the one in Fig. 7. If the 
receiver drifts out of calibration, adjust 
the appropriate trimmer capacitor 
(C23 -C31) until the stations appear in 

the correct place for each band. 

Using the WBR. A regenerative ra- 
dio does not operate like a superhet. 
It requires more adjustment to prop- 
erly receive a given station. That is 

part of the charm of this vintage cir- 
cuit. Once the technique is learned, 
the receiver can be easily operated. 

The narrowest bandwidth and high- 
est sensitivity is obtained when the re- 
generation control is set just below the 
point of oscillation. The optimum set- 
ting of the regeneration control 
changes as the receiver is tuned to 
different frequencies. As the tuning 
capacitor is tuned up in frequency 
(less capacitance), the regeneration 
control has to be backed off to pre- 
vent oscillation. 

Here is the author's attractively laid out 
prototype of the WBR. Note the 
professional -looking lettering that 
adorns the front panel. 

Turn the radio on, select an appro- 
priate band, extend the antenna to its 

maximum length, turn the volume 
(R24) all the way up, rotate C32 to the 
minimum capacitance (highest fre- 
quency) position, set R16 to its center 
position, rotate R17 until the receiver 
oscillates and back off until the set just 
stops oscillating. 

Rotate C32 to tune down the scale 
until a station is heard. Adjust R16 for 
maximum sensitivity; back off R24 if 

the station is too loud. When a dif- 

ferent station is tuned, it will be neces- 
sary to readjust R16 for optimum 
reception. Potentiometer R17 should 
need readjusting only when the set is 

switched to a different band. 
To use a frequency counter, con- 

nect the counter to J4 and J5 of the 
WBR. Very strong stations will provide 
enough signal at the counter output 
to produce an accurate station -fre- 
quency reading. To use the counter 
for weaker stations, tune in a station 
and turn up the regeneration control 
until the receiver oscillates. Going into 
oscillation causes the frequency to 
drop a few kHz. Tune up the band 
slightly until the oscillator produces a 
beat note against the station. Adjust 
C32 for minimum frequency (pitch) of 
the beat note. Then read the frequen- 
cy on the counter. If the band is con- 
gested, this procedure cannot be 
used but the approximate frequency 
can still be determined. 

If the sensitivity is too low for a given 
situation, add a few feet of wire to the 
whip. If an indoor or outdoor long -wire 
antenna is available, wrap Iwo turns 
of the insulated wire around the whip 
to create a loose couple. Directly 
connecting a long -wire antenna to 
the whip will usually result in the re- 
ceiver being overloaded. 

When the WBR was being de- 
veloped, I tuned in a ham operator on 
40 -meter LSB (lower sideband) from 
Miami who was describing to other 
hams the conditions as hurricane An- 
drew moved onto the Florida coast. A 
few days later, the same hurricane hit 
near my location in Louisiana. 

For receiving LSB, locate the station 
using the same procedure as used for 
AM stations. Then turn up the fine re- 
generation control until the receiver 
oscillates continuously. Turn the tuning 
capacitor slightly up in frequency 
then slowly tune down until the oper- 
ator's voice is intelligible. Changing 
the fine regeneration control slightly 
may be helpful for obtaining a good 
signal. The required tuning is delicate. 

Receiving USB is the same except 
that the tuning capacitor must be 
tuned up the band until the speech is 

intelligible. CW (Morse code) stations 
will be heard in the vicinity of amateur 
voice stations. Like SSB they are re- 
ceived with the radio oscillating. 
Often several code stations will be 
heard at once, but the audio tone of 
each will be different. 



Hamming in the 
Fabulous Fifties 

Turn back the clock to the golden age of ham radio. 

Many electronics hobbyists 
look back with nostalgia at 
the simpler, pre- high -tech 

days of the 1950's. That era was es- 
pecially significant for amateur radio 
because it spaned the early years of 
the Novice license, which gave most 
newcomers their start. Of course, the 
electronics world was mu6h, much 
different then: Transistors and other 
solid -state devices were almost un- 
known. FM repeaters, packet radio 
and various exotic digital- communi- 
cations modes, OSCAR satellite com- 
munications, and -perhaps most 
significantly -personal computers 
(PC's) simply didn't exist then. In fact, 
for the most part, it was an "analog 
world," not the digital world we know 
today. 

In the 1950's, radio amateurs could 
still operate on the 11 -meter band 
(now the 27 -MHz CB band), ampli- 

BY KARL T. THURBER, JR., W8FX 

tude modulation (AM) was king of the 
radio airwaves, and only strange "Do- 
nald Duck" quackers were experi- 
menting with single -sideband (SSB) 

communication. Needless to say, 
many of those who received their first 

amateur -radio license during that era 
have very fond memories of those 
seemingly sleepy but nevertheless 
heady days. 

Enter the Novice Radio Amateur. 
Probably the biggest trend of the 
1950's to influence amateur radio was 
the introduction of the Novice -Class 
operator's license. The Novice "ticket" 
offered entry not only into a wonderful 
hobby but, for many, an introduction 
to a lifelong career in radio or elec- 
tronics. The Novice license did these 
things, even if you had to trek down to 
the nearest Federal Communications 
Commission (FCC) office to take the 

exam, which was administered by a 
stern FCC engineer -there were no 
volunteer examiners then. Success 
was yours when the examiner told you 
to take your papers out and have 
them notarized. 

The Novice -Class license came into 
existence in July, 1951. After several re- 
visions to FCC Docket 9295, the 
Novice, Technician, and Amateur Ex- 

tra -Class operator's licenses were au- 
thcrized. The new license classes 
replaced an older licensing system 
that provided little attraction for new- 
comers. While Novice and Technician 
authorizations were to take effect on 
July 1 of that year, the Extra Class didn't 
take effect until January, 1952. 

At first, the Novice Class was a be- 
ginner -only license, not one you 
could hold for a lifetime as you can 
today: the license term was one year 
and it was non -renewable, period. 41 



You were supposed to get your code 
speed and knowledge of radio reg- 
ulations and theory up to snuff in that 
period, or out you went. 

The FCC initially allocated portions 
of three HF bands for Novice use. The 
small Novice sub -bands fell in the 80 -, 
11 -, and 2 -meter amateur -radio 
bands. Power was limited to 75 watts 
input, or about 50 watts output. Above 
all, the transmitter's oscillator stage 
had to be crystal controlled. Being 
"rock-bound" (referring to the crystal 
frequency you were tied to) helped 
ensure that newcomers didn't oper- 
ate out -of -band. (Still, many begin- 
ners received FCC "pink- ticket" cita- 
tions for out -of -band harmonic signal 
radiation from their often crude trans- 
mitters; many one- and two -tube rigs 
radiated strong harmonics at two or 
three times the operating frequency.) 
Even with these limitations, Novices of 
the 1950's found that their low -power 
transmitters (usually 10 -25 watts) 
could actually "work out" (or at least 
be heard) for quite some distance. 

Beginning radio amateurs looked 
to more experienced seniors, or 
" Eimers" (as we call them today) to 
provide guidance and help. Most old 
timers gladly accepted that respon- 
sibility, helping youngsters eager to 
get their Novice tickets by setting 
good examples of proper operating 
practice and providing technical as- 
sistance as needed. As a result, the 
beginner was usually able to get help 
with a low- budget project -both 
parts and palaver -when needed. 

In those days, when seeking Elmer - 
style help, it didn't seem to make a 
great deal of difference if you were 
wealthy or poor, or what caliber sta- 
tion you could afford. If you were an 
amateur or prospective amateur, you 
experienced a special sort of bond- 
ing and were treated fraternally. Un- 
fortunately, as the hobby has grown 
larger and become "more profes- 
sional" over the years (there now are 
around 600,000 licensed amateurs in 
the United States alone), some of this 
camaraderie has disappeared. 

Those 1950's Stations and Their 
Operators. Most 1950's -era pioneer- 
ing Novices upgraded to higher class 
licenses- remember, it was an "up or 
out" system in which they had but a 
year to show that they had the right 

42 stuff to be full -fledged amateurs. The 

1950's -era Novices shared several 
rights of initiation and mutual experi- 
ences they still cherish. For example, 
all of them looked fondly forward to 
tossing out their "rocks" (crystals) and 
opting for VFO control and higher 
power. 

Still, many found to their surprise 
that CW- pounding brass -was ac- 
tually a neat way to communicate 
(especially using a sporty semi -auto- 
matic key, or "bug'). Others found that 
AM was the way to go if you wanted to 
"rag chew." Interestingly, instead of 
the rapid back- and -forth banter that's 
commonplace today on SSB and FM 

modes, amateurs using AM radio tend 
to make formal "transmissions," or ex- 

philmOre 
¡ 4.... MODEL 

NT -200 

NOVICE 
TRANSMITTER KIT 

POWER 
INPUT 

25 
WATTS 

I.dadlag Pew., S ppIy KB $29.40 AaAeE. MC! COST 

EASY TO ASSEMBLE -EASY TO OPERATE, 2 Bande: 3.7- 
3.75 Mc and 26.96-27.23 Mc. All necessary rts, Tubes, Key, 2 
plug -In coil.. p,clorial diagrams. included Sn Ì6,, terrifie new kit at 
your toed jobber or wire for literature lo: 

PHILMORE MFG. CO., INC. ",Ztrr, ° 
The Philmore transmitter kit shown here 
was a popular item in the early and 
mid- 1950's, especially since everything 
was furnished, including the straight 
key! I know: the kit was my very first 
transmitter -and / wish I had saved it. 

tended verbal presentations, that 
make for slower -paced and more 
thoughtfully framed contacts (QSO's). 

Considered today, the amateur sta- 
tions of the 1950's oven state- of -the- 
art, top -of- the -line stations of the 
time -were simplistic compared to 
the sophisticated transceivers, PC's, 

and other accessories that today's 
amateurs use and take for granted. In 

the early 1950's, stations were mostly 
homebrewed-at least the transmit- 
ters were. Amateurs tended to build 
their own equipment to learn how the 
circuits worked, to better appreciate 
improvements they could make, and, 
of course, to save money. 

However, by the end of the decade, 
factory- finished models and do -it- 
yourself transmitter kits (such as those 
by Heathkit) were the rule. Trans- 
ceivers? They weren't really on the 
scene yet; bulky, separate vacuum - 
tube transmitters and receivers were 
the general rule. The bigger the radio 
"boat anchor," it seemed, the better 
the signal. 

Unfortunately, the receivers of -he 
1950's were a sore spot for amateurs. 
Frequently, one's transmitter far out- 
reached the ability of his or her re- 
ceiver to capture incoming signals. 
Typically, receiver sensitivity was low, 

selectivity was poor, and both elec- 
trical and mechanical frequency sta- 
bility left much to be desired. 

Dial calibration was typically hap- 
hazard, and many sets had just a 
bandspread dial that was uncali- 
brated, or made do with a generic 
"0 + 100" logging scale. Amateurs 
dreamed of sets with calibration 
markers every 5 or 10 kHz. Oh yes, Col- 
lins Radio even offered receivers with 
1 kC or better calibration, but very few 
Novices could afford the premium - 
priced sets that were the pride of the 
Cedar Rapids, Iowa factory. So there 
really was a good reason for the FCC 
to require crystal- controlled transmit- 
ters and a separate means of check- 
ing your transmitted signal. 

Where Amateurs Shopped. Where 
did radio amateurs buy their parts 
and equipment? There were few fran- 
chised radio outlets -no Radio 
Shacks then -and "ham stores" 
where you could work trade -in deals 
were only plentiful in the big cities. 
Consequently, the big radio mail - 
order houses like Henry Radio, World 
Radio Labs (WRL), Walter Ashe, 
Lafayette Radio, Burstein -Applebee, 
Fort Orange Radio, and Allied Radio, 
were postal magnets. They were the 
sources of many of the parts and 
equipment that radio beginners 
needed. That, of course, was if they 
couldn't beg, borrow, or steal compo- 
nents from a nearby old -timer's 
junkbox or from the scrapped radios 
and TV's often found in neighborhood 
repair shops. 

A great, but long gone, source of 
parts and equipment for amateurs liv- 

ing near some large cities was the 
city's "Radio Row" district of stores -o 
sort of Marconi -style Mecca -that 
sold surplus and wholesale radio 
components. Chicago, Boston, Los 

Angeles, and other large cities had 
their Radio Rows, but the biggest of all 
was New York City's sprawling Cort- 
landt Street area in Manhattan. There 
you could buy almost anything to 
complete a radio construction proj- 
ect on the cheap. 

New York area amateurs bought 



their parts from colorfully named Ra- 
dio Row stores like Blan the Radio Man, 
Cantor the Cabinet ling, G & G, and 
Krantz Bros. For new and used ama- 
teur gear, you usually couldn't get a 
better deal than at Bill Harrison's 
(W2AVA) Harrison Radio emporium. To- 

day, such Radio Rows are almost non- 
existent. The closest you can come to 
experiencing the Radio Row of the 
1950's is by shopping in Tokyo's fabled 
Akihabara electronics district, per- 
haps the last Radio Row. 

Donald Duck, TVI, and the Cold 
War. Radio -wise, the 1950's was the 
decade in which "the bomb" made 
civil defense get serious, CB radio got 
off the ground, single -sideband (SSB) 

modulation came of age to threaten 
AM, and the specter of television inter- 
ference (M) reared its ugly head. It 

was also the decade that saw the 
Cold War peak, witnessed the red - 
baiting McCarthy era wax and wane, 
and experienced the launch of Sput- 
nik I. Also, it was an era in which radio 
amateurs experienced regulatory 
fears for their precious international 
frequency allocations. Let's take a 
closer look: 

The Korean War didn't have a great 
influence on amateur radio. Hams - 
unlike in World War II-continued to 
operate during the Korea years. In the 
early 1950's, getting ready for "the big 
one" didn't refer to a coming Califor- 
nia earthquake. Rather, it was defend- 
ing the country against nukes and all 
that defense entailed. Civil Defense 
(CD) efforts burst onto the scene 
around 1950, once it was realized that 
the Russians really had the bomb. By 
1952 public -service minded ama- 
teurs by the thousands had volun- 
teered their stations to emergency 
communications under the newly 
formed Radio Amateur Civil Emergen- 
cy Services (RACES). 

At the same time, amateurs chafed 
at the need for them to comply with 
"CONELRAD" (CONtrol of ELec- 
tromagnetic RADiation) rules. They 
were the 1957 government require- 
ments for amateurs to monitor com- 
mercial radio broadcast stations for 
CD warnings while operating their ra- 
dios. Why? Transmitting during a 
bomber attack might let the "Russkies" 
home in on your station! 

The Citizens Radio Service has had 
ups- and -downs over the last 44 years 

Hiram Percy Maxim (1869 -1936), affectionately known as "The Old Man" of radio, 
co-founded the American Radio Relay League (ARRL) in 1914. Maxim was known as a 
feisty, straight -arrow standards -setter who was revered highly in the amateur 
community. His strong influence was still felt in the 1950's amateur community. 

since it was established in June, 1949. 
It was slow going at the start. Frequen- 
cies were assigned in the then UHF 

wasteland of 460-470 MHz, and al- 
most no one really used such outland- 
ish frequencies in those days. The 
frequencies were so unpopular due 
to the poor UHF communications 
gear of the day that the FCC was un- 
der great pressure to find some HF 

spectrum space for CB. 
In 1958, the FCC gave the old ama- 

teur 11 -meter band to CB'ers (over the 
shrill protests of amateurs) to form the 
Class -D Citizens Radio Service, There 
was even a "save 11 meters" cam- 
paign launched by one of the radio 
magazines, complete with an operat- 
ing contest to show that amateurs 
really used the band. That effort was 
designed to convince the FCC to let 
amateurs keep the band, but the 
commissioners weren't convinced. 

Many of today's amateurs entered 
the hobby long after SSB's struggle for 
acceptance, not realizing that "AM 
was king" in the 1950's. In those years, 
most amateurs derisively thought of 
SSB as that silly "Donald Duck" modu- 
lation since, without the proper re- 
ceiving equipment, the signals are 
strange- sounding indeed. That form 
of modulation- without the carrier 
wave characteristic of AM -was all 
but indecipherable unless one knew 
the secret of carefully tweaking the 
BFO (beat -frequency oscillator) knob 

on their receiver. That is, if their radio 
had a BFO (many sets of the era 
didn't). 

In the early 1950's, the biggest 
threat to amateurs was television in- 
terference, or TVI. Around the country, 
as hundreds of new VHF (and later 
UHF) TV stations took to the air, ama- 
teurs became painfully aware of the 
threat to their operating freedom and 
the very existence of their hobby 
posed by the boob -tube. In rural eras, 
TV signals from distant cities were usu- 
ally very weak and highly susceptible 
to interference. In the big cities, ama- 
teur -radio and TV signals tended to 
live side -by -side and signal overload 
from amateur transmitters was com- 
mon. 

The TM ogre was driving amateurs 
off the air by the thousands as 1V view- 
ers vastly outnumbered hams. While 
no magic bullet was developed to 
cure TVI, as the decade wore on the 
problems of TVI were slowly recog- 
nized and gradually licked by better 
RF filtering and shielding of both trans- 
mitters and receivers. The formation 
of joint radio- amateur/TV- viewer "TM 

committees" also helped resolve the 
many problems of radio -frequency 
interference (RFI). 

On the international front, the Cold 
War was at its peak in the 1950's as the 
"missile gap" and the shortage of en- 
gineers and scientists concerned 
many Americans. Those concerns of 43 



the space age hit home on October 
4, 1957 when the Soviet Union 
launched the first artificial earth- orbit- 
ing satellite, Sputnik I. Once word of 
the successful Soviet launch flashed 
to hamshacks around the world by 
Radio Moscow (which in the 1950's 
flooded the airwaves with high - 
power, multiple- frequency transmis- 
sions to the West), amateurs quickly 
turned to their receivers. They were 
easily able to intercept the satellite 
signal and looked to the sky to try to 
trace its faint path. 

Amateurs became local authorities 
on satellites in towns across the coun- 
try as they listened to the Morse -like 
"beep- beep" of the satellite on its 

easily received 20.005 -MHz carrier. 
The Soviets even offered a distinctive 
confirmation card (QSL) for reception 
reports on their signal, along with a 
small but colorful lapel pin complete 
with a tiny red Sputnik. 

Furious preparations for the 1959 
Geneva World Administrative Con- 
ference (WARC) dominated the inter- 
national radio scene in the last few 
years of the decade. The Geneva 
WARC was to be the largest interna- 
tional radio conference since the big 
1947 Atlantic City meeting. There, the 
victorious superpowers divided up the 
globe, radio -wise, based on the new 
world map that resulted from the end 
of World War II. 

The 1959 WARC could have been 
disastrous for radio amateurs. There 
was real concern that they would lose 
many of their frequencies as newly - 
independent countries asserted 
themselves politically, and commer- 
cial radio interests demanded even 
more radio frequencies. However, 
amateurs somehow preserved the 
status quo for at least the western 
hemisphere's frequency allocations 
while holding spectrum adjustments 
elsewhere to a minimum. 

Amateur Radio Magazines of 
Yore. Over the years, many maga- 
zines serving amateur radio and 
shortwave enthusiasts have come 
and gone. Senior -citizen amateurs 
who were active in the 1920's through 
the 1940's may remember such then - 
popular publications as The Transmit- 
ter, Radio News, Modern Radio, R /9, 
Amateur Radio Review, Midwest Ra- 
dio, Radio Relays, Ye Brass Pounder, 

44 and several others. Many of those 

Recalling Waseca 

I've never even been to Waseca, Min- 
nesota, and don't know anything about 
the town, so I can't actually "recall" it. 

However, I do know that Waseca was 
special to radio amateurs in that it was 
the longtime home of the E. E. Johnson 
Company, one of amateur radio's 
proudest equipment manufacturers of 
the 1950's. 

Any article about tube -type transmit- 
ting gear always includes at the top of 
the list the Viking series of transmitters 
and linear amplifiers produced by E. F. 

Johnson. Reportedly, between 1949 
and 1966 the Johnson factory pro- 
duced, in kit or wired form, more than 
53,000 rigs. First off the production line 
was the Viking I and II. Later came the 
Viking Ranger, Valiant, Adventurer, Nav- 
igator, Pacemaker, Courier, Thunder- 
bolt, and about a dozen other 
memorable models -few Johnson 
transmitters were "unmemorable." If 

you flip open almost any CO or QST 
from the 1950's, you'll likely find a big 
Johnson equipment ad. 

Many Johnson rigs are still around 
today, as are what are likely Johnson's 
best known accessories, the Viking 
Match Box and Viking Kilowatt Match 
Box antenna tuners. For many radio am- 
ateurs who got their start in the 1950's 
and 1960's, the Match Boxes put the 
name "antenna tuner" into their vocabu- 
lary. Furthermore, they're not cheap 
even in the flea market today. 

By the early 1960's, solid state and 
SSB were dawning in the amateur mar- 
ket, and Johnson didn't get aboard the 
train fast enough. Transceivers (rather 
than just transmitters) produced by Col- 
lins, Drake, Hallicrafters, National, 
Swan, and other American manufac- 
turers were gaining in popularity. Too, 
high -quality, innovative Japanese im- 
ports were on the way. The manage- 
ment at E. F. Johnson reacted to all that 
by abandoning the amateur market and 
concentrating on the Citizens Band and 
land mobile -communications markets. 
(Johnson SSB CB sets are known for 
their quality and even today are convert- 
ed for 10 -meter amateur use.) 

E. E Johnson is no longer an amateur - 
radio supplier today. The respected Vik- 
ing name was taken over in the 1970's 
by the William M. Nye Company, and 
several Johnson items were continued. 
These included a line of 3000 -watt an- 
tenna tuners (follow -ons to the Viking 
Kilowatt Match Box), low -pass filters, 
SWR bridges, phone patches, keys and 
keyers, and other accessories. 

To amateur -radio newcomers who 
aren't familiar with the old E. E Johnson 
equipment, take a look around at the 
next hamfest or swap meet. Ask a few 
questions about the equipment, and 
look inside at the "battleship con- 
struction." Then, perhaps you, too, can 
recall Waseca! 

magazines were intended for spe- 
cialized or local and regional au- 
diences. By the 1950's, for all intents 
and purposes, there were just two ma- 
jor publications for radio amateurs 
left: QST and CQ (see the boxed copy 
entitled "Names and Addresses" for 
the addresses of those publications 
and all others mentioned in this arti- 
cle). 

QSTwas, and still is, the official jour- 
nal of the American Radio Relay 
League (ARRL), the nonprofit national 
association of radio amateurs. Hiram 
Percy Maxim (1869- 1936), affec- 
tionately known as "The Old Man," co- 
founded the ARRL in 1914 with Clar- 
ence D. Tuska. The organization origi- 
nally was designed to keep the 
country's radio amateurs in contact 
with one other through relaying on- 
the -air messages, but now it's a 
broad -based hobbyist group. The first 
issue of what would become QSTwas 
published in December, 1915. 

CQ's origins are somewhat murkier, 
but date at least to the end of World 
War II. The current contest- and -oper- 
ating oriented publication went un- 
der new management about `980 
and officially traces its beginnings to 
1945: However, in the 1930's there was 
at least one other publication called 
CQ, but it was for commercial, rather 
than amateur, radio operators. 

CQ readers of the 1950's looked for- 
ward each month to the monthly 
pidgin -dialect "letter to the honor- 
able editor" by that mischievous radio 
amateur originally from Osockme, Ja- 
pan (and later, from "Feenix, Arizona"), 
Hashafisti Scratchi. The cartoon re- 
portedly appeared first in the old Ra- 

dio magazine as early as 1934, was 
interrupted by World War II, and later 
appeared in CQ as late as the 1970's. 

At that time, ethnic sensibilities dic- 
tated that publishing such a stereo- 
type would be inappropriate, and the 
feature was dropped. But old -timers 
remember it well, just as they recall 
the antics of the late John T. Frye's 
"Carl and Jerry" exploits in the Popular 
Electronics of the 1950's and the late 
Gil Gildersleeve's highly entertaining 
"Jeeves" cartoons that appeared in 

QST for decades. 

Getting in the Fifties Radio Mood. 
Nostalgia for all things fiftyish is in 

vogue. Equipment that a few years 
ago was considered variously as junk, 



doorstops, or boat anchors are often 
considered classics. There's even a 
burgeoning market in books, book- 
lets, magazines, and newsletters serv- 
ing the market for older radio 
equipment and paraphernalia. Let's 

look at some of the books and pub- 
lications that may spark your interest in 

the era. 
The book Communications Re- 

ceivers, 2nd Edition, by Ray Moore, 
has a great deal of data on Ameri- 
can -made communications re- 
ceivers from 1932 to 1981. RME, 
National, Hallicrafters, Hammarlund, 
Collins, and many others are cov- 
ered 58 companies in all. Including 
variations on the 375 illustrated re- 
ceivers, over 700 sets are covered. 
The 115 -page book is $17.95 plus 
$2.50 postage and handling from 
RSM Communications. 

The Hallicrafters Story describes the 
fabled Hallicraffers Company, which 
in the 1950's was a synonym for "short- 
wave radio receiver." In those days, 
radio amateurs and SWL's hoped to 
see a Hallicraffers under their Christ- 
mas tree. Author Max C. de Henseler, 
HB9RS, covers the company's opera- 
tions from 1933 to 1975, when it effec- 
tively disappeared. Included are 
photos of most sets, a sampling of 
magazine advertisements, and tube 
complements. The book is $14.95 plus 
$2 shipping (total $16.95) from the An- 
tique Radio Club of America, Inc. Or- 
ders from outside the U.SA. are $18.95 
in U.S. funds, shipping by surface mail. 

Major amatuer -radio publications 
such as CQ, QST, and 73 Amateur Ra- 
dio Today constitute a treasure -trove 
of information about older equip- 
ment. The classified ads in those mag- 
azine can give you a good picture of 
the used -equipment market. 

The back issues of the contempo- 
rary amateur publications are even 
better than current issues for finding 
out about vintage equipment and 
getting a feeling for operating in the 
1950's. A good source of back -issue 
radio magazines, though a chancy 
and casual one, is the next radio flea 
market in your area. Back issues of 
amateur -radio, communications, 
electronics, and computer maga- 
zines typically can be had for 10 cents 
to $1 apiece, depending on con- 
dition, demand, and age. 

Edited and published by Barry R. 

Wiseman, N6CSW /0, the nostalgic 

specialty magazine Electric Radio is 

for those who appreciate older tube - 
type equipment. Each issue explores 
vintage radio gear and the people 
who once produced it. Issues also 
provide information on the modifica- 
tion, repair, and building of old -style 
equipment. The magazine also works 
toward a greater understanding of 
the AM mode. 

Despite the interest in tube -type 
gear and AM, ER puts this bygone era 
and its equipment into perspective, 

Looking somewhat forlorn as it waits for 
a new owner at a radio hamfest, this 
high -end E. F. Johnson Viking Invader 
2000 was an impressive all -mode, high - 
power amateur transmitter from the 
1950's. It covered 3.5 -30 MHz in seven 

bands. It could operate on SSB, AM, 
and CW, trying to bridge the gap 
between older and emerging 
communications modes. 

acknowledging the technical superi- 
ority of modern -day equipment, but 
lamenting its expense and complex- 
ity. While ER appeals to amateurs of all 
ages, it gets special approval from 
those who, like myself, were first intro- 
duced to amateur radio in the 1950's. 

Each issue runs about 40 pages. 
Domestic subscriptions are $24 by 
second -class mail and $34 via first 
class. Canada and overseas are 
more. Contact Electric Radio. 

To really get into the fifties mood, 
you might wish to read David 
Halberstam's 1993 book, The Fifties. 
While it's oriented toward the era in 
general and not to communications 

topics of the 1950's, it's an excellent 
guide to the period and its mystique. 
The 800 -page book is published by 
Villard Books, New York, at $27.50. It's 

available in most bookstores. 

Setting Up a 5O's -Style Station. As 

one first licensed in 1954, I hold a spe- 
cial place in my heartfor the amateur 
radio gear of the 1950's, equipment 
that's mostly big, clunky, heavy AM 
stuff. To many who got their feet wet 
then, the sight of a Heath DX -100 or 
Johnson Viking II transmitter, or a Na- 
tional HRO -60 or Hallicrafters SX -88 re- 
ceiver is a sight for sore eyes. The great 
radio names of the 1950's include 
Central Electronics, Gonset, Sideband 
Engineers, Hallicrafters, Barker & 
Williamson, Heathkit, WRL, E. F. 

Johnson, National, Collins, Harvey 
Wells, and Eldico, among others. Most 
(though not all) of them no longer are 
in business, or are pursuing other 
manufacturing avenues. 

While the big 1950's radio names 
are gone today, the "good ole days" 
of AM radio are indeed alive and well. 
Most shortwave radios, possibly one 
already in your house, can readily re- 
ceive AM signals. It may be that the 
only real price of admission to 1950's- 
style hamming is that of a vintage AM 
radio transmitter. While most receivers 
and transmitters today are solid state, 
and many hobbyists look with disdain 
on vacuum tubes in this solid state 
world, some vacuum -tube era equip- 
ment still can do a creditable on -the- 
air job. For many, there's magic in the 
old sets especially those charming 
golden -age classics -whose tube fil- 
aments glow brightly and warmly in 
the dark and possess a character not 
always found in modern -day radios. 
Many classic radio hobbyists install a 
second station in their home that's fur- 
nished as completely as possible with 
vintage -era gear. 

Where do you find such equip- 
ment? Sources include local ama- 
teurs, radio hobbyists, and radio club 
members; magazine classified ads; 
sellers at radio flea markets and ham- 
tests; garage and yard sales; and 
used amateur equipment dealers. 
Here are some considerations for pur- 
chasing older gear: 

With regard to a receiver, decide 
whether you want a general - 
coverage or a ham -bands -only radio. 
Older general- coverage sets typ- 45 
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While all the gear in this photo may not be strictly 1950's, most of it is definitely 
vintage. The centerpiece in this Canadian station is a 1944 RCA AR -88LF receiver. 
Sitting atop it is a 1950's -era Heathkit Model QF-I "Q- Multiplier," for improved 
receiver selectivity. To the left is a Johnson Ranger AM and CW transmitter. 

ically cover 540 KHz to 30 MHz. Ham - 
bands -only radios normally cover 
only the "old" (pre -1979) WARC HF am- 
ateur -radio bands from 1.8 to 30 MHz, 

so they may not cover the newly au- 
thorized bands at 10, 18, and 24 MHz. 

Selectivity, sensitivity, and stability 
are -along with current condition - 
the key determinants of receiver qual- 

ity and price. Well -known makes 
among older receivers include Drake, 
Collins, Hallicraffers, National Radio, 
Hammarlund, RME, and TMC. 

As far as transmitters are con- 
cerned, many of the massive 1950's 

AM and early SSB rigs are available 
today and can make good buys. 

Often, they're easier to restore than 

Names and Addresses 

AM International 
9 Dean Dr. 

Bow, NH 03304 

AM Press /Exchange 
2116 Old Dover Rd. 
Woodlawn, TN 37191 

AM Radio Network 
Box 73 
West Friendship, MD 21794 

Antique Radio Club of America, Inc. 
Attn: Ron Frisbie 
312 South 10th St. 
Akron, PA 17501 

CO 

76 N. Broadway 
Hicksville, NY 11801 -2953 
Tel. 516 -681 -2922 

Electric Radio 
PO Box 57 
Hesperus, CO 81326 
Tel. 303 -247 -4935 

Ham Trader Yellow Sheets 
PO Box 2057 
Glen Ellyn, IL 60138 

OST, American Radio Relay League 
225 Main St. 
Newington, CT 06111 -1494 
Tel. 203- 666 -1541 

RSM Communications 
PO Box 1046 
Key Largo, FL 33037 -1046 
Tel. 305 -853 -0379 

Society for the Promotion of Amplitude 
Modulation (SPAM) 
PO Box 27 

Potrero, CA 92063 
Tel. 619- 478 -9347 

Antique Electronics Supply 
6221 S. Maple Ave. 

Tempe, AZ 85283 
Tel. 602 -820 -5411 

Ardco Electronics 
PO Box 95 
Berwyn, IL 60402 

Fair Radio Sales 
1016 E. Eureka St. 
PO Box 1105 

Lima, OH 45802 
Tel. 419 -227 -6573 

Hl Manuals 
PO Box 802 
Council Bluffs, IA 51502 

Surplus Sales of Nebraska 
1315 Jones St. 
Omaha, NE 68102 
Tel. 402 -346 -4750 
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Between 1949 and 1966 the Johnson 
factory produced, in kit and completed 
form, more than 53,000 rigs. First was 
the Viking 1 and ll. Later came the 
Viking Ranger, Valiant, Adventurer, 
Navigator, Pacemaker, Courier, 
Thunderbolt, and about a dozen other 
models. 

receivers. CW -only Novice rigs are rel- 
atively simple affairs, typically being 
crystal controlled and running 75 
watts or less; many of them still make 
useful CW rigs. Some of the better - 
known transmitter names include 
Collins, Heathkit, E. F Johnson, Harvey 
Wells, and WRL, and several of the re- 
ceiver manufacturers also produced 
transmitters. 

Then, too, if you're into nostalgia ra- 
dio, but don't want to go to the trouble 
and expense of setting up a com- 
plete vintage amateur -radio station 
(or don't have the room), consider 
something less ambitious. That can be 
a display of old -style microphones, 
Morse straight keys, semi -automatic 
keyers ("bugs"), vacuum tubes, crys- 
tals, and other accessories. 

Summary. This article turned back 
the clock for a nostalgic peek at an 
era considered by many to be the 
"golden age" of amateur -radio corn - 
munications. We covered the impact 
of the then -revolutionary Novice 
Class operator's license, looked at 
where radio amateurs shopped for 
radio gear and what radio maga- 
zines they read, relived some of the 
big radio issues of the decade, sug- 
gested how to get into that 1950's ra- 
dio mood, and presented sugges- 
tions on acquiring your own vintage 
amateur station. 



Build This Electronic Casino 
Play three of the most 
popular casino games 
with this handheld, 
low -power 
project. 

BY JAY KIRSCHENBAUM 

If you like electronic games, you 
should enjoy building and testing 
your luck with this project. The proj- 

ect, appropriately dubbed the 
Electronic Casino, lets you play three 
popular casino games -blackjack, 
craps, and slots -with realistic casino 
rules for each. The blackjack game, 
for example includes doubling, "soft' 
hands, and automatic play of the 
dealer's hand. 

Under program control, the project 
keeps a running count of your bank- 
roll as the game is played so that you 
can try to beat your previous high 
total; or, if you wish, you can challenge 
a friend to see who can accumulate 
the most "cash." With some simple 
sound effects and a four -digit display, 
the circuit lets you how you're doing as 
the game progresses. 

About the Circuit. Figure 1 shows a 
schematic diagram of the Electronic 
Casino. At its heart is Microchip Tech- 
nology's PIC16056 microcontroller, 
U2. That 18 -pin IC contains 1K of on- 
board RAM (which holds the game 
software), an internal oscillator, and 12 

I/O lines (labeled RAO-RA3 and RBO-RB7), 

each of which can be programmed 
as an input or an output. In our circuit, 
four of those lines (RA,-m3) are always 
inputs, and are used to monitor the 

status of the four input switches; S1 

through S4. Lines RBo -RB, are always 
outputs, with RBo -RB, feeding U1, an In- 

tersil ICM7211 LCD controller /driver. 
The final line, RB7, feeds the base of Q1, 

which is used to drive BZ1. 

An 3.58 -MHz crystal XTAL1, along 
with C2 and C3 are used to set U2's 

internal oscillator. There is nothing 
particularly special about the crystal; 
however, because the software de- 
lays and timing are written assuming 
a 3.58 -MHz crystal is used, the circuit 
will not operate properly if a crystal of 
a different frequency is substituted. 

The microcontroller, U2, has an on- 
board power -up reset circuit, so the 
chip only requires that the Mclk input 
(pin 4) be tied to Vpp to initialize the 
circuit when it is first turned on. How- 
ever, a manual RESET switch (S5) con- 
nected directly to the REM input (pin 
4) can be pressed at any time after 
power -up to reset U2. 

As mentioned, the RBo RB6 outputs 
(pins 6-12, respectively) of U2 are con- 
nected to the LCD driver, U1. That 40- 
pin CMOS device -with its 28 -seg- 
ment drivers (seven per digit) and a 
display back -plane driver -is de- 
signed to feed a four -digit LCD read- 
out. To place a number into one of the 
four display digits, the number is out- 
put in binary by U2 at RB0-RB3 (pins 6-9, 

respectively) and fed to the data in- 

puts of U1 at pins 27 -30. Simulta- 
neously, the digit (0 -3) is output in 

binary at RB4 and RB5 (pins 10 and 11) 

and applied to the ADDR1 and ADDR2 

inputs (pin 31 and 32) of U1. When that 
information is stable, pin 12 (Re.,) of U2 is 

taken low and then high to transfer 
the information to U1. The data re- 
ceived by U1 is then internally de- 
coded by U1, and the information 
used to light the appropriate display 
segments. 

Because the circuit requires very lit- 
tle power, it can be powered from a 9- 
volt battery (B1 in Fig. 1). The battery 
voltage is clamped at +5 volts by a 
simple regulator circuit comprised of 
R5 (a dropping resistor), D1 (a 5 -volt 
Zener diode), and Q2 (a 2N3904 gen- 
eral- purpose NPN silicon transistor). 

But all of that circuitry would be just 
a bunch of silicon and carbon without 
the program -which was written in 
assembly language -that tells it what 
to do. So lets briefly discuss the game 
program. 

About the Software. The assembly - 
language program written for the 
Electronic Casino is quite long; for that 
reason it will not be shown in its en- 
tirety here. However, for those adept 
at programming microprocessors 47 
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Fig. 1. The Electronic Casino's operation revolves around two chips: UI (an 
ICM7211AMIPL liquid -crystal display driver) and U2 (a PIC16C56 -XT 
microcontroller); the game software is resident in 1K of the microcontroller's on -board 
RAM. 

and who have access to the equip- 
ment, the listing can be downloaded 
from our BBS (516- 293 -2283; 8, N, 1). If 

you do not have access to such 
equipment, a preprogrammed chip 
can be purchased from the supplier 
listed in the Parts List. (Unprogrammed 
IC's and programming tools are avail- 
able from Digi -Key Corp., 701 Brooks 
Ave. South, P .0. Box 677, Thief River 

Falls, MN 56701- 0677.) 
While the entire program is too long 

to describe here, the subroutine that 
"deals" the cards in blackjack, "rolls" 

the dice in the craps, and "spins" the 
wheels in the slot machine uses a rela- 
tively simple, random -number gener- 
ator that you might find useful in other 

48 projects. Needing only twelve lines of 

assembly code, the routine is a soft- 
ware implementation of a random - 
number generator that consists of a 
31 -stage shift register (see Fig. 2) and 
an xoR gate whose inputs are con- 
nected to the 6th and 31st stages, with 
its output feed back into the 1st stage. 

As the shift register is advanced by 
the clock pulses, the sequence of "l's" 
and "0's" that appear at the output 
are an approximation of a true ran- 
dom sequence. The circuit actually 
steps through 2,147,483,647 approxi- 
mately random "l's" and "0's" before 
the sequence repeats! 

The circuit is simulated in software 
by using four of the 32 general -pur- 
pose registers that are available in U2. 

As shown in Fig. 3, those 8 -bit wide 

CLOCK 
PULSES 

I- CLOCK 
31 -STATE SHIFT REGISTER 

-- IN 
BIT 6 BIT 31 

PSEUDO RANDOM OUTPUT 

...0,0,1,0,1,1,1... 

Fig. 2. Shown here is just one of a whole 
family of shift- register circuits used to 
produce pseudo -random sequences. 

registers (R1 -24) are imagined to be ar- 
ranged end -to -end, in a shift- register 
configuration: i.e., R1 feeding R2. Rz 

feeding R3, and R3 feeding R4. 

In the assembly -language routine 
(refer to Listing 1), the first two steps 
move the contents of register R1 to a 
temporary storage register, TEMP. The 

contents of the TEMP register are shifted 
once to the right in step 3. In steps 4 
and 5, the contents of R4 are moved to 
another temporary register, w, and its 

output is xoà ed with the contents of al 

(which at this point resides in the TEMP 

register). That operation xoà s all the 
bits of TEMP with the corresponding bits 
of w, and places the result in the tern - 
porary register (TEMP), overwriting its 

previous contents. 
Since the 7th bit of the TEMP register 

(shifted once to the right) and the 7th 
bit of w were originally the 6th and 31st 

bits of the shift register, the 7th bit of 
the TEMP register now contains the soft- 
ware analog of the output of the xoR 

gate shown in the original circuit. 
Note that the TEMP- register contents 

are shifted twice to the right in steps 6 
and 7 to put the 7th bit into the carry 
bit of the microcontroller (U2 in Fig. 1). 

Finally, the entire register (R1 -R4) con- 
tents are shifted one bit to the right in 
steps 8 through 11. In that operation, 
the carry bit becomes the 1st bit of R1 

and the 7th bit of R4 contains the new 
output bit of the pseudo- random 
generator. 

To simulate the deal of one card in 

blackjack, the pseudo- random sub- 
routine is used four times to produce a 
random four -bit binary number. That 
can be any number between 0 and 
15; however, a routine in the main 
blackjack program screens out the 0, 

14, and 15, insuring that a random 
number between 1 and 13 is ob- 
tained. That corresponds to one of the 



PARTS LIST FOR THE 
ELECTRONIC CASINO 

SEMICONDUCTORS 
U1- ICM7211AMIPL liquid- crystal 

display driver (Intersil), integrated 
circuit 

U2- PIC16C56 -XT microcontroller 
(Microchip Technology), 
integrated circuit 

DISPI, DISP2 -2 -digit liquid -crystal 
display (Digi -Key #LCDOOIVT 
ND or #LCD001, Standish 
#3935- 365 -920, or similar) 

Ql, Q2- 2N3904 general -purpose 
NPN silicon transistor 

Dl- 1N4734A 5.6 -volt, Zener Diode 

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

units.) 
Rl- R3- I0,000 -ohm 
R4- 33,000 -ohm 
R5 -3300 -ohm 

CAPACITORS 
C1- 47 -pF, ceramic -disc 
C2, C3- 22 -pF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

XTAL1 -3.58 -MHz crystal (Digi- 
Key CTX -049 or similar) 

BZl -Piezo buzzer (Star Micronics 
model QMB -105 or similar) 

Sl -S5- Single -pole momentary- 
contact pushbutton switch 

S6 -SPST toggle switch 
B1-9 -volt transistor -radio battery 
Printed- circuit materials, enclosure, 

battery holder and connector, IC 
sockets, 4 nine -pin terminal strips 
(Digi -Key #A208 or similar), 
wire, solder, hardware, etc. 

Note: The following parts are 
available from K and V 
Electronics, Box 250320, 
Columbia Station, New York, 'NY 
10025 -9991; Ul, U2 (programmed 
and tested), and buzzer BZI, for 
$29.95; A pre- drilled, double - 
sided printed -circuit board with 
plated -through holes for $19.95. 
Please add $2.50 for shipping and 
handling to each order. New York 
residents, please add appropriate 
sales tax. 

13 different cards in the deck (the suit 
doesn't matter in blackjack). A similar 
procedure is used to roll the dice in 
craps and to advance one of the slot 
wheels by one step. 

Building the Circuit. The entire cir- 
cuit was assembled on a double- 

TEMP 

SHIFT 

R2 R3 

XOR 

TEMP 

R4 

DOUBLE 
SHIFT 

PSEUDO RANDOM OUTPUT 

...0,0,1,0,1,1,1... 

CARRY 

Fig. 3. The double shift puts bit 7 Of TEMP into CARRY. From there it is shifted into the 
first bit of Rt. 

LISTING 1- PARTIAL LIST OF SUBROUTINES 

;SUBROUTINE PSEUDORANDOM 

1 START MOVE R1, 0 ;move 131 to TEMP 
2 MIVWF TEMP 
3 RRF TEMP, 1 ;right shift TEMP 
4 MOVE R4, 0 ;mov_ R4 to W 
5 XORWF TEMP, 1 ;exclusive -or TEMP and W 
6 RAF TEMP, 1 ;right shift TEMP twice 
7 RRF TEMP, 1 

8 RRF R1, 1 ;right shift R1, R2, 
9 RRF R2, 1 ;R3, and R4 
10 RRF R3, 1 

11 RRF R4, 1 

12 RETLW 0 ;return to main program 

sided, printed -circuit board measur- 
ing about 31/s by 41 inches. A tem- 
plate for both sides of that relatively 
compact printed- circuit pattern is 

shown in Fig. 4: The template in "A" is 

the solder side, while "B" is the compo- 
nent side. Its small size makes it suit- 
able for handheld units. If you are 
unable to make double -sided 
boards, the board can be purchased 
from the supplier listed in the Parts List. 

Whichever route you decide to 
take, when assembling the board, it is 

recommended that the IC's and the 
display be socketed. Sockets simplify 
the replacement of blown chips and 
allow the board to be tested without 
the IC's in place. Note, however, that 
the displays do not fit into standard IC 
sockets; for that, the author used two 
9 -pin terminal strips for each dual dis- 
play module. 

Figure 5 shows a parts- placement 
diagram for the double -sided foil pat- 
tern shown in Fig. 4. Begin con- 
struction by soldering the sockets in 
place; follow that with the resistors, ca- 
pacitors, transistors, diode, buzzer, and 
the crystal (XTAL1). Bend the leads of 

the crystal to 90° before installing it so 
that when the crystal is mounted, it lies 
flat against the circuit board. Be sure 
to observe the correct polarity for the 
transistors and the diode. 

Connect S1-55 to the correspond- 
ing solder pads. Depending on the 
type of installation you decide on, it 
may be necessary to first mount the 
switches to the enclosure and run 
wires between the switches and the 
circuit board. In any event, once the 
circuit is fully assembled, it is time to 
check your work. 

First connect a 9 -volt power source 
(with the correct polarity) to the " +" 
and " -" terminals of the printed -cir- 
cuit board (see the parts- placement 
diagram). A bench -type regulated 
DC power supply or a 9 -volt battery 
can be used for this task. Using a volt- 
meter, check that the voltage at pin 1 

of U1's socket, and pins 4 and 14 of U2's 

socket are at 5 volts and that all the 
other pins of the sockets are at 0 volts. 

Next, test switch S5 by monitoring 
the voltage at pin 4 of the socket for 
U2 while S5 is depressed. The voltage 
should drop to 0 when S5 is depressed 49 
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Fig. 4. The Electronic Casino was assembled on a compact, double -sided printed - 
circuit board, both sides of which are shown here full size; 'A" is the solder side of the 
board, and "B" is the component side of the board. 

and return to 5 volts when released. 
Switches S1 -S4 can be tested by plac- 
ing a jumper wire between pin 1 of 
U1's socket and pin 17 of U2's socket 
and another jumper between pins 14 

and 18 of the socket for U2. Now 
monitor the voltage at pin 1 of the U2 

socket. It should be 0 volts unless either 
S1 or S2 are pressed, in which case, 
the voltage would rise to 5 volts. The 

same result should be observed at pin 
2 of the socket for U2 if either S3 or S4 is 

pressed. When those tests are com- 
plete and all is well, remove the two 
jumper wires. 

The buzzer connection can now be 
tested by connecting one end of a 
wire to pin 14 of U2's socket and mo- 
mentarily touching its other end to pin 
13. You should hear a brief sound from 
the buzzer each time you touch pin 
13, and again as the connection is 

removed. Because the buzzer re- 
sponds to a changing voltage (not a 

50 steady one), there should be no out- 

put while the jumper is held to pin 13. If 

all is well, remove power from the cir- 
cuit. 

If one or more of the tests were not 
successful, check your work for solder 
bridges between adjacent pins, and 
cold solder joints. Also check that Q1, 

Q2, and D1 have been correctly ori- 
ented. 

Once everything has checked out 
okay, install the display modules and 
IC's. Be sure that they are correctly 
oriented, and that none of the leads 
fold under the body of the compo- 
nent. Complete the circuit by attach- 
ing S6 and the battery clip as shown 
on the parts -placement diagram 
(see Fig. 5). 

If you like, you can install the project 
in an enclosure of your choice. Dry 
transfer lettering can be used to label 
the various front panel switches and 
displays. 

With the chips now installed, reap- 
ply power to the circuit. The display 
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should begin flashing the digits "1," 
"2," and "3," repetitively. You are now 
ready to select your game and begin 
playing! 

The program has a built -in battery 
saver that blanks the display if no key 
is pressed after about two minutes. To 

restore the game at a later time, press 
the RESET switch (S5) and the game will 
continue where it left off when the 
display was blanked. 

Let the Games Begin. The RESET 

button is used during play to change 
between the three games. The other 
four buttons, labeled S1 through S4, 

control the play. In normal operation, 
the display shows the status of the 
game you are currently playing, how- 
ever you can press S1 at any time to 
see your bankroll. The game returns to 
the appropriate display when you re- 
lease switch S1. 

On power up or after RESET is pressed, 

(Continued on page 91) 
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A CHRONICLE OF CONSUMER ELECTRONICS 

are we on the brink of the tigit3l Intor- 
Ysrion Age' 

.s we go &au_ our lives in the highly - 
aed Inforrat on Age, most of us st 11 

on old- fanoned purveyors of data- 
ephone, radio, the printed word, and 
euision -ica tic bulk of our infc rmatic n 

xianges. f[e scuation seems scmewhat 
_ifrrent at good., where the computer 

grs supreare and fax machines nave be- 
acne de riges.+r in recen*- years -but con- 

tiers and familtave also been around for 
:ecides. Even the relatively new toils 
_red by beemeis travelers -cellular 
,cues, notebook computers. eke:Optic 
_mmizers, acrable fax -are vtriatioas 

: -r the same dephone- and computer 
A : eed equipment _sed back in the office. 

.,,;¡ ̀  Are we Teat., for something dramat- 
a1 _a_ty new? (naps something hat w II 

-liege the ga between the way we corn - 
rmicate and bErclle information at work 

arc at home- Or maybe sometling chit _l seamleszb merge the way we do work 
*1-e office a.1 _he way we do work on the 
-341? Maybe ao inexpensive, portable, 

_ i4hdd predict that would allow us o 
.:ñai and receivephone calls, faxe.., and E- 

i?4' jai- nottamention take notes, organise 
n=timê,.`and Flay games'? Sounds good o 

pert .! á ̂ , Pccording b John Sculley, the former F rman of oippJe Computer, the industry 
t_ady, too. AL-1 in Jar.uary, 199¢, in his 

: , pe}iòtç address-2a the Winter Consumer , ïletronies r-tow. Sculley announced: . ` -ebigitalsaie coming!" Citing receit 
Tom- .,e eIopmenrs i3 digital technology, Le 

claimed, -This will be a decace whe e 
idle will frtda.mentally transbrm the 

.'t .da- they Inc tieir lives -the way they 
ink, work, va-r, and communicate . 

_L o only are _orsumer electron cs coo - 
.eying witF rational computing. Moe 

testingly LRertainrr_ent, communica- 
e>s, and pet idling are also corvergirg 

f. in comps cis and consumer e'er- 

At the following year's WCES,. repre- 
sentatives of Casio and Tandy espoused a 

computer /consumer philosophy remarka- 
bly similar to that of John Scul.ey and 
Apple, speaking of the need fora snail 
consumer device that will provide 
"increased functionality, flex- 
ibility, and features" and 
"anytime- anywhere" informa- 
tion, all "at a consumer-afford- 
able price." 

That summer, in his keynote 

address at the 
first Personal 
Communications and Computing show - 
within -a -show (at Summer CES 1993), 
Gordon Briige, president of AT &T Easy - 
Link, noted that "the marriage cf commu- 
nications and computer technology .. . 

has forever changed the way we do busi- 
ness and is changing the very fabric of our 
society." Fie emphasized not the alliance 
of computers and consumer elect - onics, 
however, but of computers and Wireless 
communications technologies. 

As you might expect, those speakers 
were not merely verbalizing their own 
wishful thirking. Each was describ ng his 
company's version of the information/ 
communications product of the future. 
Sculley coined the moniker "Personal 
Digital Ass stant" or "PDA" to describe 

Apple's proposed Newton. Tandy and 
Casio four_d that to be a fitting hand e for 
heir own Zoomer FDA. AT &T went with 
'Personal Commur°cator" (not to becoa- 
f sed with "PC ") tadescribe the EO 440. 
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In this article, we'll examine two entries 
in the PDA product category, the Newton 
and the Zoomer, and the first personal 
communicator, the AT &T EO 440 -what 
they are and how they work, the companies 
that created them and the technologies that 
enabled them to do so. We'll explore how 
PDA's might fit into, or even change, your 
lifestyle, and how a personal commu- 
nicator might change the way you work. 
Then we'll provide hands -on reviews of 
Sharp's Newton product, the Expert Pad; 
Tandy's Z -PDA Zoomer: and the EO 440. 
We wrap up this month's issue with a look 
at how the Zoomer and Newton stack up 
against one another. 

JUST WHAT IS A PDA? 
A Personal Digital Assistant, in its most 

basic definition, is simply "a device that 
uses digital technology to bridge the gap 
between personal computers and consum- 
er electronics." Casio President John H. 
McDonald fine -tunes (and hypes up) the 
definition somewhat, when he describes 
the Zoomer as a "breakthrough device . . 

combining the power of a PC. an afford- 
able consumer price, and the simplicity of 
pen and paper." 

Though microprocessor based, the PDA 
is not just another, smaller, computer. In 
fact, it might be called the first truly per- 
sonal computer -so personal, in fact, that 
you might not even realize it's a computer. 
Its operating system is virtually trans- 
parent to the user. The PDA's interface is 
pen- and icon -based, its architecture is ob- 
ject- oriented, and its target market will 
encompass not only computer -literate 
businessmen, early adopters, and techies 
(although those are expected to buy the 
first -generation PDA's), but average con- 
sumers who have never overcome their fear 
of computers. 

There are several specific critena that a 

device must meet if it is to he considered a 
true PDA. It must be easy to use., portable, 
powerful, versatile, expandable, afford- 
able, and able to communicate. 
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To reach its target audience -and dif- 
ferentiate it from the emerging class of 
pen- based, palm -sized computers -the 
PDA must be virtually as easy to use as a 

pen and paper. It can not have a QWERTY 
keyboard or a complex operating system to 
master. Intirrmation can be input by tap- 
ping on icons and writing on a touchscreen 
with a pen -like stylus; scribbles can re- 
main handwritten or be translated into AS- 
CII text via handwriting- recognition 
technology. 

A PDA must have powerful computing 
capability, must offer a variety of practical 
applications, and must be easily expanded 
to accommodate additional memory and 
still more applications. It should also pro- 
vide a communications link to the outside 
world, allowing fax, E -mail, paging, 
modem, and even cellular services. 

Furthermore, all that simplicity, power, 
and versatility must be contained in a 

handheld. portable package. A PDA must 
allow one -handed use on a plane, in a car, 
or while standing at a pay phone. Long 
battery life is essential. 

Finally, to become a true consumer 
item, the PDA must be affordable on a 

mass scale. That means eventually reach- 
ing the price point of other popular con- 
sumer- electronics items, such as VCR's 
and CD players. 

The Newton, which is marketed by Ap- 
plc Computer as the "MessagePad" and 
by Sharp Electronics as the "Expert Pad," 
and the Zoomer, sold as the "Z- 7000" by 
Casio and as the "Z -PDA" by Tandy, have 
been designed with all those requirements 
in mind. Let's see how Apple and Sharp, 
and Casio and Tandy, tried to meet those 
goals. (For simplicity's sake, in this article 
we refer to the Newton and the Zoomer as 
product categories; elsewhere in this issue 
we review Sharp's Newton ExpertPad and 
Tandy's Z -PDA Zoomen.) 

NEWTON -ION PDA 
When the folks at Apple first conceived 

the idea of a PDA -type device, they deter- 
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mined that it must be as a unique device 
from the ground up and not rely on any 
existing computer architecture, As a re- 
sult, there's a lot of neat, ground- breaking 
stuff under its hood -particularly the 
Newton Intelligence operating system, 
which does away with the usual file manip- 
ulation, directory paths, and saving to 
RAM or disk, that's required in today's 
computer operating systems. 

There are four major parts to Newton 
Intelligence: the Recognition Architec- 
ture, which converts cursive and /or 
printed handwriting to text; the Communi- 
cations Architecture, which handles vari- 
ous I/O devices using Newton's PCMCIA 
slot, RS -422 serial port, and infrared 
transmitter /receiver; the Information Ar- 
chitecture, which replaces the DOS maze 
of files and directories with a whole new 
approach to data storage and sharing; and 
Intelligent Assistance, which allows New- 
ton to adapt to your handwriting style and 
work preferences. The processing power is 
provided by the ARM 610 chip from GPS, 
which delivers 32 -bit RISC (Reduced In- 
struction Set Computing) performance 
with low power consumption. 

Handwriting recognition is vital to any 
device that promises pen- and -paper con- 
venience. Newton's system allows you to 
use script or print, or a combination of the 
two, and converts the handwriting to text 
as you write, with a slight delay. The sys- 
tem recognizes not just shapes, but pen 
strokes -it interprets the movements that 
make up individual letters, numbers, and 
words. You can also set the system to 
match your handwritten words to the 
10,000 entries in its internal dictionary. If 
it still has trouble recognizing a word or 
phrase, you can correct it using a pop -up 
on -screen keyboard. It's possible to define 
blocks of text or drawings, move them 
around the screen (or into other Newton 
applications), insert spaces or lines, and 
erase by simply "scrubbing" out your er- 
rors. A graphics interpreter neatens up 
drawings, rounding off circles, squaring 
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up boxes, straightening lines. If you prefer 
your artwork as is, you can disable that 
feature. 

It isn't necessary to translate all your 
scribbles to text. You can simply store your 
handwritten notes as is, in "digital ink." 
However, because Newton looks at the way 
letters are written and not just their shapes, 
you cannot go back later on and translate 
your scrawl into text. 

In terms of communications, an op- 
tional Newton- compatible fax /modem can 
be inserted in the unit's PCMCIA slot. 
(Industry- standard PCMCIA fax /modems 
are not supported, however.) The infrared 
transceiver can be used to "beam" infor- 
mation to another Newton or to a Sharp 
Wizard electronic organizer, and the serial 
port to link Newton to a PC, printer, or fax 
modem. Faxes can be sent, but not re- 
ceived. 

The PCMCIA slot can also be used for 
third -party add -on applications, addi- 
tional memory, or backing up data -but 
not simultaneously. 

"SOUP " -ED UP OPERATING 
SYSTEM 

Forget everything you know about 
DOS, Unix, and other file -based computer 
operating systems. Newton Intelligence is 
about data -sharing, not data -filing. Every- 
thing is stored in one place, and can be 
easily accessed from any application. 

Any data that you enter into the Newton 
is automatically tagged by the Information 
Architecture and saved in an object known 
as a frame. Each frame consists of tagged 
locations called slots, which can hold 
data, program code, or other frames. Sev- 
eral related frames reside together in soup, 
and soups are stored in, well, stores, 
which can reside in main memory or on t 

PCMCIA card. 
That "free- form" style of organization 

Senior Writers: Chris F. O'Brian, Teri 
Scaduto. ©Gernsback Publications, Inc, 
1993. Gizmo is a registered trademark. All 

rights reserved. 

is the electronic equivalent of jotting down 
notes on Past -Its and scraps of paper, with 
one major difference. Once the data is in 
the soup, it can easily be recalled, unlike 
all those little pieces of paper that are so 
often misplaced. You needn't decide how 
to label a bit of information as you're writ- 
ing it; you can organize it to suit your 
needs at a later date. You can also link, 
group, and regroup all those pieces of in- 
formation as you see fit. 

What makes all that possible is Intel - 
ligent Assistance. Say you want to fax a 
document to Joe Client. If he's already 
listed in the name directory, you can jot 
down "Fax Joe," and Newton will auto- 
matically retrieve Joe's full name and fax 
number. If there is more than one Joe in 

your name file, it will ask you to choose 
the correct one. If you aren't currently 
hooked up to a fax line, Intelligent As- 
sistance will store the "Fax Joe" order 
until it can be sent. "Fax" is one of the 
system's "action words " -others include 

The Newton can be used for note -taking 
at home, in the office, or on the road, 

"call" and "send." Newton perceives 
those words as commands, and acts upon 
them when you hightlight them and then 
tap the Assist icon. 

As intended, all of this internal wizar- 
dry is totally transparent to the user, who 
simply turns on the Newton and begins an 
application. In fact, there is no start -up 
sequence at all -at power -up, you auto- 
matically return to the application last 
used, and move to a different application 
by tapping on its icon. Once again, you 
enter that application in the same place 
that you left off last time. There's no need 
to load or save a file, although you can 
organize them in folders if you wish. Oth- 
erwise, Newton simply stores them chron- 
ologically, and you can scroll through a list 
of the notes you've made. 

ZOOMING INTO THE FUTURE 
At first glance -and, to some extent, al 

first use -the Zoomer and Newton almost 
appear to be clones. But looks can be 
deceiving, as a peak inside the Zoomer 
will prove. 

Rather than starting from scratch to de- 
sign a totally new product, Casio and its 
development partners, GeoWorks and 
Palm Computing, used modifications of 
existing hardware and software to build the 
Zoomer. Casio specially designed the 
unit's fntel- compatible CPU. which is 
equivalent to a 7.5 -MHz 8086. The oper- 
ating system is a GeoWorks' GEOS, again 
specially designed for use in the Zoomer. 
Handwriting recognition is from Palm 
Computing. 

GeoWorks modified its desktop GEOS 
operating system to reside in the Zoomer's 
ROM. Although GEOS is a DOS -file- 
compatible operating system, it isn't a 
slave to the DOS file structure. GEOS is an 
object- oriented, multitasking environ- 
ment with an easy -to -use graphical inter- 
face. 

In actual use. GEOS acts a lot like the 
Newton's operating system, although 
GEOS is somewhat slower and has less 
intelligence. After all, something had to 53 



Aimed at consumers, not just us Hess 
execjtives, the Zoomer PDA offers a 
wide variety of applications. 

be sacrificed to deliver the Z.00mer's long 
battery life. Casio and Tandy felt that 
speed would be a fair trade -off for 100 
hours between battery changes. 

Palm Computing supplied a PDA ver- 
sion of its PaimPrint software -the most 
widely used handwriting recognition sys- 
tem in North America. Rather than recog- 
nizing full words as the Newton does, 
PalmPrint identifies indiviidual letters, 
which are defined by tiny templates that 
have been pre- trained to recognize both 
upper and lower case block letters; cursive 
writing can't be translated to text on the 
Zoomer. Like the Newton, the Zoomer's 
handwriting recognition is based on pen 
stroke motion, not the image of a 
character, but unlike the Newton, the Zoo - 
mer cannot be trained to "learn" its 
owner's handwriting. The Zoomer, how- 
ever, does recognize delayed strokes -go- 
ing back at the end of a word to dot the "i" 
for instance -and deferred recognition - 
going back at the end of a meeting, or the 
end of the day, to translate handwritten 
notes to text. 

Deferred recognition comes in handy 
because the Zoomer is slow to translate 
print to text. Of course, you can also opt to 
leave your notes as is, in "Powerink." 
Powerink entries are treated as objects, not 

a as a layer on top of an application, so they 
rn can be moved, indexed, tagged with a re- 

, minder alarm, etc., just like electronic 
text. Palm Computing also specifically de- 
veloped Palm Organizer -which includes 

6 the date -book, address book, and note- 
'E 

book functions -to work with Powerink 

t entries. 
w For linking to the real world, the Zoo - 

Zei mer provides an infrared transceiver for 
R exchanging data with other Zoomers and 
rr Casio B.O.S.S. electronic organizers. A 

serial port is available for linking to a PC, 
54 printer, or optional fax /modem. Software 

SIMON SAYS... 

... take a giant step toward the integra- 
tion of wireless communications ser- 
vices! 

AT &T isn't the only company pushing 
a personal communicator. BellSouth 
Cellular Corp.'s (500 Northpark Town 
Center, 1100 Albernathy Road, Suite 
300T, Atlanta, GA 30328) version is the 
IBM -designed Simon, a souped -up 
cordless phone that also incorporates a 
wireless send /receive fax, paging and 
E -mail capabilities, a full- function per- 
sonal organizer, and a pen -based note - 
book/sketch pad. All of that comes in an 
18- ounce, 8 x 2.5 x 1.5 -inch wireless 
package, so it's truly portable. 

Simon looks like any small cellular 
handset, but instead of a keypad it has 
a brightly lit LCD readout. The pen - 
based touchscreen serves as the 
phone's keypad and is used to access 
and operate the device's other applica- 
tions. No special stylus is required, al- 
though a pen -like instrument facilitates 
on- screen writing. You can simply tap 
on the screen with your finger to access 
various applications. 

Although Simon is pen- based, it in- 
cludes no handwriting- recognition 
technology. It uses what BellSouth Cel- 
lular calls "pen- annotation technology," 
which means that the user's handwrit- 
ing will appear as written instead of 
being digitized to look like a printed 
word. That might sound rather limiting, 
but Simon isn't intended to be a data - 
input device. Electronic ink is sufficient 
for most of Simon's functions; when text 
is required, it can be tapped in on a 
pop -up keyboard. 

As a phone, Simon works just like any 
other cellular phone (except that the 
keypad is a touchscreen). It has the fea- 
tures you would expect to see, includ- 
ing a built -in 911 emergency -call button, 
last- number redial, auto -dial (from the 
address hook), roaming preference, 
and password protection. 

Simon's fax application allows faxes 
to be sent over the cellular network 
using a built -in wireless modem, or over 
standard phone lines using an optional 
RJ -11 cable. Group 3- compatible faxes 
are sent at 9600 bps. Simon can send or 
receive up to three pages at a time (op- 
tional memory- expansion cards are 
available). It's possible to zoom -in on a 
portion of a page, scribble notes and 
comments, and send it right back. 

A built -in cellular numeric pager re- 
ceives up to nine pages. Users can re- 
ceive a page and return a call to that 
number at the press of a single button. 
When equipped with an optional 
PCMCIA paging card from 
MobileComm, Simon can also receive 
alphanumeric pages and electronic 
messages on a national, regional, or 
local basis. Messages are stored in the 
paging network so that they can be read 
as soon as Simon is turned on. 

Integrated software provides access 

BellSouth Cellular Corp.'s Simon per- 
sonal communicator looks just like a 

cellular phone. 

to Lotus cc:Mail over the cellular net- 
work or standard telephone lines, allow- 
ing users to send and receive E -mai: 
through any cc:Mail post office that 
supports remote dial -in. A PCMCIA 
add -on card allows messages to be re- 
ceived through most other public E -mail 
systems. 

Simon's personal organizer includes 
a calendar, an appointment scheduler. 
a to -do list, an address book, a world 
clock, a calculator, and a note /sketc- 
pad. Users can write directly on the 
screen, or can use the pop -up key- 
board to tap out typed messages withir 
any of the organizer functions. The 
electronic address book provides con- 
venient auto dialing. 

Although Simon is still awaiting FCC 
approval as we write this, BellSouth Cel- 
lular Corp. plans to begin selling the 
product in select markets in Florida in 
December 1993. Nationwide distribu- 
tion is expected by April 1994. 



for accessing America Online is built -in. 
Palm Computing sells the PalmConnect 
package, a complete set of tools to link the 
Zoomer to IBM PC- compatible and Mac- 
intosh personal computers. The package 
allows two -way exchange of information 
with a desktop computer. The Zoomer also 
has one PCMCIA slot for adding commu- 
nications applications such as a pager, or 
to add or backup memory with industry- 
standard PCMCIA cards. 

The Zoomer operates in an easy, icon - 
oriented environment -its "computer" is 
hidden from the user, although its file 
structure can be- examined if desired. As 
with the Newton, a tap on one of the Zoo - 
mer's icons, located below the LCD 
screen, brings up the associated applica- 
tion, right at the spot where you left off last 
time. 

Other consumer -friendly features can 
be found below the LCD-a cursor control 
pad and two Nintendo -like "fire" buttons. 
Although the only thing they are used for 
in any of the applications currently built 
into the Zoomer is scrolling around the 
screen, they strongly suggest future game - 
playing applications. The three games that 
come with Zoomer- Solitaire, Uki (sim- 
ilar to Othello), and Pyramid (another 
one -player card game) -are all played 
using the stylus. 

EO 440 PERSONAL 
COMMUNICATOR 

The EO 440 Personal Communicator, is 
not meant for fun and games- although 
our evaluation sample did include a 
crossword -puzzle application that we par- 
ticularly enjoyed. Much larger than a 
PCA, and priced way beyond the range of 
most consumers, the EO 440 is first and 
foremost a business tool, and its emphasis 
is strongly placed on communications. Yet 
its basic concept -combining information 
management and wireless communica- 

tions in a small, easy -to -use device -as 
well as some of the technology it uses, are 
close enough to those of the Zoomer and 
Newton to justify its inclusion here. 

According to EO, you can't compare 
the EO 440 to a desktop or notebook PC 
any more than you can compare it to a fax 
machine or a cellular phone. Although it 
contains elements of each of those, it is not 
intended to replace any of them. Instead, it 
is designed to fill the growing need of 
mobile professionals for an integrated de- 
vice that provides intuitive, versatile, and 
highly portable communications and in- 
formation exchange. To that end, the EO 
440 Personal Communicator allows users 
to send and receive faxes and E -mail, and, 
when equipped with the optional cellular 
attachment, voice calls, anywhere and 
anytime. 

AT &T is the majority shareholder of 
EO, Inc., which has strategic alliances 
with Matsushita, Marubeni, and Olivetti. 
Developed by EO, the 440 Personal Com- 
municator carries the AT &T brand and is 
sold at AT &T Phone Centers. 

At the 440's heart is AT &T Micro- 
electronics' proprietary, RISC -based 
92010 Hobbit microprocessor. According 
to that company, the high -performance, 
low -power (20 -MHz, 3.3 -volt) Hobbit 
provides two to three times the perfor- 
mance of a 20 -MHz 386SL. It is not com- 
patible with Intel /Microsoft or Macintosh 
standards. EO 440's are available with ei- 
ther 4 or 8 megabytes of RAM, expanda- 
ble to 12 megabytes. 

GO Corporation's PenPoint operating 
system, whose "pen- and -paper meta- 
phor" provides an easy -to-use interface, is 
stored in the unit's 8- megabyte ROM. As 
with the PDA's, information can be input 
in electronic ink and translated to type or 
left as is. Applications are accessed by 
tapping on icons, and pen gestures are 
used to navigate through the system. Un- 

The AT&T EO 440 is a stand -alone mobile office that functions as a cellular phone, 
portable tax, modem, and notebook computer. 

Apple engineers devised some possible 
Newton product concepts, including the 
"Newton inventory watch" (top) and a 

GPS -based mapping application (bot- 
tom). 

like those on the Zoomer and Newton, the 
EO 440's screen is not touch -sensitive; an 
electronic pen is required for writing and 
tapping on icons. At 7.5 inches diagonal, 
the screen is much larger than those found 
on the PDA's, and its VGA-equivalent res- 
olution is much higher. Accurate hand- 
writing recognition requires some training 
of the EO 440 and the user, who must write 
the way the device expects to see letters 
formed. Cursive handwriting cannot be 
recognized on first -generation EO 440's. 
However, the recognition software is in a 
replaceable module, and as the recogni- 
tion technology improves -as it had bet- 
ter, if the PDA /Personal Communicator 
product categories are to survive -users 
will be able to upgrade. 

Nine bundled applications are built in to 
the EO 440. For communications, there is 
GO Mail, GO FAX, and EO Phone. GO 
MiniNote is used for jotting down words 
and drawings that will not be transcribed 
to text. EO Sound allows spoken messages 
to be attached to any document. EO Cale 
offers standard- and scientific -calculator 
functions, and EO Lock provides security. 
Information can be exchanged with IBM - 
compatible computers directly via cable or 
remotely by modem, thanks to Sun - 
Select's PenTops /Pen Central. Pensoft Per- 
sonal Perspective provides all the 
organizer functions- calendar, to -do -list, 
address book, and note- taker. Because the 
bundled applications are stored in ROM, 
the Personal Communicator is ready to use 
straight out of the box, with applications 
launched immediately. A hard drive is not 
required, but is available as an option. 

The EO 440 really is a mobile commu- 
nications center. When equipped with the 55 



TABLE 1 

Newton Zoomer EO440°, 

H 
oz 

ç u 
o 
a 
cn 

Size - (HxWxD) 
Weight 
Battery Type 
Battery Life (Maximum) 
LCD Size 
LCD Resolution 
PCMIA Slot 
CPU /Power 

Operating System 
Price 

7x5x1" 
14,4 oz. 
4 AAA 

35 hours 
3x4.1" 

336 x 240 
Yes 

20 MHz /32 -bit 

Newton Intelligence 

6.8x4.2x1" 
15.3 oz. 

3 AA 
100 hrs. 
3.1 x4" 

320 x 256 
Yes 

7.5 MHz 

GeoWorks 

10.8x7.1 x0.9" 
2.3 lb. 

Rechargeable 
4 hours°' 
4.3x5.9" 
640 x 480 

Yes 
Hobbit -20 MHz 

13 mips 
PenPoint 

CO z - ° 
3 z 0 o 
4149 
_cc 

System 

Print Recognition 
Cursive Recognition 
Deferred Translation of Ink 

Newton Recognition 
Architecture 

Yes 
Yes 
No 

PalmPrint 
Yes 
No 
Yes 

PenPoint 
Yes 
No 
Yes 

y 
z 
F. a 

á z 

5 
ge 

Personal Organizer 
Dictionary /Thesaurus/ 
Spell Checker 
Calculator 
Form Calculator 
Expense Tracker 
Time /Date Stamp 
World Clock 
Games 
Language Translator 
U.S. & International Data 
Reference/Trivia 

Yes 

No 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 
No 
No 

Yes 

Yes 
Yes 
Yes 

Pocket Quicken 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 

No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

C, 

0 z 
Et 
ca 

o 
Z o V 

Fax 
E -mail 
Paging 
Voice Annotation 
PC /Printer Links 
DTMF Dialer 
America Online 
AT &T Mail 

Send only" 
Yes 

Future add -on 
No 

Yes" 
Yés 
No 
No 

Send only" 
Yes 

Future add -on 
No 

Yes" 
No 
Yes 
No 

Send /receive 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 

a) As equipped per review unit. 
b) 7 hours with optional extended life battery pack. 
c) Requires optional add -on. 

PDA/PCC comparison at a glance. 

optional cellular- ready, high -speed 
modem, the EO 440 is the mobile busi- 
nessperson's link to the world. The 
14,400- bit -per -second data modem in- 
cludes 9600 -bps send /receive fax ca- 
pability. The Personal Communicator 
connects to any standard RJ -11 phone jack 
for faxing. And when the optional cellular - 
phone package is added, the user has a 

wireless link to moderns, faxing, and E- 
mail. The EO 440 comes with a free sub- 
scription to AT &T Mail from AT &T Easy - 

Link Services. Besides providing fax and 
E -mail messaging, EasyLink serves as a 

56 gateway to the Internet, CompuServe, 

MCI Mail, SprintMail, Novell MHS, and 
cc:Mail. So the EO 440 Personal Commu- 
nicator clears up the clutter by replacing a 

cellular phone, portable fax, pocket orga- 
nizer, and -in some respects -a notebook 
computer. 

The Personal Communicator also can 
be expanded and added in a variety of 
ways. It has a serial port for connection to a 

PC, a PC -A7 parallel port for printers or 
external disk drives, a keyboard port, an 

RJ -11 phone jack, a power- adaptor jack, a 

port for a cellular communications mod- 
ule, a PCMCIA Type II slot, and a slot for 
a JEDEC standard DRAM card. 

The personal- organizer functions oper- 
ate much like those of the Newton. "Asso- 
ciative Linking" is the EO's equivalent of 
Newton Intelligence, making associations 
between references in various applications 
and the names and numbers found in the 
address book -EO's information central. 
And, while it's handy to be able to enter 
"Meeting with Fred" on the appointment 
schedule and have the device remind you 
of Fred's full name and address, Asso- 
ciative Linking really comes into its own 
when it comes to communications. 

Documents to be mailed or faxed, or to 
be received, are stored in the EO 440's In 



Box and Out Box, respectively. Tapping 
on the In or Out Box icons lets the user see 
what's there, and sending a document re- 
quires just another couple of taps, and 
maybe some handwritten instructions. If, 
for instance, you're on the road when 
something comes up at the home office 
that requires your immediate attention, the 
EO 440 would allow you to receive the 
document by fax, mark any necessary 
changes, add a quick note, and send it 
back -all in a matter of minutes, whether 
you're in a cab on the way to the airport, at 
a convention, or visiting a client. 

All of its capabilities take their collec- 
tive toll in terms of battery life. The EO's 
rechargeable batteries supply only up to 
four hours use. That time is significantly 
reduced if the cellular option is used. An 
optional nickel metal- hydride extended - 
life battery increases battery life up to 
seven hours. 

WHO NEEDS THEM? 
Obviously, even these first- generation 

PDA's and Personal Communicators have 
impressive capabilities, but just where do 
they fit in the scheme of things? Who can 
benefit from using a PDA or a Personal 
Communicator? 

The answer is clear for Personal Com- 
municators. Almost three -quarters of all 
business professionals spend at least 20% 
of their working time away from the office. 
Those people are fueling the growing de- 
mand for cellular phones, portable fax ma- 
chines, electronic organizers -all the 
devices that are consolidated in one EO 
440. The device fits easily in a briefcase 
and weighs just over two pounds (the cel- 
lular option adds another pound), so it's 
easy to bring along almost anywhere. 
AT &T also expects customers in niche 
industries to configure the Personal Com- 
municators for specialized purposes, such 
as sales automation. 

The EO 440 might not change the way 
people do business, but it can certainly 
make business as usual a heck of a lot 
easier. In the long term, AT &T hopes to 
bring the Personal Communicator to the 
consumer market as well. The major 
obstacle at this point is price. Starting at 
$2000 (without the modern) and ranging 
up to $4000 (with 8 -MB RAM, an internal 
modem, a 20 -MB hard drive, and a cel- 
lular phone module), the EO 440 has quite 
a way to go before it can be within reach of 
consumers. 

Newton and the Zoomer are closer to an 
acceptable consumer price point, each re- 
tailing at about $700 at introduction. 
That's still way too high for most consum- 
ers, of course, but new product categories 
have to start somewhere. As sales in- 
crease, prices are sure to come down. 

A more pressing question is whether the 
(Continued on page 92) 
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Here's Newton! 
SHARP PI -7000 EXPERT PAD. Manufac- 
tured by Sharp Electronics Corporation, 
Sharp Plaza, Mahwah, NJ 07430 -2135. 
Price: $899. 

What, you might ask, is Newton? 
Newton is digital. Newton is personal. 

Newton is as powerful as a computer. New- 
ton is as simple as a piece of paper. New- 
ton is a new kind of technology. Newton 
will help you communicate. Newton can 
send messages to another Newton through 
thin air. Newton will help you get orga- 
nized. Newton can help you make phone 
calls. Newton learns about you to help you 
more. Newton will be everywhere tomor- 
row. 

Well, all of that is what Apple Comput- 
er Inc. says in its advertisements about its 
Newton technology. Taken at face value, 
those ads are not misleading, but they 
raised our expectations too high. The first 
Newtons, although impressive, don't live 
up to their advance billings. 

What is Newton really? Newton is not a 
product, per se. Newton is a technology 
developed by Apple Computer. The New- 
ton product that we review here is built by 
Sharp Electronics Corp., and is called the 
Expert Pad Model PI -7000. Apple's prod- 
uct, called the MessagePad, is also built 
by Sharp. The two products are identical 
electronically, but are packaged slightly 
differently. Apple's MessagePad has a 
slip -off case, while Sharp's Expert Pad has 
an integrated, hinged cover. 

The Expert Pad, when closed, measures 
about 4.4 x 7.2 x 1.1 inches and weighs 
just under one pound when the batteries 
are installed. Although it fits in the breast 
pocket of a suit jacket, we wouldn't want 
to carry it there all day. It runs on four 
"AAA" batteries, either alkaline or re- 
chargeable nickel- cadmium. A lithium 

battery also provides a memory backup. A 
mechanical interlock system makes it dif- 
ficult for the main and backup batteries to 
be removed at the same time, thus ensur- 
ing that the data will not be accidentally 
deleted. 

In normal use, all input to the Expert 
Pad is though a touch -sensitive screen. A 
latched protective cover, hinged on the 
right side, swings open to reveal the LCD. 
A double hinge allows the cover to swing 
fully around so that it lies flat along the 
back of the device. The inside surface of 
the cover has a convenient guide to some 
of the gestures that are used for input. 

Along the right side of the screen is a 
storage place for the stylus. Strictly speak- 
ing, the stylus isn't necessary; a finger- 
nail, chop stick, or any hard object that 
won't scratch the display can be used. 
Along the bottom edge of the screen are 
seven touch -sensitive icons that make up 
the Expert Pad's permanent menu. 

The seven menu icons are: Rolodex 
cards for the Name File, a calendar for the 
Date Book, a bin for the Extras Drawer, a 
set of arrows for scrolling or obtaining an 
overview of the chosen function, a coun- 
terclockwise helix for the Undo function, 
a magnifying glass for the Find function, 
and a light bulb for Newton's Assistant 
function. A Notebook for keeping free- 
form notes is always open, although it can 
be covered by other applications. 

The Preferences menu, which is ac- 
cessed through the Extras Drawer, permits 
the user to configure the Expert Pad in a 
number of ways. That's where we entered 
our name, address, and phone and fax 
numbers, and where we set our password 
to protect our data from prying eyes. That's 
also where we set the time and date, and 
set the country so that our keyboard and 
paper size would be appropriate. (Dif- 
ferent keyboards provide accent marks and 
other symbols not used in English.) The 
most important options in the Preferences 57 



58 

menu, however, are those used for setting 
the handwriting recognizers and for prac- 
ticing handwriting. 

One of the claims made about Newton 
devices is that they learn about their users. 
In many ways, that's true. The most impor- 
tant thing for a new user to do is to try to 
teach the Expert Pad something about 
himself- starting with his handwriting. 

The handwriting recognition of Newton 
Technology is the most advanced currently 
available on any PDA, but it is also the 
most frustrating. It can accept both cursive 
and printed text, or -as most of us write - 
a combination of the two. We normally 
write a capital "A" as a block letter. We 
write other letters differently depending 
on whether or not they are at the beginning 
of a word, or depending on the character 
that precedes or follows them. For exam- 
ple, in the word "roar," the first "r" would 
look like a lower -case block- printed letter, 
while the final "r" would look like a typ- 
ical script lower -case letter. 

A Letter Styles function allows the user 
to teach the Newton Intelligence how he 
writes. For each letter of the alphabet, the 
Expert Pad shows a variety of possible 
shapes for each letter. It also shows the 
strokes that are used to write them. The 
user can then select "sometimes" or 
"rarely" for each variation. If, for in- 
stance, you never write a "z" with a line 
through it, you would tap on "rarely." 

Training is a two -way street: The Expert 
Pad also teaches the user through its Hand- 
writing Practice function, in which it dis- 
plays words from its dictionary and asks 
the user to write them. After the word is 
written, the Expert Pad displays a list of up 
to three words that it considered as pos- 
sibilities, along with a confidence percent- 
age. For example, after we wrote "wear," 
the Expert pad was 91% confident that we 
had written "wear," but gave "wears" a 
66% chance, and "win" a 65% chance. 
Other words that came up as we repeatedly 
wrote the word included "wool," "we 
or," "ulcer," and "meal." 

The Newton handwriting- recognition 
system often came up with words that we 
thought looked nothing like what we 
wrote -even if we searched for some re- 
semblance. The reason it does that, how- 
ever, is both a benefit and a hindrance. 

For fastest operation, Newton uses word 
recognition, not character recognition (al- 
though it is possible to set the Expert Pad 
to recognize characters as well). The Ex- 
pert Pad looks not only at the shape of the 
letters, but at the way in which the strokes 
are made, and how the letters are linked to 
form a word. Rather than translating sin- 
gle letters, Newton examines full words, 
matching them to the words that appear in 
its dictionary. Words can easily be added 
to the recognition dictionary, so that New- 
ton can learn to recognize the proper 

Handwritten 
notes 

Request that 
a fax be sent 

LUKñ 
wt +I, 

;.may 

Plan an 
appointment 

are transformed into 

and Newton will 

and Newton will 

IMarw:I 
Please 

attend 
10:30 

meeting. 

formatted 
text 

I 

FAX 
To: Bob Lee 

996 -1010 

From: Jules 

r 
send the fax 
for you 

Friday 
May 29 

Lunch date 
Mn Almeida 
Noon 

make a lunch 
date with Ann 

Newton Intelligence allows the Expert 
Pad to understand enough about what 
you're doing to actually help you. 

names in your Address Book, for instance. 
Newton's word recognition is fast, but 

the device cannot convert previously writ- 
ten notes to text at a later time. 

Correcting wrongly recognized words 
is sometimes simple. For example, we 
wrote the phrase "The Sharp Expert Pad," 
which was translated, "the sharp Expect 
Pact." Tapping on each word brought up a 
list of possible alternates. In each case, the 
list contained the correct word, and all that 
was required to fix things was to tap on it. 
It took maybe three seconds to get the 
correct text. 

At other times, however, correcting the 
Expert Pad was an exercise in frustration. 
For example, we wrote the sentence, "Sue 
wore a red dress," which was translated to 
"Sue wire auditing." Fixing "wire" was a 
simple matter of two taps with the stylus - 
one to call up the word list, and another to 
select "wore" from it. Alternately, we 
could have just written over the "i," 
changing it to "o." To fix "auditing" we 
had to tap the keyboard icon at the bottom 
of the word list to call up a small on- screen 
keyboard on which we could type in the 
correct three -word phrase. 

We concluded that the handwriting rec- 
ognition of Newton Intelligence is, in- 
deed, impressive technology, especially 
considering all the necessary processing 
horsepower that is crammed into the 
small, battery- powered device. But it is 
not a practical way to enter a lot of data, or 
to take quick notes. (We often have trouble 
reading our own scrawled notes- reading 
the Expert Pad's interpretation of such 

scribble would be next to impossible. Of 
course, we could just leave our handwrit- 
ten notes in "digital ink," but writing on 
an LCD with a stylus makes our writing 
even harder to read, and the screen's reso- 
lution makes reading difficult. 

Most people, however, don't need to 
jot -down large amounts of information as 
we would during an interview or at a press 
conference. Most day planners are full of 
short notes: Meet Joe at his office 10 AM; 
Sarah's birthday; Financial report due; etc. 
With short entries, where correcting incor- 
rectly recognized words isn't too frustrat- 
ing, Newton excels, and Newton gets 
better at identifying words as you add fre- 
quently used words to its dictionary. 
(Every time you "type" in a new word that 
isn't in its dictionary, the device asks if you 
want to enter it.) There's a down -side to 
that: The more words in the dictionary, the 
slower the handwriting recognition. 

Because the Notepad is always open, 
it's a convenient place to jot down random 
pieces of information. To start a new note, 
all that's required is to draw a horizontal 
line across the screen. The line is trans- 
formed into a bold, straight line that con- 
tains a date -and -time stamp, and a kind of 
command menu. Tapping on the file - 
folder icon permits the note to be filed in a 
category (which can be user -defined), 
while tapping the envelope icon permits 
the file to be output to another device such 
as a printer or fax, or "beamed" via an 
infrared signal to another Expert Pad. The 
Notepad can display all notes, or just those 
in a chosen category. If you don't re- 
member what category a note is filed in, 
just tap the Find icon, and the Expert Pad 
will search through all notes for any occur- 
rence of the word you want to find. (It can 
also search across all applications, if desir- 
ed.) 

The other main applications of the Ex- 
pert Pad are its Name File and the Date 
Book. The Name File can store such infor- 
mation as names, addresses, company 
names, E -mail addresses, four phone 
numbers per entry, and birthdays. The in- 
formation can be displayed as a business 
card, or as a card with attached handwrit- 
ten (or translated -to -text) notes. 

The Date Book contains an appointment 
calendar and a to -do list. A small monthly 
calendar always appears on the top of the 
date book. Tapping any date on the calen- 
dar calls up the appointment list or to -do 
list for that day. Tapping and dragging per- 
mits multiple days to be called up. For 
example, you could look at a week's 
schedule, or appointments for all Mon- 
days in the month. 

What makes the Expert Pad different 
from any other organizer? It's the Newton 
Intelligent Assistant, which adds some 
human-like smarts to the Expert Pad. For 
example, if we were to write, "Fax Carl" 



and then tap the Assist icon, the Expert 
Pad would be smart enough to go through 
our address book and find Carl and his fax 
number. If there were more than one Carl 
in the book, Newton would ask us which 
one we meant. 

Writing "Meet John and Marc 2/21" 
would launch the Date Book to February 
21, and place the text there. We could 
move the appointment to the right time 
(since we hadn't input it previously) and 
set an alarm to remind us. 

Other key words that the Assistant rec- 
ognizes include "call," for dialing, "re- 
member" for the to -do list, and "time" for 
finding the correct time in different time 
zones. Newton also recognizes "break- 
fast," "brunch," "lunch," and "dinner." 
If you jot down "Lunch Susan Monday," 
the Expert Pad would assume you meant to 
meet her at noon on this coming Monday. 
Had you specified breakfast, brunch, or 
dinner, it would have assumed 7 AM, 10 

AM, or 7 PM, respectively. It would ask if 
that's correct, and then store the informa- 
tion in the Date Book. 

Along with its personal- information 
management functions, the Expert Pad 
also features a built -in calculator, and form 
calculators for metric conversions, curren- 
cy exchange, loan payments, and interest. 

We wish that we had been able to put the 
Expert Pad through its paces sending faxes 
and E -mail and printing. Unfortunately, 
we couldn't. We did not receive the re- 
quired printer cable from Sharp, and the 
Expert Pad does not support standard 
PCMCIA fax modems. 

The Expert Pad's handwriting recogni- 
tion was impressive -but not good 
enough. We often were so frustrated at 
what Newton said we wrote that we 
"scrubbed" out what we had written and 
started over again, and again, and again. 
Scrubbing out was a novelty, though. Run- 
ning the stylus in a zig -zag through the 
offending word or sentence reduces the 
text to a cloud of dust, which disappears 
with a little "puff" sound. Deleting entire 
entries is even better -the "paper" crum- 
bles into a ball and flies into a garbage can. 
If we had been using pen and paper during 
our handwriting recognition tests, our gar- 
bage pail would have been overflowing. 

And that about sums up the first- genera- 
tion Newton. It's neat -and it's frustrat- 
ing. 

Zooming Along 
Z -PDA ZOOMER PERSONAL DIGITAL 
ASSISTANT. Manufactured by Tandy 
Corporation, 1800 One Tandy Center, 
Fort Worth, TX 76102. Price: $699. 

The Tandy Zoomer Z -PDA doesn't try to 
knock people out with new technology. 
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Instead, it packs a one -two punch with 
extraordinary battery life and a host of 
practical features. 

Tandy chose an 8 -bit processor, custom - 
designed by Casio, to power the Zoomer. 
The advantage to using such a relatively 
low -power CPU is that the device can run 
for about 100 hours on a set of three "AA" 
batteries. The trade -off is that the Z -PDA 
is not as fast as it could be, and it can't 
perform such high -tech wizardry as recog- 
nizing cursive handwriting. 

Tandy figured that long battery life - 
and easily replaceable batteries -were es- 
sential for what it hopes will be a mass - 
market device. We were impressed when a 
Radio Shack spokesman told us that the 
product was designed so that if a user re- 
ceived a low- battery warning while board- 
ing a plane in New York for Los Angeles, 
he could use the Zoomer during the whole 
flight, and not worry about buying a new 
set of batteries until he reached the West 
Coast. 

Even if we'd had the opportunity to do 
some traveling during the product -review 
period, we wouldn't have been able to test 
that out. In dozens of hours of testing, we 
never got a low- battery warning! 

Had we had cause to replace the AA's, 
however, the Zoomer's two lithium button 
cells would have backed -up our data dur- 
ing the switch. Those last for approximate- 
ly five years, and Tandy recommends put- 
ting a reminder to replace them in the Z- 
PDA's date book, five years after the date 
of purchase. 

The date book is just one of the "host of 
practical features" mentioned above. The 
Zoomer also provides an address /phone 
book, a notebook/sketch pad, Pocket 
Quicken financial- tracking software, a 

world clock, a calculator, a forms cal- 
culator, a pop -up user -configurable key- 
board, pop -up help screens, access to 
America Online (with an optional modem 
and a monthly subscription fee), a diction- 
ary, a thesaurus, a spell checker, a lan- 
guage translator, three games, and a 

reference section. All of that is packaged 
in a charcoal -colored case that measures 
about 7 x 41/4 x 1 inches and weighs under 
a pound. The double -hinged front cover 
flips up and over the top, folding flat along 
the back of he unit to reveal the LCD. Ten 
icons arrayed below the LCD each repre- 
sent one or more of the Z -PDA's functions. 

Although using the Z -PDA is purported 
to be an "intuitive" process, first -time 
users will be glad that Tandy included a 

video introduction to Zoomer's many fea- 
tures. Otherwise, they'd be forced to go 
directly to the rather hefty, 145 -page user's 
manual -winch might bring up unpleas- 
ant associations with computer /software 
mama's. Because the video merely touch- 
es on each application, it is necessary to 
refer to the manual frequently in the begin- 
ning, and on occasion later on. We would 
have liked to see an abbreviated "quick- 
start' manual along with (or instead of) 
the video. We find it much easier to flip 
through a short booklet than to search a 

video tap., for a particular subject. 
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Standard text, Powerink, and drawings can be mixed in most of the Zoomer's applica- 
tions. 

The first thing we wanted to try out, of 
course, was the Z -PDA's handwriting rec- 
ognition. We popped the stylus out of its 
well on the Zoomer's bottom panel and 
pulled it open to its full 4 -inch length. 
Although the storage well is a handy place 
to keep it, the stylus itself is somewhat 
uncomfortable to use -it's like writing 
with a pencil stub. You can substitute any 
blunt pen -like instrument -a pen with a 
plastic cap or a wooden chopstick, for in- 
stance -and a certificate for a free, full - 
size stylus comes with the Zoomer. 

From the videotape, we had learned that 
the stylus was used for a few things other 
than writing. Tapping on an icon, menu, 
or command activates that function, and 
tapping on the screen moves the cursor to 
that location. Dragging- holding the pen 
down and dragging it across handwritten 
or computer text -"selects" that text so 
that it can be edited, copied, or moved. 
The pen can also be dragged across the 
menu bar or icons to move them around the 
screen. Finally, the pen is used for making 
editing gestures. A backward "L" gesture 
acts like a carriage return, adding a line. A 
"pigtail" gesture (a vertical line with a 
loop in it), familiar to editors and proof- 
readers, is used to delete text. 

To practice using the stylus and writing 
on an LCD, we tapped on the pad -and- 
pencil icon to bring up the Note Book. The 
techniques that we practiced can be used in 
any of the applications, however. 

The Note Book consists of a table of 
contents page and blank pages on which to 
write or draw. A title bar at the top of each 
page can be used to label a new entry. 
Similar subjects can be grouped together 
in the table of contents, and tapping on a 
title in the table of contents recalls that 
entry. Just below the title bar is a row of 
"tool" icons: on- screen buttons labeled 
with a handwritten "A" for using 
Powerink (handwriting that is not trans- 
lated to text); a typed "A" for handwriting 
recognition; an "X" to erase the whole 

60 page; a backspace arrow to erase the pre- 

vious character; and a briefcase full of 
sketch tools. 

At first, we tapped on the handwritten 
"A" to use Powerink. With Powerink, we 
could write or draw, or both, using cursive 
writing if we chose. Our writing would be 
stored exactly as it appeared on the screen, 
and would not be transcribed to text. For 
many applications, Powerink is sufficient. 
After all, there's no need to translate "Pick 
up milk and bread" into printed text. Even 
in the address book, you can use 
Powerink. Zoomer asks you to verify the 
first letter of each person's name, so that 
the entry can be filed alphabetically. 

Feeling like kids on the first day of 
school, with brand new notebooks and 
freshly sharpened pencils, we began to 
write. Using PowerInk is a breeze, and it 
was fun to write and doodle on an LCD. 
When we tapped on the handwriting-rec - 
ognition tool, however, that first- day -of- 
school anticipation quickly turned into the 
nightmare of a surprise quiz -given in a 

foreign language. Our first attempts were 
translated into complete gibberish, com- 
binations of letters, numbers, and punc- 
tuation marks that made us wonder if the 
Zoomer was cursing at us. In fact, the first 
few sessions had us cursing right back. 
Zoomer's handwriting- recognition defi- 
nitely takes some getting used to! 

We're happy to report, however, that the 
situation improved with time and experi- 
ence. The manual provides some pointers 
on writing in a manner that the Z -PDA can 
interpret. We picked up other helpful hints 
through trial -and -error. Practice didn't 
make perfect, but we have gotten to the 
point that Zoomer can understand about 
85% of what we write, and we are now 
very proficient at making quick correc- 
tions, using either gestures or the pop -up 
keyboard. In fact, it was sometimes con- 
venient to keep the keyboard on- screen to 
supplement our writing, using it to fill -in 
where Zoomer's handwriting recognition 
most often failed: with punctuation, 
spaces, and lines. 

As soon as we felt confident in our abil- 
ity to input information, we tried out some 
of the other applications. Applications are 
opened by tapping on the appropriate 
icon. Opening one application automat- 
ically closes the previous one. When you 
return to an application, you return to the 
precise spot at which you left it. 

The Address Book resembles a standard 
paper version, with fields for name, ad- 
dress, and work, home, and fax phone 
numbers. However, you can customize 
your address book by adding, deleting, or 
changing those fields. Zoomer provides a 
list of 16 standard choices (including zip 
code, country, company, title, E -mail, 
other phone), and four custom fields. 
Those might be used to note birthdays, 
anniversaries, spouse's and children's 
names, or any other useful information. 
The Address Book includes a sketch pad, 
which allows you to attach a drawing to 
any entry. It's also possible to create a 
second Address Book, so that you can 
keep your business and personal contacts 
separate. 

You can also work with separate busi- 
ness and personal Date Books. Zoomer's 
Date Book application offers several cal- 
endar views and scheduling /reminder 
functions -so many, in fact, that it takes 
some time to learn to navigate through the 
various calendar views to easily find the 
one you want. 

You can look at daily, weekly, monthly, 
and six -month calendars; tapping with the 
stylus will call up a specific date, week, or 
month. A tap on the right and left arrows at 
the top right corner moves you forward or 
backward through the calendar that you've 
viewing. Tapping the Tool Box icon allows 
you to write directly on the calendar. 
Scheduling events is done using the daily 
view. Sketches can be attached so that, for 
example, you can draw a map to help you 
get to a scheduled meeting. It's possible to 
schedule recurring events- weekly meet- 
ings, birthdays, and the like. An alarm can 
be set to remind you of appointments. 

Zoomer's To Do list is also accessed 
through the Date Book's daily view. Each 
task can be assigned a priority level, and 
can be checked off when completed. 
Don't put off `til tomorrow ... Zoomer 
will simply move the task reminder up to 
the next day until it's checked off. 

Text documents that you've created can 
be faxed or sent via E -mail, if you connect 
your Z -PDA to a modem. We connected 
ours to a Zoom pocket fax /modem. A spe- 
cial adapter cable was required because the 
Zoomer doesn't have a standard serial con- 
nector. Because of the built -in support for 
America Online, accessing the service - 
which provides news, travel, stocks, and 
product support "departments" -was 
easy. 

Perhaps the most sensible built -in ap- 



So which is better, the Zoomer or the 
Newton? Even though the two products 
are clearly after the same market, there 
is no clear winner. The two products are 
significantly different, and each excels 
in some areas. The table at the right 
shows our opinion of where one unit is 
better than the other, and where there is 
no significant difference. 

The Newton has a more powerful pro- 
cessor than the Zoomer, so it is faster 
and it should, in the future, have more 
powerful applications. The downside of 
its high power is that battery life is sig- 
nificantly reduced as compared to the 
Zoomer. Sharp claims that battery life 
should be about 35 hours after the unit 
is trained (which drains the battery fast- 
er than other applications). Because we 
spent most of our time training the de- 
vice, we were not able to obtain any- 
where near that much battery life. The 
batteries in the Zoomer are still going 
strong. 

Both devices offer adequate person- 
al organizer functions, neither signifi- 
cantly better than the other. However, 
the Newton is "smarter" when it comes 
to using the information contained in its 
organizer database. The Newton is also 
far smarter when it comes to recog- 
nizing handwriting, but still not smart 
enough. The errors made by Newton 
were more frustrating and usually more 
difficult to correct than those of the Zoo - 
mer. That's because Zoomer recog- 
nizes (and mistakes) single letters, 

plication that Zoomer provides is Pocket 
Quicken from Intuit, which allows you to 
keep track of your day -to -day expenses. 
Although we are big fans of Quicken's 
desktop version (which was reviewed in 
the November, 1993 issue), we often find 
ourselves losing track of expenditures over 
a long weekend, when traveling, or when- 
ever we're away from our PC's for a few 
days. Pocket Quicken remedies that prob- 
lem by going where our PC can't. 

Pocket Quicken uses three basic im- 
ages: a wallet icon for recording expenses; 
a bank icon for deposits, withdrawals, and 
transfers; and a file -cabinet icon for saving 
and categorizing your records. Those cate- 
gories are represented by other icons: a 

knife and fork for dining, a car for trans- 
portation, a shopping cart for groceries, 
and the like. There are different expense 
categories under the headings business. 
personal, home, auto, and other. 

Pocket Quicken provides instant access 
to account data for each of your accounts. 
You can set it up to handle one or several 
accounts under the general headings cash, 
credit, and hank. A separate connectivity 
pack -not available at the time of our re- 
view -will allow users to merge their on- 

THE PDA FACEOFF 

Categories Newton Zoomer Tie 

Power/Speed 

Battery Life * 

Personal Organizer Functions * 

"Intelliçence" (Associate Data Linking) * 

Handwriting Recognition 

LCD * 

Price * 

Portability * 

Built -in Applications * 

Announced Third -Party Applications 

Communications Capabilities * 

while Newton works on full words, allow- 
ing for bigger goof -ups.. 

Both units need a better display with 
higher resolution and back -lighting. We 
realize that's incompatible with the low 
prices and long battery life required of a 
PDA, but hope that subsequent gener- 
ations of PDA's come up with a solution. 

There is virtually no difference be- 
tween the street price and the 
portability of the Zoomer and Newton. 
We found ourselves using the Zoomer 
more because it had more built -in ap- 
plications. We are somewhat addicted 
to playing solitaire, and are big fans of 
Pocket Quicken. But there are more po- 
tentially impressive applications being 

Pocket Quicken, which lets you keep 
tabs on all your financial transactions, is 
one of the most practical applications 
built into the Z -PDA. 

the -road data with their desktop Quicken 
data. 

The rest of the Z -PDA 's built -in applica- 

developed for the Newton, including a 
Fodor's travel guide to major cities and a 
Dell Crossword Puzzle application. No 
third -party applications have been an- 
nounced for the Zoomer as we go to 
print. 

Neither device has sufficient commu- 
nications capabilities -wireless com- 
munications are required for full PDA 
functionality. We give the Zoomer the 
edge because it has a built -in RS -232 
port which can be used to hook up to a 
modern. Because we didn't receive a 
special modem card for the Newton, 
and because we don't have any RS -422 
devices, we were unable to use its com- 
munications features. 

tions are not quite as practical. They range 
from convenient to just plain silly. Let's 
take a look at them, in that order. 

It's always handy to have a dictionary 
around. The Zoomer's contains 100.000 
words for checking your spelling, 50,000 
definitions, and a 660,000 synonyms. You 
can enter a word using handwriting recog- 
nition or with the pop -up keyboard. Two 
on -screen keys labeled FLASH and JUMBLE 
allow you to play games. Flash calls up 
words at random, and you can guess their 
meanings before you look up the correct 
answer. Or you can try to make as many 
words possible by scrambling the letters in 
that flash word and then hit the JUMBLE 
button to find out how many Zoomer came 
up with. 

The forms calculator is used to perform 
currency conversions, financial calcula- 
tions.. and unit conversions. Financial cal- 
culations include loan- payment sched- 
ules, margins, balloon payments, and - 
particularly useful for those who often 
lunch with office pals -a "bill splitter. If 
you input the amount of the tab at a restau- 
rant, the percentage you'd like to leave as a 
tip, and the number of people, Zoomer 

(Continued on page 92) 61 
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On the Go 
with EO 
AT &T EO PERSONAL COMMU- 
NICATOR. From: EO, Inc., 800A Mid- 
dlefield Rd., Mountain View, CA 94043. 
Phone: 800458 -0880, 415 -903.8100. 
Price: $2000 -$4000 ($3200 as config- 
ured here). 

In its recent "you will" commercials, 
AT &T presumes that, among other things, 
people want to be able to send and receive 
faxes while at the beach. Well, that's the 
last thing we want -the sound of the surf 
and a good book are good enough for us. 

We know from experience, however. 
that we would appreciate being able to 
send or receive a fax while on the way to 
the airport. Furthermore, we often wish 
that we had a more effective way to stay in 
touch with the office while we 're on the 
road. The EO 440 Personal Commu- 
nicator promises to do it all. 

The EO 440 Personal Communicator is 
an impressive, one -of -a -kind device. Ifs 
not a laptop computer, and it's not truly a 

PDA, although it performs many similar 
functions. A note from EO's Vice Presi- 
dent of Marketing that accompanied our 
review unit warned us not to compare it to a 
computer, saying that "you might just as 
well compare the EO 440 to a fax machine 
or a cellular telephone. Whereas the EO 
440 contains elements of each of these 
systems, it is not designed to be an altar 
native to any one of them. The EO 440 is a 
new category of system that fills a needs 

profile that cannot be filled by a notebook, 
a fax machine, a pocket information orga- 
nizer, or a cellular phone." 

The EO 440 measures about 
10.8 x 7.1 x 0.9 inches, but two "ears" 
stick out from either side of the unit, 
adding about three inches to its width. The 
ears contain a microphone, a speaker, and 
connectors for a printer, keyboard, and a 
personal computer. The screen is a 7' 
inch diagonal LCD, with a resolution of 
110 dots per inch. (That's 640 x 480 pix- 
els, which is standard VGA resolution.) It 
is recessed slightly to help prevent 
scratches. 

The EO 440 is targeted at business pro- 
fessionals. It focuses on communications, 
combining voice, data, and fax -ca- 
pabilities with organizer functions and 
more. A total of nine productivity and 
communications applications are built -in. 

The EO 440 runs on the PenPoint oper- 
ating system, which was developed by GO 
Corporation. The operating system was 
built from the ground up specifically for 
pen input. The applications included with 
the EO 440 are: GO Mail -for sending 
and receiving E -mail. GO Fax -for send- 
ing and receiving faxes. EO Phone -for 
phone dialing voice calls. Personal Per - 
spective -an appointment calendar, ad- 
dress book, and information manager. EO 
Sound -for voice notes to documents. 
MiniText a simple en -based word pro- 
cessor. MniNote -for producing simple 
graphics and handwritten notes. EO 
Calc -a calculator. EO Lock -for pass- 
word- protecting the EO 440. PenTOPS 
and PenCentral -for linking the Commu- 
nicator to an IBM- standard PC. 

PenPoint is based on a notebook meta- 
phor- tables of contents and page -edge 
tabs allow users to navigate through the 
various applications. The pages listed in 
the table of contents represent documents. 
Documents can be organized into sec- 
tions. The page tabs on the notebook pro- 
vide easy access to the documents or 
sections; tapping a page number is another 
way to open an existing document. Several 
auxiliary notebooks and accessories are 
organized on a "bookshelf" below the 
notebook. 

The notebook metaphor took a little get- 
ting used to, but it was reasonably easy to 
learn, and once we were familiar with it, 
the Personal Communicator was easy to 
use. The system was also easy to re- 
member. We think that is important be- 
cause we would assume that many 
potential users would require the Commu- 
nicator only on out -of -town trips. 

Our EO 440 was almost fully equipped 
with available options. It contained a 20 
megabyte hard disk drive, a 8 megabytes 
of RAM, an extended -life (7 -hour) battery 
pack, and an internal V.42, V.42bis, 
14,400 -bps data/9600 -bps group 3 fax 
modem. We did not have the cellular - 
phone option, but we saw it demonstrated. 
We were able to hook the Communicator 
to a standard phone line. 

With the cellular option, it would be 
possible to receive a fax while on the road 
(or on the beach), display it on the screen, 
annotate it with the pen, and send it on to 
someone else- perhaps to someone with 
an EO. The phone list and address book 
make it easy to send and receive faxes. 
However, fax isn't the only way to stay in 
touch. The EO comes with a subscription 
to AT &T Mail, which is the largest E -mail 
system in the U.S. and offers gateways to 
such systems as CompuServe, MCI Mail, 
and the Internet. 

The EO can connect to more than ju: 
phone lines. It has a printer port (but wit 
drivers only for HP LaserJet and Epso 
don -matrix printers), and a serial port fc 

connection to personal computers. 
PS /2- compatible keyboard can also h 
connected -a great convenience whe 
adding such data as names and addresses 

The EO's handwriting recognition is f< 

from perfect. It recognizes only printe 
text. After we practiced a little, we fours 
that it could achieve a recognition rate t 
about 90 percent. It is possible t 

customize the recognizes if you can't wri' 
a letter the way it wants you to. Recogn 
tion need not be done on the fly. Insteat 
you can translate the electronic ink to te 
at a later time. 

One very nice feature of the EO is th . 

the handwriting- recognition software 
contained in a removable module. As be 
ter recognition algorithms are developer 

(Continued on page 9. 



Just like these 
Fully Trained 
Electronics 
Professionals 

"Thanks to CIE 1 have tripled my previous 
salary, and I am now in a challenging and 
rewarding new field where only the sky is 
the limit." 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods 

'CIE was recommended to me by my boss. 
It was appealing since I could study at my 
own pace at home and during business 
travel." 
Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices, Inc. 

'I loved the rlexib lity CIE offered It was the 
only way 1 could continue both school and 
my demanding job." 
Britt A. Hanks 
Director of Engineering 
Petroleum Helicopters, Inc. 

"I liked the way the school was set up with 
laboratory assignments to enforce 
conceptual learning. The thing which 
impressed me the most about CIE's 
curriculum is the way they show application 
for all the theory that is presented." 
Daniel N. Parkman 
Missile Electro- Mechanical Technician 
U.S. Air Force 

'Completing the course gave me the ability 
to efficiently troubleshoot modern 
microprocessor based audio and video 
ystems and enjoy a sense of job security." 

Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

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

Just ask any of the 
150,000 -plus graduates of 
the Cleveland Institute of 
Electronics who are working 
in high -paying positions with 
aerospace, computer, 
medical, automotive and 
communications firms 
throughout the world. 
They'll tell you success 
didn't come easy...but it 
did come...thanks to their 
CIE training. And today, a 
career in electronics offers 
more rewards than ever 
before. 

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

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

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 

CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to-everyone 
school. -CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS-.. 
IT'S THE ONLY SUBJECT 
WE TEACH! 

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

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

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

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

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

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

AH51 
Name 

Address 

City 

State Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
Veteran 
Active Duty 

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

A School of Thousands. 

L A Class of One. Since 1934. 
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An 
In these times of rising costs and 
diminishing real income, every 
driver knows how very costly vehi- 

cle maintenance can be, even for rel- 
atively minor repairs. For most 
problems, a driver has no alternative 
but to take the vehicle to a service 
technician. Sooner or later all vehicles 
require repairs to the battery and 
charging system, and if the problem is 

not diagnosed properly, you could 
spend a fortune replacing perfectly 
good parts. But there is one area -the 
vehicle's battery and starting and 
charging systems -that can be 
monitored and diagnosed for possi- 
ble problems using a simple elec- 
tronic circuit. 

Although modern automotive bat- 
teries and their charging systems can 
be somewhat complex, diagnosing 
them is relatively simple. And diagnos- 
ing electrical- system problems is just 
what the Automotive Electrical Diag- 
nostic System described in this article 
is designed to do. 

Some Background. The Automotive 
Electrical Diagnostic System monitors 
the battery's terminal voltage to de- 
termine the condition of the vehicle's 
electrical system under various oper- 
ating conditions -including standing 
idle prior to starting, cranking, idling, 
and running with various electrical 
accessories in operation. It keeps tabs 
on your vehicle's battery, alternator, 
regulator, and cranking voltage 
through a set of 5 LED's. 

Under normal conditions, a green 
LED lights and remains lit as long as 
the battery voltage is normal prior to 
starting the engine. The other 4 LED's 

light only when a malfunction occurs. 
The circuit is powered from the vehi- 
cle's electrical system, so it does not 
require a separate power source. It 

can be permanently installed in the 
vehicle (to continuously monitor elec- 
trical system status) or assembled as a 
portable unit and connected to any 
vehicle with a 12 -volt electrical sys- 

tem. 
All vehicles that use a 12.6 -volt lead - 

acid battery as the power source will 
fall within certain voltage constraints 
as the vehicle is operated. For exam - 

66 ple, a battery in good condition will 

Electrical- System 
Analyzer 

for your car 

ELECTRICAL SYSTEM ANALYZER 

BATTERY OK 

WEAK BATTERY 

1 NOT CHARGING 

WINSUFFICIENT 
CHARGING 

- OVERCHARGING 

Build an electrical system 
monitor that can alert you 
to any one of several 
problems so that you can 
avoid the inconvenience 
and expense of a road - 
service call. 

BY ANTHONY J. CARISTI 

have a terminal voltage of about 12.6 

volts when the engine has not been in 

operation for some time. During 
cranking, battery voltage should not 
fall below 9 volts. 

When the engine is operating, the 
voltage regulator should hold the ter- 
minal voltage between 13.5 and 15.0 

volts. When all accessories are on, the 
alternator should be able to maintain 
at least 13.5 volts across the battery at 
about 1500 or 2000 engine RPM. Table 
1 illustrates normal battery -terminal 
voltages under various operating 
conditions and specifies possible 

faults when any of the voltages levels 
falls outside of the acceptable limits. 

Circuit Operation. At the heart of 
the Automotive Electrical Diagnostic 
System (see Fig. 1) is the Maxim 
MAX8214ACPE five -stage voltage 
comparator, U1, which also contains a 
built -in 1.25 -volt precision reference. 
The chip also has an on -board logic 
circuit that allows the outputs of two of 
the comparators to be inverted by 
tying the mode -select input (Ms, at pin 
15) high (more on that later). 

In the Automotive Electrical Diag- 
nostic System, the non -inverting inputs 
of all of the comparators are tied to 
U2's internal 1.25 -volt reference, while 
the Ms input is tied high, causing the 
outputs of comparators U1 -a and U1 -b 
to be inverted. When any comparator 
output is driven low, its associated LED 

lights. 
Resistors R1 -R6 form a voltage -di- 

vider network that provides specific 
voltage levels at five junctions, ecch 
of which feeds the positive input of 
one of U1's five comparators; thus 
each comparator receives a known 
percentage of the input (battery) 
voltage. Since each of the five com- 
parator circuits are similar, an expla- 
nation of one such circuit will cover all. 
Take U1 -e (the NOT CHARGING MONITOR), for 
example. 

When the engine is at rest, the bat- 
tery voltage is 12.8 volts or more, so the 
voltage at the R3 /R4 junction exceeds 
the 1.25 -volt reference, causing The 

output of U1 -e to go high, hold ng 
LED3 off and indicating that the 
charging system is delivering current 
into the battery at engine idle. Even if 

the battery voltage rises above 12.8 

volts (which is normal during engine 
operation), the output of U1 -e at pin 
10 remains high, keeping LED3 off. But 

should the charging system fail, bat- 
tery's terminal voltage will dip be ow 
12.8 volts, causing LED3 to light, alert- 
ing the driver to the condition. 

Comparators U1 -c and U1 -d oper- 
ate in a similar manner, lighting their 
LED's if the battery voltage falls below 
9.0 and 13.4 volts, respectively, indi- 
cating WEAK BATTERY (insufficient cranking 
voltage) Or INSUFFICIENT CHARGING 

(defective alternator operation). 



TABLE 1- AUTOMOTIVE ELECTRICAL FAULTS 

Condition Normal Voltage Possible Fault 

Vehicle at rest 12.6 volts <12.4 volts: bad cell or 
severely undercharged battery 

Cranking >9 volts <9 volts: Weak battery 

Idling >12.8 volts <12.8 volts: Not charging; 
bad alternator or wiring 

Running 
minimum load 

>13.4 volts <13.4 volts: defective alternator 
or voltage regulator 

Running 
minimum load 

<15.2 volts >- 5.2 volts: Overcharging; 
defective regulator 

Running 
maximum load 

>13.4 volts <13.4 volts: alternator 
Cefective or belt slipping 
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Fig. I. The Automotive Electrical Diagnostic System is built around a Maxim 
MAX82I4ACPE five -stage voltage comparator, which contains a built -in 1.25 -volt 

precision reference, and on -board logic that allows the outputs of two of the 
comparators to be inverted. 

Comparators U1 -a and U1 -b have 
to sense voltage levels higher than 
12.4 and 15.2 volts, respectively to light 
their LED's. To accomplish that, the 
mode -select input of U1 is connected 
to Vcc, thereby inverting the outputs of 
those Iwo comparators, and causing 
their respective LED's to light when the 
battery voltage rises above 12.8 volts 
prior to starting (a normal condition), 
and above 15.2 volts (OVERCHARGING). 

In order to prevent ambiguity be- 
tween a NOT CHARGING and INSUFFICIENT 

CHARGING situation, which would cause 
two normally off LED's to simulta- 
neously light, R7 and D2 are placed 
into the circuit. A low output from U1 -e 

(NOT CHARGING) pulls down the refer- 

ence input of U1 -d (INSUFFICIENT CHARGING) 

to prevent LED4 from lighting. Thus, 

when the vehicle charging system is 

not working at all, LED3 (NOT CHARGING) 

will light and LED4 (INSUFFICIENT CHARGING) 

will not. 
Integrated circuit U2, a fixed 8 -volt 

voltage regulator, maintains a con- 
stant supply voltage for U1. Diode D1 

has been placed in the circuit to pre- 
vent component damage in case the 
lead polarity is accidentally reversed 
when connecting the Automotive 
Electrical Diagnostic System to the ve- 
hicle's electrical system. 

Construction. Although circuit wir- 

ing is not critical, and could have 
been done on perfboard, the author's 
prototype was assembled on a small 
printed- circuit board measuring 
about 2 by 21/2 inches. A template of 
that printed -circuit pattern is shown in 

Fig. 2. A printed -circuit board is avail- 
able from the source specified in the 
Parts List. 

A parts- placement diagram for the 
printed- circuit board is shown in Fig. 3. 

Regardless of which method of con- 
struction you choose, it is strongly rec- 
ommended that you use a socket for 
U1. That makes testing and trou- 
bleshooting the circuit easier should it 
ever be necessary. 

When installing the parts, be very 
careful to properly orient the polar- 
ized components. Just one compo- 
nent inadvertently installed back- 
wards will prevent the circuit from 
operating and may cause damage 
to itself and /or other components. So, 

as always, double -check the position 
of the parts before soldering them 
in place. 

When connecting the LED's to the 
circuit board, use flexible insulated 

corld 
°°""° 

L 
I-- 2 3/16 INCHES 

Fig. 2. The project was assembled on a 
small printed -circuit board measuring 
about 2 by 2 1/2 inches. A printed- circuit 
board is available from the source 
specified in the Parts List. 67 
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PARTS LIST FOR THE 
AUTOMOTIVE ELECTRICAL DIAGNOSTIC SYSTEM 

SEMICONDUCTORS 
Ul- MAX8214ACPE voltage - 

comparator, integrated circuit 
(Maxim) 

U2- AN78L08 8 -volt, 100 -mA 
voltage regulator, integrated circuit 

Dl- 1N4004 1 -amp 400 -PIV silicon 
rectifier diode 

D2- 1N4148 general- purpose silicon 
diode 

LEDI, LED3 -LED5 -Red light - 
emitting diode 

LED2 -Green light -emitting diode 

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

film units, unless otherwise noted.) 
RI- 100,000 -ohm 
R2 -4530 -ohm 
R3 -357 -ohm 
R4-487 ohm 
R5-I300-ohm 
R6-9530 -ohm 

R7- 220,000 -ohm, 1/4-watt, 5 %, 
carbon 

R8- R12 -470 -ohm, 1/4-watt, 5 %, 
carbon 

CAPACITORS 
C1- 100 -1.1F, 25 -WVDC, radial -lead 

electrolytic 
C2, C3 -0.1 -p F, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

Printed- circuit materials, IC socket, 
enclosure, test leads, alligator 
clips, solder, hardware, etc. 

Note: The following parts are 

available from A. Caristi, 69 White 
Pond Road, Waldwick, N.J. 07463: 
printed -circuit board, $11.95; a set 

of 6 metal -film resistors, $4.50; 
Ul, 12.50; U2, $2.50. Please add 
$3.00 postage/handling. New 
Jersey residents please add 
appropriate sales tax. 

TO 
12V 

SOURCE 

Fig. 3. Assemble your printed -circuit board wording to this parts -placement diagram. 
It is strongly recommended that a socket be pros ided for UI. 

wire; solid wire is not recommended 
since it has a tendency to break. It is 

also important to use 1% metal -film 
resistors where specified. The ac- 
curacy of the circuit depends on the 
1% tolerance of those resistors. The 

tolerance of ordinary carbon resistors 

is simply not sufficiently accurate or 
stable for that part of the circuit. 

The circuit board can be housed in 

almost any a small plastic or metal 
enclosure. If you house the circuit in a 
metal enclosure, be sure that no part 
of the wiring touches any metal sur- 

face, and use a rubber grommet 
where the input leads of the instru- 
ment pass through the enclosure. The 

LED's should be mounted to the frónt 
panel of the enclosure and each 
should be labeled to indicate its 

meaning. Use a green LED for LED2 

(BATTERY OK) and a red unit for all others. 
If you wish to permanently install the 

project into a vehicle, connect the 
negative input wire to any metal part 
of the chassis. It is best to connect the 
positive input lead directly to one of 
the wires of the ignition switch, which is 

powered only when the ignition is 

turned on. That avoids unnecessary 
battery drain when the vehicle is not 
in use. 

Note: To maintain the Automotive 
Electrical Diagnostic System's ac- 
curacy, it is not recommended that 
the positive lead of the circuit be con- 
nected to any part of the vehicle's 
electrical system in which a significant 
voltage drop from the battery positive 
terminal occurs, especially with ac- 
cessories turned on. To measure the 
voltage drop in the vehicle wiring, 
connect a DC voltmeter between the 
positive battery terminal and the 
point at which the Automotive Elec- 
trical Diagnostic System is to be con- 
nected. A voltage drop of more than 
0.05 volts with accessories operating 
indicates that some other point in the 
wiring should be chosen for the circuit. 

For a stand -alone unit connect 
lengths of 18- or 20 -gauge flexible or 
test -lead wire (color -coded red for 
positive and black for negative) to the 
circuit for the input leads. Those wires 
should be terminated in alligator clips 
large enough to grip the terminals of 
the vehicle's battery. Such clips are 
available from most auto -parts or 
electronics- supply outlets. 

When the assembly phase is corn - 
plete, examine the project very care- 
fully for cold solder joints (which may 
appear as dull or rough blobs of sol- 
der). Also, examine the board for short 
circuits, especially between adjacent 
IC pins. Correct any errors that you 
find. 

Checkout. It is important to bench 
test the project before installing or 
using it on a vehicle. To test the project 
you'll need an well -filtered variable, 
DC power supply with an adjustment 
range of at least 8 to 16 volts, and an 
accurate DC voltmeter. Connect the 
voltmeter and project input leads to 
the output of the power supply, while 
observing the proper polarity of both 
sets of wires. 

Start with the supply set to its m ni- 
mum voltage and slowly raise the out- 
put until it reaches 8 volts. At that point, 
both LEDI and LED3 (WEAK BATTERY and 
NOT CHARGING) should light. The projects 
display is indicating that the battery 
voltage is below 9 volts, and also that 
there is no charging current. Note fur- 
ther that LED2 (BATTERY OK) is ex- 

(Continued on page 93) 



All 
About 
Piezoelectric Elements 

We work through the basic principles of piezoelectric- transducer operation and 
examine ways of using them in circuits. 

piezoelectric-acoustic elements 
are found in solid -state self -os- 
cillating buzzers, beepers, tele- 

phone ringers and receivers, vibration 
sensors, smoke detectors, computer 
keyboards, games, toys, telephones, 
calculators, cameras, burglar alarms, 
and more. They are all very reliable 
and robust, which explains their broad 
appeal. 

The elements are typically incorpo- 
rated in miniature custom -molded 
cases (generally cylindrical in shape) 
and used whenever there is a need to 
generate an audio tone. Although, 
externally, they appear remarkably 
similar, these devices come in a 
number of distinctly different formats. 
In this article, the basic characteristics 
of each format will be examined, and 
examples of how to use these versatile 
devices will be shown. 

Operation. The basic component for 
all the formats -an element -consists 
of a thin circular section of ceramic 
piezoelectric material mounted on a 
metal diaphragm. The ceramic ma- 
terial used depends on the manufac- 
turer's preference. Barium titanate 
and titanate zirconate are two popu- 
lar materials. 

Typically, the metal diaphragm is 

less than 0.5mm thick and made of 
brass or stainless steel. Ifs thinness en- 

BY A. SINGMIN 

sures that the metal diaphragm can 
be easily energized into a state of res- 
onant mechanical vibration. 

Applying an AC voltage across the 
electrodes of the piezoelectric mate- 
rial causes it to expand and contract 
in sync with the applied voltage. So, 

the metal diaphragm bends in unison 
with the ceramic material, thereby 
producing sound waves. Note that 
the elements resonant mechanical 
frequency must match the driving - 
voltage frequency for maximum effi- 
ciency. 

Structural Characteristics. 
Piezoelectric elements are available 
in two different styles: two terminal 
and three terminal. Figure 1, shows the 
physical differences between the two 
types of elements. In the two- terminal 
type (see Fig. 1A), the AC signal is ap- 
plied across the metal diaphragm 
(acting as one electrode) and the 
piezoelectric element, onto which a 
conductive material (the second 
electrode) has been applied. 

In the three -terminal type (see Fig. 

1B), the piezoelectric element con- 
tains a split electrode. A phase -shifted 
signal is generated between the split 
electrode and the metal electrode 
when an AC signal is applied to the 
main terminals. The phase -shifted sig- 
nal is used to provide feedback to the 
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Fig. I. The differences between two- (A) 
and three- (B) terminal piezoelectric 
devices is made obvious here. Note that 
there are two separate elements in the 
three- terminal unit. 69 



oscillator /driver circuit to cause it to 
resonate at the natural frequency of 
the element. 

When a piezoelectric element res- 

onates, nodes (points where no vibra- 
tion takes place) form around its 

circumference. The nodes are shown 
in the cross -section view in Fig. 2, 

where the dashed lines represent the 
extremes of the disc's motion. Exactly 
where the nodes occur is important 
for properly mounting the disc, which 
we'll examine next. 

METAL PLATE 
PIEZOELECTRIC ELEMENT 

J\..:::J..:.ï:, ' w,,.,_ 

L_.7s ,-_è_I 
NODE NODE 

Fig. 2. Two nodes created as a 
piezoelectric element flexes up and down 
are indicated here. 
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Fig. 3. One of two mounting options are 
typically used for piezoelectric elements: 
Node support (A) and edge support (B). 

Mounting Methods. Mounting the 
piezoelectric element at the node lo- 
cations (called "node support "). 
causes the least interference to the 
induced mechanical vibrations (see 
Fig. 3A). Consequently the greatest 
sound pressure output and the most 
stable mode of oscillation is obtained 
with that method of mounting. How- 

ever, the sound pressure drops off 
rapidly when the frequency shifts 

70 away from resonance. Therefore, this 
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Fig. 4. Three -terminal piezoelectric 
elements are typically driven by 
transistor circuits (A), or logic gates (B). 
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mounting is mostly used for integral 
drive -circuit /three -terminal -element 
units, which use the element's feed- 
back signal for frequency accuracy. 

Mounting the piezoelectric ele- 
ments at the edges (called "edge 
support"), offers the benefit of a wide 
frequency response. Figure 3B illus- 
trates that mounting method. It is used 
to greatest advantage in situations 
where a feedback signal cannot be 
used. For example, when using Iwo- 
terminal elements and /or simple ex- 
ternal drive circuits. 

Oscillation Methods. The sche- 
matic in Fig. 4A, represents a typical 
"self- drive" circuit used to produce os- 
cillations. That oscillator has the 
piezoelectric element taking the 
place of the usual inductor and ca- 
pacitor in a Hartley circuit. Typical 
component values are given in the 
figure. Depending upon the exact el- 
ement and transistor used, the oper- 
ating voltage can range from 3 to 20 
volts, and the resonant frequency 
from 2 to 6 kHz. 

10K 100K 1MEG 
R1 

Fig. 5. Note the variation in both the output frequency and sound -pressure level with 

changes in the value of RI. This graph is specifically for the PKM8 -3A0, but is 

generally representative of other elements, too. 
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Fig. 6. Two -terminal devices can be 
driven by two NAND gates. A booster coil 
is used to compensate for the sound - 
pressure attenuation caused by the case. 
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An IC -drive version containing two 
CMOS- inverters is shown in Figure 4B. 

A good sound -pressure level is 

achieved by routing the feedback 
electrode through resistor R1 to form a 
positive feedback loop. With the 
component values shown, the fre- 
quency of oscillation is just above 3 

kHz with a maximum sound -pressure 
level of over 90dB at 30cm. Figure 5, 

shows the variation in output frequen- 
cy with R1 and the corresponding 
change in sound -pressure level for 
the Murata PKM8 -3A0. 

(Continued on page 96) 



Recharging an old toner cartridge can provide 
excellent results while saving you money -read on 
and learn more! 

BY FRED BLECHMAN 

Save a Bundle with 
Toner - Cartridge Recycling 

If you have a copier, laser printer, 
or plain -paper fax that uses a re- 
placeable toner cartridge, you'll 

need a fresh cartridge after a few 
thousand copies. However, new car- 
tridges are expensive. But there's an 
alternative and this article will give 
you the facts about toner cartridge 
"recycling," often called "refilling," "re- 
charging," "remanufacturing," "re- 
building," and sometimes even "refur- 
bishing." 

Background. About nine years ago, 
when they first became available, I 

bought a Canon PC -10 Personal Cop- 
ier. It has been one of the most useful 
tools I've ever purchased! As a writer, it 
is used to make copies of reference 
material and manuscripts. As an Am- 
way distributor, I use it to copy invoices, 
orders, bonus records, correspon- 
dence, and all manner of paperwork. 
As a software producer, I use the 
PC -10 to copy the documentation for 
my $49 "AMBIZ -PAK" of computer pro- 
grams for Amway distributors. 

The PC -10 is probably the second 
smartest purchase I ever made. (The 
smartest was a Casablanca -type 
ceiling fan for our upstairs master 
bedroom. It gets hot in Californian I 

was delighted with the performance 
of the original replaceable cartridge, 
and all new subsequent Canon car- 
tridges. But it was painful to throw 
away what appeared to be a per- 
fectly "good" used cartridge, since it 

appeared that all it needed was 
some new toner. Little did I know. 

Toner Cartridge Refilling. After go- 
ing through a half -dozen new Canon 
cartridges, I noticed a magazine ad 
offering "toner cartridge refilling" for 
$30 about half of what I was paying 

for a new cartridge at that time -so I 

went for it. This was a new service, and 
they were eager to create business. 
They actually came over and person- 
ally picked -up the used cartridge at 
my home, and then hand -delivered 
the refilled one, even though their 
place of business (a garage ?) was 
150 miles from my location! 

I was under the impression that all 
they did was add new toner, but they 
didn't want to get into any detailed 
discussion. The cartridges worked 
okay, and actually gave me some ex- 
tra copies, since they purposely pro- 
vide more toner than Canon put in 
the original cartridge. Sometimes I'd 
get streaked prints and would have to 
clean the corona wires in the car- 
tridge and machine, and the copies 
were not quite as dark as the original 
cartridges produced, but I was gener- 
ally satisfied. 

From Good to Bad. However, as 
their business grew, things changed. 
Now I was required to send in my used 
cartridge (at my expense), and the 
price went up to $35. They sent the 
cartridge back with a big hole in it, 

and a plastic bottle filled with toner 
that I had to add myself! The explana- 
tion was that they could not ship the 
cartridge with toner in it, since it would 
leak. That was why they formerly 
hand -delivered the refilled car- 
tridges! 

It seems that once the cartridge is 

filled, unless it is sealed with an internal 
plastic strip like the original cartridge, 
toner leaks out if the cartridge if it is 

not held in a level position. As a matter 
of fact, Canon clearly points out that a 
cartridge should never be placed on 
end after removing the plastic strip. 

This do- it- yourself method turned 

out to be an unsatisfactory arrange- 
ment. The toner is a very fine black 
powder, and it is virtually impossible to 
squeeze the toner out of the plastic 
bottle into the hole in the cartridge 
without some of the toner flying 
around. It was messy. Furthermore, I 

suspect this company found a 
cheaper and less effective toner, 
since the cartridge I filled with their 
toner produced very gray copy, even 
with the darkness control on the cop- 
ier turned up. 

A decal was provided to cover the 
hole, but the hole was so poorly 
made, with rough edges, that the de- 
cal would not cover the hole properly. 
Toner leaked out whenever the car- 
tridge was handled. This process, still 

available today, has become known 
as the "drill -fill- and -spill" method. It is 

certainly the least expensive way to 
get many more copies from a used 
cartridge, and you can purchase the 
toner by itself from various sources. 
However, unless you are a hardware 
mavin with the proper hole- making 
tools, and willing to develop some 
special techniques, I don't recom- 
mend this method. 

Out of the Woodwork. Laser printers 
have since become very popular be- 
cause of their superior performance 
and significant price decreases. Most 
of the early laser printers used the 
Canon engine with a toner cartridge 
almost (but not quite) identical to that 
used in the PC -10 series of personal 
copiers. However, the original laser 
printers cost $2000 or more, and the 
printer cartridges were considerably 
more expensive than the copier car- 
tridges. That made the low cost of re- 
filling cartridges even more attractive 
for printers than copiers. 71 
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Fig. 1. These are just a few of the many toner cartridges around along with listings of 
some of the printer engines that use them. You'd be surprised at how many there really 
are. 

As copiers and laser printers began 
to proliferate, and the drill -fill- and -spill 

method deservedly fell into disfavor, 
vendors began to appear that of- 
fered to "recharge" your used car- 
tridges. They actually disassembled 
the cartridge, replaced bad parts (ex- 

cept the drum), vacuumed out the 
old toner, put in new toner, and then 
reassembled the cartridge. They even 
included a plastic strip to 'prevent 
toner leakage during shipping. 

Rechargers began taking ads in 

computer magazines, offering to re- 
charge both copier- and printer - 
toner cartridges. Many of them were 
mom -and -pop operations catering 
to local businesses. It seemed that 
they were virtually popping out of the 
woodwork as more people who were 
using Canon Personal Copiers and 
laser printers began looking for alter- 
natives to the high cost of new toner 
cartridges. 

Since I had lost faith in the refilling 
service I had been using, I started call- 
ing around to see what the other 
companies had to offer. I spoke sev- 

eral times with Tony Stramondo, at 
that time the President of Laser's Edge, 
and got a real education about the 
fact and fiction of toner cartridge "re- 
manufacturing," as the process was 
by then called. (Laser's Edge has since 
been sold to Woodenfrog Printer 
Products.) 

To bring me up to date with the 
current state of the art in this field, I 

recently interviewed Laser Cartridge 
Services, a local recycler (the popular 

72 term now used, since it implies both 

reuse and ecology mindedness). The 
owners, Renee Spinak and her son 
Larry, are typical of the smaller re- 
cyclers common around major met- 
ropolitan areas that provide personal 
service with local pickup and delivery. 

Which is Which? According to Stra- 
mondo, the Canon Personal Copier 
was the first machine to be designed 
using a throw -away toner cartridge. 
This cartridge, which contained sev- 
eral elements involved in the copying 
process, was not designed to be re- 
used. Canon clearly did not intended 
for users to recycle their toner car- 
tridges, despite the fact that most of 
the items in the cartridge had life ex- 

pectancies well beyond 2000 copies. 
In the days when everything was 

simple, the EP cartridge used for early 
laser printers, and the PC cartridge 
used for Canon Personal Copiers, 
looked virtually identical, even 
though they were definitely not inter- 
changeable. A label to the left of the 
counter window said EP Cartridge or 
PC Cartridge. 

As copier and laser printer designs 
continued to reflect the rapid pro- 
gress in technology, toner cartridges 
took the form of many designs. Some 
machines now use toner -only car- 
tridges (no photoconductor drum, 
gears, counter or other parts), such as 
the Okidata 400/800 series of LED 

Page Printers. However, advance- 
ments notwithstanding, there are car- 
tridges that still contain many of the 
elements necessary to image the 
master document using a xe- 

rographic process (which will be ex- 
plained later). Also, many different 
toners are now used. 

In fact, toner cartridges today 
come in over 20 different types and 
sizes, reflecting the variety of laser en- 
gines on the market. Looking at Fig. 1, 

you'll see six toner -cartridge types 
and a list of the machines that use 
each one. That illustration is by no 
means all- inclusive. There are many 
other engines besides Canon's, and 
few of them use Canon cartridges, 
and new designs keep coming out. To 

add to the confusion, recyclers tend 
to refer to toner cartridges by the en- 
gine with which they're used. Some 
examples: the Canon CX engine uses 
an EP cartridge; the SX engine uses an 
EP -S cartridge; the LX engine uses an 
EP -L cartridge; the PC -Mini copier en- 
gine uses an A15 orA30 cartridge; the 
NX engine uses a Illsi cartridge; and 
there are many others. 

Fortunately, Chenesko Products 
publishes a free 36 -page catalog that 
devotes 6 pages to listing hundreds of 
models of printers, copiers, faxes, and 
the engines they use. Since there are 
so many different toner cartridges, 
with many looking alike, be sure when 
you order a replacement or recycled 
cartridge that you get the correct 
one. 

The Xerographic Process. 
Electrophotography (or the "copy - 
ing ") of an image onto paper is gen- 
erally referred to as xerography. It is a 
complex process, and here we are 
only going to offer a simplified expla- 



Sources 

Aspect, Inc. 
57 Eisenhower Lane South 
Lombard, IL 60148 -5409 
Tel. 800 -331 -8009, or 708- 627 -9600 
Fax: 708 -627 -9601 

Catapult Clip Art 
PO. Box 1297 
Round Rock, TX 78680 
Tel, 512 -244 -4338 
Fax: 512 -255 -2692 

Cheneska Products, Inc. 
2221 Fifth Ave., Suite 4 
Ronkonkoma, NY 11779 
Tel. 800 -221 -3516, or 516 -467 -3205 
Fax: 516- 467 -3223 

Diversified Technigraphics, Inc. 
23072 Lake Center Drive, Suite 100 
Lake Forest, CA 92630 
Tel. 800 -457 -5776 
Fax: 714-855-3959 

Laser Cartridge Services (LCS) 
Street address intentionally omitted - 
Northridge, California 
Tel. 818 - 349 -8243 
Fax: 818-349-8254 

Woodenfrog Printer Products 
201 S. 23rd St. 

Fairfield, IA 52556 
Tel. 800 -635 -8088, or 515 -472 -7850 
Fax: 515 -472 -4789 

nation of it. For a more detailed expla- 
nation, see the article, "Understand- 
ing Toner Cartridge Technology," by 
Don Thompson (Recharger Maga- 
zine, May 1992.) 

Figure 2 (courtesy of Don 
Thompson) shows the interior parts of 
a typical laser engine. The cartridge 
drum is a rotating cylinder covered 
with a special organic- photoconduc- 
tor coating (OPC) that is sensitive to 
both electrical charge and light. In 

the older cartridges, the coating was 
charged by a primary corona wire, 
which is a small- diameter wire in a 
shield. In the newer cartridges, a coro- 
na roller is used for that purpose. A 
high voltage is applied to the corona 
wire or roller, ionizing the air around it 

to produce a shower of electrically 
charged particles. The particles im- 
pinge onto the surface of the photo- 
conductor, which acts as a receptor 
and becomes negatively charged. 

A switched laser beam then passes 
through a lens and mirror which scans 
it across the slowly rotating drum. 
Wherever light strikes the photocon- 
ductor surface, it is discharged, and 
any area where no light strikes re- 
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Fig. 2. In a laser printer or copier, the paper has toner deposited on it by a special 
charged cylinder. Then the toner is thermally fused to the paper. 

mains charged. Since the beam is 

turned on and off according to the 
light and dark areas of what is being 
copied or printed, it is said to leave a 
latent image on the drum -an elec- 
trostatic duplicate of the original. 

The exposed surface of the drum 
then passes a developer cylinder, a 
rotating magnetic roller that is con- 
stantly refreshed with toner from a 
toner hopper or reservoir. An applied 
bias voltage pushes the toner from 
the magnetic roller onto the drum, 
where the toner adheres to the more - 
positive partially discharged, latent 
image. 

As the OPC drum continues to ro- 
tate, now with toner covering the la- 
tent image, it passes over a transfer 
area outside of the cartridge. That is 

where the copy paper, as it is passing 
through the machine, comes in con- 
tact with the drum surface. On the 
opposite side of the paper is a transfer 
corona wire that has a very high 
charge. This charge attracts the toner 
off the drum onto the paper. Then the 
paper passes through fuser rollers. The 
upper roller is heated. Through a 
combination of heat and pressure, 
the toner melts and is bound to the 
paper surface. On older machines, a 
cleaning rod with a felt pad is used to 
clean and lubricate the fuser rollers. 
The finished copy is then ejected from 
the machine. 

Meanwhile, back inside the car- 

tridge, there's a cleaning station. This 

uses a polyurethane or styrene type of 
blade with a knife -edge that rubs up 
against the photoconductive drum to 
remove any left-over toner, since not 
all toner is transferred. The used toner 
that is scraped off the drum goes into 
a hopper inside the cartridge and is 

not used again. Therefore; the new 
toner gets used up two ways; it is either 
transferred to the copy paper, or 
scraped off the photoconductor 
drum and left in the cleaning station. 

Next the photoconductor goes 
through a relaxation cycle. For that, a 
quartz /halogen erase lamp in the 
printer (not in the cartridge) gener- 
ates white light that passes through a 
shutter to neutralize (discharge) the 
OF'C surface so that it has no memory 
of the previous cycle. 

On older cartridges, a turn -counter 
in the cartridge advances a colored 
disk, a portion of which is seen 
through a small window in the side of 
the cartridge. The color advances 
from green to yellow to red as the 
cartridge is used. It takes about 3000 
turns of the drum before the counter 
hits an internal notch that prevents 
further counter rotation into the green 
area, but does not stop the copier or 
printer. 

Incidentally, because some copies 
use more toner than others (the 
denser the black areas on the printed 
output, the more toner is used) there is 73 
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no way to determine how many cop- 
ies can be made before the toner is 

used up. The counter, therefore, gives 
you only a rough indication of how 
much toner remains. Modern laser 
printers and copiers use cartridges 
with an internal sensor that lets you 
know, by either a light or display mes- 
sage, that your remaining toner is ac- 
tually low. 

The Recycling Process. Proper car- 
tridge recycling is an 8 -step process: 
pre- testing; disassembly; cleaning; 
photoconductive -drum- cleaning; 
sealing the supply chamber; adding 
new high -quality super black toner 
(with colors available for additional 
cost); inspection; final assembly, and 
testing. Many recyclers now also treat 
the photoconductive drum with a life - 
extending chemical compound. Also, 
long -life replacement drums have 
become available for many car- 
tridges. 

Many toner cartridges are originally 
assembled by robots, so parts fit to- 
gether only one way and in a certain 
order. So it takes special tools and 
techniques to properly disassemble 
and reassemble toner cartridges. 

The cleaning station toner is re- 
moved with a special vacuum clean- 
er. That's because the toner dust is so 
fine that it can penetrate normal vac- 
uum bags and get into -and ruin - 
the vacuum -cleaner motor, causing 
an explosion in extreme cases. 

The photoconductor is inspected 
for nicks, scratches, dents, or dis- 

Recharger Magazine 

Recharger Magazine offers technical 
information on remanufacturing various 
laser- printer and copier cartridges, 
laser printer maintenance and repair, 
ink -jet filling, and ribbon recycling. It 

provides sources and information 
covering toners, photoreceptor drums, 
and other supplies needed in the pro- 
cess of remanufacturing cartridges. 

Published monthly, the roughly 140 - 
page glossy magazine is circulated 
worldwide to 33 countries, and offers a 
free referral service to help end users 
locate a cartridge recycler in their area. 

The Subscription rate is $45 per year 
in the USA. Contact C &R Publications, 
3340 Sunrise Ave., Suite 101, Las 
Vegas, NV 89101. Tel. 702 -438 -5557. 
Fax: 702-438-4025. 

coloration. The counter (if there is one) 
is reset. New toner is used (offen more 
than the original amount, thus yield- 
ing more copies), a plastic sealing 
strip (if used) is installed, and the car- 
tridge is reassembled with all its parts 
in the proper position and in se- 
quence. 

How Many Times? According to Re- 

nee Spinak of Laser Cartridge Ser- 
vices (LCS), many of the parts are 
good long beyond the normal 2000 
or 3000 copies produced by a typical 
cartridge. Cartridges can be re- 
cycled an indefinite number of times 
if parts are replaced. The newer long - 
life photoconductive drums are typ- 
ically good for 25,000-50,000 copies. 
The gears are nylon, good for 100,000 
copies. The wiper blade is good for a 
year or more, after which it can get 
brittle and groove the drum. That's 
why LCS changes wipers with each 
drum change or sooner. 

Also, LCS has found sources for 
compatible toners for laser cartridges 
that are blacker than the original. 
Their ultra -black toner offerings are 
especially good for graphics with 
laser printers. Their copier black is 

equivalent to Canon's, but gives 
greater yield for mostly -text use. 

LCS, like most cartridge recyclers, 
provides an unconditional warranty, 
and will buy used cartridges from their 
customers. 

Dirty Machine? Just because you're 
getting marks on the output of your 
copier or laser it doesn't necessarily 
mean your cartridge needs to be re- 

placed; your machine might just be 
dirty. Sprays, wipes and swabs used in 

manual cleaning might not even 
reach the dirty parts. 

A product called Scrubex from As- 

pect, Inc. can correct many problems 
associated with toner powder, label 
adhesives, paper, and dust. You simply 
place a Scrubex sheet in your feed 
tray and run it through your machine, 
with no equipment downtime and no 
service calls. 

Scrubex's unique bristles, folds, and 
built -in isopropyl -alcohol cleaning so- 

lution reach parts and areas not oth- 
erwise cleanable without disassem- 
bly. The bristles pick up and remove 
foreign matter instead of moving it 

around or blowing it into internal 
parts. 

A Business of Your Own 

Recycling offers so many advan- 
tages that it has become the focus for 
many entrepreneurs wishing to start a 
cottage business of their own with a 
relatively small investment. If this 
sounds attractive to you, you'll definitely 
want to get a copy of Recharger Maga- 
zine and check the companies listed in 

the Sources sidebar to get more familiar 
with the field. You'll be amazed at what's 
going on! 

One of the more aggressive firms in 
setting you up in your own cartridge - 
recycling business for less than $500 is 
Chenesko Products. Call and ask for 
their Dealer Literature. It includes a 32- 
page Authorized Dealer Catalog, a 6- 
page letter telling you about the busi- 
ness and how to get started, and mate- 
rial about their dealer Fax -On- Demand 
automated document -retrieval service 
to allow you to receive disassembly in- 
structions and other technical material 
on your fax machine 24 -hours a day. 
Chenesko also offers User Literature for 
do- it- yourselfers who are not Chenesko 
dealers, with higher parts prices. 

Don Thompson is well known in the 
recycling field, and his company, Diver- 
sified Technigraphics, Inc., is a source 
for quality hands -on training, support 
and technical information in this field. 

Woodenfrog Printer Products offers 
new and remanufactured cartridges, 
toners, and various parts and supplies. 

To aid you in creating advertising fly- 
ers, brochures, display ads, and cata- 
logs, Catapult offers "CAT -201 Toner 
Cartridge Recycling' clip art, 26 pages 
of over 130 custom made illustrations 
($88.) If you have an IBM PC or Macin- 
tosh computer, you can get the same 
illustrations as graphic files on disk for 
$96. They also offer CAT -301 Catalog It! 
for $22, which consists of 12 pages of 
templates, category titles, symbols, 
bullets, lines, and instructions for creat- 
ing your own professional catalog. 

Incidentally, a similar Aspect prod- 
uct, Printex, is used with dot -matrix and 
daisy -wheel printers. In the time it 
takes to print a page, the rollers, feed 
guides, and print head are cleaned 
and ready to run. 

Do It Yourself? None of the man- 
ufacturers of toner cartridges recom- 
mend or perform recycling of their 
cartridges, although Hewlett- Packard 
will buy used cartridges with the 
stated purpose of keeping them from 
ending up in landfills. (They do not 
remanufacture them, however.) 
Plainly and simply, the manufacturers 

(Continued on page 96) 


