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A DAY IN THE LIFE OF SCOPEMETER.

6:42 AM, Motor in #2 shaft overheating. 8:23 AM, Security Monitor not working. 9:25 AM, Conveyor Stepper Control fails.
Dual channel shows incorrect drive signal. 3-1/2-digit DMM indicates bad ground. Cursors help find broken sync connection.

10:57 AM, Intermittent Auditorium lighting. 11:17 AM, 5V Control Signal is bad. 12:58 PM, Air Conditioner overheating.
Waveform shows too much noise. Scope display reveais -DC offset. Resistance shows corroded connection.

1:22 PM, Copier toning uneven. 2:14 PM, Testing Power Inverter loads. 3:12 PM, Copier fails, again!
Counter finds clock off frequency. Save reference waveform to memory. The ns rise time helps find broken shield.

4:05 PM, Salesman presents demo board. From the roof top to the basement,
25MS$/s finds 40ns glitches. indoors and out, the ScopeMeter test

tool works wherever you work. The sealed,
ruggedized case is designed for hand-heid
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.

©1993. John Fluke Mfg. Co., Inc., P.0. Box 9090, M/S
250C, Everett, WA 98206-9090. U.S. (206) 356-5400.
Canada (416) 830-7600. Other countries (206} 356-5500.
All rights reserved. Scop is a regi k
of John Fluke Mfg. Co., Inc. Ad No. 00387

FLUKE.

CIRCLE 153 ON FREE INFORMATION CARD
—————tAAAA SR ekicaREadiehistons.com.
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Popular Flectronics

THE MAGAZINE FOR THE ELECTRONICS ACTIVIST!

CONSTRUCTION ARTICLES

BUILD A WORLD-BAND REGENERATIVE RADIO ........ccivuiiiiiiineirnnnannnnnenns Lyle Russell Williams
Tune in the world with a solid-state version of the classic regenerative receiver

BUILD THIS ELECTRONIC CASIND .......iutitiiiitiriietiiiararerereriernrasnenenn, Jay Kirschenbaum
Play three of the most popular casino games with this handheld project

AN ELECTRICAL-SYSTEM ANALYZERFOR YOUR CAR ......couiiiiiieiiiinenennanannn, Anthony J. Caristi

Awoid expensive road-service calls with a monitor that alerts you to any of several potential problems

FEATURE ARTICLES

HAMMING IN THE FABULOUS FIFTIES ... .vuuttitenieeteteteeeeaesteeeaaeeeaeenaans Karl T. Thurber, Jr,
Take a nostalgic trip to the golden days of ham radio

ALL ABOUT PIEZOELECTRIC ELEMENTS ... ......c0uiiniinitererensene e e aeeaaeaannnnn A. Singmin
Explore the basic principles of piezoelectric-transducer operations

SAVE A BUNDLE WITH TONER CARTRIDGE RECYCLING ........covuveiieerniieaannnnnnnn. Fred Blechman

Recycling toner cartridges can save more than dollars and cents

PRODUCT REVIEWS

HANDS-ON REPORT ...\ iiitiiitttietttt ittt ettii et ettt et et e e e e ee e e et ae e aee e
Microcode Engineering Circuit Maker software

PRODUCT TEST REPORT ...ttt ittt et e e ettt e e e e e eraranrararneneass Len Feldman
Yamaha RX-V870 Audio/Video surround-sound receiver

L1
Special report: personal digital assistants

COLUMNS

THINK TANK . ottt e et ettt ettt teeeneereerensonsnsearaaransneenennan John Yacono
Pinouts and tools

ANTIQUE RADIO ...ttt e e e ettt e e e e e e e e e aaraans Marc Ellis
The mother of all radio museums

COMPUTER BITS ..ottt ittt ittt et ettt n e e e enneasaeean e aaeaaanann Jeff Holtzman
ClarisWorks for Windows

L0212 Lo o Lo 1 Charles D. Rakes
Oscillators and bridge circuits

DX LISTENING ... ..ttt tt et ettt e e te et e e e e aeeeeaaeenns Don Jensen
The broadcasters SWLs love to hate

HAM RADIO . ...ttt et e ettt et et e Joseph J. Carr
Want to operate WIAW?

SCANNER SCENE . ... ittt ittt eenetetanaereetertnreneneaneansaerannnns Marc Saxon
Tracking Smokey Bear

DEPARTMENTS

EDITORIAL .. ..ottt ittt et e e e e e e s ennennss Larry Steckler CET/EHF
I

ELECTRONICS MARKET PLACE ...ttt et ttieeneeetaeeaneneeennerensenarernereneennees
POPULAR ELECTRONICS MARKET CENTER . ......c.oiiiiiiiittiieia i et eieeieareaaenarennss
ADVERTISER’S INDEX . .. ..ottt ittt e eas et et a st e s tae et e s et e et se e sneennsenareneren

FWHHH“HNH#ISSN 'leE-HMfJ Publishad monthly by Gesmaback Publicalions, bic., 500-8 Bi-County Boukmard, Fanmngdaln, MY 11735, Saoord-Class

- pshaga paad Bl Farmengdabe, MY and at sdditional mailing offices. , et iss0ts. stsariadion raie U8, and possoasians §71.08. Canada 528 84 incluces
G.5.T Caradan Bnodsm.ﬂmm T Regintraton Mo, R . all athor cournies §29 45, Sukeription oeers payabie in LS Tunds anly, Fiemational Peatsl
Maoniey Ordar, or chack drawn o & U.5, Bank. LS. Copy prica ia!n:r © 1994 ny Gmshack Pubicalians, inc. AR righls rseerved. Hands-on Bbectronics and

Glzrmvo wadamarks aie regisknsd n LS and Canada by Gernshack Publcations., o Popnlnr Elcironics iraemark 5 reganesd in LS, and Canada by Eleciranics
Technclogy Todky, Inc. shd ia Soansed 1o Gamaback Publicalicns, ing. Printed in U.S.A

Poulimaster: Fioase send andraas changes o Popular Electronics, Subscrpaon Dept., P.O. Box 338, Mount Moris, Il 61054-9932.

ﬁwm—mamm must mccompany all subirdted mEnuAcTpEs and/or artwork or phaloyrapls i their retusn is desired should they be rojechsd. Wi
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Popular Flectronics EDITORIAL

Larry Steckler
EHF. CET
Editor-In-Chief and Publisher

EDITORIAL DEPARTMENT

Carl Laron
Editor
Robert A. Young
o ono COLORIZING MOVIES—MUCH ADO
Associate Editor A Bou T N OT H l N G

Teri Scaduto
Assistant Editor

| know, you're already mad at me! How could | possibly defend
Evelyn Rose

Editorial Assistant colorizing old black-and-white movies? Well | can! It's all a
E':_m_ ISAP'W?" matter of personal choice. And if | don't like seeing an old
itorial Associate . .
Joseph J. Carr, K4IPV movie in color, all | need to do is use my remote to turn off the
Marc Ellis color. So why all the excitement?
Len Feldman
Jeffrey K. Holtzman
Don Jensen
Charles D. Rakes
Cu'f‘:;flf:’;j'l‘x What | would like you, our reader, to do is to take a favorite
PRODUCTION DEPARTMENT monochrome movie that has been colorized and watch it.
Ruby M. Yee While you are watching, turn the color on and then off every 15

Production Director

S — minutes, or so. Now you're watching segments of the same
Production Manager movie, some in color, some in monochrome. When you're
ﬁ?y _Ca;"P?e:' done, drop me a note; a postcard will do. Give me the name of
roduction Assistan . e s .
Lisa Rachowitz the movie you watched, and tell me if it was better or worse in
Eddioriallfroduciion color. Don't bother protesting the colorization; | don't intend to
ART DEPARTMENT debate that subject. Just tell me if the movie was better or not

Andre Duzant . .

Art Director better after being colorized.

Injae Lee

Hlustrator

Russell C. Truelson
liustrator In a couple of months, I'll let you know how you rated
Jacqueline P. Cheeseboro colorization, and list the movies you rated.
Circulation Director
Michele Torrillo
P-E Booksiore
BUSINESS AND EDITORIAL OFFICES If you want to have even more fun, do the same thing with a
Gernsback Publications, Inc. recent, color movie. Turn the color off and on every 15 minutes
N and then tell me which version you liked better.

1-516-293-3000
Fax: 1-516-293-3115
President: Larry Steckler

Subscription Again, give me the name of the movie as well as your opinion.
Customer Service/Order Entry

1-800-827-0383
7:30 AM - 8:30 PM EST

Advertising Sales offices listed on page 128 I'll be looking for your responses.

Cover by Lowey Design,

Cover Photography by Dan Wilby Productions
Composition by o

Mates Graphics

ABC
AUDITED
Since some of the equipment and circuitry described in Larry SteCkler’ EHF’ CET
POPULAR ELECTRONICS may relate to or be covered by Editor-in-Chief and Publisher

U.S. patents, POPULAR ELECTRONICS disclaims any lia-
bility for the infringement of such patents by the making,
using, or selling of any such equipment or circuitry, and
suggests that anyone interested in such projects consult a
patent attorney.

WWW.americanradiohistorv.com
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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
worty about rigid scheduling
residential colleges offer.

A Quality Education
with a Hexible
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

DVTED o
+¥ %,

aflexible schedule £, %,
to match your busy 3
lifestyle. %

“Orgg g3
World College is currently seeking
approval to confer the Bachelor

Degree from the Virginia Council of
Higher Education.

Earn A
Bachelor of
Electronic

Technology
Degree
fr

<<((((6

WORLD

COLLEGE

Bringing Technology Home!

Lake Shores Plaza
5193 Shore Drive, Suite 113
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 affordabl= it Is
to get started on your Bachelor Degree.

World College is affiliated with

[l

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 eamn

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.

Fm======77

I El YES! Piease send me

| World College’s Free Course
Catalog detailing the full
curriculum.

Name: _

WAHO6

Return to:

| World Coliege

I Lake Shores Plaza
5193 Shore Drive, Suite 113

I Virginia Beach, VA 23455-2500

|
|
|
|
|
|
R
City:
|
|
|
|
|
I
|
|

|
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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, Ml

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). |
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, |
would like to make a couple of
comments.

First, I'd like to say that | do
enjoy the content of your maga-
zine. | 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—1 get enough of the
theoretical stuff at work.

1 do thoroughly enjoy the arti-
cles on simple basic transistor
and IC application “whatever's’
(oscillators, amplifiers, etc.). |
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.

| 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.

| 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 . . . | could
keep going, but | 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, |
really appreciate the con-
struction articles, and the
articles that deal with the new
and upcoming electronic
“gizmo’s.” | feel as if the maga-
zine is just about right in the
balance of articles.

Even though | 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, | 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),
| 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-

www.americanradiohistorv.com

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 biltion.
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 $213
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 fuei-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 |
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Turn a Faulty VCR Into a Profit

ewly 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

W .. givesall the necessary infor-

mation for learning the art of trou-

bleshooting popular brands. P
—Electronics For You

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.

> romn

FREE UNIVERSAL
TEST LEAD KIT
WITH EACH ORDERI

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:

e Adjust belt and drive wheels
* Replace audio and video heads

e Fix damaged or weak contro!
functions

¢ Minimize damage caused by
contaminants

¢ Repair and replace dirty switch
contacts

e Troubleshoot electronic or
mechanical servo malfunctions

¢ ldentify and correct video head
sticking and friction

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

g ° Adjust an improperly running
tape path

e And much more.

W ... 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

E( 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

Name

applicable statc and local salcs tax. If I am not completely satisfied,
I can return the guide and owe nothing.

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.

RIVER PROJECTS

Inciudes 31 Complete Projects

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-
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el "IU”

] Irrt o, and i

clude 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 PR.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-
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A Concise Introduction to
WordPerfect 5.2 for
Windows

=| Word Processing ]vl -

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, anc 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 Ne. 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-

|

Aéﬁ?ﬁc%%?&&é

FCC License 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 I
Satish K. Gupta

As multimedia computing based
on desktop platforms begins to

3

_EDITION

COMPLETELY REVISED

CURRENT THROUGH OCTOBER, 1993

* 14,000 Codes and Signals.
* All Inclusive Frequency List.
¢ lHlustrated Listener’s Guide Book.

GOT A SCANNER? GET POLICE CALL.

At your scanner dealer and all Radio Shack stores.

SCANNER USERS ©« COMMUNICATIONS PROFESSIONALS

More People Buy POLICE CALL Than All Other Frequency Guides (VHF/UHF) Combined.
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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
seamiess 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 English

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; maniputate
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.

'%,TELEPHONES
SWERING

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.

. h
The Presentation
Design Book
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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 pre 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 today’s computers is to

actually build a state-of-the-art
computer from the

keyboard
up.

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

]

T

- POR

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-

] Telecommunications
O Security Electronics

{1 Basic Electronics

[ Industrial Electronics & Robotics ] Home Inspection

{1 Electronic Music Technology

NEW!
! SUPER VGA
*' COLOR MONITOR,
200 MEG HARD
DRIVE!

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!

LFARN 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. RA.C.ER. 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

”R’ McGraw-Hill Continuing Education Center
| Schools 4401 Connecticut Avenue, NW, Washington, DC 20008
— # Check one FREE catalog only

{1 MICROCOMPUTER SERVICING [] Desktop Publish:ng & Design
] TV/Video/Audio Servicing

)
(Hll'
[J Computer Programming

[0 Programming in C++ with Windows

[0 Word Processing Home Business
[ Bookkeeping & Accounting

[ For career courses
approved under GI Bill,
check for details.

[ Building Construction
[J Small Engine Repair
O Automotive Servicing

your course. You even learn to Name (please print) Age
recognize and service virtually any 25 s s SES SRS o

computer problem with the e — Ay ) ress

extraor@mary RACER _plug'ln card I_ City/State/Zip Accredited Member, National Home Study Council 18-0394
and QuickTech diagnostic software. B e
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Hi8 VCR
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NEW PRODUCTS

For playing back and editing Hi8
and standard 8mm videotapes,
Sonys 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 shuttie 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 wil
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.

:TI!.H.LI? _

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

WWW.americanradiohistorv.com

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 field-
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

Extech’s Model 380505 hand-
held multimeter offers seven
functions, including a Type-K
thermocouple input for tempera-
ture measurements from
°~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 muilti-
meter with thermometer costs
$59. For additional information,
contact Extech Iinstruments 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
Pioneers 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.

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 compo-
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

BeanFCC
LICENSED

ELECTRDNIC TECHNICIAN!

$2000/Week
+Jand more!

Learn at home in spare time.
| No previous expenence needed'

No costly school No commuting to class
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicense 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!

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

ADDRESS

- -

[ — |

12 HOUR

RECORDER [=—

CALL TOLL FREE |

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

$119.00*
Durabie Lightweight Plastic.

PHOME RECORDING ADAPTER

Starts & Stops Recorder JE_.;,}'\;'
Automatically When FCC =
Hand Setis Used.  APPROVED @‘P
Solid State! $28.50* -:‘1,/

VOX VOICE ACTIVATED CONTROL

Solidstate Adjustable $28. 50* e
Sensitivity. Voices & \

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

*Add for ship. & handling. Phone Adapter & Vox $2.00
each, Recorders $5.00 each, Colo. Res. add tax. Mait
Order, VISA, M/C, COD's OK. Money Back Guar. Qty
Disc. availabie. 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 J
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For your Heart’s sake

9et PULSE STICK I

Your very own sophisticated
pocket health monitor, PULSE
STICK ll, 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 Il provides an early warning
that you may be exceeding your
own capabilities.

PULSE STICK i photoelectri-
cally measures the changes

Only

395

S

Uses three AA dry cells
supplied with PULSE STICK Il

recceccacessee
Psil-2

D‘ YES! Please send me _ PULSE
STICK It at $39.95 each. Price includes ship-
ping and handling charges.

Total amount of order $

[0 Check or Money Order enclosed. Make
check payable to CLAGGK inc. PULSE
STICK Il Offer

Chargemy [J wvisa [J MasterCard

Account No.

Exp. Date /

Credit Card
Signature

in the pulsed intensity of infrared
radiation emitted by superficial
blood vessels below the skin of the
thumb. The time intervals between
puises 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

e exercise program. Follow

your doctor’s instructions

§\ . carefully.

Ideal for running, walking and
aerobic training programs!

------------------1

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 US A
funds only. New York residents must include
local applicable sales taxes. No foreign orders.

Mail orders 10 CLAGGK Inc. Pulse Stick Il
Ofter, RO. Box 4099, Farmingdale, NY 11735

FAX orders t0 1-516-293-3115

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

GetTech’s 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. Cne
high-level output will drive an 8-
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

-
o

L-------------------------------J use in the recording and broad-

cast industries. The technology |
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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 ¥z 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 smail
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.
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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 Handji
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 uitra-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 RF.
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

The pmféé

station for p
ahmll.&

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

FEATURES INCLUDE:

o Inside & * Inside * Instant Metric
Outside Temps  Humidity Conversions

= Wind Speed  » Wind Chill » Outside Hum.
& Direction  » Afarms é Dew Point

= Barometer = Highs & Lows ption

» Time & Date . Rainfall Option " fr:g:?ancf Fe

Order today
1-800-678-3669

M-F 7 a.m. to 5:30 p.m. Pacific Time » PE639E
FAX 1-510-670-0589 » M/C and VISA
One-year warrznty ® 30-day money-back guarantee

DAvIS INSTRUMENTS
3465 Diablo Ave., Hayward, CA 94545
CIRCLE 162 ON FREE INFORMATION CARD

“Sorry. . .the computer’s gone
to lunch.”
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An integrated schematic capture and digital simulation program for Windows that’s
great for beginners and experienced hobbyists.

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-sieeves kind of
person, | didnt personally mind that
too much, but| felt it wasn'’t fair to most
folks and, more importantly, | knew
things really didnt 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, | had the good fortune to
come across a Windows-based soft-
ware package that’s so easy to use, it's
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
circuits. Further, since its a Windows

I n the days when almost every-

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 Macirtosh “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. Lets 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); /O and display de-
vices such as switches; a pulse gener-
ator; LEDs; 7-segment LED displays;
analog devices such as transistors, re-
sistors, capacitors, and inductors
(which are only graphic symbols—
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they are not simulated); and mis-
cellaneous devices such as PROM
and RAM ICs. in all thats 120 digitat
(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 programmma-
ble propagation delays. That allcws
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
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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 connectthe 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 “L1,” “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
foolbar), 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
programs “Repeat” option is on, its
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-
cuitMakers “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. Adouble click terminates the
wire. If the wire is terminated near a
terminal, the SmartWires feature
snaps it o the terminal.

| found the disappearance of the
cursor a bit disconcerfing. 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 S50MHz 486).
Whatthat meansis 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
contfrol panel, although that might
make it less than optimal for your
other applications.

To start placing text on a schematic
(say. fo 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-
fion for typing the fext. | 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 pius is
that the text can be fully stylized with
regard to point size, attribute, and
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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 infact,
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 aliow 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 dont 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-
fion 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-
fion 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 leaming 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-
muttaneously 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-
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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 fo key points in the
circuit, as the displays run in real time,
too. Provided are ASCII, discrete, and
7-segment displays.

To start asimulation, you clickonthe
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 cp-
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 inwhen 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 alt of
the experiments down into simple
steps that anyone can perform and
has a helpful glossary of tferms.

While CircuitMaker may need a lit-
fle more polish to take fuller advan-
tage of the Windows environment, at
only $199.95 plus shipping, it's 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

Wifh 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 dallow your listening

CIRCLE 120 ON FREE INFORMATION CARD

The Yamaha RX-V870 Dolby Pro Logic surround-sound AlV
receiver.

room to mimic a variety of
acoustic environments such
as an opera house, a con-
cert hall, a disco or g 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 (VCR, 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
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70mm Theater and TV 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 @
“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-
frols.

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 “TV-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/
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off button is aiso found
here. Further down, below
the display areq, 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 AB,.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), two 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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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
o 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 outiet.

www.american

In addition to duplicating
most of the control func-
fions 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
fimer, 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

Special switch settings and
blank buttons are provided

radiohistorv.com

compeating manufacturers.

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 signails.

At 1 kHz, harmonic-distor-
fion-plus-noise versus
modulating frequency for
mono measured only
0.074%, while in stereo, the
reading was 0.13%. Again,
both results were substan-
fially 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 fend 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
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AWPLITUDE (dB) VERSUS FREQUENCY (Hz);, AM TUNER SECTION, YAMAHA RX-vB70
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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.

were connected to 8-ohm
loads. At mid-frequencies,
harmonic distortion was al-
most exactly 0.015%. as
claimed by Yamaha. Even
more remarkably, at 20 Hz,
harmonic distortion was
even a bit lower, measuring
0.01%. Most power ampli-
fiers tend to show increased
distortion at that extreme
bass frequency, but the am-
plifier sections of this
receiver handled those low
frequencies with no trouble.

Many surround-sound
stereo receivers provide re-
duced power levels for ther
center-channel output.
However, repeated experi-
ments have shown that,
ideally, the center-channel
output power should be as
great as that available for
the front-left and front-right
channels. The Yamaha RX-
V870 receiver subscribes tc
that idedal, offering the
same 80-watt rating for its
center-channel output as is

TEST RESULTS-—YAMAHA RX-V870 AUDIO/VIDEO RECEIVER

Sr T

THD + NOISE (X) VS. FREQUENCY (Hz), FRONT CHANNELS, YAMAHA RX-V870 RECEIVER
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This plot of the front-left and front-right channel harmonic
distortion versus frequency (at the maximum rated output of 80
watts) verified Yamaha's published specification of 0.015%.

elsewhere in this report.
Yamaha made no claims
for the frequency response
of the AM tuner section of
this receiver, and testing re-
vealed a good reason for
that omission. As is true of so
many “high fidelity/stereo”
receivers, the AM frequency
response was not nearly as
good as it could be if a
little more design effort
were applied to that
portion of the circuitry. As
matters stand, however, the
— 6 dB roll-off points for AM
response occurred at 58 Hz
and at 2.85 kHz. In all other
respects, however, the AM-
tuner section lived up to the
published claims made for

it, with a usable sensitivity
reading of 95 pV/m, selec-
tivity of 32 dB, and a signal-
to-noise ratio (for strong sig-
nals) of 50 dB.

Turning to the pre-
amplifier and amplifier
sections of the receiver, we
applied signals to the CD
(high-level) inputs and
measured the overall fre-
qguency response, which
was down 1.5 dB at 20 Hz
and at 50 kHz. Next, we
plotted distortion versus fre-
quency, with the input levels
adjusted to maintain a con-
stant 80-watts-per-channel
(the rated output) at the
front-left and front-right
speaker outputs, which

Specification Mir's Claim PE Measured
FM Tuner Saction

50 dB quieting

(mono/sterea) 15.1/37.7 dBf 14.0/37.0 dBt
S/N ratio (mono/stereo) 81/76 dB 78.5/72.5 d8
Distortion (mono/stereo) 0.1/0.2% 0.074/0.13%
Stereo separation

(1kHz) 50dB Confirmed
Response

20 Hzto 15 kHz +1.5dB +1.0dB
Alt. channel selectivity a5dB 87 dB
Mono usable sensitivity 9.3 dBf 9.0 dBf
Image rejection 45dB 48 dB
IF response ratio 80 dB Confirmed
AM suppression 55 dB 56 dB
Capture ratio 1.5dB Confirmed
Audio output level 700 mv 690 mv

AM Tuner Section
Usable sensitivity 100 wV/m 95 pV/m
Selectivity 32dB Confirmed
S/N ratio 50 d8 Confirmed
Image rejection 4048 42dB
Distortion 0.3% Confirmed
Audio output ievel 200 mvV Confirmed
Audlo Section

Power output/channel

(8 ohms)

Front 80 watts 83 watts

Center 80 watts 100 watts

Rear 25 watts 27 watts
input sensitivity

Phono 2.5mv Confirmed

High-level inputs 150 mV 145 mV
Max. phono input (1 kHz) 90 mV 100 mv
Signal-to-noise ratio

Phono (re: 5 mV) 86 dB Confirmed

High-level inputs 93 dB 95d8B
Tone-Control Range

Bass (50 Hz) +10dB +11,-9dB

Treble (20 kHz) +10dB +10.5,-11dB

Bass extension

(50 Hz) +7 dB Confirmed

Frequency response

(20 Hz-20 kHz) +1.5dB +0 -1.5dB

Gensral Specifications

Power consumption 300 watts Confirmed
Dimensions

(W x HxD, inches) 17¥ex 6 X 18%s Confirmed
Weight 32 Ibs. 9 oz. Confirmed
Suggested price: $899.00

www.americanradiohistorv.com
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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 RIAA 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 vols,
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 o pipe
organ recordings in the
"Church” DSP mode and fo
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. [ |

3

Whether you wish to save money,
boldly go where no guitarist has gone
before or simply have fun building

FREE

Electronics & Computer Software

Education Calalog

electronic gadgets designed for your
musical pleasure, then read

*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 - Heathkit"

Electronic Projects for

GUITAR

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

$12%

Preamplifier e 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.

@ o e s e o S G D G D e e e - D e o o D @ S B D S5 G5 S5 5 G5 A5 e S5 e ED G5 G5 D 6 6D 6 6 e

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

From Basic Electricity to Advanced Microproces-
sor Applications and more, Heathkit will provide

you with an unparaiieied learning experience at a
fraction of the cost of other programs.

Heathkit’

Yes. send my copy of ELECTRONIC PROJ-
ECTS FOR GUITAR by RA Penfold to the

Please charge my [JVisa [J MasterCard

address at nght. | am enclosing $12.95 plus Signature

$2.95 for shipping charges in USA and Can- . i

N s e i Account No. Expir. Date I.EducatiFt:érgi:tlr__Systgms
funds. Sorry, no orders accepted outside of e or yaur E Calalog, cal

USA and Canada. New York State residents Toll-Free 1-800-44- EATH
add local sales tax. Allow 6-8 weeks for Address YHenBE raoallon i codk whencalling. 107
delivery.

[ Check enclosed. City State ZIP CIRCLE 155 ON FREE iINFORMATION CARD
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FYRITT

By John J. Yacono

Pinouts and
Tools

[t4 |13 e

his month, ['ll present

some 7400-series chips
that have alternate pinouts
and functional blocks (as
promised last time). it came
as a surprise o me (and
maybe 1o you, t00) when |
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, |,
frankly, don't know why that
is the case.

Unfortunately, there are

11 10 9

too many examples of al-

+5y 1B

8
AT [ )

1A 28 2B

e END
1 2 3 4 3 6 |7
i
A *SEE TEXT
|14 13 12 1 10 9_ 8
5y 1B BT 0 iE | [1F i

1A 2A|l @8
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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).

fernate pinouts to review
them all here. However, |
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-
fions 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 anp-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 ['ll end this introduc-
fion with a real teaser; a
chip with three pinouts: the

wwWw.americanradiohistorv.com

THINK TANK

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 anp
STYLE
Inputs Oufput
1al1e 1c 1D E[IF ] 10
(EUETEEEET Ty e
Xoop X W EH-FH L
Al other combinations | H

TABLE 2—2 INPUT anp

STYLE
Inputs Ourtput
AlB | C [ D 0
HEHA %R
XX [ H [ H] L
All other combinations | H-

TABLE 3—7453 TRUTH

TABLE

Inputs Output
AlBlciplElFigin| @
Rif e xpxixpepal L
Kl s miR iRt L
MR R AHIA | L
KR R iR [H]{H] L
1Al titharcombinations H

TABLE 4—74H53 TRUTH

TABLE
Inputs Culput
A|BICID|E(F|G{HI1| 0
HERDE R e i x] L
LR LA S0 o 18 R
KX H R R L
BN PRPRR | RIR[HEH] L
I other combinations H
TABLE 5—7454 TRUTH
TABLE
inputs Dutput
AIBIEID[E|FIGIH| @
HiH [ RX R ) L
KR HLH (IR K] L
KX X HIH| X [x] L
EIK (8| XXX |H|H|[ L
A1l siher combinations H
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TABLE 6—74L54 anp 74L854
TRUTH TABLE

Inputs
EIF

Output
Q

D
XXX
H

X[X[H
XXX

X XL X XTI
I X X X |-
X X X X |

XX I X|O
x
>

X X X X|®

XK X X I |
XX X X iwm

= = o o ol

All other combinations

TABLE 7—74H54 TRUTH

TABLE

inputs Output
A|BICID|E[F|G|H|I Q
HiH|X [X[XIX]X]X]X L
XIXTHIHIX X[ X] XX L
X[XIX{X{H{H{H}X|X L
X{XIXIX[XIX{X]HIH L
All 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

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

AN OUNCE OF
PREVENTION

| recently read about the
"AC-Short Circuit Indicator”
by John A. Aivarez in Think-
Tank, Popular Electronics,
March, 1993. | have used a
similar circuit for many
years in electronics. | am
enclosing a schematic di-
agram of the circuit as | use
it (see Fig. 4). Switch $1is 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

[14 13 [12 11 10 9 8
4BV Q
AL GND

I® B 7

A ;
*SEE TEXT

| 14 13 12 11 10 9 8
w6V T8 N N [ Q

1]
A c D = F G GND

1 | 2 |3 4 5 6 |7

B

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.

| use several sizes of bulbs
for 1. For testing a smaill

device, | may use a 6C-, 40-,

or even a 25-watt bulb. For
testing a large device, |
may use a 200-watt bulb or
a 250-watt heat iamp. |
also use several sizes of

bulbs when | use this circuit
in what a friend calls my
“poor-man’s variac.” When |
want 1o test a device at
reduced line voltage., | start
with a smaller bulb and go
to larger ones until | get to
the voltage | want.

| think | can best describe
how SO2 is used by telling

114 13 ]12 In 10 9 8

[ 45V B T H G a

A € D E F GND

1 2 3 5 Ie |7

14 13 12 1 10 9 8
+5V J | H G

]
A B c D E Q GND
1 2 3 5 6 ]7
*SEE TEXT
114 13 Itz In 10 9 8
+5V 8 I H Q
pre
A (- D E F G|  GND
1 2 3 5 6 |7

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).
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O
OFF

s02 DIRECT

*SEE TEXT

Fig. 4. This short-circuit
checker not only protects
your household wiring from
“il" devices under repair,
but can act as a poor-man’s
Variac, too.

how | used it a few days
ago. | wanted to test an
electric motor that had
been given to me, which |
was told blows fuses. | used
a 200-watt bulb for M, and
plugged a portable elec-
tric heater into SO2. The
heater has two settings, 750
watts and 1500 watts. | 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, | set the heater to
1500 watts. The motor ran
(with no loadj), and the bulb
glowed very dimly, so |
switched $1 to “"Direct’ and
the motor ran fine.

—Bill Stiles, Hillsboro, MO

Simple and useful. | won-
der if a light-bulb socket or
two in parailel with SO1
would be useful for that
250-watt heat-lamp bulb?

RIBBON CHECKER

| 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. |

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 fimes 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 | 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

! love doing fricks with
ribbon cable (like multiple
connectors on the same
line). Once I made a Y-
connection using a single
piece of ribbon. First | at-
tached one end of the
ribbon to my project, which
was designed fo send two
sefs of signals, one to each
connector at the other end
of the ribbon. One of those
connectors was applied
upside down. Then | drilled
out any holes on the two
connectors that would
cause a conflict. Two sets of
signals, one cable, no con-
filcts!

A HOT TIP
Like almost all electronics

SO1

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 djode. Wiring
the diode across the switch
contfacts (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

waannwy americanradiohistory. com

my iron, so | waited for the
death of the element | was
currently using. | repiaced it
with a 45-watt element and
| plugged the iron info 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 | used the iron on a
small PCB | was fixing. It had
been idling along and |
had forgotten fo switch to
full power. | found that the
45-watt element did an ad-
mirable job, even when set
o low.

When | 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 | 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 faking up space
in the local dump has also
been reduced. Remember,
less garbage equais a bet-
ter environment!

Oh yes, the results? This is
the seventh year that I'm
using that element and |
hope for another seven!
Also, the iron tips are lasting
much longer!

—Bernard Maguire,
Montreal, Quebec, Canada

! would never have
thought your solution would
work as well as it did. |
mean, your getting 14 times
the use out of one element
so far. Thats pretty incredi-
ble. Frankly, if it works that
well, | think you've got the
makings of a great product
on your hands.

{Continued on page 89)
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Experience The New Technology Behind Today’s Advanced Computer Systems With...

cGraw-Hill's

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 digita! logic, microcomputer
operation, data storage devices, data communica-
tions, PC servicing, Jocal 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 Lah, a
breadboarding lub
you'll use long after
you complete the
series for buildingup %
and testing prototype

circuits. Your modules also feature t*-r-?‘-’-"“"‘"

e

indexed binders to preserve your text, e
backup materials, and notes for
convenient referral.

Your adventure begins
with Module 1

With your very first module, you'll begin to
understand the technology behind today’s most
advanced computer systems.

You'll be introduced to basic electronics
principles and discover the role of key electronic
components, including resistors, capacitors, and
transistors.

Computer Electronics Serie

Before long,
you ‘Il be recognizing symbols
and know how to construct circuits using
schematic diagrams. Best of all, you'll actually
build up live circuits as you begin the assembly of
the McGraw-Hill Prototyping Design Lab.

Each module adds more to B/our
expanding knowledge o

computer electromcs
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Tune in on the world with this nine-band solid-state version of

Ithough once extensively used
Ain 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 fo listen to numerous for-
eign, English-language stations—
such as the BBC, Radio Netherlands,
Radio Canada, Radio Ching, 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-
guency 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-
fional tube-based regenerative re-
ceiver is shown in Fig. 1. That circuit is
essentially an RF oscillator with varia-
ble feedback (thatis connected to an
antenna) with a resonant circuit com-
posed of variable-capacitor C1 (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-

www.americanradiohistorv.com

the classic regenerative receiver

cillation, the Q of the resonant circuit
increases to around 1000. That in-
crease in @ 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 @
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
fraditional 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
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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.

COUNTER

T ouTPUT
EXT.

) voLUME

TRIMMER
CAPACITOR

12v 9V 5V

_.“_.. 12v

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 1o
the triode design. However, nearly all
of the old circuits were of the triode
type. Aimost none of the old circuits
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 modem, solid-state
design.

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

waany americanradiohistory com

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 MOSFETs 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
(82) 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-
rol) should be about 0.1 volts.

Regeneration is confrolled 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 @1, 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, aliowing a



www.americanradiohistory.com

March 1994, Popular Electronics

! ,H . ' ! t t
. b £095
oro > g
WS 0L Jv.w> 6€0 $ e OIS annL K Hrig'e Hiiz'g
sz N o2y ddgL-¢ §1 91 o
S vey YO6ENT 2€0
My et SO d L\ 4doz—5'€
Hrigg — ucmw_ €20 ww uaomum,mﬁ
, . ) 5141 T V2o 3 ddoz-ge)
o) HMizy J B 620 Wl
i1
vL6NL
A—0—d gq & |
£r »
& i - o
[§%0) 9€0 4doz—s€ 4Jdoz—s¢
(SY3L3W) | NOLLISOd DIANOL & mm 120 820
ONvE HOLIMS Y P S
B qa HrL
1xaL33s. &1 Hizg'
22 | o1
€0,
& :
} 8E0°T - =
3 = : o
= 9D VOSENZ T ddoz-5'€ T
b = 3 90 d4doz—s€ L
0018 & p 13 3=
' led ¥ wveor  9€0 .
T (ELEL) 64 H Hrige )
” M6'E gos asHVOD MA 4 : 21 Hrig)
82 129 b : e
AW A B
yv ¢ & &
YOSENZ - o2
[0 | T 610 S LY Hiizg S He'8 > 53INZZ
U661 i . $ oy a7 €1 <
624 vH
AN Iﬁ [{ae] AZWN_NIV 020 .
L vENI < IS
es 20 A wor $ vy : Hrlez
—r 9iy & AAA 4 A-b Al
- | 5L & ko do zotddw | 4dool
3 4dgs £6) 11D
tk S QP YEE & L iG] LD -~ 3dooe
Y3ILNNOD 2ty z ¢ I DY €10 O3INL Y
oL HHe 3 ey " Y
AAA,
. -> = T LINY
1 > 13022 O.L'IO||(PP\
22 . e <
019 om%un =0 b TR 3% e N Lo HTo0L
+ 90 e v iq e i d el
(724 )y I8e] y
d A .
69 v X o W p sk of > 7 oyl
K 0 T OVALLL
9] % 10 Zid
5 | f3) i o i < Hrioo+ AVZ
3 LOOPN L 8 1L
0 ! 1a

T configured as a

vacuwm-tube based Armstrong oscillator that

eceiver, a dual-gate MOSFE

Fig. 3. In this solid-state regenerative r

e of the

plac

was used in the traditional version.

Colpins oscillator 1akes the

n
™

WWW.americanradiohistorv.com


www.americanradiohistory.com

Popular Electronics, March 1994

(]
=]

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
frimmer.

Components C12-C14, C18, L3, L4,
Ré, 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 fitter 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
easiertotune. Itis not necessary to use

a reduction drive on the tuning ca-
pacitor. Asimple 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= [fx 696 x 10-5]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 § MHz, the re-
quired inductor would be 825 pH.

6 INCHES

Resistor R20 is used to sample the RF
signal in the regenerative amplifier
without affecting its operation. The
signalis 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 6é-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 IC5.

Fig. 4. This full-sized printed-circuit template can be used to etched your own board.

www.americanradiohistorv com
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Fig. 5. When assembling the WBR's printed-circuit board, make sure that the
polarlzed 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 Band
(Meters) Limits
(MHz)

Frequency - e
Received , Band
Trimmers

(MHz)

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

www.americanradiohistorv.com

R17
COARSE

REGEN

pad groupings in the area of the
band-determining capacitor/induc-
for 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
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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 fo the input of the
supply and a suitable plug con-
nected to its output. Doing things that
way helps fo 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 projects enclosure.

The Enclosure. The authors pro-
totype was housed in a large alumi-
num enclosure measuring about 9%s
X 5% x 6 ¥ainches. Prepare the en-
closure by drilling holes in suitable lo-
cations for the controls, and mounting
holes for the printed-circuit board
and the units internal speaker.

The authors 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, auxillary
speaker, and the power and antenna
jacks—are mounted to the rear panel
of the protfotype.

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 connectionsto 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-
board using white paper glue (avail-

PARTS LIST FOR THE
WORLD-BAND REGENERATIVE RADIO

SEMICONDUCTORS

UI—78L12 12-volt, 100-mA. voltage
regulator, intcgrated 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

US—LM386 low-voltage audio-power
amplifier, integrated circuit

QI—MPF1i02, VHF JFET

Q2, Q3, Q5—Q7—2N3904 general-
purposc NPN silicon transistor

Q4—40673. MPF121, MPFI131. or
NTE222, or similar dual-gate
MOSFET

BRI—DBIOI l-amp, 50-P1V, bridge
rectifier

DI—IN4001 I-amp, S0-P1V, rectificr
diode

D2—IN34 general-purpose
germanium diode

D3—IN914 general-purpose silicon
diode

RESISTORS

(All fixed resistors arc Ya-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

R10—47.000-ohm

R11-—3300-ohm

R12—470-ohm

R14—4700-ohms Y4-watt, 1%. metal-
film

RI15—15.000-ohm

R16—100.000-ohm panel-mount
lincar potentiometer

R17—5000-ohm pancl-mount lincar
potentiometer

R18—82.5-ohm, Ya-watt, 1%, metal-
film

R19—402-ohm, Ys-watt, 1%, metal-
film

R20—S51-ohm Ya-watt, 1%, metal-film

R21—810-ohm. Y-watt, 1%, metal-
film

R22—10-megohm

R23—560),000-ohm

R24—5000-ohm, panel-mount, audio
potentiometer with SPST switch

R25—I10-0hm

R26. R29—499-chm Ya-watt, 1%,
metal-film

R27—3900-0ohm

CAPACITORS
Cl, C2. C9, C45—470-uF 16-
WVDC, electrolytic

C3, C5, €6, C10, C15-C17,
C20-C22, €35, C36, C38-C41,
C46. C48, C49—0.InE ceramic-
disc

C4, C7.C19, C37, C42, C47—
22-uE 16-WVDC, electrolytic

C8-—4700-pF, 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-pE. silver mica

C23-C31—3.5-20-pF. miniature
ceramic trimmer

C32—3-18-pF panel-mount air
variable

C33—330-pF, silver mica

C34—120-pF, silver mica

C43—100-pE 16-WVDC,
electrolytic

C44—0.05-uF ceramic-disc

INDUCTORS

L1, L2—100-pnH, 2-amp (Radio
Shack 273-102)

L3—8.2-uH (J.W. Miller 9310-34)

L4—43-pH (J.W. Miller 9210-58) or
two 22-uH (J. W Miller 9310-44),
see text

L5—5.6-pH (J. W. Miller 9310-30)

L6—3.9-puH (J. W. Miller 9310-26)

L7—2.2-pH (J. W. Miller 9310-20)

L8—1.5-pH (J. W. Miller 9310-16)

L9—1.0-pH (J. W. Miller 9310-12)

L10—0.82-pH (J. W. Miller 9310-10)

L11—0.56-pH (J. W. Miller 9310-07
or 9230-14)

L12-—0.33-pH (J. W. Miller 9310-04
or 9230-080

L13—0.18-uH (J. W. Miller 9230-02)

L14—47-puH (J. W. Miller 9250-473)

L15—56-pH (I. W. Miller 9250-563)

FB1—General-purpose ferrite bead

ADDITIONAL PARTS AND MATERIALS

J1—2.1-mm DC power jack (Radio
Shack 274-1565)

J2—-inch panel-mount. closed-
circuit stereo jack

J3—RCA jack

J4, J5—Individual pin-jacks

S1—SPST switch (part of R24)

S2—SPI2T rotary switch

SPKRI—4-8-ohm, miniature spcaker
PL1I—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.
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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.
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Fig. 7. Using a marker generator, the author first located and marked the 100-kHz
points on the tuning dial, then the 50-kH:z 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.

abile 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 fo 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 Q)
position on the dial. After that, mount
the unit’s internail speaker to the inside
surface of the enclosure. The connec-
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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 1o 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 1o the receiver and
turn it on. Set R24 for maximum vol-
ume and set R16 (FINe ReGEN) to its cen-
ter position. Set 52 to 49 meters. Turn
R17 (coarse Recen) 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 595 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 1o 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 recen) for continuous os-
cillation if necessary. While rotating
C32 from minimum to maximum ca-
pacitance, adjust the appropriate
frimmer 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
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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-
Iates. Set the marker generator to 100
kHz and turn it on.

Loosely couple the output of the
marker generator 1o 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 fo its
most sensitive position is desired. Turn
C32 (rung) 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 asignal is heard, turmn 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.
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 appearin
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 antennato its
maximum length, turn the volume
(R24) all the way up, rotate C32 to the
minimum capacitance (highest fre-
quency) position, set R16 1o 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 1o
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-
¢y 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 anindoor or outdoor long-wire
antenna is available, wrap two turns
of the insulated wire around the whip
to create a loose couple. Directly
connecting a long-wire antenna to
the whip will usudlly result in the re-
ceiver being overloaded.

When the WBR was being de-
veloped, [tuned in a ham operatoron
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. |
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Hamming in the

Fabulous Fifties

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

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

days of the 1950%. 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 muéh, 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—per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>