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ti- Choice

Whether you're doing first-level troubleshooting or component-level diagnosis, Fluke meters offer
you one of the widest choice of capabilities and price ranges in the industry. Choices ranging from

the basic Fluke 12 with auto function V‘-Chek'“ and Continuity Capture™ lo the classic Fluke 77

Fluke 77
The classic
Multimeter
$169.00

with Auto Touch Hold® and current measurements.
To the advanced Fluke 83 with Min/Max/Average recording,
Frequency, Duty Cycle and Input Alert™. Plus a full
line of quality accessories to extend those
capabilities even further. No matter which Fluke
meter you choose, you can count on precise, reliable, consistent performance year in and

year out. Ius, strong customer support and product warranties that measure up to any

FLUKE12  FLUKE 77  FLUKE 83

The Fluke meters listed above feature DC/AC voltage, resistance,
audible continuity and diode test.

in the industry. Make the choice

Capacitance Auto Touch Hold® Auto Touch Hold®and
Fluke 83 . i Relatlve modes
Full-featured that gives you the most choices. ¥ Chek™ (auto function) - Current Current
Multimeter MirvMax Record with AnalogDigital display  Analog/Digital display
3255 00 Relative Time Stamp
Two-year warranty Three-year warranty Three-year warranty
N Continuity Capture ™ Yellow holster with Flex  Yeliow hoister with Flex.
ok to Fluke FLUKE rzvrmte 3 Stang™ Stand™
I Basic accuracy 0.9% Basic accuracy 0.3% Input Alet™
For measurements Capacitance
1o 4800 V-A measurements

fFrequency and Duty
Cycle

for the tools you need to get the job done right.

Min/Max/Avg. Recording
Basic Accuracy 0 3%

See your Fluke distributor, or call 1-800-87-FLUKE John Fluke Mfg. Co., Inc.
P.0. Box 9090, Everett. WA 98206
For more information call:

(416) 890-7600 in Canada

Filuke 12 (206) 356-5500 from other countries
for a catalog and the name of the Auto-function

Multimeter ©Copyright 1993. John Fluke Mfg. Co., Inc. All rights
reserved. Prices subject to change. Suggested U.S. list price.

Ad No 00377
distributor nearest you.

FLUKE.
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RF TRANSFORMERS

Over 80 off-the-shelf models...
3KHz-1500MHz from $19°

- e S sl

/ o\(

Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specified frequency
range?....Mini-Circuits offers a solution.
Choose impedance ratios from 1:1 to 36:1, in
connector, TO-, flatpack, surface-mount, or pin
versions (plastic or metal case built to meet
MIL-T-21038 and MIL-T-55631 requirements*).
Coaxial connector models are offered with 50 and 75
ohm impedance; BNC standard, other types on request.
Ultra-wideband response achieves low droop and fast T 77 %
risetime for pulse applications. Ratings up to 1000M ohms
insulation resistance and up to 1000V dielectric voltage. For
wide dynamic range applications involving up to 100mA T, TH,
primary current, use the T-H series. Fully detailed data version Swie X 65
appear in our 740-pg RF/IF Designer's Handbook.
Need units in a hurry?...all models are covered by our
exclusive one-week shipment guarantee.
Only from Mini-Circuits.

“units are not QPL listed.

TTHTT
bent lead version
style KK81

[JMini-Circuits

PO Box 350166, Brooklyn,New York 11235-C003  (718) 934-4500 Fax (718) 332-4661
For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.

CUSTOM PRODUCT NEEDS. . LetOurExperience Work For You.

CIRCLE 178 ON FREE INFORMATION CARD
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5 WAYS TO STOP
WASTING TIME IN

Electronics Now, March 1994

- ELECTRONICS,

Stop wasting your
«+ time soldering. Save
" hours of soldering,
desoldering, resoldering
with Quick Test™ sockets
and bus strips. Connect/
disconnect resistors, capac-
itors, transistors, ICs, etc. as
fast as you can push in/pull
out leads. Interlock for limit-
__less expandability. Priced as
| low as $1.60, you'll wonder
how you've done without
them!

Stop wasting

your time

breadboard-
[ | ing. Here
are three popular PROTO
BOARD® Brand solderless
breadboarding systems that
meet any budget or time
schedule. First the diminutive ' &
PB-10’s 840 contact points  J§
and 3-color binding posts.
PB-102 has 1,240 tie points,
accepting.up to 12 16-pin ICs.
Finally, PB-103, with 2,250 contact
points, and up to 24 16-pin capacity.
They're affordable, American-made, g
lifetime guaranteed. You'll soon see
why PROTO BOARD Brand is
Today's Standard
for Quality in
Breadboarding.

B Stop wasting your
time jury-rigging

large numbers of circuits. Here are two oversized
PROTO BOARDS Brand, with expanded area, tie
points, and more to keep your ideas together. PB-
104 features 3,060 tie points, which can handle to 32
16-pin ICs with ease. Four color coded binding
posts, and roomy 9.2" x 8” metal panel make it
big...but simple. The humungous PB-105 lets you
load up to 48 16-pin ICs, and much more onto its

‘ m 3 Call toll-free for details

GLOBAL
1-800-572-1028 SPECIALTIES

CIRCLE 177 ON FREE INFORMATION CARD

o
5-color coded §- L
binding posts :
and 17
sockets, for
over 4,560
contact
points.
Lifetime
guarantee
American-
made.
Affordably priced.

Stop wasting your
time plugging-
in external power.
B \we've added the
power to the breadboard. And,
what power! Up to triple voltage
power, +5V, +12V, — 12V, reg-
ulated/current limited and DC.
Up to 2,250 tie points, with 24 IC
capacity and 14 pin DiPs. Now you
can create, test and modify TTL, CMOS,
Op-Amps and even microprocessor circuits. Plus,
there is the standard Global Lifetime Guarantee on
the sockets. And, wait 'til you see the modest prices!

Stop wasting time designing
computer circuits. Now you can
use your solderless breadboard
concepts for designing accessory
circuits. PROTOCARD® is a PROTO
BOARD Brand which fits any standard

slot in your IBM, PC/XT or PC/AT computer. Some
modules even include built-in basic decoder circuits
for memory and 1/0 addressing. Breadboard areas up
to 3,360 contact points. Buffered versions eliminate

~ |oading of pc buses.

7 e d /4 4 ™
fxwym%/

Global Specialties. An Interplex Electronics Company.

70 Fulton Terrace. New Haven, CT 06512.

elephone: (203) 624-3103. © Interpiex Eiectronics 1989.
All Global Specialties breadboarding products made in USA.

A0OC11
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Electropics
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35 PC-BASED RF SIGNAL GENERATOR
Our full-featured sweep generator offers frequency coverage from

4 to 2000 MHz.
Dan Doberstein

43 DISTINCTIVE-RING DECODER
Get the benefits of a second phone line without the high price.

Edward J. Keefe, Jr.

52 UPGRADE YOUR CAR STEREO
An easy way to install and remove car stereos.

Marc Spiwak

57 POWER LINE MODEM FOR HOME CONTROL
Use your PC to send X10 control signals over power lines.

Edward J. Keefe, Jr.

66 THE LOST ART OF REGENERATION
Take another look at classic regeneration receivers.

Charles Kitchin
75 AUDIO AMPLIFIERS

Learn about the audio amplifiers in stereos, tuners, and other audio

gear.
Ray Marston

DEPARTMENTS

12 VIDEO NEWS
What's new in this fast-
changing field.

David Lachenbruch

16 AUDIO UPDATE
The dynamics of music.
Larry Klein

22 EQUIPMENT REPORTS
Dallas Semiconductor’s
Digital Thermometer and
Thermostat IC.

81 HARDWARE HACKER
Jukeboxresources, and more.
Don Lancaster

91 COMPUTER
CONNECTIONS
Suites for the sweet?
Jeff Holtzman

THE LOST ART
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REGENERATION
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HOW TO INBTALL A NEW CAR AUDED SYSTEM

ar -

If you design radio circuits, an RF
(radio-frequency) signalgeneratoris
amust-have onyourworkbench. This
month we introduce the TG2000, a
PC-based synthesized signal gen-
erator. The 2-GHz RF signal gener-
ator is an IBM-PC compatible card
that can be installed in an B8-bit slot
or, with an external power supply,
interfaced to a parallel port. Soft-
| GBI | ey ot ware for the TG2000 is available on
oo e - the Electronics Now BBS. Turn to
=25 = page 35 for all the design details.

BUILD THIS

PC-BASED

FUNCTION GENERATDI
= -.'i-sllm.n:mwlm;%'nT
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THE APRIL ISSUE
GOES ON SALE
MARCH 3.

THE NEW AGE OF SATELLITETV
A look at the new Direct Broadcast Satellite service.

CIRCUIT COOKBOOK
Audio power amplifier principles.

BUILD THE AUDIO WIZARD
A function generator for testing audio equipment.

As a service to readers, ELECTRONICS NOW publishes available plans or information relating to newsworthy products,
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers, ELECTRONICS NOW disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in ELECTRONICS NOW may relate to or be covered by U.S. patents,
ELECTRONICS N disclaims any liability 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.

ELECTRONICS NOW. (ISSN 1067-9294) March 1994. Published monthly by Gernsback Publications. Inc.. 500-B Bi-County
Boulevard, Farmingdale, NY 11735. Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Canada Post
IPM Agreement No. 334103, authorized at Mississauga, Canada. One-year subscription rate U.S.A. and possessions $19.97,
Canada $27.79 (includes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280), all other countries $28.97. All
subscription orders payable in U.S.A. funds only, via international postal money order or check drawn on a U.S.A. bank. Single
copies $3.50. © 1994 gy Gemsback Publications, Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to ELECTRONICS NOW, Subscription Dept., Box 55115, Boulder, CO 80321-5115.
A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is

desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.
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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
worry about rigid scheduling
residential colleges offer.

A Quality Education
with a Flexible
Schedule.

In a world heavily dependent
on electronic equipment,
people who understand elec-
tronics will have no problem
putting their knowledge to
work... in high-paying careers.
The staff and faculty of World
College have invested over ten
years developing, what we be-
lieve to be, the finest indepen-
dent-study, baccalaureate
degree program available.
World College’s mission is

to instill in each student the
knowledge, education, and
training that employers are
seeking for the many technical
positions available today. It's

a program created to provide
the best education and
training possible with
a flexible schedule

to match your busy
lifestyle.

9\1' ED &,
&% %,

olivN.
it oy

At

A
Fomp g79°

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

B

Earn A
achelor of

Electronic

((((@

WORLD

COLLEGE

Bringing Technology Home/!

Engineering
Technology

Degree
fr

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 affordable it is
to get started on your Bachelor Degree.

World College is affiliated with

ke

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 earn

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.

. |

I D YES! Please send me I

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

P4
®
3
®

Address:

>
3

o)
<

Zip:
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o =
3 @
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P
@
®

Return to:
I world Coliege
I Lake Shores Plaza
5193 Shore Drive, Suite 113
I virginia Beach, VA 23455-2500
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o Electronics Now, March 1994

EDITORIAL

Keepmg Up Your Teehnical Skllls

oo R
B AESRYH

The Electronic industries Foundation, a
division of the Electronics Industries
Association (EIA), is developing standards for
evaluating electronic technicians skills. To
gain a background for its plans, the
Foundation sent questionnaires to working
electronics technicians asking them about the
strengths and weakness of their formal and
informal training. Responses were received
for 95 of the questionnaires. The highlights of
that survey are:

® Most responding technicians were between
25 and 45 years old, with the majority under
35.

e The respondents were overwhelmingly
male—by a margin of 89 to 2. (This suggests
that electronics repair is not yet a very
attractive occupation for women.)

e All respondents had high school diplomas
or equivalency certificates, and 33.3% of
those reported that they had Associate in
Electronics Engineering or Technology
degrees. Another 30% reported that they had
attended college.

o Nearly two-thirds of the respondents had
participated in on-the-job training on such
subjects as microprocessors and personal
computers, maintenance of consumer
electronics products, and circuit
troubleshooting and upgrading.

¢ |n performing their daily work assignments,
92% reported that they used multimeters,
90% used oscilloscopes, and 88% needed a
power sypply.

However, in my view, the most revealing
findings in this survey were the respondents
comments on the value of the courses they
studied and their relevance in preparing them
for entry-level jobs. Theory was found to be
most important, with practical circuit analysis
and troubleshooting in second place. Hands-
on repair techniques showed up in third place.

What does this mean? It tells me that
Electronics Now has a very important role in
the basic and ongoing training of electronics
professionals. It has long provided coverage
of the subjects most technicians want and
need to know more about—electronic theory,
practical circuitry, and the operation of
electronic devices and test instruments.

But we could and should improve our
coverage of trouble-shooting techniques and
problem solving. To do this right we need your
help. After all, you are out there doing this on
a daily basis. We want case histories,
descriptions of your on-the-job learning
experiences, and the details on how you
solved tough repair problems in a timely and
economical manner.

The subjects of your personal experiences
can range across the board from servicing
computers, communications equipment, and
instruments to to the maintenance of
consumer electronics products.

What's your reward? If you send us ideas for
interesting and informative articles that we
can publish, you'll be trebly rewarded: First,
you'll get a check; second, you'll have the
pleasure of seeing your name and experience
in print; and third, you'll gain the satisfaction
of knowing that you've helped others like
yourself who are keeping up-to-date in a
constantly changing and ever challenging
field.

Flood my mailbox! Send your suggestions
directly to me, Larry Steckler, CET/EHF,
Electronics Now, 500-B Bi-County Blvd.,
Farmingdale, NY 11735. We'll work with you to
develop some terrific articles. Do it now!

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

www americanradiohistorv com
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Take this GIANT Handbook

for only $9.95

when you join the Electronics Engineers’ Book Club®

ELECTRONICS ENGINEERS’
HANDBOOK, Third Edition

Edited by D.G. Fink
and D. Christiansen

Completely revised, expanded, and updated,
this third edition of the desktop reference is
widely considered the definitive work in its field,
covering all aspects of today’s electronics
engineering. Written and compiled by more than
170 experts, this giant handbook shows you
how to use the latest design and cost-cutting
solutions at work in the industry today. You'll
find a wealth of new material on electronic
systems design, computer systems and digital
recording, telecommunications, process control,
laser technology, and CAD of electronic circuits.
It deals with the full range of theory and prac-
tice, covering essential principles, data, devices,
components, assemblies, circuits, functions, and
applications.

2,624 pages 1,800 illustrations Book No. 9255H Hardcover

Iif coupon is missing, write to: Electronics Engineers’ Book Club, Biue Ridge Summit, PA 17294-0860

As a member of the
Electronics Engineers’
Book Club . ..

ELECTRONICS ENGINEERS’

BOOK CLUB HIE
Biue Ridge Summit, PA 17294-0860

... you'll enjoy receiving Club bulletins every 3-4
weeks containing exciting offers on the latest
books in the field at savings of up to 50% off of
regular publishers’ prices. If you want the Main
Selection do nothing and it will be shipped
automatically. If you want another book, or no
book at all, simply return the reply form to us by
the date specified. You'll have at least 10 days
to decide. And you'll be eligible for FREE
BOOKS through the Bonus Book Plan. Your only
obligation is to purchase 3 more beoks during
the next 2 years, after which you may cancel
your membership at any time.

)1994 EEBC

Publisher's price shown.

CJYES! Please send me Electronics Engineers’ Handbook, 3rd Ed.
(9255H), billing me $9.95 plus shipping/handling & tax. Enroll me as a
member of the Electronics Engineers' Book Club according to the terms
outlined in this ad. If not satisfied, | may return the book within 10 days
and have my membership cancelled. A shipping/handling charge & sales
tax will be added to all orders.

Name —

Address P

City/State =~

Zip Phone

MON SOIUOJIO9|S 'P661 YIIBN

Valid for new members only, subject to acceptance. by EEBC. Canada must remit in U.S. funds
drawn on U.S. banks. Applicants outside the t.S. and Canada will receive special ordering in-
structions. RPIF394
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Electronics Now, March 1994

«©

WHAT'S NEWS

A review of the latest happenings in electronics.

RF signals deter auto theft.

Anignition key with an embedded
transponder that emits a unique dig-
ital code and a radio-frequency
reader on a car's steering column
form a new automobile theft deter-
rent. This vehicle-immobilization
system, based on Texas Instru-
ments' technology. is slated for in-
stallation in Ford cars this year.

A miniature transponder embed-
ded in the ignition key contains an
unalterable factory-programmed
64-bit identification code that is
uniquely identified by the system’s
FM receiver. The transponder con-
sists of a small antenna, an inte-
grated circuit that contains the
code, and a capacitor encapsulated
in a glass tube. The capacitor is
charged by a burst sent from the
radio frequency reader.

The code reader’s antennais inte-
grated with the ignition system
through the lock barrel in the steer-
ing column, and its transceiver is
connected to a control module in
the engine compartment.

When a key is inserted in the igni-
tion lock and turned, the reader is
automatically activated. It transmits
a signal that charges the key's tran-
sponder. The transponder then
transmits its code which is com-
pared to the code stored in the car's
control module.

if the codes match, the module
enables either the fuel-pump relays
or the module itself. However, if the
wrong code (or no code) is de-
tected, the car cannot be started.
The system might also include go-
no-go lamps to indicate if the wrong
key was inserted by mistake so the
driver would know instantly why the
car does not stari.

Ford claims that the system is
durable, tamper-proof. and virtually
transparent to users. {tis said to be
easier to use than PIN-based sys-
tems that require drivers to re-
member and punch in a security
code. According to Ford, it cannot
be overridden as can infrared-ener-

I

GO, NO-GO LIGHTS

KEY WiTH
TRANSPONDER ELECTRONIC \\
CONTROL
MODULE

WITH CODE-READER

I

IGNITION LOCK ™

ANTENNA

TEXAS INSTRUMENTS’ TIRIS SECURITY SYSTEM FOR FORD CARS includes an
ignition key that contains a microminiature FM transponder, a lock in the steering
column integrated with a reader receiving antenna, and an electronic control module.
The code reader charges a capacitor in the key’s transponder so that it emits a 64-bitID
code. The ignition system is activated only if the reader antenna receives the correct

ID code.

gy- based security systems.

Ford Motor Company's Elec-
tronics Division based the system
on Texas Instruments (Attleboro,
MA) registration and identification
system (Tiris) technology. The se-
curity system will be available in Eu-
rope in two of Ford's most popular
cars, the Escort and the Fiesta this
year, and it might be introduced in
some U.S. models in 1995,

Future applications for Tiris are
seen in automatic car-entry and
locking systems, personalized seat-
ing and climate control, and for auto-
mated access to garages and
parking lots. Tiris technology can
also identify vehicles in automatic
toll-collecting systems.

Kyoto Prize goes to IC
pioneer

Dr. Jack St. Clair Kilby, an inven-
tor of the integrated circuit, has
been awarded the Inamori Founda-
tion's 1993 Kyoto Prize in Advanced
Technology. Kyoto Prizes, estab-
lished in 1984 by Kyocera Corpora-
tion's Chairman Kazuo Inamori,
recognize outstanding achieve-
ments in disciplines not recognized
by Nobel Prize awards. Each 1993
laureate received academic honors
and a cash award equal to about
$425,000.

Dr. Kilby proposed and confirmed
the fundamental concept of mono-
lithic semiconductor integrated cir
cuit, the basis for today's advanced

www americanradiohistorv com
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DR. JACK KILBY WINS THE 1993 KYOTO
prize in advanced technology for his pi-
oneering work in monolithic integrated
circuits.

microelectronics technology. In
1958 Dr. Kilby integrated a tran-
sistor with resistors and capacitors
on a semiconductor substrate,
creating the world’s first known
monolithic IC.

A year later, he designed, built,
and tested a monolithic flip-flop cir-
cuit. Then he became active in the
promotion of applications for mono-
lithic ICs. His team was the first to
develop a calculator IC and design a
compact calculator to use it. Dr.
Kilby is now a consultant to Texas
Instruments, Inc.

HDTV Grand Alliance
announces key technology
decisions

A group called the digital high-
definition television (HDTV) Grand
Alliance presented its decisions on
four key digital high-definition TV
technologies to the Technical Sub-
group of the Federal Commynica-
tion Commission’s (FCC) Advisory
Committee on Advanced Television
Service

The four technologies covered in
the presentation are: digital video
compression, transport, scanning
formats, and audio technology.
They include modifications of the
Grand Alliance system that had
been recommended earlier by the
Technical Subgroup which en-
dorsed the technology decisions.

The Grand Alliance represents
the merger of three formerly com-
peting groups—AT&T and Zenith,
General Instruments and MIT, and a
group consisting of Thomson Con-

sumer Electronics, Philips Consum-
er Electronics, and the David
Sarnoff Research Center.

The proposed digital HDTV sys-
tem is compatible with existing
NTSC television broadcasting stan-
dards, popular computer operating
systems, and accepted telecom-
munications technology. This com-
patibility is expected to ensure its
place on the much discussed Infor-
mation Superhighway.

The selected digital video-com-
pression technology is based on in-
ternational standard MPEG-2 from

the Moving Picture Experts Group.
It includes the use of "B-Frames,"
bi-directional frame-motion com-
pensation, a compression tech-
nique that improves picture quality.

A packetized data-transport sys-
tem will permit most combinations
of video, audio, and data to be trans-
mitted in packets similar to those
formed for advanced telecom-
munications networks. The system
will concentrate on the features of
MPEG-2 that are applicable to
HDTV and are included in the
MPEG-2 transport layer. Q
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New B+K PRE

There's no need to guess about components with
B-+-K PRECISION’s 815 Parts Tester. It accurately
measures the most-used components and displays
their values on a large 0.8” LCD readout. Rugged
design and filt stand make it well suited for field
or bench.

One look at this quality instrument will convince
you the B+ PRECISION 815 is the best buy. For
detailed specifications or immediate delivery,
contact your local distributor.

sy

- By

CISION Parts Tester checks capacitors,
resistors, transistors, diodes, SCRs, LEDs and more.

Model 815 $115

B PREnISinar " Domestic and International Sales
NEWTJTWVI ¥
MAXTEC INTERNATIONAL CORP.

——

Tests capacitante from 0.1pF to 20mF in
capacitors, cables, switches; other components.
Tests resistance from 0.1 ohm to 20 megohms.
Tests SCRs, diodes and LEDs.

Tests transistor gain and leakage.

Tests batteries under true load conditions.

26 measurement ronges.

5 foot drop-resistont case.

Tilt stand for bench use. Includes test leads

6470 W, Cortland St.. Chicago. IL 60635
312-889-1448 * FAX: 312-794-9740
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The newest to-

Introducing TekMeter:” TEKMETER
The casy-to-use combination
DMM and autoranging scope.

If you're like most people in the elec-

trical and electronic service business,
when you've got a job to do, you need

to get it done fast, with a minimum of
hassle. And preferably without juggling

a bunch of tools on site. t——— STOREMNGE
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To answer these concerns, Tektronix 4 CHL per

created TekMeter. Designed with input <
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test and measurement tool that inte- ) |
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from customers, TekMeter is the only
grates true RMS multimeter and auto-
ranging oscilloscope capabilities in one

powerful yet lightweight package.

Best of all, you don't have to learn scope skills.
TekMeter has a familiar DMM-like interface

for every function. You just hook up the probes

and toggle between DMM and waveform. At the
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Check out the entire TekTools™ line for all your measurement needs.
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| of the trades.

True AMS MutMerer

Auto Rangig Secpe _ push of a button, you'll see exactly

what youre measuring.

Easy to afford, too.
At only 2.2 pounds, TekMeter won't
weigh heavily on your belt, and it won'
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do much damage to your wallet, either.
Starting at $8597 the TekMeter pack-

ages a remarkable set of capabilities
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that will enhance your productivity
and will be easy to justify.

e HOLD Tektronix
WVEFORM  RUN/ ‘.

BN 1 A i Put one in your hands today.

| Of course, the best way to take

full measure of TekMeter is to try it
for yourself. For the =
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name of your nearest ~ Giveitatry.
authorized Tektronix

distributor, call 1-800-426-2200, ext. 800 and

put one to the test.

Once you've seen everything TekMeter can do—and how
easily it does it—we think you'll agree it’s the one tool you won't
want to trade for anything else.

Tektron/ix

*Suggested retail price  © Copyright 1993, Tektronix, Inc. 3MW- 284272 Tekmeter, Tektools, and Tektronix are trademarks of Tektronix, Inc

Come test drive the TekMeter
j'our local distributor and

at
Jjudge for yourself.
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What'’s new in the fast-changing video industry.

DAVID LACHENBRUCH

Electronics Now, March 1994

=Y
N

® Video LP CD’s. Although stan-
dards have now been set for Video
CD's—full-motion video on five-
inch compact discs—there's grow-
ing pressure to move quickly to a
longer playing system that could ac-
commodate a full movie on the
same size disc. While the Video CD
will accommodate up to 74 minutes
of compressed video, a behind-the-
scenes movement is exerting pres-
sure to develop a system that can
squeeze up to 135 minutes—two
hours and 15 minutes—on a disc.

{t's understood that Philips Elec-
tronics is spearheading the effort to
develop a standard long-playing
system with laserdisc picture quali-
ty to replace tape as a carrier for
recorded video. Philips is seeking to
mesh the many systems under de-
velopment into a single, cohesive
world standard, for commercializa-
tion as early as 1996. Philips has
declined to comment.

Japanese manufacturers confirm
that developments are on a fast
track in their laboratories. The gen-
eral feeling is that the next carrier of
prerecorded video must have a life
of at least 10 years. It's generally
conceded that the standards must
take into account such factors as
ease of handling and suitability for
production at existing hardware and
software factories. Some manufac-
turers say that green or blue lasers
now under development could in-
crease the recording density of a
CD enough to accommodate vir-
tually all feature films.

Although many companies, in-
cluding Sony in Japan, have stated
that they will introduce Video CD
players and discs using the cur
rently contemplated short-playing
system, Michael Schulhof, presi-
dent of Sony Corporation of Amer-
ica, said recently that the existing
Video CD standards have neither
the quality nor the playing time to
accommodate feature films. The
current picture quality, he said, “is a

step backward from VHS," and,
“packaged video really has to en-
compass a full movie on one side.”
He noted that any packaged media
to succeed “has to offer an im-
provement in picture quality.”

® Cable compatibility stan-
dards. The FCC followed up its
report to Congress (Video News,
Electronics Now, January 1994)
with a proposal to assure com-
patibility between cable systems
and consumer electronic equipment
such as TV sets and VCR's. As di-
rected by the Cable Act of 1992, the
Commission proposed rather stern
rules. The rules are designed to dis-
courage scrambling by cable sys-
tems, and they mandate the use of
standard channel numbers, and a
back-of-set interface that would per-
mit use of the TV or VCR's tuner.
Such an arrangement would permit
consumers to use such features as
picture-in-picture and the capability
to watch one channel while taping
another.

The FCC's proposed rules are
tough on both cable systems and
consumer-electronic products.
They lay down specific require-
ments that any product must meet
to be advertised as “cable ready.”
Those include the incorporation of a
new standard back-of-set interface,
capability to tune all standard cable
channels with frequencies up to 1
GHZ, and improved receiver perfor
mance—rejection of adjacent chan-
nel interface and direct pickup,
along with standards to minimize
tuner overload and signal leakage.
The FCC proposes that the new
standards go into effect for all prod-
ucts made or imported after De-
cember 31, 1996 that are advertised
as being compatible with cable sys-
tems.

Under the Cable Act, the FCC
must adopt strict rules for com-
patibility by April 4. The Commis-
sion's proposed rules contain some

that would go into effect as early as
next October. Those would elimi-
nate scrambling of basic-tier chan-
nels, require cable systems to give
subscribers the option of receiving
unscrambled channels directly over
the air, bypassing cable boxes. Ca-
ble companies would also be re-
quired to provide boxes that permit
consumers the full use of their TV
and VCR features on request, as
well as requiring systems to inform
consumers about all of their op-
tions.

® Widescreen TV sales slow.
Although several companies have
introduced widescreen TV sets with
16:9 aspect ratios, sales have been
quite slow, presumably due to high
price and the shortage of available
widescreen programming. Philips,
which had announced that it would
offer a 34-inch widescreen set to
the American consumer market at a
suggested retail price of about
$6000, changed its mind and decid-
ed that the set would be aimed at
the broadcast and special commer-
cial-monitor market instead.
Thomson, which started market-
ing 34-inch sets under the RCA and
ProScan brands last April, con-
ceded that sales had fallen short of
the 10,000-15,000-set goal it had
said it would like to see in 1993, but
blamed the shortfall on the shortage
of picture tubes of all kinds last year.
The company has introduced new
widescreen models for both brand
lines and cut the price so that they
could be sold for less than $4000. It
added such inducements as $500
worth of free laserdiscs or a $749-
value laserdisc player as premiums
with the purchase of the sets.
Although there is very little wide-
screen programming being broad-
cast, there is a large variety of
laserdiscs that use letterbox aspect
ratios, and Thomson thinks that
laserdisc owners are the prime
prospects for widescreen sets.
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Experience The New Technology Behind Today’s Advanced Computer Systems With. ..

NEW! Now you have a o
fast, easy, low-cost .
way to meet the v
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 td you one every
4-6 weeks, give you a thorough understanding of
such subjects as digital logic, microcomputer
operation, data storage devices, data communica-
tions, PC servicing, local area networks, and more.

Each module goes right to the heart of the
matter. You waste no time on extraneous material
or dry history. Instead, you get a fast, efficient,
and lively learning experience. ..a nontraditional
approach to the most modern of subject matter.

Unique interactive instruction
Your learning experience is reinforced through
the integration of vividly illustrated text with actual
electronic experiments. In fact, by the time you
complete your sixth module, you will have
assembled the McGraw-
Hill Prototyping
Design Lab, a ¥
breadboarding lab ¥
you'll use long after
you complete the
series for building up
and testing prototype
circuits. Your modules also feature
indexed binders to preserve your text,
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.

Comute

! -'-. » Print Technologies

S Before long,
"~ you'll 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 zour
expanding knowledge o

computer electronics
Step by step, each module builds your knowledge
and confidence. In all, 12 modules take you
quickly from the basics to today’s sophisticated
computer concepts:
» Electronic Circuits and Components
» Semiconductors and Linear Applications
» Digital Logic Fundamentals
» FElip-Flops, Counters, and Registers
» Microcomputer Fundamentals
P Mass Data Storage Systems
» Data Communications
» Graphics
Display Systems
» Embedded
Microprocessor
Controllers

FREE 15-DAY TRIAL! SEND TODAY!

Computer Electronics Series
MiGeaw-Hill Continuing Fducation Center

Mc(éiaw-HjII’s |
eCtronics Series

you if you're finding that
computers are playing an
increasingly important
role in your work. . .if
you're a teacher or
trainer who wants an
update in contemporary
computer circuits. . .or if
you're simply fascinated
by today’s computer
technology and want to
know more about it.

It’s even for electronics

engineers or computer technicians

who want to refresh their skills.

In short, McGraw-Hill's Computer
Electronics Series is an ideal way to understand
the technology at work in today’s computers. ..
and it’s the quickest, most convenient, and
probably the least expensive way to do it. And
the only one that gives you hands-on experience.

15-day no-risk trial

We invite you to prove to yourself that McGraw-
Hill's Computer Electronics Series is all we say
it is...without risk and without committing
yourself in any way. Order today, and we'll send
you your first module — Electronic Circuits and
Components — for a free, 15-day examination.
If you're not absolutely certain that this is an
enjoyable as well as highly effective way to learn,
simply return the module to us.

If you wish to continue, we'll ship the
remaining modules automatically, about once a
month, on the same Free Examination basis.

Send for your first module today! And let
McGraw-Hill guide you into the fascinating world
of Computer Electronics.
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Electronics Now, March 1994

AUDIO UPDATE

The dynamics of music and the evolution of audio instrumentation

s | indicated last month, |
didn’t find much of interest
at the recent Audio Engi-

neering Convention (AES) in New
York City. But that is more a reflec-
tion of my perhaps overly narrow
focus on home audio than of the
presentations and exhibits at the
convention. The exhibitor directory
listed over 350 manufacturers of
professional audio equipment, with
booths displaying everything from
cassette loaders and music syn-
thesizers to broadcast and record-
ing consoles. A home-audio person
scanning the list would find only
about two dozen familiar names (in-
cluding Denon, Sony, Carver,
Shure, Panasonic, Audio Technica,
and Yamaha) representing home-
audio equipment manufacturers
that had professional products.

One of the presented papers that
caught my eye was “The Dynamics
of Recorded Music” by McManus,
Evens, and Mitchell (AES preprint
3701 B1-AM-1). Before discussing
the paper, some background is in
order. When | first became involved
in audio—I| guess it was shortly after
the invention of the wheel—it was
difficult, if not impossible, to find out
exactly what recorded music de-
manded of the playback equipment.
Manufacturers’ claims about re-
corded rise times, frequency band-
widths, or dynamic ranges were
difficult to confirm because the
available measuring equipment
wasn't up to the task.

instrumentation advances
About 25 years ago—when the
appropriate instrumentation be-
came available—I participated in an
investigation of the rise-time
characteristics of live music wave-
forms. We used a B&K microphone
with a 30-kHz response feeding a
triggered Tektronix scope. Because
storage scopes were not yet avail-
able, we arranged for the camera
shutter to be triggered at the same
time as the scope sweep. This pro-

vided photographic storage of the
initial waveforms produced by cym-
bals, temple blocks, and chimes. |
don’t remember the waveforms we
obtained, but it was quite clear that,
despite the claims, an amplifier's
ability to pass a 50-kHz square wave
had no real-world significance for
music reproduction.

Then there was the question of
exactly what frequencies were pres-
ent on the widest range LPs. Claims
ranged from 16 Hz on the low end to
20 kHz on the high end. Perhaps
needless to say, the advent of the
real-time analyzer did a lot for truth
in recorded frequency advertising.

Some of you may remember the
big speaker versus little speaker ar-
guments that used to clutter the
pages of hi-fi magazines. One of the
claims in favor of the big speakers
was that the heavy cones in the
comparatively small acoustic sus-
pension systems made it difficult for
them to deliver bass at low drive
levels. Inertia was said to be the
culprit since it obviously took more
energy to get a heavier cone moving
than a light one.

I borrowed one of the new Gener
al Radio real-time analyzers and a
pink-noise generator and had one of
my technical writers run tests on an
Altec A-7 (big!) and an Acoustic Re-
search AR3 (little). The real-time
analyzer clearly showed that the fre-
quency responses of both speakers
were independent of their playing
tevel; from soft to loud the re-
sponses were unaltered.

So how come the Altec sounded
better at low playing levels than the
AR? The RTA curve of the Altec
showed a broad hump centered (as |
recall) at about 200 Hz at all playing
levels. | was later told that in the
speaker’s original commercial ap-
plication as a movie-house speaker
this helped to project its sound
through the screen. In the home en-
vironment, the 200-Hz hump lent a
full, sonorous quality to the A-7's
sound that attracted many au-
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diophiles in its day. And at low play-
ing levels, the low-end bump served
as sort of a Fletcher-Munson loud-
ness compensation to compensate
for the ear's normal loss of low-bass
response at low listening levels.

The AR speaker, on the other
hand, being reasonably flat over the
same range by comparison,
seemed bass shy at low levels. (Do |
need to point out that it makes more
sense to start with a flat-response
speaker and add equalization as
needed than to have a speaker with
a built-in bump that comes through
on all program material whether it's
musically helpful or not?) After |
wrote up the results in Stereo Re-
view, | received—as expected—a
number of outraged letters from A-7
owners.

Dynamic headroom

The AES paper mentioned earlier
addresses the question of the dy-
namic range of music and its rela-
tionship to the current Electronic
Industries Association’s Dynamic
Headroom measurement standard.
The first edition of the current EIA
amplifier standard stated: “'Par-
ticularly noteworthy is the introduc-
tion of a new measurement,
Amplifier Dynamic Headroom, that
addresses itself to the power output
capability of an amplifier when that
amplifier is called upon to handle
music-waveform signals rather than
continuous sine-wave signals.”

Not noted were the lengthy be-
hind-the-scenes debates that pre-
ceded the adoption of the new
standard. Some of the engineers on
the standards committee needed to
be convinced that the Dynamic
Headroom rating would not open
the door to more of the wildly exag-
gerated amplifier-power numbers
that were an unhappy fact of hi-fi life
in the early 70’s. Others simply had
difficulty accepting that unregulated
power supplies could have special
merit in hi-fi applications.

Briefly, the story is this: Music is
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mostly moderate in level with sub-
stantial, but short-lived, peaks of 10
to 20 dB. An amplifier designed to
deliver continuous power at the an-
ticipated peak levels (say, 200
watts) is likely to have large heat
sinks, a substantial power trans-
former, and a price that reflects its
very heavy duty construction.

If, instead, an amplifier is de-
signed to provide, say, 100 watts,
and a substantial dynamic head-
room of, say, 3 to 6 dB to handle the
peaks, worthwhile savings are real-
ized in size, weight, and cost, with-
out significant tradeoffs in perfor-
mance.

In short, given two quality ampli-
fiers with the same continuous
power, the one with the highest
headroom is preferred; given two
amplifiers with the same dynamic
headroom, the one with the highest
continuous power is preferred.

Dynamic duration

When the amplifier committee fi-
nalized the standard on dynamic-
headroom measurements in 1976,
we specified 20 milliseconds as a
plausible headroom duration that
was also within the capabilities of
the amplifier-design technology of
the day. The AES paper that prom-
pted this long digression argues
that 20 milliseconds does not en-
compass the actual waveform
peaks of music and details a very
sophisticated series of tests carried
out to prove the point.

The authors used a custom-built,
PC-based data-acquisition system
that could sample a music input 200
times per second! Each reading
consisted of two values: peak and
mean-square (average). About 150
tracks of a wide variety of musical
recordings were analyzed, yielding
over 100 computerdrawn graphs.

| found no surprises in the au-
thors’ conclusions that an amplifier
is a more efficient reproducer of mu-
sic if designed to have a high dy-
namic headroom that extends up to
200 milliseconds or more. They add
that when an amplifier is intended to
handle the most demanding musical
signals at live-music levels, a high
steady-state power is a necessary
complement to its dynamic head-
room. | couldn’t agree more! 0

Measure It All!

The DMM/LCR Meter/
Frequency Counter. All in One.

roubleshoot down to the
T component level — any

component! Verify poorly
marked parts, test for toler-
ances and damage. Wavetek’s
new DM27XT is not only a full-
function DMM, but also
includes complete inductance,
capacitance, and frequency
measurement capabilities.

* Wide LCR range:
10 Q to 2000 MQ
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* Autoranging frequency
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Write to Letters, Electronics Now, 500-B Bi-County Bivd., Farmingdale, NY 11735

WORLD BAND RECEIVER UPDATE

My “World Band Receiver” arti-
cle, which first appeared in the Jan-
uary 1993 issue of Electronics
Now and was reprinted in the 1993
issue of Radio Craft, has been so
popular with builders that one sup-
plier of the variable tuning capacitor,
C49, Fair Radio Sales No. C12/
T784, has completely sold out his
stock! It is the source listed in the
article.

For those still planning to build
the receiver, | recommend the fol-
lowing changes:

1. Substitute capacitor No.
P7761569-7 from Fair Radio Sales,
Lima, OH 45802, for No. C12/T784
in the parts list. It is variable from 14
to 62 picofarads and it is priced at
$4. Although it is larger than the
C12/T784, it will fit in the location

FolR By 633
SEREHNS F AVTS

FIG. 1—FOUR STANDOFF POSTS for the
World Band Receiver tuning capacitor
are 6-32 x 2-inch screws.

on the metal case shown in the arti-
cle. A surplus capacitor, it has a Ya-
inch dial-mounting shaft. Mount it
with the stator plates above the
shaft by fastening it with four
6-32 X 2-inch machine screws
through the sheet metal, as shown

-in Fig. 1.

2. Replace 735-picofarad capaci-
tor C43 in the tuning circuit with a

330-picofarad unit. (Fair Radio
Sales has these in stock.) The coil
specified, L1, must be replaced by
one with 17 turns of No. 20 enam-
eled-copper wire with a tap located
four turns from the ground end. This
will still leave room to mount the
2 X 3-inch circuit board for the VFO
circuit under the capacitor between
the 2-inch mounting screws.
JOHN PIVNICHNY -

Vestal, NY

MODIFIED DIVERSITY CIRCUIT

tlove the diversity circuit (*Build a
Diversity Antenna System and Im-
prove the Performance of Any Car
Stereo,”’ Electronics Now,
November 1993) because out here
in the sticks where | live, the “'picket
fence” effect is especially severe.
There are many water, amateur ra-
dio, transmission and other towers
around here.

However, | had a some problems
adapting the circuit to my car ster-
eo. | own a 1975 Mercedes Benz
with a removable 1987 Clarion ster-
eo. A few years ago, after | got tired
of resetting the memory, linstalled a
nickel-cadmium rechargeable bat-
tery pack from an old cordless
phone along with a diode and a pair
of resistors.

I found | had trouble setting the 20
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FIG. 2—INPUT STAGE for the Diversity
Circuit (a) was aitered to accommodate a
stereo auto-level control (b).
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K trimmer potentiometer R22 in the
diversity circuit because my stereo
has an auto-level control. To solve
this problem, | changed the input of
the diversity circuit, as shown in Fig.
2. Now | feed R22 through another
resistor directly from the amplifier,
and the circuit works like a charm. |
was able to connect the radio to the
diversity circuit with a two-conduc-
tor patchcord because | installed an
RCA jack at the back of the radio.
CRAIG S. SHIPPEE

Shirley, MA

MICRO TV TRANSMITTER
APPLICATIONS

| enjoyed the article “Build a
Micro TV Transmitter’” (Elec-
tronics Now, December 1993).
Charge-coupled devices (CCD find
applications in aerial reconnais-
sance, machine vision, astronomy,
photography, and medical imaging.
When | was at school, | looked for-
ward to reading your magazine and
thinking about how to apply what |
learned. I'd like to suggest that you
publish an article on building a CCD
camera module which would com-
plement the Micro TV Transmitter
article. Keep up the good work!
MANUEL DAYENIAN
Grayslake, IL

PARTS SEARCH

Where did Mr. Eady find the 28-
pin ribbon headers for his “Static
ROM’ project (Electronics
Now, December 1993)7? | needed a
ribbon-cable jumper and | couldn’t
find a source, so | built my own.

One way to do this is to cut two
14-pin headers in half lengthwise. |
put four bottom halves into a 28-pin
DIP socket and swaged the tops
onto the bottoms. Then | bonded
the pieces together with hot-melt
glue.

| also accomplished the same re-
sult with a disgarded 28-pin EPROM
DIP. | punched out the mica window
and cut the fine wires from the lead
frame to the die. (You'll need a large
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magnifying lens or a binocular mi-
croscope to see the fine wires).
Then | soldered the ribbon wires to
the sides of the EPROM DIP pins.
These methods might not be ele-
gant, but they are effective..
LAWRENCE T. MAZZA
Mayfield Heights, OH

Mr. Eady purchased his headers
from JDR Microdevices, but many
other Electronics Now
advertisers offer them too. Fill in
and send the Reader Service Card
to request information and cata-
logs. Or you could telephone the
advertiser directly.—Editor

FILE TRANSFER METHODS

! have the same problem that
reader K.G. Pratt described in
Letters, Electronics Now, Janu-
ary 1994—how to transfer ASCI|
files that | did not want to retype
from a Timex/Sinclair TS-2068 to an
IBM PC or compatible with an Intel
486 processor. Here is my method:

First, connect the two modem
cords that normally go to the tele-
phone outlet with a two-line plug
having no connection to the phone
line. Turn on both modems and load
the modem software. Then set the
PC to its TERMINAL MODE and the
TS-2068 computer to its ASCI SEND
MODE.

With the PC’s Hayes-compatible
modem, enter the ATA command (it
answers phones without a ring or a
carrier). The PC modem recognizes
the signal from the other modem
and connects at 300 baud.

Set the PC's modem to receive
on Xmodem file receive mode. From
the TS-2068, select SEND FILE NAME.
The PC acknowledges and receives
the file.

To the best of my knowledge, this
file-transfer method will work for
any two computers.

ABED KAHALE

The Timex/Sinclair NorthAmerican
User Groups

Hoffman Estates, IL 60195-3106

MAC—AHEAD OF THE IBM PACK
I've been reading your magazine
for more than 20 years, but I've nev-
er felt compelled to write until now.
In two recent Computer Connec-
tions columns, Jeff Holtzman wrote
about computer architecture.

One column explained how Mi-
crosoft was trying to gain accep-
tance for a communications stan-
dard so that IBM PC and
compatible users could send faxes
and E-mail as well as regular
(“’snail™) mail from their computers.
The column reminded me that | have
all of those capabilities right now. |
was going to respond to the article
with all three methods, but Elec-
tronics Now apparently is not
“now"enough to have an E-mail ad-
dress!

Holtzman's second column dis-
cussed problems in computer con-
figuration. | have added an internal
modem and an extra 240-MB inter-
nal hard drive to my computer, in-
creased my RAM and video RAM,
and added an external Syquest
drive. All | had to do was turn off the
computer, add the cards and ICs,
turn on my computer, and install the
required software simply by double-
clicking on the installer icon.

Of course, my computer is a
Macintosh—you know, that other
computer that your magazine al-
most never mentions. | hope that all
you |IBM types get those ca-
pabilities soon, just to catch up with
those of us with Macs.

ELMER BATAITIS
Rochester, NY

DIGITAL AUDIO BROADCASTING
SYMPOSIUM

Readers of Electronics Now
will be interested to know that the
Second International Symposium
on Digital Audio Broadcasting
(DAB) will be held March 14 to 17,
1994 at the Sheraton Centre Hotel
and Towers in Toronto, Ontario,
Canada. More than 400 people rep-
resenting international broadcast-
ing will participate.

Presentations will cover the latest
developments in DAB. These in-
clude programming opportunities
and challenges, transition sce-
narios, value-added services, and
systems technology and standards.

Additional information can be ob-
tained by contacting:

DAB SYMPOSIUM ‘94

126 York Street #401

Ottawa, Ontario

KIN 575, Canada

Phone: 613-594-8226

Fax: 613-565-2173 0
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Earn Your B.S. Degree
in |
ELECTRONICS
or
COMPUTER

By Studying at Home

Grantham College of Engineering,
now in our 43rd year, is highly ex-
perienced in “distance education”—
teaching by correspondence—through
printed materials, computer materials,
fax, and phone.

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

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

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

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

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

[ ]

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460

Q
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T HE

WORLD
Communications,

0F

Test & Suwrveillcance

Further e BeHer ¢ Fasier

$329.

Worlds most highly advanced hand held

counter.

 Digital Filter: Reduces false counts
- no loss of sensitivity

e Digital Auto Capture - auto hold &
store; works even near strong RF Fields

o Stores and recalls frequencies

® 5-6 hour battery operation

* Fast - 250 million counts per second
for high resolution - 250 MHz direct
count

* 10 Hz to 3GHz

. gltralsensutlve bargraph w/ 16 segment

isp

* Multi-Function Counter with
Frequency, Period, Ratio and Time
Interval

* Optional + .2 PPM TCXO- $100.

Model M1 $2929.

Full Range Pocket Sized Counter

e Digital Filter

¢ Digital Auto Capture - Auto Hold
o Stores & Recalls Frequencies

® 4-5 hr. battery operation

*10 Hz to 2.8 GHz

¢ 10 digit LCD with EL backlight

Model 8040 $679.

Multi-Function Bench/Portable Counter
Measures Frequency Period, Ratio, Time
Interval and Average.
o Digital Filtering to eliminate false counts
* Auto Capture/Auto Hold
¢ 16 Segment Signal Strength Bargraph
¢ Dual 50 OHm and 1 Meg OHm input
amplifiers with AC/DC Coupling,
+ Polarity, Triggers Leve!l Adj., Low Pass
Filter and Attenuator
o .05PPM, 0-50°C Ovensized Time
Base Option
e |nternal/External Clock Input
* RS-939 Serial Computer Interface

(305) 771-2050 » FAX (305) 771-2052 » 58921 NE 14th Ave, Ft. Lauderdale FL 3333

CIRCLE 182 ON FREE INFORMATION CARD
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CTLSS: 100.8 Hz
DTHF: 5893275912

Model DC440 Decoder $259.

* 50 Sub-Audible (CTCSS)tones o |deal for testing two way radios

* 106 Digital (DCS) Codes * Tone log software available

* 16 Touch Tone (DTMF) chara- ® Exceptional 2x16 character backlit
ters/126 character recall display

o Serial Data Interface * Small size - 1.8" x 4.5" x 4" deep

¢ Update older service monitors

Model CF-802 $149.
835 MHz + 10 MHz filter/amplifier. 10 times the pick-up dis-
tance when used with our counters or R-10.

Model R-10 $359.

The R-10 is a unique FM Communication Test Receiver with secu-
rity and surveillance applications. 30 MHz to 2 GHz. Measures
deviation and relative signal strength. Demodulates FM

Model APS104 $995.
Tunable band pass filter covers 10 MHz to 1,000 MHz. Tunes
confinuously over more than 5 octaves. Increase pickup dis-
tance 10 times. Ultimate Security Sweeper.

MADE IN THE U.S.A

CIRCLE 182 ON FREE INFORMATION CARD

Model 3300 MiniCounter $129.

* Super Compact
¢ 10 digit LCD - longer battery life
¢ 1 MHz to 250 MHz direct count for high resolution
(1 Hz/Second)
* Maximized Sensitivity
* Hold Switch to lock display
* Ni-Cad plugs into board - no soldering to change outpack

5% Ship/Handling (Max $10) U.S. & Canada, 15% out-
side continental U.S. Visa Master Caed, C.0.D., Cash
or Money Orders on|F\1(. All specifications and prices are

subject to change without notice or obligation.
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EQUIPMENT REPORTS

Dallas Semiconductor DS1620 Demonstration Kit

Electronics Now, March 1994

[\
N

An all-silicon thermometer

- and thermostat.

CIACLE 14 ON FREE INFORMATION CARD

new integrated circuit
promises to simplify the
task of temperature mea-

surement and control. The DS1620
thermometer/thermostat from
Dallas Semiconductor (4401 South
Beltwood Parkway, Dallas, TX
75244-3219; 214-450-0448) has
both a temperature-sensing circuit
and an analog-to-digital (A/D) con-
verter on-chip. A demonstration kit
that is designed to teach how the
device works and how it can be in-
cluded in new circuit designs is
available for $25.

The DS1620 offers advantages
over existing temperature-sensing
devices in digital systems. lts most
important advantage is that it re-
quires no external components. Be-
cause of its on-chip A/D converter,
the device provides a digital output.
Conventional temperature-mea-
surement devices provide an analog
output that must be converted to a
digital signal for use in digital sys-
tems.

The on-chip A/D converter can
also provide more accurate read-
ings than conventional temperature
measurement circuits. Because the
DS1620 is calibrated at the factory,
adesigner does not need to be con-
cerned with A/D converter noise
pickup or A/D offset that can intro-
duce inaccuracies in analog mea-
surements. The DS1620 is factory-
calibrated to provide readings accu-

rate to 2°C in the range from 0°C to
70°C.

Conventional temperature sen-
sors develop a voltage drop across
a non-linear temperature-sensitive
element (such as a PN junction) and
measure the output with an external
A/D converter. The DS1620 is
based on a different technique. It
contains two oscillators whose fre-
quencies are determined by dif-
ferent temperature-sensitive re-
sistive elements. The DS1620
compares the frequencies of the
two oscillators to determine the
temperature.

The DS1620 can also function as
a stand-alone thermostat with two
user-defined set points. With mini-
mal external circuitry, the device can
be programmed to turn on a cooling
fan when its temperature reaches a
preset level.

That would be an advantage, for

| Bl TimefTeip
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THIS SCREEN CAPTURE shows the
Windows version of the DS1620 demon-
stration software.

wwWwW americanradiohistorv com

example, in a notebook computer
that ran too hot. The thermostatic
control of the-fan or other cooling
device would keep the computer at
a safe temperature while saving bat-
tery power.

High- and low-temperature set
points (T,, and T|) can be stored in
the device's non-volatile memory.
When the temperature is less than
or equal to the user-defined T, the
Tiow OUtput is driven high. When the
temperature is greater than or equal
to the user-defined Ty, the Ty, out-
put is driven high. A third output,
Tcom- iS @ combination trigger that is
driven high when the temperature
exceeds Ty, and it stays high until
the temperature falls below T

The DS1620 Demonstration Kit
provides an easy way to try out the
capabilities of the digital ther
mometer and thermostat IC. The kit
includes a postage-stamp sized cir
cuit board that contains the 8-pin
DS1620 device, protective diodes,
and a couple of capacitors and re-
sistors. A ribbon cable that is termi-
nated with a DB-25 plug extends
from the circuit board for connec-
tion to the parallel port of an IBM-
standard personal computer.

Two versions of control software
are supplied: The first runs under
Microsoft Windows, and the other
is an MS-DOS application. The
software displays the measured
temperature, and provides an easy
way to set the high- and low-temper-
ature triggers. Three icons display
the status of the triggers; a “‘cooling
fan” spins in accordance with the
output of T

The DS1620 Demonstration Kit
offers an ideal way to learn how to
put the silicon thermometer/ther-
mostat to work in your applications.
It is available from Dallas Semicon-
ductor distributers. The DS1620
chipis available in 8-pin DIP or SOIC
packages, and costs $2.50 when it
is purchased in 5000-piece quan-
tities. Q
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Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

information thieves—been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

Wake up! You may be the victim of
stolen words—precious ideas that would
have made you very wealthy! Yes, profes-
sionals, even rank amateurs, may be lis-
tening to your most private con-
versations.

Wake up! If you are not the victim,
then you are surrounded by countless vic-
tims who need your help if you know how
to discover telephone taps, locate bugs, or
“sweep” a room clean.

There is a thriving professional service
steeped in high-tech techniques that you
can become a part of! But first, you must
know and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
ble by a video VHS presentation that you
cannot view on broadcast television, sat-
ellite, or cable. It presents an informative
program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

Discover the targets professional
snoopers seek out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
tion they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tsing plans. Information thieves eaves-
drop on court decisions, bidding
information, financial data. The list is
unlimited in the mind of man—es-
pecially if he is a thief!

You know that the Russians secretly
installed countless microphones in the
concrete work of the American Embassy
building in Moscow. They converted

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

what was to be an embassy and private
residence into the most sophisticated re-
cording studio the world had ever
known. The building had to be torn
down in order to remove all the bugs.

Stolen Information

The open taps from where the informa-
tion pours out may be from FAX’s, com-
puter communications, telephone calls,
and everyday business meetings and
lunchtime encounters. Businessmen need
counselling on how to eliminate this in-
formation drain. Basic telephone use cou-
pled with the users understanding that
someone may be listening or recording
vital dataand information greatly reduces
the opportunity for others to purloin
meaningful information.

CLAGGK INC.
P.O. Box 4099 ¢ Farmingdale, NY 11735

Please rush my copy ol the Countersurveillance Techniques
Video VHS Cassette for a total cost ot $53.95 cach (which
includes $4.00 postage and handling).

No. of Casscties ordered
Amount of payment $
Sales tax (N.Y.S. only)
Bill my [J VISA [ MasterCard
Card No.

Expire Date /

Signature
Namc
Address _

ity

_ Sate /P

Al payments in US A, funds. Canadians add $4.00 per VHS

|
|
|
|
|
|
|
|
|
I
|
|
I
|
: Total enclosed
|
I
I
|
I
|
|
I
|
|
I
|
|
: cassette No foreign orders.
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The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plus when to use disinformation to
confuse the unwanted listener, and the
technique of voice scrambling telephone
communications. In fact, do you know
how to look for a bug, where to look for a
bug, and what to do when you find ic?

Bugs of a very small size are easy to
build and they can be placed quickly in a
matter of seconds, in any object or room.
Today you may have used a telephone
handset that was bugged. It probably
contained three bugs. One was a phony
bug to fool you into believing you found a
bug and secured the telephone. The sec-
ond bug placates the investigator when
he finds the real thing! And the third bug
is found only by the professional, who
continued to search just in case there were
more bugs.

The professional 1s not without his
tools. Special equipment has been de-
signed so that the professional can sweep
a room so that he can detect voice-acti-
vated (VOX) and remote-activated bugs.
Some of this equipment can be operated
by novices, others require a trained coun-
tersurveillance professional.

The professionals viewed on your tele-
vision screen reveal information on the
latest technological advances like laser-
beam snoopers that are installed hun-
dreds of feet away from the room they
snoop on. The professionals disclose that
computers yield information too easily.

This advertisement was not written by
a countersurveillance professional, but by
a beginner whose only experience came
from viewing the video tape in the pri-
vacy of his home. After you review the
video carefully and understand its con-
tents, you have taken the first important
step in either acquiring professional help
with your surveillance problems, or you
may very well consider a career as a coun-
tersurveillance professional.

The Dollars You Save

To obtain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-750
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
veillance Techniques at home and take
refresher views often. To obtain your
copy, complete the coupon or call.

MON SIUOND3IT ‘b66L YOIEW
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NEW PRODUCTS

COMBINATION DMM/0S-
CILLOSCOPE. Tektronix has
introduced a new line of
combination digital multi-
meters and oscilloscopes
that it calls TekMeters.
Palm-sized and weighing
just two pounds, each bat-
tery-powered TekMeter
measures 8.5X5.5xX1.6
inches.

These test instruments
are capable of automating
power measurement and
monitoring line voltage au-
tomatically. The products
include the single-channel
THM 550, the dual-channel
THM 560, and the backiit,
dual-channel THM 565.

A TekMeter is both a
true-rms digital multimeter
and a 5-MHz oscilloscope.
The DMMs perform auto-
ranging DC and true-rms
measurement from 400
millivolts to 600 volts AC or
850 volts DC. They can
measure resistance over
the range from 400 ohms
to 40 megohms. The in-
struments can also check
diodes and perform audible
continuity tests. The auto-
ranging oscilloscope in-
cludes signal-tracking cir-
cuitry that automatically

CIRCLE 16 ON FREE INFORMATION CARD

finds, scales, and displays control.

signals continuously with-
out any manipulation.
Described as easy to
use, TekMeters automate
the setup of routine mea-
surements made by ser
vice technicians. It is only
necessary to attach the
lead to the test point and
the TekMeter can automat-
ically make power calcula-
tion measurements, deter
mine transformer harmonic
derating factor (THDPF),
and provide triggering for
variable speed AC motor

Optional accessories for
TekMeters include current
probes, a carrying case, a
nickel-cadmium rechargea-
ble battery pack with
charger, and an AC/DC
adapter with an RS-232C
interface.

The pricing of TekMeters
is: THM 550—$859, THM
560—$999, and THM
565—51259.

Tektronix, Inc.

P. O. Box 1520
Pittsfield, MA 01202
Phone: 1-800-426-2200

Electronics Now, March 1994
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SIGNAL-TERMINATION
BOARD. Analogic is offering
its Qwik Connect signal-
termination boards as an
alternative to a breakout
box and cables. The board
serves as an interface be-
tween external signals and
Analogic's PC/AT data-ac-
quisition boards.

Owik Connect boards
are available with either
screw terminals or ribbon
cable connectors. The

CIRCLE 17 ON FREE
INFORMATION CARD

Qwik Connect-ST is a
1.5 X 3.0-inch circuit board
with screw-terminal strips
for field wiring and a 26-pin,
D-style connector that in-

terfaces directly with the
data acquisition board. A
cover assembly protects
the screw terminal.

A Qwik Connect-RC per-
forms the same functions,
but it is terminated with rib-
bon-cable connectors. A
pair of Qwik Connects can
be used to access all the
analog and digital 1/0O cir
cuity on a data-acquisition
board.

Both Qwik Connect sig-

wwWwW americanradiohistorv com

nal-termination boards are
priced at $75.

Analogic Corporation

360 Audubon Road
Wakefield, MA 01880
Phone: 508-977-3000
Fax: 617-245-1274

CLAMP METER. The Fluke
Model 30 is a new, low-
cost, rugged, general pur-
pose clamp meter capable
of measuring AC voltage
up to 600 volts, AC current
up to 400 amperes, resis-
tance, and continuity. its ta-
pered jaws with a centered
opening make it easy for
the user to access conduc-
tors in crowded junction
boxes.

The Model/ 30 has a hold
button that “freezes the
display to values can be
read conveniently. It con-
forms to the safety stan-
dards of IEC 1010 and has
UL, CSA and TUV cer
tification. Fluke states that
the Model 30's accuracy of
1.3% will be retained for at
least one year after calibra-

CIRCLE 18 ON FREE
INFORMATION CARD
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tion. The unit operates over
the temerature range of
14°F to 122°F and is
powered with a standard 9-
volt transistor battery. It
has been tested to with-
stand a six-foot drop with-
out breaking.

The Model 30 clamp
meter is priced at $99.
Fluke Corporation
P. O. Box 9090
Everett, WA 98206
Phone: 800-87-FLUKE
Fax: 206-356-5116

BATTERY-MONITORING IC.
Microchip Technology's ,
TrueGauge MTA11200 is a
low-power CMOS, 28-pin
integrated circuit for
monitoring batteries and
controlling charging rates.
Intended for applications
where a battery gauge is
required, it is capable of
predicting imminent bat-
tery failure and providing
real-time battery-capacity

CIRCI.E 19 ON FREE
INFORMATION CARD

measurement and charge
control.

The TrueGauge
MTA11200 can monitor
nickel-cadmium, nickel-
metal-hydride, or lead-acid
battery packs. It is ex-
pected to find sockets in
laptop and notebook com-
puters, camcorders, hand-
held transceivers, cellular
telephones, and other
products that are usually
powered by rechargeable
batteries.

The TrueGauge IC is lo-
cated in the battery pack
where it continuously

: monitors battery condition.

It calibrates itself automat-
ically and continuously to
maintain its high accuracy
level.

The manufacturer ex-
plains that unlike conven-
tional battery-monitoring

» devices which estimate the

battery capacity based on
the charging rate,
TrueGauge measures the
battery's total capacity dur
ing automatic calibration. it
then provides the data for a
calculation of charge that
determines the remaining
battery capacity.

To extend battery life,
TrueGauge requests con-
ditioning cycles at regular
intervals based on battery
usage. It can provide mea-
surements of the battery's
remaining and total capaci-
ty, voltage, current, and
temperature over a single
wire.

ATrueGauge IC in a 28-

lead plastic DIP, SOIC, or
SSOP package is priced at
$3.75 each in 10,000 quan-
tity. A development system
for designers engaged in
the design and prototyping
of battery gauges is priced
at $499.

Microchip Technology, Inc.
2355 West Chandler Bivd.
Chandler, AZ 85224-6199
Phone: 602-786-7200
Fax: 602-899-9210

19,200-BPS MODEMS.
Intelligent Modem Corp.
has introduced two 19.2
Kbps, full-duplex, dial-up
modems with compression
speeds of up to 75,000
bps, the stand-alone
SA19.2 and the internal
IM19.2. The modems are
compatible with IBM PCs
or compatibles, Macintosh
computers, and also
workstations.

Although there is no
CCITT standard for

5 Most
_AN IMPORTANT PART |
OF YOUR PHOTOCOPIER

ISN'T PART OF

YOUR PHOTOCOPIER

~ThE

Having a machine may not permit you to photocopy
books, journals, newsletters and magazines.
The Copyright Clearance Center CAN.
Contact us to find out
how you too can COPY RIGHT!™

COPYRIGHT CLEARANCE CENTER
222 Rosewood Drive, Danvers, MA 01923 (] Tel. (508) 744-3350 [ Fax (508) 741-2318

© 1993 Copyright Clearance Center

NEXT MONTH IN

Elemvmcs

Programmable logic dewces are components
that today’s engineers and technicians must
understand. That is why Electronics Now is
presenting a description of programmable I6gic
theory, along with complete instructions on
how to build a low-cost programmer. Even if
you aren't doing component-level iogic design
on a daily basis, you can now experiment with
programmable devices and see how PLD’s
can save PC-board space, reduce cost, and
add design flexibility when compared to stan-

dard TTL.

% Plus. .
cuits.

The April 1994 Issue is on Sale
MARCH 3, 1994
Watch for it!

Pick Up Electronics Now at your favorite Newsstand,

\_

.Theory on audio power ampilifier cir-

Convenience Store, Bookstore or Supermarket

~
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McGraw-Hill CIRCUIT
ENCYCLOPEDIA
AND

Build Your Own
386/386SX Compatible
And Save a Bundle

4089P $18.95
Softcover

L

4227H $24.95

BEGINNER'S
GUIDE TO
READING

Maintain & Repair
~Yous-Computer Printer

SCHEMATICS |
SECOND EDITION

TROUBLESHOOTING
GUIDE, Volume 1

N

-

3632P $10.95
Softcover

037603H-XXX $59.50
Counts as 3

PRACTICAL
FLECTRICAL
WIRING 55

HLWBERD  RKILE
WCKEIGHIDY 6%y

4362P $16.95
Softcover

052394H-XX  $35.00
Counts as 2

THE BEST OF

" Ciarcia’s Circuit
Ci

and Save a Bundle

3922P $16.95
Soficover

3258P $19.95
Softcover

the comptete

1 sumo vour own

Wonme,
fIBEROPTIC
INFRARED

GEnemaL
DADITELEVROAE
OPERATON'S
LILENSE

STULY GODE

4075P $17.95
Softcover

2724P $17.95

Softcover

£ g
1938H-XXX $60.00

Counts as 3

3122P $21.95
Softcover

Counts as 2

ROUBLESHOOTING
ELECTRONIC
EQUIPMENT
The Right Way Without
Using Expensive Test

Instruments

586354H-XX $30.00
Counts as 2

book of
OSCILLOSCOPES

-second edition-

3825P $17.95
Softcover

Home Remote-Control
& Automation Projects

FEATURING 77

STEP-BY-STEP

ILLUSTRATED
PROJECTS

! Second Edition

and Testing

Your Own
g Speaker System
WITH PROJECTS

e W AT
¥ Designing, Building

Wi

Great Sound Stereo
Speaker Manual

MASTERING
TECHNICAL
MATHEMATICS

3438H-XX  $39.95
Counts as 2

TH PROJECTS

e —— —
= ‘.&

3274H $25.95

COMPACT
DISC PLAYER
MAINTERANCE AND
AEPAIR

| —

2790P $15.95
Softcover

-

ELECTRONIC
MEASUREMENTS
& TESTING

£

I765P $19.95
Softcover

3374P $16.95
Softcover
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Peyet 3
aster Ha

00k o,
LECTRONIC,
LES AND

3739P $22.95
Softcover

21st-century
ELECTRONIC
PROJECTS

FOR A NEW AGE

4111H $27.95
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SOLID STATE TVs

Second Edition

LR L DN IDSON

3700H-XX $36.95
Counts as 2

‘designing ond buikding
ELECTRONIC FILTERS
DELUXE EDITION

3887H  $26.95
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Softcover
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If coupon is missing, write to:
Electronics Book Club, Blue Ridge Summit, PA 17294-0810

As a member of the
Electronics Book Club ...
... you’ll enjoy receiving Club bulletins every 3-4
weeks containing exciting offers on the latest
booxks in the field at savings of up to 50% off of

regular publishers’ prices. If you want the Main

Selection do nothing and it will be shipped
automatically. If you wart another book, or no
boak at all, simply return the reply form to us by
the date specified. You'll have at least 10 days to
decide. And you'll ke eligible for FREE BOOKS
through our Bonus Book Program. Your only
obligation is to purchase 3 more books durirg the
nex 12 months, after which you may cance! your

membership at any time.
A shipping/mandling charge &nd saies tax wilt be added to altorders.
All books are hardcover uni2ss otherwise notec.

If you selact a book that counts as 2 choices, write the book Yumber
in ome box and XX in the next. If you select a Counts as 3 choice,
write the book number In ome box and XXX in the next 2 boxes.
(Pubishers’ Prices Shawn) ©1994 EBC

Your most complete and
comprehensive source for

the finest electronics books

==ELECTRONICS
=BOOK CLUB"

Blue Ridge Summit, PA 17294-0810

YES! Send the 5 volumes listed below, billing me just $4.95 plus ship-
ping/handiing & tax. Enroll me as a member of the Electronics Book Club
according to the terms outlined in this ad. If not satisfied, | may return the
books within ten days and have my membership cancelled. A shipping/hand-
ling charge and sales tax will be added to all orders.

If you select a book that counts as 2 choices, write the book number in one box and XX in the next.
If you select a Counts as 3 book, write the book number in one box and XXX in the next 2 boxes.

Name == - - ———

Address

city . State

Zip Phone _ - e — i .
Valid for new members only, subject to acceptance by EBC. Canada must remit in U.S. funds drawn on

U.S. banks. Applicants outside the U.S. and Canada will receive special ordering instructions.
RE394C
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19,200-bps throughput,
called "V.32terbo,” the
two modems can be modi-
fied to meet future CCITT
and as yet unannounced
standards with software.
This will eliminate the need
for swapping chip sets or
returning the modem for an
upgrade. Both models sup-
port all other existing in-
dustry standards for data
compression and error
control as well as fallback
speeds from 16,800 bps all
the way down to a very
slow 300 bps.

The modem’s standard
features include echo can-
cellation (to sort incoming
data from the modem's
own signal), line equaliza-
tion (to improve perfor-
mance over low-quality
phone lines), autodialing,
and auto-answering. Other
features include pulse or
tone dialing, call progress
monitoring, and a super-
visory tone-detection sys-
tem. On-board diagnostics
include power-up, loop-
back self tests, as well as
local analog and remote
digital tests.

The SA19.2 modem is
priced at $995, and the
IM19.2 modem is priced at
$945. These prices include
auser’'s manual, a standard
phone cablé, and the
““Communications by
Crosstalk’” modem soft-
ware package.

Intelligent Modem
Corporation

435 West Universal Circle
Sandy, UT 84070

Phone: 801-561-8080

Fax: 801-561-0117

SURFACE-MOUNT CERAMIC
CHIP CAPACITORS. New ce-

ramic multilayer chip ca-
pacitors extend Rohm's
range of available values in
surface-mount compo-
nents. The MCS MLC se-
ries is available with capaci-
tance values from 10,000
to 6.8 million picofarads.
The terminations of the
MCS MLCs are applied to
the ceramic in a dry-film
process. This is in contrast
to the standard industry
practice of applying solder
plating to the terminations.
According to Rohm, this

INFORMATION CARD

process change eliminates
the usual step of immers-
ing ceramic capacitors in a
plating solution that leaves
a conductive deposit on its
surface that can cause in-
sulation-resistance break-
down.

The bond between ther
thin-film termination and
the ceramic of the MCS ca-
pacitors increases adhe-
sion and resilience. This is
said to improve the chip's
ability to withstand stress,
especially important if the
capacitors are mounted on
flexible substrates. The im-
proved adhesion is said to
increase pull strength and
push resistance. Accord-
ing to Rohm, thin-film bond-
ing eliminates the cracking
problems that often occur
in the larger MLCs be-
cause of differences in the
thermal coefficient of ex-
pansion between the ce-
ramic dielectric body and
the intermediate silver film.
The thin-film process gives
the MLCs the ability to
withstand the soldering
temperatures that are as
high as 400°C.

Each capacitor size is

available in a wide capaci-
tance range: The MCS32
(0.12 X 0.10-inch) ranges
from 10,000 to 3.3-million
picofarads. The MCS43
(0.17 x 0.12-inch) ranges
from 22,000 to 6.8-million
picofarads, and the
MCS53 (0.22x0.12-inch)
ranges from 33,000 to 6.8-
million picofarads.

The prices of MCS32,
MCS43, and MCS53 chip
capacitors are $0.018 to
$0.67 each in quantrities of
10,000.

Rohm Corporation
3034 Owen Drive
Antioch, TN 37013
Phone: 615-641-2020
Fax: 615-641-2022

INSTANT BONDING KIT. A
new kit of fast-acting
cyanoacrylate adhesive is
intended specifically for
electronics packaging. The
Planned Products’ 4300
Circuit Works Quick-Bond
Gel Kit bonds metal, rub-
ber and plastic. The kit in-
cludes an accelerator that
can be applied directly over
the adhesive to assure in-
stant bonding.

The adhesive is recom-
mended for such applica-
tions as bonding jumper
wires to circuit boards,
temporarily holding sur-
face-mount components
before soldering, mounting
conventional leaded com-
ponents, and as a shallow
potting material.

Quick-Bond gel will ad-
here by itself or it can be
mixed with the accelerator
supplied. The accelerator
can be brushed directly
over the gel adhesive with
the brush furnished or it
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can be applied to hard-to-
reach surfaces with pipette
included.

Bonding is said to be in-
stantaneous as the accel-
erator contacts the adhe-
sive, assuring reliable ad-
hesion despite wide varia-
tions in temperature or
humidity. When cured, the
gel forms a colorless solid
material that resists shock,
impact and temperature
cycling.

The 4300 Circuit Works
Quick-Bond Gel Kit with
adhesive, accelerator, ap-
plicator brush, and pipette,
is priced at $6.95.
Planned Products
303 Potrero Street, Suite
53
Santa Cruz, CA 95060
Phone: 408-459-8088
Fax: 408-459-0426

NTSC/PAL/SECAM WAVE-
FORM MONITOR. Leader In-
struments’ new Model
5222 waveform monitor
operates in the NTSC,
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PAL, and SECAM systems
and handles composite
and component signals si-
multaneously. Eight input
channels are divided into
A/B groups of four, with
sync selected from two of
each group plus external
reference.

Both overlay and parade
displays are provided. Pic-
ture display can be se-
lected, and the selected
line is highlighted during
line-select steps. Full-line
selection is provided with
on-screen NTSC, PAL, or
SECAM notation of se-
lected lines.

On-screen cursors read
out level, voitage ratio, de-
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lay time, time ratio, or fre-
quency. The Model 5222
can store up to 10 front-
panel setups for routine
checks, with local or re-
mote recall, and remote
control of panel settings.
Menu selections offer a
wide range of setup condi-
tions and readout options,
including clamp speed,
volts or IRE units, and volt-
age ratio.

The Model 5222 wave-
form monitor is priced at
$3665.

Leader Instruments Corpo-
ration

380 Oser Avenue
Hauppauge, NY 11788
Phone: 516-231-6900 (in
NY)

Toll free: 800-645-5104

MICROWAVE AMPLIFIER.
This new medium-power
amplifier from Mini-Cir-
cuits’ covers the 2- to 8-
GHz frequency range. The
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ZRON-8G amplifier can
have an output up to 100
milliwatts with 20-dB linear
gain over its entire frequen-
cy range.

The amplifier is suited for
wideband test instrumen-
tation, S- and C-band radar,
spread-spectrum and op-
tical communications. It
can also be installed in sat-
ellite uplinks and in line-of-
site transmission and re-
ception communication
systems.

The ZRON-8G micro-
wave amplifier is priced at
$495.

Mini-Circuits
P. O. Box 350166

Brooklyn, NY 11235-0003
Phone: 718-934-4500
Fax: 718-332-4661

OVEN-CONTROLLED CRYS-
TAL OSCILLATORS. The
108D and 108E are new
oven-controlled crystal os-
cillators from NEL Frequen-
cy Controls are intended
for communication, naviga-
tion, and instrumentation
applications.

The 108D is mounted on
a printed-circuit connector
board. It has two internally-

threaded mounting studs
on its bottom cover. The
108E has filter feed-
through terminals for its
power connection, an oven
monitor, and SMB snap-on
type RF connectors for its
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10-MHz output and EFC in-
put. It has one stud on its
bottom cover and two on
the top for mounting vibra-
tion isolators.

The 108D crystal os-
cillator is priced at $650
and the 108E is priced at
$775.

NEL Frequency Controls,
Inc.

357 Beloit Street

P. O. Box 457

Burlington, W1 53105-0457
Phone: 414-763-3591

Fax: 414-763-2881 Q

High-Paying
Technical
Careers
You Can
Train For
At Home!

Send

For
FREE
Facts!

-1 ASSOCIATE IN SPECIALIZED BCaQeﬁng/Gounnelkaing

Now you can get a Career
Diploma or Specialized Associate

Degree in any of today’s hottest technical fields. ICS, the world’s oldest
and largest home-study institution, has trained millions of men at
home in their spare time for exciting, high-paying careers.
Our courses feature practical, hands-on technical training with
professional tools and test instruments that are included at no extra cost.
These courses are nationally-accredited and are recognized by “Fortune
500" companies throughout the country. Send for FREE FACTS and color
brochure on employment opportunities in the field that interests you
most. See how easy it is to train at home for a great career
or advancement in your present job.

Call Toll Free: 1-800-595-5505 ex:. 2585

Call anytime — 24 hours a day, 7 days a week or MAIL COUPON TODAY!

International Correspondence Schools, Dept. ADES24S
7 025 Oak Street, Scranton, PA 18515

Please send me free facts, color brochure and full information on how I can train at
home for the technical career I have chosen. No obligation and no salesman will visit.

ASSOCIATE IN SPECIALIZED - CAREER DIPLOMA PROGRAMS -
TECHNOLOGY DEGREE O PC Repair O HotelRestaurant Management (0 Gun Repair
PROGRAMS O Electronics O Drafting O Fashion Merchandising

ical Engineering OE i O Animat Care Specialist O Motorcycle Repair

Technology O TVNCR Repair O Travel Agent O3 Surveying & Mapping
O Civil Engineering Technology (3 Computer Programming O Air Conditioning & Refrigeration O Fitness & Nutrition
O Electrica Engineering Tech. [ Computer Programmlno/COBOL 0O Secretary O Chiid Day Care
O Personal Ci O Police O Legal Assistant

O Industrial Engineering
Technology [ Computer-Assisted Bookkeeping (0 ana1e Secunty Officer [ Photography
O Electronics Technology 3 Desktop Publishing & Design  [J Art O Dressmaking X
High School [0 Small Business Mgrm. | Joumahsm/Shon Story Wiiting
[ Interior Decorating O Florist

BUSINESS DEGREE O Medical/Dental Office Assistant [ Wildlife/Forestry Conservation ([ Teacher Aide

PROGRAMS O Auto Mechanics 0 Legal Secretary 0 Home Inspector
) Business Management O Bookkeeping O Diesel Mechanics 0 Medical Transcriptionist
0 Accounting O Real Estate Appraiser

O Business Management with
- gptipn in Marketing n Your Name Age
usiness Management wi
0 option i iny Finance N Address Apt. #
Applied Computer Science H
[ Hospitality Management City/State Zip
Phone ( )
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The ARRL Handbook for Ra-
dio Amateurs 1994. The
American Radio Relay
League, 225 Main Street,
Newington, CT 06111;
Phone: 203-666-1541; Fax:
203-665-7531; $25.

This latest edition of the
ARRL Handbook is a one-
volume, 1100-page refer
ence book that contains a
wealth of practical informa-
tion on electronics and re-
lated subjects. It covers
the basics of amateur ra-
dio, electricity, and radio
design as well as the princi-
ples of solid-state and vac-
uum-tube devices.

uiiBaook
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The handbook contains
detailed information on ra-
dio principles, modulation
methods, frequencies, and
propagation. Included are
schematics and parts
placement diagrams for
building such projects as
power supplies, audio and
video equipment, circuits
that operate at high, very-
high, ultra-high and micro-
wave frequencies, anten-
nas, and amateur radio
station accessories.

New projects in this edi-
tion include an add-on cir
cuit that converts an
amateur station’s fixed-
voltage power supply into a
variable-voltage supply, a
high-frequency ""Ugly
Weekender" transceiver, a

five-band quad antenna
that works all bands from
20 to 10 meters, and an
active attenuator that will
find hidden transmitters.

You are given advice in
how to set up and operate
an amateur radio station.
Subject coverage includes
operating aids, advice on
monitoring and direction
finding, and tips for avoid-
ing radio interference. The
handbook contains more
than 2100 charts and il-
lustrations.

The ARRL Handbook is
updated every year to in-
clude technical advance-
ments in amateur radio.
This 71st edition includes
topics not discussed in ear-
lier editions: digital signal
processing (DSP) and RF
power amplifiers. A revised
section on digital-logic 1D
timers will help you to im-
prove the operation of your
repeater continuous-wave
ID circuit.

High-Performance Test &
Measurement Products:
Calibration, Acquisition,
Synthesis & Analysis. Anal-
ogic Corporation, 8 Centen-
nial Drive, Peabody, MA
01960-9901; Phone:
508-977-3000; Fax:
508-532-6097; free.

This Analogic catalog
features the company’s
complete line of waveform
generators, analyzers, and
digitizers for automotive,
home-entertainment, de-
fense, communications,
medical-research, and
computer applications.

Among the eleven new
product, described in the
catalog are several function
generators and an im-
proved universal waveform

NEW LITERATURE
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analyzer. A two-page se-
lection guide provides a
technical summary of Anal-
ogic's products for rapid
reader review and conve-
nient selection.

Four sections devoted to
specific products include
detailed product descrip-
tions, photographs, wave-
form patterns, and com-
plete technical specifica-
tions. Included in the
catalog are a glossary, in-
formation about other
Analogic products, and a
description of Analogic’s
software support for its in-
strumentation products.

Communications Catalog.
Inwave, 29 West Milwaukee
Street, P. 0. Box 5113, Jan-
esville, Wl 53547-5113;
Phone: 800-304-1000; free.

Inwave, the communica-
tions equipment dis-
tributor, offers this new
catalog describing its line
of two-way radios, pagers,
and accessories. The 32-
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page catalog describes the
equipment from Motorola,
Ericsson GE, and Midland,
as well as accessories that
it carries in stock. Inwave's
own technicians and pro-
grammers will assist
buyers with systems de-
sign and licensing prob-
lems, and they are able to
answer technical ques-
tions. A communications
equipment rental program
is available for those with
temporary or overload
communications needs.

Practical Filter Design; by
Jack Middlehurst. Prentice
Hall Inc., Englewood Cliffs,
NJ; $35, including diskette.

Practical Filter Design of-
fers a non-mathematical
approach to filter design
that will be attractive to
hobbyists, technicians and
engineers whose back-
ground in the mathematics
of filters is weak or rusty.
The book includes filter-de-
sign software that will by-
pass much of the dog work
in designing filters from
scratch.
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Middlehurst's book de-
scribes situations that call
for filters and offers guid-
ance on appropriate filter
selection for specific ap-
plications. He discusses
the benefits and limitations
of various filters. His book
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includes information on fil-
ter circuits, the con-
struction and tuning of LC
filters, simple active filters,
state-variable filters, and
switched capacitor filters.

Subjects include Butter
worth, Chebychev, and el-
liptic forms of low-pass,
high-pass, bandpass, and
band-reject filters, as well
as active and passive
crossover and notch filters
among others.

The diskette included
contains computer pro-
grams in GW BASIC. This
software will permit the
reader with a personal
computer to design filters
and predict their properties
without having to solve
many complex mathemati-
cal equations .

Silicon Photodiodes 1994
Catalog. Centronic Inc.,
2088 Anchor Court, Newb-
ury Park, CA 91320; Phone:
805-499-5902; Fax:
805-499-7770; free to all
qualified specifiers.
Centronic's 1994 cata-
log describes its line of
photodiodes and related
products. The 50-page cat-
alog includes product pho-
tographs, package outline

CIRCLE 36 ON FREE
INFORMATION CARD

drawings, and specifica-
tions for standard and spe-
cialized photodiodes. A
selection guide is included
as a short cut in the pro-
cess of selecting the right
photodiode for a specific
application. In addition, a
tutorial overview offers a
refresher course on pho-
todiode technology. Q

Heathkit

Heathkit

Heathkit

Heathkit Heathkit

PC Servicing

Now, a Quality, Affordable, and Value-Packed Course

A Heathkit : Compare
Exclusive. this course
We deliver with any
a true others.
multi-media You'll find
learning that
adventure. Heathkit
Not only do offers you 2
you get a -3 times the
better com- value and
puter, but quality of
you get the education.
only Many
Computer- additional
Aided L ; 2eeth courses are
Instruction What You'll Learn; And Learn About Computers available for
software L R s et TV, VCR,
available as  « How to Identify and Repair Problems  « AC Electronics Camcorder
partafa el bemor e i SniconacrDeviees Servicing,
self-study * How to Configure for Performance * Digital Techniques E'eCtI'OIIICS,
course. * MS/DOS® & Windows® * Microprocessor Programming etc.

3 Heathhit Educational Svatems,

For a Full-Line Catalog of Electronics Cour

+453 Rivenviews Drive eBenton Harbor, M1 490231288

ses, call 1-800-44-HEATH

hen calling, please mention this code: 020-020

CIRCLE 86 ON FREE INFORMATION CARD

{ A

NEW free 16-page catalog
now available! Call taday!

The World’s Most Popular
Probe Just Got Better!

: ? _ The New Generation of TPI's SP100

* Flatter response - 1 db to 100 MHz
» Sharper leading edges

* Faster risetime - 2 nsec

* New slimline design
¥ Replaceable cable,

Model SP100B

*43

probe head, tip and
ground lead

¢ 1x - 10x switchable

» Satisfaction
guaranteed -
10 day return privilege

Model P100B 10x

*39

TEST T
oges. e, 111

9178 Brown Deer Road ¢ San Diego, CA 92121
Tel: 619-552-2090 * Fax: 619-535-1260

Toll Free: 1-800-368-5719
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What Do These Prestigious
Companies Have In Common?

Aerovox: AR  /AnCCORPORATON

Electrical/Electronic Connectors,

DC Film and RFI Suppression Capacitors, IC Sockets, PCB Switches
AC Oil Capacitors, EMI Filters

CAROL &ii5v

MLC, Tantalum and Thin Film
Capacitors, Resistors,
a Networks, Trimmers,
Oscillators, Resonators, Filters
and Piezo Devices

BERG
ELECTRONICS %BURNDY

High Density and Industry Standard an FCI Company
Connectors/Subsystems Electronic Connectors

."'“Commum'caﬁons CODPER Gﬂ‘l‘
CAROL CABLE COMPANY INC Tubing, Conduits, Hose, Sleevings, Splices, Instruments, InC.

Electronic and Electrical Wire and Cable Insuiation and Cable Harness Products

and Power Supply Cords

CORNELL

A COMPANY OF

Relays and Solenoid Relays

oALs @ DRANSFITCNN )
DUBILIER : INDUSTRIES, INC.
Capacitors- Aluminum BATTERIES: Computer, Cordless
L Dale Electronics, Inc. ANTEN:T;?EB?—?I:;ePr:;:eK(:helal &
MICA Paper and Relays Resistors, Networks, Oscillators, Displays, rubber), Scanner Bumpers,

Inductors & Thermistors

A
GERNSBACK

PUBLICATION

Resistor Networ!
Electronics Now Magazine

| cuuRata [0 NTE ELECTRONICS, INC.

Grommets and Stik-On Feet

COM\ SPEER ELECTRONICS, INC.

Resistors, SMT Tantalum Capacitors Inductors,

ks, SMT Thermistors North

Belden S S —
Multi Conductor, Paired, Coaxial, Flat, . 5 Bulss":anp
Fiber Optic, Instrumentation/Process uses.ﬂn"(‘is;:ged:cr:éss%i?ess ocks,
Control, LAN, Special Application Cables,

Power Supply Cords & Molded Cable
.1°N
E.

Assemblies
Eaton Corporation, Commercial

j\" & Military Controls Operation
N Switches, Relays, Displays and Keyboards

NAttron

American Capacitor Company

WIRE AND CABLE L.P.
.

Tantalums, Aluminums, Sonalerts® Quartz Crystal Clock Oscillators

MURATA ERIE NORTH AMERICA X WORLOWIDE AT

PUTATION FOR DUALITY. SERVICE ANO WLUE

Monofithics, Discs, Variable Capacitors,
Oscillators, Potentiometers, RFI/EMI Filters,
Microwave, Surface Mount Capacitors

ROMM | =Selecin

———— Ecinca Erectronsc Products —

Rohm Electronics Division
Resistors, Ceramic Capacitors,

Semiconductors, Resistors,
Capacitors, Relays

Switches, Relays, Terminals,

A COMPANY OF

4

N i Indicator/Pilot Lights, LED Indicators
Transistors/Diodes, ghts, s i .
Onto Com, ts and IC’s Test Clips, Test Leads, Cable Ties and Tantalum Capacitors, Wet & Foil
s L Heat Shrinkable Tubing Capacitors, Resistor Networks.

Resistor Capacitors Networks, Filters

Ceramics, Films and AC’s and Special Hybrid Products

Philips ECG
A NcnhlAlmlergnsPhilips Corfpany mjam

Semiconductors. Test Equipment,

Relays. A/V Parts and Loudspeakers and Commercial Sound
Chemicals Products

A Company

Switches, Connectors, Jacks, Plugs,
Jackfields & Audio Accessories

x Non-CFC Cleaners/Degreasers,

UV Cured Compounds, Swabs, Wipes,
Brushes, Wick, Cleanroom Supplies, and
Static Control Products.

They sell through distributors.
They belong to the E.I.A.
They belong on your vendor list.

Leadership in electronics is not just a matter of designing products bet-
ter and manufacturing them better, but also of marketing them better. And
the sponsors of this message understand that better service to customers
requires effectively involving distributors as part of their marketing teams.

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

Distributors help achieve marketing leadership. So does the manufac-
turer’s involvement in the Components Group of the Electronic Industries

Association. EIA fosters better industry relati
dards, and the sharing of ideas, which helps
customers better.

ons, coherent industry stan-
one another and serves

In choosing your component supplier, look for the marks of

leadership —
availability through distribution
membership in the E.LA.

wwWwW americanradiohistorv com

Electronic Industries
Association/Components Group
2001 Pennsylvania Avenue, N.W. 11th Floor
Washington, DC. 20006

Phone: (202) 457-4930 Fax: (202) 457-4985

Committed to the competitiveness of the
American electronics producer


www.americanradiohistory.com

RF (RADIO FREQUENCY) SIGNAL GENERATORS ARE ES-
sential equipment for radio-frequency design.
The TG2000 described in this article is a PC-
based synthesized signal generator. It can also
function as a tracking generator for DKD Instru-
ments’ Models 810B and 1800C/H PC-based spec-
trum analyzers. The model 810 spectrum
analyzer was the subject of an article in Radio-
Electronics, August and September 1991.

The TG2000 is a IBM-PC compatible card that
can be installed in an 8-bit slot on the PC bus.
(Alternatively. it can be interfaced to a parallel
port, although an external power supply is
needed for that.) Software for the TG2000 is a
stand-alone package that is available on the
Electronics Now BBS (516-293-2283. 9600,
V.32. V.42bis).

By reviewing the key specifications shown in
Table 1, it can be seen that the TG2000 covers the
band from 4 to more than 2048 MHz in pro-
gressive octave bandwidths. Its output is phase-
locked to a 4-MHz crystal reference and its out-
put power ranges from —5 dBm to O @Bm. Out-
‘put impedance is nominally 50 ohms and is
provided via an F-connector. An optional output
connector provides an attenuated output. Exter-

A look at the
design of a 2-GHz
RF signal generator.

nal FM modulation is supported via an AC-cousiis wlis

equ1pment Sys(em reqmrements are

est for stand-alone operation: a PC/XT &'k €
with CGA or better monitor, 512K RAM, aud one
floppy drive are all you need. ':i

RF generator basics

Figure | shows the RF output spectrum fr‘&liw

an “ideal” generator that produces a single frg
quency or tone with infinite purity. The rec

world is more complex than Fig. 2 shows. An -

actual spectrum consists of the fundamental fre-
quency, as well as other undesirable frequency
components.

The unwanted frequency components are
broken down into three categories: Harmonically
related. spurious (or non-harmonically related),
and residual modulation close to the fundamen-
tal frequency that are due to noise and phase-
locked loop (PLL) processes. Harmonics pose the
least problems, and at times could be desired, as
in frequency multiplication or mixing. Spurious
response is generally never useful, and it’s best to
minimize its content and power. Subharmonics
or outputs at whole number fractions of the fun-
damental are almost always undesired output.

To understand the third group of unwanted
outputs “zoom in” on the fundamental line (see
Fig. 3), where the small residual modulations
can be seen. Of all the unwanted components,
this one is the toughest to eliminate. It consists
of phase noise and residual FM sidebands. Re-
sidual FM is generally caused by the PLL process
and cannot be completely eliminated. Phase
noise is caused by random fluctuations or noise,
and it cannot be completely eliminated.

One way to visualize residual modulations is to

DAN DOBERSTEIN
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TABLE 1
MODEL TG2000 SPECS
Frequency coverage: 4 to 2100 MHz, Single Output, F/SMA Connector.
Power output: 0 dBmto-10dBm
w/Option P-01 ; +7 dBm to-10dBm,
Total power Flatness; +2 dB over the band 10 to 2000 MHz
Frequency step sizes:
Step Band
250.00000 Khz 1024 to 2048 MHz
125.00000 KHZ 512 to 1024 MHz
62.50000 KHz 256 to 512 MHz
31.25000 KHz 128 to 256 MH2z
15.62500 KHz 64 to 128 MHz
7.81250 KHz 32 to 64MHz
3.90625 KHz 16 to 32MHZ
1.95312 KHz 8 to 16 MHz
0.97656 KHz 4 to 8 MHz

With option DDS-01 step sizes are reduced by:
Max step size (@ top of band); Take above step sizes divide by 238
Min step size (@ bot of band); Take above step sizes divide by 476

VSWR of Output (50 ohm): < 1.3 all bands.
Frequency Output Spec’s:

Primary Oscillator Phase locked to Crystal or DDS reference.
Reference Sidebands; > -50 dBc typ. @ 1000 MHz

Phase Noise; > -70 dBc/Hz @ 10KHz offset @ 1000 MHz
Harmonics;
2nd; > -10dBc 68 to 2200 MHz

>-5dBc 5to 68 MHz
All others >-10dBc 5 to 2200 MHz
Spuruous; > -50dBc TYP to to 2200 MHz
Subharmonics, LO/2; > -20dBc, -30dBc typ. 1100 to 2200 MHz
5 to 1100 MHz no subharmonic content.
Frequency Accuracy; +/- 30Khz All bands @ room temp.
+/- 200Hz w/ Optional TCXO reference.

EXT. FM Modulation Input:
Impedance; >10K ochm
Bandwidth; >5KHz
Max Sensitivity; 1v/100MHz
Coupling; AC

(Optional) Ext. AM Pulse Modulation:
Impedance; TTL
Bandwidth; SKHz
ON/OFF Ratio; >30db
Copuling; TTL Levels
Power Requirements: +5 VDC @ 0.5 amps, +12 VDC @ 0.2 amps, -
12VDC @ 0.1 amps
PC Bus or Parallel interface (Centronics).
360K Disk Drive, VGA, EGA or CGA graphics
adapter, 512k Ram, DOS 3.0 orhigher.

Interfaces:
System Requirements:

Electronics Now, March 1994
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imagine a perfect FM radio re-
ceiver. If the output of a perfect
RF generator were fed into the
perfect radio, nothing would be
heard from the speaker. If a sig-
nal containing phase noise and
residual FM were fed into our
perfect radio receiver, the phase
noise would be heard as a hiss,
and the PLL sidebands would be
heard as a single tone (assum-
ing that the sidebands were au-
dio frequencies within the
human ear’'s frequency re-
sponse range).

Synthesized vs.
non-synthesized

RF signal generators can be
classified into two categories:
synthesized and non-syn-
thesized, or open-loop. Non-
synthesized generators tend be
less expensive, and for that rea-
son you will still find them in
consumer receivers. An exam-
ple of a non-synthesized RF gen-
‘erator is a voltage-controlled
oscillator (VCO). Synthesized
generators such as the TG2000
are more accurate and frequen-

cy-stable than non-synthesized
generators.

AVCO can be converted intoa
synthesizer with the addition of
a PLL. This turns the open-loop
VCO into a closed-loop control
system in which frequency can
be controlled with much greater
precision. There is a price for
this accuracy though: VCOs es-
sentially have infinite frequency
resolution and fast settling

s &
O

v

T

)
P

POWER ———»

ry,

e S
M”Mm@

OHz REQUENCY ——»
FIG. 1—IDEAL RF OUTPUT SPECTRUM
from an ideal generator. The ideal gener-
ator produces a single frequency or tone
with infinite purity.

[ FUNDAMENTAL
FREQUENCY

[y

L

2

o)

o

O Hz FREQUENCY ———

FIG. 2—THE PRACTICAL GENERATOR
is considerably more complex than an
ideal one. The actual spectrum consists
of the fundamental frequency that we
want, and other frequency components
which we don’t want.

REFERENCE
SIDE BANDS

PHASE
NOISE

POWER

IDEAL
' FREQUENCY —————

FIG. 3—TO SEE THE THIRD GROUP of
unwanted outputs you can “zoomin’ on

the fundamental line.
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times. Once a PLL is coupled to
the VCO, the oscillator has
fixed-frequency steps and, in
general, slower settling time. A
benefit to PLL control of a VCO
is that the phase noise declines
dramatically over that of the
open-loop VCO.

The PLL

The minimum number of
components for a common PLL-
based synthesizer are a VCO, a
phase/frequency detector, a loop
filter, and a crystal reference (see
Fig. 4). The PLL divides the crys-
tal reference down to form the
reference frequency, typically on
the order of 10 to 500 kilohertz
(kHz). The output of the VCO is
also divided down and then
compared with the reference
frequency at the phase/frequen-
cy detector. This generates an
error voltage that, when filtered
and fed to the VCO, forces the
VCO frequency to be an exact
multiple of the reference fre-
quency. The filter for the error
voltage is called the loop filter.
The time constants of this filter
and other characteristics will
greatly effect PLL performance.
Phase noise, reference sideband
levels, and settling time will all
be influenced by the loop filter.

As already mentioned, the ref-
erence frequency is found in the
RF output as sidebands that are
symmetrical about the funda-
mental. This is the approach
used in the TG2000.

Another common element
found in RF PLL synthesizers is
the prescaler, which reduces the
frequency of a VCO to one that
can be handled by the program-
mable dividers. Prescalers come
in many divide ratios, and some
have multiple divide ratios.
Dual-modulus prescalers are a
special class of prescaiers.
These dividers have two divide
ratios, typically Nand N + 1. The
active divide ratio depends on a
separate control input. Dual-
modulus prescalers allow finer
step sizes for a given divide ratio
than fixed prescalers.

A trade off

Ideally, a synthesizer has infi-
nitely small step sizes and no
phase noise. Unfortunately as
step size is reduced, phase

REF o
N VCOSAMP.
g .___.-"H-._

»R«

e

CoMP

FIG. 4—THE COMPONENTS for common PLL-based synthesizer are a VCO, a phase/
frequency detector, a loop filter, and a crystal reference.

noise increases. There are some
exceptions to this rule but, in
general, to obtain the cleanest
possible output in terms of
phase noise, larger step sizes or
equivalently larger reference
frequencies are needed. As a
rule of thumb, every time the
reference frequency is reduced
by a factor of 2, the phase noise
increases by 6 dB. A technique
that's just starting to be widely
used, called fractional syn-
thesis or arithmetically locked
loops, offers some relief in the
phase noise/step size trade off.
* The 125-kHz reference fre-
quency is the highest that can
be accepted by the TG2000
while providing its complete fre-
quency range. This limitation
on frequency range is caused by
the dual modulus characteristic
of the MB1501 prescaler.

Multiple octaves

A typical VCO can span, at
best, a frequency range roughly
double that of the VCO'’s lowest
operating frequency. This is
called its octave bandwidth. For
example, a VCO with a O- to 28-
volt control voltage range that
outputs 1 GHz with zero volts at
its control point will output 2
GHz with 28 volts of control volt-
age. It becomes obvious that to
cover 4 to 2048 MHz with one
VCO is not practical. To over-
come this limitation, many
strategies are used in RF gener-
ators. They usually involve mix-
ing a VCO octave band down or
up.

The TG2000 uses a pro-
gressive-division technique. A
1024- to 2048-MHz VCO is
phase locked. and then a series
of divide-by-2 prescaler ICs cre-
ates the frequencies between 4
and 1024 MHz in progressively
smaller octave bandwidths. To
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cover the 4- to 8-MHz band, for
example, the 1024- to 2048-
MHz VCO output is divided by
256, or 28. One advantage of
progressive division is that
phase noise improves with each
increase in divide ratio. The
power of two relation also ap-
plies to the minimum step size
available in each octave band.

Each divide-by-2 divides this
minimum step size in half. A
disadvantage of this method is
the relatively high harmonic
content caused by the dividers
and higher frequency bleed-
through due to limitations in
high frequency RF isolation.

Another disadvantage of the
progressive-division technique
isarelatively large step size. The
TG2000 uses a reference fre-
quency of 125 kHz, which the
divide-by-2 prescaler translates
as a 250-kHz step for the 1024-
to 2048-MHz bands. Provision
has been made in the design of
the TG2000 for the addition of
an optional direct digital syn-
thesis (DDS) reference. The
DDS reference, which can re-
place the fixed crystal reference,
has the ability to select frequen-
cy with approximately 2-hertz
(Hz) resolution. This would per-
mit much finer steps for the
combined system with virtually
no loss in phase-noise perfor-
mance.

The MB1501 PLL

The Fujitsu MB1501 PLL IC is
the heart of the TG2000 gener-
ator. The block diagram of the
1501 is shown in Fig. 5. The
MBI1501 incorporates a built in
serial interface for loading the
programmable reference divid-
er, two counter registers (A and
N), a high-speed, dual-modulus
divider (64/65 or 128/129), and
two phase/frequency detectors.
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FIG. 5—BLOCK DIAGRAM OF THE FUJITSU MB1501. This PLL chlp is the heart of the

TG2000 generator.

The output frequency of the
VCO is determined by the integ-
ers loaded into the R, A and N
registers by the following for-
mula:

Jvco = [(PN)+AP(fosc/RI

where P = 64 or 128

The TG2000 uses the dual-
modulus prescaler in the divide
by 64/65 mode, or P=64. The
VCO can oscillate only at fre-
quencies that are integer multi-
ples of the reference frequency,
Josc- The factor of two accounts
for the fixed divide-by-2 opera-
tion (done by an NEC584 pre-
scaler) that the VCO output
carries out before it reaches the
VCO input which has a max-
imum frequency of 1100 MHz
(refer to Fig. 4).

The MBI1501s internal dual-
modulus prescaler is needed to
reduce the input frequency of
the VCO to the point where the
N and A counters can operate.
This dual-modulus ability over-
comes the effect of a fixed-mod-

ulus prescaler—step-size multi-
plication. For example, for a
fixed-modulus prescaler of 64,
the minimum step sizes would
be multiplied by 64. That would
translate to a 16-MHz step size
in the 1024 to 2048 MHz band
for the TG2000. The N/A coun-
ter in combination with the
dual-modulus divider avoids
this problem with the limitation
that N must always be greater
than or equal to A.

The restriction that N be
greater than or equal to A has
some not-so-obvious ramifica-
tions, such as placing limits on
frequency range versus refer-
ence frequency, as discussed
earlier. Essentially, for a given
reference frequency (fos5c/R),
the generator is limited to a
minimum frequency that can
be synthesized while still
providing full coverage at mini-
mum step size. For P=64,
R=32, and fosc =4 MHz, the
minimum frequency is 512
MHz. Since the generator has a
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fixed divide-by-2 prescaler, that
results in 1024 MHz at the VCO.
Below that frequency, not all in-
teger multiples of the reference
frequency are possible due to
the N> =A restriction. In other
words, you could not sweep the
VCO frequency from 900 to
1024 MHz at step sizes of 250
kHz.

While all this might seem con-
fusing, a general rule is that if
you want a large step size for
improved phase noise, and
your PLL uses a dual-modulus
approach, the dual-modulus di-
vide ratio should be as small as
possible.

All fixed divide ratios, step
sizes, and prescalers are a
power or multiple of two. Other
numbers could be used, but
when it is time to compute A, N,
and band switching points for a
given output frequency, the
power/multiple-of-two rela-
tionships pay off.

Two phase/frequency detec-
tors are included with the
MB1501 PLL. The bipolar on-
chip charge pump permits a
minimum number external
components for the loop filter.
The differential phase-com-
parator outputs require an ex-
ternal charge pump, usually an
op-amp. In the TG2000, an ex-
ternal LM358A op-amp (ICl-a)
boosts the bipolar charge pump
voltage from O to 5 volts to —0.5
to 28 volts. In addition, the op-
amp and its associated feed-
back network acts as an active
loop filter. Polarity of the phase-
detector output can be inverted
by the PLL’s rc input. This in-
put is required to compensate
for op-amp inversions or VCOs
with a negative voltage-versus-
frequency slope.

The digital interface to the
MB1501 is serial—a block di-
agram of it is shown in Fig. 6.
Three lines are used; CLOCK.
DATA, and LoAD ENABLE. Data is
clocked in serially, and after an
appropriate number of bits (de-
termined by what you are load-
ing) a LoAD ENABLE is sent. A 15-
bit word serves as the reference
divider, and a 19-bit word holds
both the A- and the N-count val-
ues. The C source code for the
routines that send the N-, A-,
and R-register values to the
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CONTROL
VOLTAGE «—
OUT TO VVA

8-BIT
DAC

16-BIT CONTROL

WORD

8-BIT SERIAL
TO PARALLEL REG.

SERIAL TO
PARALLEL REG.

16-BIT

[ PARALLEL L [
PARALLEL SR
PORT —  LATCH
8- B|TS (
DATA
141 8
OPTIONAL
> DDS ADDRESS DATA BUS
REFERENCE DEGODE BUFFER
3
8 8
4.000MHz PLL
XA e O<—O—— REFERENGCE PC BUS
: JUMPER INPUT P1
SELECT

FIG. 6—MB1501 DIGITAL INTERFACE block diagram.

MB1501 are provided on the
Electronics Now BBS as part of
a file called TG2000.ZIP.

Overall operation

As already discussed, the syn-
thesis technique used in the
TG2000 is successive division.
Every band except the one from

VTUNE FROM PLL _’®—-W

1024-2048MH2

T

LOW PASS

MAR2
PLL:

10d8

12d8

10242048 is the output of a
divide-by-2 divider. The com-
puter determines the band
being used and turns on the ap-
propriate dividers and a single
output amplifier path is acti-
vated; the other amplifiers are
turned off. Five paths cover the
4-2048 MHz band. The band

INA-03184 MAR1

—
> % D 1024-2048MHz

256-512MHz

512-1024MHz

FIG. 7—DIVIDER BLOCK DIAGRAM. The TG2000 uses a successive division tech-

nique for synthesis.

from 256 to 2048 is covered in
three paths, with each path
covering one octave. The band
from 4 to 256 MHz is covered
with two paths, each covering 3
octaves. A total of nine octaves
are covered in this fashion from
4 to 2048 MHz. The three octave
paths are possible due to the di-
vider used which has selectable
2/4/8 divide ratios available. See
the block diagram in Fig. 7.

The summed signal is passed
through a voltage-variable at-
tenuator (VVA) pin-diode array
(a Seimens BAR60), which can
be seen in Fig. 8 as D12. The
VVA corrects output power vari-
ations and provides variable
output power. An 8-bit DAC
controls the VVA. The signal
then passes through a final am-
plification stage and out to the
RF output connector. The VVA
requires a O- to 10-volt control
signal and bias voltage for prop-
er operation. The device has a
non-linear attenuation versus
control-voltage response. These
nonlinearities do not affect at-
tenuation control because the
computer uses a look-up table
to control it.

10d8

~-5dBm
SIGNAL OUT
VARIABLE
VOLTAGE '
ATTENUATOR

SIGNAL
OUTPUT

[bac
AGC
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FIG. 8—THE SUMMED SIGNAL is passed through a voltage-variable attenuator pin-
diode array (D12), which corrects output power variations and provides variable
output power.
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FIG. 9—THE FIRST NEC548G (IC16) acts as a prescaler, reducing the output frequency
of the VCO by a factor of 2. It becomes the 512-to-1024 divider when this band amplifier
is switched on.
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FIG. 10—AFTER THE SIGNAL IS SPLIT, one half is sent to the 512-to-1024 path.
Splitting again occurs with half going to the 512 to 1024 amplifier and the other haif to
the 256 to 512 MHz divider.

1C18, PIN13

e oo}
o Pz |

o _ o3
.

IC10, PIN13

1C10. PN15

1C10, PINS
IC10, PIN16

1C10. PIN3

THE FM INPUT (J1) is AC-coupled and directly modulates the VCO control

are NEC584Gs, and the two di-
vide-by-2/4/8 dividers are

The dividers
The two divide-by-2 dividers

NEC587Gs (see Figs. 9 and 10).
The first NEC548G (IC16) acts
as a prescaler, reducing the out-
put frequency of the VCO by
two. It becomes the 512-to-1024
divider when this band ampli-
fier is switched on. This signal
is the split; one half is sent to
the PLL and the other half is
sent to the 512-to-1024 path.
Splitting again occurs with half
going to the 512—1024 amplifier
and the other half to the
256-512 MHz divider. The out-

‘put the 256512 MHz divider is

sent to the 256-512 MHz ampli-
fier and the 32-256 MHz 2/4/8
divider. The 4-32 MHz band is
handled by the last 2/4/8 divid-
er.

The VCO

Three different voltage-con-
trolled oscillators can be in-
stalled in the TG2000. The
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FIG. 12THEAM PULSE MODULATION OPTION is DC-coupled and accepts TIL
control signals.

standard VCO is an ADC20010
made by Anadigics. The device
is actually both a VCO and
mixer combined in a single
module, but just the VCO is
used here.

Power/frequency calibration

The combination DAC/VVA
automatically adjusts output
power so that it’s flat within =2
dB over the 10 to 2000 MHz
band. The computer uses cal-
ibration data from the
TGCALO.DAT, TGCALbS.DAT,
and TGCAL10.DAT files, which
are sent to the DAC to linearize
power output. Those files repre-
sent 0dBm, -5dBm, and
—10dBm, respectively.

Readers will not be able to
achieve the same calibration ac-
curacy obtained with a factory-
assembled product; a slight
degradation will be seen be-
cause kit builders must depend
on generic calibration files.

Frequency accuracy is deter-
mined primarily by the 4-MHz
crystal TTL oscillator (OSC1 in
Fig. 11). The standard oscillator
is accurate to =50 ppm. More
accurate frequency references
improve the accuracy of the fre-
quency output.

External modulation inputs
FM and optional pulse-AM
modulation is obtained with
RCA jacks. The AC-coupled FM
input (J1 in Fig. 11) modulates
the VCO control point. Sen-
sitivity decreases as DC control
voltage increases. The max-
imum sensitivity is about

1V/100MHz. Both the amplitude
and frequency content must be
limited for this input to prevent
the PLL from breaking lock.
The AM pulse modulation op-
tion (see Fig. 12) is DC-coupled
and accepts TTL control sig-
nals. Maximum frequency of on/
off toggling is limited by the re-
sponse time of the amplifier
voltage supply. A TTL sync-
pulse output is available at RCA
jack (J5). The sync pulse is pro-
duced at the end of a sweep and
can be the external trigger for
an oscilloscope. A wide-band os-
cilloscope (or an RF detector
probe and a lower performing
scope) can display these fre-
quency response curves.

Digital interface

PC-bus and parallel-port in-
terfaces are supported (see Fig.
13). The PC-bus interface com-
prises an address/strobe de-
coder made up of a 74688 (1C20)
and two 74138s (IC18 and IC19).
The PC data bus is bidirec-
tionally buffered by the 74245
(IC21). Two eight-bit 74374
latches (IC9 and IC10) hold two
eight-bit PC-bus bytes for con-
trol of the TG2000.

The simpler parallel interface
has two octal 74244 buffers
(IC4 and ICbH) and part of a hex
7404 inverter (IC6). The con-
nection to the parallel interface
is provided by header P2. A ca-
ble terminated with a 26-pin
IDC connector on one end and a
DB-25 on the other is all that’s
needed to complete the inter-
face.
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When the TG2000 is con-
nected to the parallel interface
and external to the host PC, an
external source of power is
needed. A supply of + 5 voltsat 1
ampere, +12 volts at 0.5 am-
pere, and —12 volts at 0.1 am-
pere is recommended.

The remainder of the digital
interface is made up-of the 16-
bit serial-to-parallel control reg-
ister and the 8-bit serial-to-par-
allel converter for the DAC. The
16-bit control register switches
the various dividers and RF am-
plifiers for the different bands
on and off. Two 74164s (IC27 in
Fig. 14 and IC28 in Fig. 12) con-
vert a serial data stream to 16-
bit parallel words for the control
register. Two UNL2803A open-
collector octal buffers (IC25 and
IC26) provide the control volt-
ages or currents needed for
proper switching. Transistors
Q1 to Q7 and Q9 and Q10 pro-
vide additional level and buffer
current for the +5- and +12-
volt switching. Transistor Q8 is
not used so it is jumpered
across its emitter and collector.

A 74164 (IC8) provides the se-
rial-to-parallel conversion for
the 8-bit DAC (IC7). The 8-bit
DAC provides a O- to 10-volt con-
trol signal to the VVA for AGC
purposes, as already discussed.

An MC34063A +12- to 28-
volt converter (IC3) provides the
higher voltage needed to drive
the VCO across its full range
(see Fig. 15). It is essentially a
small switching power supply
capable of delivering a few milli-
amperes at 28 volts. The —1-volt
bias for the LM358A (ICl-a) is
derived from a voltage divider
across or connected to the —12-
volt supply. This bias allows the
LM358A to operate at or near
ground potential.

Software
Two programs provide soft-
ware support for the TG2000.
Version 4.0 of the Series-800
spectrum analyzers provides
the tracking-generator ca-
pability. A separate DOS-based
program called TG2000.EXE
operates the TG2000 as a gener-
al-purpose signal generator.
Only the TG2000.EXE software
will be discussed here. It is
Continued on page 88
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Get the benefits of a second—
or third—phone line at a

fraction of the cost.

DISTINCTIVE

RING DECODER

EDWARD J. KEEFE

IN RECENT YEARS, MANY NEW FEA-
tures have been added to the
telephone system. One of them.
a distinctive ringing service. as-
signs more than one phone
number to a single line. Each
number generates a distinctive
ringing pattern so that family
members can answer only the
calls that are intended for them.
The monthly charge for dis-
tinctive ringing service is much
less than for a separate line.
Typically three additional num-
bers can be added for a low
monthly fee of about 83 to $5.
Normally. if you subscribe to
distinctive ringing. calls are
identified by unique ringing
patterns that are casy to dis-
tinguish, although all the
phones in the house will ring.
However, if vou build the Dis-
tinctive Ringing Decoder (DRD)
presented here, calls can be re-
directed to the intended phone
without ringing all the other
phones in the house. Calls for a
fax machine or modem can be
routed autornatically. You might
want to have a separate number
for your home office, a separate
phone number for the kid's
room, and so on. Figure 1 is a
block diagram of the system.
With a little imagination. you

can find many uses for DRD.
One of the best is for a home-
based business. There are com-
mercial devices available that
will intercept a call and send it
to a FAX. modem, or answering
machine. but all of them must
share the same phone number.
With the DRD, each of these de-
vices can be assigned a different
phone number, thus providing
convenience and the illusion of
a larger company. Numbers can
be assigned in categories so the

PHONE

phone can be answered dif-
ferently for friends, co-workers,
or bill collectors. The pos-
sibilities are endless.

Ringing theory

An AC ring signal is sent by
the central office of the phone
company to signal an incoming
call. The ring signal varies from
40 to 130 volts and from 15.3 to
68 hertz. The Distinctive Ring-
ing Decoder detects every cycle
of the ring signal. and deter-
mines the frequency and ca-
dence of that signal. However,
only the pattern of the ring is
important, so the device ignores

—

Al DISTINCTIVE
CENTRAL | INCOMING LJ‘ ' D’gggg‘gﬁ
OFFICE PHONE ) e e
LINE T2 RING 3
e
[ 1 1]
- [ 1 1]
KID'S PHONE
1 RING 3
- [ JRet—
usE | FAX H1 A
sus MACHINE ssu
. h
HOME PHONE  HOME PHONE  HOME PHONE RING 1 BUSINESS
NORMALRING  NORMAL RING  NORMAL RING PHONE
RING 2

FIG. 1—BLOCK DIAGRAM OF THE DRD SYSTEM. Calls can be intercepted and re-
directed automatically, without ringing all the phones in the house. You can use a
separate phone number for a FAX machine or modem, a separate number for your
home office, a separate phone number for the kid's room, and so on.
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NORMAL RING

6 SECONDS >

RING 1

|

m[1 10

wesl] [1 ]

je——2 SECONDS—]

FIG. 2—FOUR DIFFERENT RING PATTERNS can be decoded with the Distinctive

Ringing Decoder.

the frequency. The four dif-
ferent ring patterns are shown
in Fig. 2.

The circuit

Figure 3 is a complete sche-
matic of the DRD circuit. An In-
tel 8031 microcontroller sim-
plifies the design. It contains a
full-duplex serial port, 2 timers,
and 128 bytes of RAM. Two lines

“on port 3 are used for input;
.port 1 is used for output. The

software for the DRD is con-
tained in a 2764 EPROM. Alter-
natively, a single-chip micro-
controller with built-in EPROM
(an Intel 8751) can be sub-
stituted in the design. (Note
that software for the DRD is
available from the source men-
tioned in the Parts List and
from the Electronics Now BBS
(516-293-2283, 9600, V.32/
V.42bis) as a file called RING-
ER.ZIP.

The microcontroller’s clock
source is a 12-MHz crystal
(XTAL1) with two 30-pF capaci-
tors (C1 and C2). At power up, a
small reset circuit, formed by
R3 and C3, initializes the mi-
crocontroller. Because the soft-
ware that controls the DRD can
be in an EPROM or contained
internally in a single-chip mi-
crocontroller, the EXTERNAL AD-
DRESSING (EA) line must be
connected correctly. If the soft-
ware is contained in an external
EPROM, Ea must go to ground;
if the software is loaded in the
single-chip microcontroller, Ea
must go to +5 volts.

It is less expensive to build
the DRD with the 8031 micro-

processor and an external
EPROM. However, it is easier to
build it with an 8751 micro-
controller (basically an 8031
with built-in EPROM) because
the external EPROM and
74HC573 latch are not re-
quired. Therefore, wiring is
simplified. The choice is up to
you—the software is identical
for either method.

The tip and ring lines from
the phone company are con-
nected to a metal-oxide varistor
(MOV1). If a surge enters the de-
vice from the phone line, the
MOV will absorb it. The ringing
signal is monitored by R6, C4,
and optocoupler IC7, whose
output goes low for each cycle of
the ring signal. The output of
IC7 is normally pulled high
through R7, and is connected to
the microcontroller on pin 12.

When the device detects aring
signal, it responds by energiz-
ing all the relays through the
2813A relay-driver chip (IC5).
That disables all of the phones
in the system. After the DRD de-
codes the ring signal, it deacti-
vates the corresponding relay so
that the intended phone will
ring, and it turns on the LED
that matches the pattern re-
ceived. Then the DRD waits for
the ringing to stop or the call to
be answered. If the call is not
answered, the unit resets. If the
line is picked up, it is held until
the extension hangs up. To de-
tect when the line is in use, its
voltage is monitored; when the
phone is on-hook, the voltage
on the phone line is about 48
volts DC, and when it goes off-

wwWwW americanradiohistorv com

PARTS LIST

All resigtors are Y-watt, 5%, un-
less otherwise noted.

R1, R2, R4, RS, R10—220 ohms

R3—10.000.ohms

RE—22.000 ohms

R7—15,000 chms

R8—10 megol:ms

A9--1 megohm

Capacitors

C1, G2—30 pF, mica

C3—10 pF 16 volts, tantalum

C4—0.47 pF, 250 volts, mylar

C5—4.7 uF, 16 volts, electrolytic

C6—0.0047 wF mica

C7—10 wF, 16 volts, electrolytic

Semiconductors

1C1—B031 microcontroller
(Irvtet)

IC2—4083 guad NAND gate

IC3—27C64 EPROM

IC4—74HCE73 latch

ICE—ULN2B813A relay driver

IC6—7805 5-volt regulator

IC7—H11AA1 optocoupler

BA1—200-volt, 1-ampere bridge
rectifier

MOVI—300-volt metal-oxide
varistor

LED1-LED4-—red light-emitting
diode

LEDS—green light-emitting diode

Other componants

XTAL1—12 MHz crystal

J1-J5—4 pin RJ-11 modular phone
jack

JE—Coaxial power connector

RY1-RY4—DPDT 5-wolt DIF relay

Miscellaneous: S-volt DC 500 mA
wall fransformer, projecl case,
bezel, solder, sic.

Note: The following items are
available from Audic Visual Im-
agery, P.O. Box 332, Handolph,
MA 02368:

# PC board—5$30.00
® Pre-Programmed 2764
EPROM—$10.00
8 Pre-Programmed 8751 mi-
crocontroller—$35.00

32’(II' you're using the 8751, you do
not need the 74HC573 or
EPROM, just remember to
move the EA jumper on pin 31
of the microcontroller to +5
volts)

Please add $3.00 shipping and
handling to any order. MA resi-
dents must add 5% sales tax to
all orders.

hook, the voltage drops to about
6 volts. A bridge rectifier (BR1)
eliminates any phone-line po-
larity problems.
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Just like these
Fully Trained
Electronics
Professionals

“Thanks to CIE | have tripled my previous
salary. and | am now in'a challenging and
rewarding new field where only the sky is
the limit.”

Daniel Wade Reynolds

Industrial Electrician

Ore-lda Foods

“CIE was recommended to me by my boss.
It was appealing since | couid study at my
own pace at home and during business
travel.”

Dan Parks

Marketing Manager/C
Analog Devices, Inc.

Product:

“I loved the flexibility CIE offered. It was the
oniy way | could continue both school and
my demanding job.”

Britt A. Hanks

Director of Engineering

Petroleum Helicoplers, Inc.

‘I liked the way the school was set up with
laboratory assignments to enforce
canceptual leaming. The thing which
impressed me the most about CIE's
curriculum is the way they show application
for ali the theory that is preserted.”

Daniel N. Parkman

Missile Electro-Mechanical Technician
.5, Air Force

“Completing the course gave me the ability
to efficiently troubleshoot modern
microprocessor based audio and video
systems and enjoy a sense of job security.”
Tony Reynolds

Service Manager/Technician

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

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

Just ask any of the
150,000-plus graduates of
the Cleveland Institute of
Electronics who are working
in high-paying positions with
aerospace, computer,
medical, automotive and
communications firms
throughout the world.
They'll tell you success
didn’t come easy...but it
did come...thanks to their
CIE training. And today, a
career in electronics offers
more rewards than ever
before.

CIE’'S COMMITTED TO
BEING THE BEST...IN ONE
AREA...ELECTRONICS.
CIE isn’'t another be-
everything-to-everyone
school. CIE teaches only
one subject and we believe
we're the best at what we
do. Also, CIE is accredited
by the National Home Study
Council. And with more than
1,000 graduates each year,
we're the largest home study
school specializing exclu-
sively in electronics. CIE has
been training career-minded
students for nearly sixty
years and we're the best at
our subject...
ELECTRONICS...

IT'S THE ONLY SUBJECT
WE TEACH!

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

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

LEARN BY DOING...WITH
STATE-OF-THE-ART
EQUIPMENT AND
TRAINING.

CIE pioneered the
first Electronics
Laboratory

Course
and the first
Microprocessor
Course. Today, no
other home study
school can match CIE’s
state-of-the-art equipment
and training. And all your
laboratory equipment, books
and lessons are included in
your tuition. It's all yours to
use while you study and for
on-the-job after you
graduate.

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

Send for CIE's FREE Course Catalog and

See How We Can Help Your Career Too!
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electronics. And every CIE
Course earns credit towards
the completion of your
Associate in Applied Science
Degree. So you can work
toward your degree in stages
or as fast as you wish. In fact,
CIE is the only school that
actually rewards you for fast
study, which can save you

money.
4 1T ED S
Qj‘»

Y ES ! | want to get started.
Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a
representative contact you - there
is no obligation.)

Please Print Clearly

Name AEGO
Address

City

State _____ Zip Age _
Phone No.

Check box for G.I. Bill Benefits.
0O Veteran
O Active Duty

Cleveland institute of Electronics, inc.
1776 East 17th Street
Cleveland, OH 44114

A Schoof of Thousands.
A Class of One. Since 1934.

_--_____J
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‘GET THE LATEST ADVANCES IN ELECTRONICS

WITH A SUBSCRIPTION TO

Electronics

NOW.

ENJOY THE WORLD OF ELECTRONICS EACH MONTH!

Hadm Combined with

EB'ID"IBS@

Electrani S

Elzonics.
. BUILD A MINIATURE
VIDED TRANSMITYER

that works with vurtually
any video camera!

uild
AUDID SCHAMBL!NG
SYSTEM

- "and keep your phone
conversations private!

. Learn how to make
HIGH-BUALITY PC BDARDS
t home!

Build our high-tech o
XMAS CRNAMENTS
| ;and add colos Lo your hnhdaysg

iLearn how to 5
TRANSISTDR DSCILLATDR; wtexs !
¥ ta work-in your
trext design!

Subscribe to the best electronics magazine—
the one that brings you the latest high-tech
construction projects, feature articles on new
technology, practical troubleshooting
techniques, circuit design fundamentails, and
much more,

Electronics Now looks to the future and shows
you what new video, audio and computer
products are on the horizon. What's more
you'll find helpful, monthly departments such

EPHOM EMUU-\TDR i
for.working with + —

microcontrallers

as Video News, Equipment Reports, Hardware
Hacker, Audio Update, Drawing Board,
Computer Connections, New Products, and
more. All designed to give you instruction, tips,
and fun.

Electroml

Elisones.

Electronics Now gives you
exciting articles like:

® Buyer's Guide to Digital
Oscilloscopes

® Build A Scanner Converter

® Single-Chip Voice Recorder

e Build A MIDI Interface for your PC Eé}?:“g?""’ : ~

e Troubleshoot Microprocessor X | (e °n"&f'im, e, S =

Circuits S o s n /
® Build A High-Power Amplifier for 7 i '
your Car
e Add Music On Hold to your Phone ""W‘"i".":"‘E:‘ o0,
# All About Binaural Recording %1y - ~mm¥cszm -
® VGA-to-NTSC Converter SERTIIES 1o g

EroqrT O,
tr.,,‘"' by, ,,_' My Loay .
" tung, s
up

FOR FASTER SERVICE CALL TODAY

1-800-999-7139 = -
DON'T DELAY SUBSCRIBE TODAY!

Just fill out the order card in this magazine and mail it in today.
7RC43
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FIG. 4—PARTS-PLACEMENT DIAGRAM. Install ali the small components first, and

then add the rest of the components.

Software

The software for the DRD is
written entirely in assembly lan-
guage. At reset, the internal
RAM is cleared and the timers
are initialized. The interrupt
priority is set, and the LEDs are
scanned twice to confirm that
the unit has reset properly and
is ready to decode ring signals.
After initialization, the main
program loop is started. The
only function performed by the
main program loop is waiting
for rings.

When a ring is received, a
short delay begins that allows
verification of the ring. The ca-
dence of the ring is matched to
the ringing patterns stored in
memory. When a match is
found, the proper relay and LED
are activated and the software
goes into an IN—USE loop, and
a timer is started. This loop
monitors the riING input and the
IN-USE input from the 4093. As
long as the rING input or the in-
USE input are low, the DRD re-
mains in this loop and the timer
is reset. When both of those
lines go high, the timer times
down. When the timer reaches

oofoccosoloe

{

zero, the relays and LEDs are
reset. and the unit goes back
into the main loop to wait for
rings. '

Construction

Assembly of the DRD is
straightforward. Point-to-point
wiring is practical because of
the low parts count. However,
foil patterns for making your
own PC board are provided
here, and finished boards are
available from the supplier
listed in the Parts List. Sockets
for the ICs are recommended
but certainly are not required.

Figure 3 is the parts-place-
ment diagram. Install all the
small components first (re-
sistors, capacitors, and crys-
tal), and then add the rest of the
components (relays, regulator,
connectors, MOV1, and ICs).

The finished board should be
mounted in a suitable case like
the wire-wrapped prototype
shown in Fig. 4.

OOOOTOOOO

¢

COMPONENT SIDE FOIL PATTERN.
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Operation

Note that you must first sub-
scribe to a distinctive-ringing
service for the DRD to work. For
the most flexible installation,
the DRD should be connected to
the phone line at the point
where it enters the house. This
will allow all calls to be re-
directed to their correct loca-
tions.

Plug the extension phones

into the device and apply 9-volts
DC to the unit with a wall-outlet
mounted adapter. The DRD will
respond by energizing, and
then de-energizing the relays.
The LEDs will scan back and =
forth twice, and the unit is then
ready to receive and decode in-
coming calls.

If the unit doesn’t respond,
first make sure that all cables
are installed correctly. Check for
9 volts DC at the input to the
regulator, and 5 volts DC at its
output. If no voltage is present, ) S
check for the proper polarity of  FIG. 5—~COMPLETED PROTOTYPE. This one was made using point-to-point wiring.

o
+

L
E
i
L
h y

gL e
- &

the wall adapter.
If you use an EPROM and
O O—— o latch chip. make sure the ealine
of the microcontroller is jum-
pered to ground. If you use the
§o dold toooooood S single-chip microcontroller,
—° o-!;J_‘L-q l make sure the microcontroller
I o oo ° l IIS?— is connected to 5 volts. Also
e place a scope probe on pin 18 or
° r: // i S R{ 19 of the microcontroller and
elo Do0o0ooooofooofoofoo o measure to be sure the os-
J cillator is running. Check pin
= ° 30 of the microcontroller for a
o ° signal that is approximately
° _T_,, coololceococd oo o OT\ I I ?ne-sixth that of the oscillator

requency.

o ° ° 7 If all the signals are present
°o—l but the LEDsgdon't scan back
° 1 ° and forth, check the wiring of
o olojojofo o the LEDs, the 2813A chip, and
° MRS e the reset circuit (C3 and R3). If
° L——|ojojo}e{olo]ofo o ° °_°°_ the unit resets but won't re-
° e ° spond to the ringing signal.
o o o check the positioning of IC7.
o, ] o— When the phone is ringing, the
°o_—l o 0 o ololo Ll oo output of the optocoupler
° e ° S should pull low for each cycle of
o o ] Ly the ring. If the optocoupler’s
8 i output does not do that, check
° o < 0000000b > o R6, R7, and C4. If the unit de-
° e f y codes the rings correctly but
will not reset the relays at the
L end of a call, verifyt that pin 4 of
r< ALl >|  the 4093 goes low when an ex-
SOLDER SIDE FOIL PATTERN. tension phone goes off-hook.

www americanradiohistorv com
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UPGRADE YOUR CAR STEREO

Install a stereo in your car or remove one for servicing.
It is easy to do and will save you money
if you follow this procedure.

MARC SPIWAK

IF YOU'VE HELD OFF FROM BUYING
the car stereo you always want-
ed because of the high cost of
custom installation work, you
don't have to wait any longer.
This article will take you step by
step through a straightforward
procedure. All you'll need to
tackle the installation is basic
knowledge of a car’s electrical
system, hand-tool skills, pa-
tience, and common Sense.
These requirements also apply
equally if you want to remove
your car’s present radio or ster-
eo system for repairs or upgrad-
ing to a better system, perhaps
with a CD player in place of a
tape cassette deck.

Standard installation
The circuitry in a car stereo

is, as you might expect, quite
complex. The manufacturer has
squeezed a receiver, amplifier, a
tape cassette or compact-disc
{CD) deck, and a lot of support
circuitry into a small metal box.
Its high component density and
high percentage of parts that
are not user serviceable suggest
that internal servicing should
be left to professionals. How-
ever. do-it-yourself installation
is another story.

The external wiring required
for installation is relatively sim-
ple. A typical external wiring
scheme consists of four or more
color-coded wires and an anten-
na cable. Your first task will be
to identify the functions of all of
the wires unless you are fortu-
nate enough to find them la-
beled or called out in a service
manual. Start by locating the

wwWwW americanradiohistorv com

power and antenna terminals.
Most automotive stereo sys-
tems can be powered from any
12-volt DC source. However, be
warned that you can encounter
some units that are powered by
+6 volts and —12 volts. The
power wiring typically consists
of a red wire for +12-volt DC
and a black wire for chassis
ground. The red wire must be
connected to the car’s accessory
voltage terminal, which is acti-
vated by turning on the ignition
switch. This scheme prevents
inadvertent battery drain if you
forget to turn off the radio.
The accessory voltage termi-
nal and a ground connection
can most easily be found in
most cars by tracing the wiring
from the cars factory installed
radio, or from the fusebox. As a
practical matter, any bare metal
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SLAVE OUT

(TO AMPLIFIER,

OR POWER ANTENNA)
Q

IGNITION
SWITCH)

FIG. 1T—BASIC STEREO WIRING
schemes. A two-speaker stereo system
a, and a four-speaker stereo system b.

part of the dashboard can be a
satisfactory chassis ground.

Car stereos typically have two
pairs of speaker-output wires,
left and right. Nevertheless, you
might encounter systems with
only one wire for each channel
and one common wire shared by
both. But you'll find that most
up-scale, expensive car stereos
have four pairs of wires—left
and right and front and rear. By
convention speaker wires are
typically colored green, brown,
white, or gray—rarely red or
black.

All car radios have an antenna
cable terminated by a Motorola-
type plug. The chances are that
your car was equipped at the
factory with an antenna for an
installed radio. The cable from
that antenna can be plugged
into any new stereo system. In
the unlikely event that your car
was delivered without an anten-
na, you are faced with the task
of installing one. This usually
calls for drilling a hole in your
car’s fender, trunk, or roof for
mounting the antenna. This a
separate task that won't be dis-
cussed here.

Without labels or a manual,
the identifying all of the wires

coming out of a replacement
stereo or radio can be puzzling.
Typically a car radio with digital
tuning, memory presets, and
perhaps even a clock, will have
two power leads. It is common
practice to use a red wire as the
connection to the cars ignition
switch. An orange or yellow wire
is usually connected to an un-
switched 12-volt DC source to
preserve the radios memory.

A connection to the terminal
at the back of the cigarette light-
er will usually meet this require-
ment. The lighter in most cars
is permanently connected to the

+12V

’ RIGHT
SPEAKER LEFT  RIGHT
ER  \NpuT INpuT  SPEAKER
a
+12V
LEFT 4 RIGHT
LEFT INPUT | INPUT RIGHT

FRONT

LEFT RIGHT

REAR b REAR

FIG. 2—AMPLIFIER AND EQUALIZER
wiring. Amplifier wiring is shown in (a)
and equalizer wiring is shown in (b).
Both have wires for +12 volts, ground,
and speaker input and output. An ampli-
fier might also have a remote turn-on
wire.

12-volt battery, and the lighter
will work even if the ignition
switch is off. Moreover, that ter-
minal is usually easily accessi-
ble. However, if you are uncer-
tain about that connection, try
it out with the ignition switch
off. If the lighter heats up, you
have found a suitable terminal
for the memory wire.

If the lighter does not heat up
(or is inaccessible), search for
an alternative with a voltmeter
at the fuse box. If you are unsuc-
cessful, you can always run the

memory wire directly to your car
battery's positive terminal
through an opening in the fire
wall. If your car has a radio that
can be removed and taken with
you when you leave the car. it
will have an internal memory-
backup battery.

Some radios have a slave out-
put wire that goes high when
the radio is switched on. That
wire can turn on an amplifier or
activate a power antenna when
the radio is switched on. There's
a good chance that this wire will
be colored blue.

The identification process
can be complicated if your car
has DIN-plug outputs specifi
cally intended for connecting to
other equipment. DIN is the ab-
breviation for Deutsche Indus-
trie Normenausschuss, a Ger-
man standards organization
that sets standards for Ger-
many that are recognized by
most European countries.

If you are not sure about the
functions of some of the wires

~. DASHBOARD'
CuTOouT

STEREO

FIG. 3—INSTALLATION OF A TYPICAL
radio/stereo. The two threaded control
shafts that project through the
dashboard mounting plate hold the case
in position when fastened with nuts. A
rear bracket might secure the back of the
case to the dashboard.
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DIN-STYLE CASE

FIG. 4—INSTALLATION OF A DIN-style
radio/stereo case. A standard case
slides into a mounting sleeve designed
to fit specific car models.

from your stereo, it is a good
idea to set it up on a bench and
test it before installing it in your
car. In that way you can identify
any mystery wires. You'll need a
12-volt battery or DC power sup-
ply, two speakers, and an anten-
na. Be certain to identify the
+ 12-volt supply and the chassis
ground wires first; after that,
the others will be easier to iden-
tify. Figure 1 illustrates some
standard automotive wiring
schemes to help you.

Amplifiers and equalizers

Car stereos can be purchased
in a wide range of price and per-
formance. Premium quality
stereos often have low audio
output power so they need an
amplifier to boost their output.
But it is not wise to connect an
amplifier to a radio or stereo
that does not need amplifica-
tion; the output could be over-
driven and the sound de-
graded—and you could damage
either the amplifier, speakers,
or both!

Most amplifiers are designed
to be impedance matched with

specific input circuitry and
should be fed at the input level
specified by the manufacturer.
If you connect the speaker out-
puts from a car stereo to an am-
plifier that is designed to accept
standard 1-volt, line-level in-
puts, you can overload and pos-
sibly damage the system.

Some stereos require two am-
plifiers—one for the car’s front
speakers and one for the rear
speakers. Other automotive
stereo systems are designed so
that the receiver’s output drives
the front speakers and a sepa-
rate amplifier drives the rear
speakers. Automotive stereo

amplifiers are usually mounted
out-of-sight of the driver and
passengers, typically behind
the dashboard, in the glove box,
or even in the trunk. They are
turned on by the slave output
from the stereo.

An equalizer capable of en-
hancing the system'’s output
power can usually be connected
to any automotive stereo sys-
tem. The purchase of an equal-
izer is a sound investment,
especially for a system whose
output is weak. The output
power can be greatly enhanced
even by an inexpensive equal-
izer that might sell for as little

i
i

FIG. 5—CONTRAST IN CASE SIZE. A modern automotive AM/F
audio tape deck atop a 23-year old AM/FM radio.

o
M stereo case with an

FIG. 6—MODERN CAR STEREQ REPLACES A RADIO in an old car. Both are shown in

Fig. 5. The stereo offers digital tuning, memory presets, a clock, a cassette deck, four

speakers, and an equalizer.
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as 830.

If your original radio had only
two speakers rather than a pair
for the front and back of the car,
an equalizer will give you two
more outputs. Equalizers can
be mounted behind the
dashboard, but the easiest
place to install it is under the
dashboard. Equalizers are sold
with all the necessary mounting
hardware. The on/oFr switch on
an equalizer's front panel dou-
bles as a bypass switch when
the equalizer is turned off.

Amplifiers and equalizers
must be connected to the +12-
volt source, chassis ground,
speaker input and output
wires, and a remote turn-on
wire as shown in Fig. 2. Be
warned, however, that as you in- : e
crease the number of compo-  FIG. 7—DIN-STYLE STEREO requires a mounting kit to secure it in the console. Be
nents in a car-stereo system, the  sure that the mounting kit will fit your car.
task of wiring it becomes more ' : :
complicated. Do not make any
connections unless you are
sure of what you are doing.
Mistakes can be costly!

Installation and removal

The first task that you must
do when installing a new stereo
is to remove the existing radio;
this job calls for patience. Try to
avoid damaging your car while
making the installation. Con-
sider taping protective card-
board or paper around any
installation site to avoid
scratching or scoring the finish
during any material cutting or
drilling operations. Separate all
wire connectors carefully to
avoid damaging them. The use
of excessive force or tugging on
the wires can rip them from
their terminals and lead to cost-
ly repairs which might be
beyond your skill level.

There are two different radio
chassis styles, and they must be
installed in different ways. A
conventional car radio, as
shown in Fig. 3, has two control
shafts and a middle “nose-
piece.” The other more modern
style, called a DIN chassis, has a
flat, rectangular face with no
control shafts, as shown in Fig.
4. In this instance, DIN refers to
the case shape, size, and s K
mounting requirements. FIG. 9—REAR-DECK MOUNTED SPEAKERS can be installed from the trunk and

You might have to remove positioned against the rear deck or mounted from above. Carpeting can cover the rear
knobs from either style before a  panel if it is soiled or warped.

o
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dashboard installation can be
removed. When you are working
on late-model cars, you might
need some special tools to fit un-
usual fasteners. You can usually
obtain these from most auto-
mobile parts supply stores.

Most radios are installed with
a bracket that is bolted to both
the underside of the dashboard
and to the back of the radio
case. You can gain access to the
bracket from under the
dashboard, but you might have
to remove covers or panels to get
at the unit. Remove the bracket
from the radio—not from the
dash panel.

If it is not possible or practical
to remove the radio through the
front opening of the dashboard
because of its size or interfering
hardware, the radio must be re-
moved from behind the
dashboard. Oversize radios are
more likely to be encountered in
older cars that still have their
original equipment in place.

Figure 5 shows a 23-year old
Delco AM/FM monophonic ra-
dio with a more modern Ken-
wood AM/FM stereo with a
cassette deck on top of it. This
clearly illustrates the progress
in miniaturization of auto-
motive radios over the years—
even with many additional fea-
tures added.

It might be necessary to re-
move ventilation ducts and
other interfering hardware to
complete a job. The removal of a
center-console-mounted radio,
for example, might require the
partial or complete removal of
the console itself.

When all of the mechanical
fasteners have been removed,
permitting the radio to be
pulled from its cutout, the next
step is to disconnect any at-
tached wires. Factory-installed
radios typically have one or
more connectors that can sim-
ply be unsnapped, and the an-
tenna cable can be unplugged.
You might want to identify the
power supply wires that you will
need at the connector with a
voltmeter at this time.

The other wires connect the
factory-installed speakers
which you will probably dis-
card. There might also be a sep-
arate power wire attached to the

FIG. 10—REAR SPEAKERS can be
mounted behind the back-seat side pan-
els—if space permits.

R e e

SR SRR A
e n A
FIG. 11—IN A HATCHBACK CAR, rear

speakers can be mounted on the panels
in the hatch area.

=
i &
FIG. 12—CONFIRM THE CLEARANCE
space when mounting speakers in door
panels or front kick panels by removing
the panel and making a measurement.
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car’s headlight switch. Power
from that wire illuminates the
radio’s dial only when the car’s
headlights are on. The auto-
mobile’s ignition switch must
be on on to enable the radio’s on/
ofF switch. Many modern auto-
motive stereos also have lights
that illuminate the stereo’s con-
trol buttons when the head-
lights are turned on, even if the
radio is off.

When installing your new
stereo system, avoid wherever
possible, any unnecessary al-
teration of your car’s interior.
You might have to cut away
some metal or plastic around
the mounting hole in the dash
panel to accommodate the new
unit. Double check your mea-
surements before you do any
cutting that might be incorrect
and irreversible, leaving the
dashboard defaced.

The control-shaft spacing on
conventional automotive ster-
eos can usually be adjusted so
that the case will fit through the
original opening in the dash-
board. Most of those radios are
sold with bezels that fit securely
over the dash panel’s original
trim plate.

The bezel might have grooves
molded into its frame that al-
lows pieces of it to be snapped
off to adjust its size, as shown in
Fig. 6. However, a DIN-type ster-
€o usually requires a mounting
kit to secure it in its intended
location, as shown in Fig. 7. The
installation of aremovable radio
is similar, but only the radios
mounting sleeve is installed.
The radio then slides into the
sleeve.

Speaker installation

Assume that you have re-
moved your old radio success-
fully and are ready to install
your new system. Now is the
time to install the speakers.
However, you first must decide if
you want two speakers or four.
The interior space in some cars
is so restricted that it has room
for only two speakers, so the de-
cision has been made for you.

Unless you have some com-
pelling reason for installing new
speakers in another location, it
makes sense to put them in the

Continued on page 90
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POWER LINE

This power-line modem lets your personal computer send
signals over your home’s wiring to control lights and

appliances.

EDWARD J. KEEFE, JR.

THE PERSONAL COMPUTER MAKES
it possible to control just about
anything these days—if you
have the right hardware and
software. This article tells you
how to build the PLM-1, a
power-line modem that, under
the control of a personal com-
puter, will let you operate and
monitor your home lighting
and appliances over a network
formed by your home’s power
wiring. This system provides a
more comprehensive and ver-
satile control than commer-
cially available controllers.

In 1978 a power-line carrier
(PLC) code format called X-10
was introduced for the control
of household lights and appli-
ances by means of remote mod-
ules plugged into AC electrical
outlets. Then as now, those in-
terface and transmit-receive
modules, as well as a simple
controller for the X-10 systems,
are sold by retail hardware
stores and home improvement
centers as consumer-installable
itemns.

These products, which in-
clude remote modules, com-
mand center/ controllers, hand-
held controllers, and remote
wall switches are sold under the
trade name “Plug'n Power."
Table 1 is a listing of fourteen
different kinds of X-10-compati-
ble receiver and transceiver
modules such photocell light-

control sensors, appliance mod-
ules, and wall switches made by
many different manufacturers.
Only one module is required at
each outlet where a light or ap-
pliance is to be controlled.

Figure 1 is a diagram of acom-
pletelight and appliance control
system. It includes the PLM-1
power-line modem, a personal
computer, a purchased TW-523
transmitter-receiver module,
and a selection of receive mod-
ules. The TW-523 module plugs
intoan AC power outlet and acts
as the interface with the power
wiring. The personal computer-
to-PLM-1 connection is made
with a three-wire serial commu-
nications cable, and the PLM-1-
to-TW-523 connection is made
with a four-conductor, straight-
through telephone cord.

In addition to acting as the
interface with the household
power line, the purchased
TW-523 transmit-receive mod-
ule is capable of controlling as
many as 256 purchased receive
or transmit-receive modules
that can be plugged or wired
into the home power wiring. It
includes three optocoupled
lines for the transmit, receive,
and zero-cross signals. The op-
tocoupled circuitry within the
TW-523 that isolates it from the
ACline meets UL and CSA safety
standards.

All the codes in the X-10 pro-
tocol are synchronized to the AC
voltage zero-crossings of the

household power wiring. The
personal computer generates
X-10 code packets that are sent
to the PLM-1 modem for the tim-
ing and message formatting re-
quired by the TW-523. The
TW-523, in turn, modulate the
power line with 120-KHz pulses.
The PLM-1 modem permits all
existing and future X-10 codes
to be sent.

A string of ASCII characters
sent from the PC's serial port to
the PLM-1 modem will cause it
to generate the correct X-10 sig-
nal envelope for the TW-523.
The PLM-1 “listens” to the AC
power line, receives all valid
X-10 commands and sends
back a serial message in ASCII
form to the PC that indicates
which plugged-in appliance
was “talking.”

The PLM-1 also offers a fea-
ture called transmit “collision
detection.” When an X-10 signal
is requested for transmission,
the PLM-1 sends the correct en-
velope to the TW-523. Simulta-
neously, the PLM-1 “listens” to
its own transmit signal. Ifany of
the required data is missing,
the PLM-1 will retry the entire
message. After two unsuc-
cessful attempts, the PLM-1 re-
lays a collision message to the
PC that can trigger remedial re-
sponses in the system.

The software related to this
article is on a 5-1/2-inch dis-
kette available from the source
given in the Parts list and on the
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PERSONAL
COMPUTER

SERIAL

A LAMP
MODULE

APPLIANCE
MODULE

ity

WALL
SWITCH

i MODULE
> HOUSEHOLD

120V WIRING

FIG. 1—A PERSONAL COMPUTER-BASED X-10 system for the control of lights and
appliances. Household power wiring serves as the communications bus.

120V, 60Hz

ZERO CROSSINGS

120kHz BURST

LOGIC 0 =
3 BURSTS ON
POSITIVE CYCLE NEGATIVE CYCLE

LOGIC 1 (1 BIT) =
3 BURSTS ON

a
1 CYCLES

6—+~7—+—s—+—9—1—

AAANNANN
WY VMY VYL U U

‘ SPECIAL | | ] l 0 ]

FUNCTION CODE
11-BIT X-10 MODULE IDENTITY CODE
b

0——

-

-]

START CODE I HOUSE CODE *

FIG. 2—THE POSITION OF THREE 120-kHz BURSTS on the 120-volt, AC waveform
establishes the logic code of each cycle (a). An X-10 receive module is identified by 11
start, house, and function bits (b).

Electronics Now BBS Pascal, and Visual BASIC.
(516-293-2283) as PLM1.ZIP, In-

cluded on the disk are the X-10 protocol theory

Electronics Now, March 1994
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source code and hex code for
programming the micro-
controller within the PLM-1,
sample programs for interfac-
ing the PLM-1 to a personal
computer, and samples of C,

All X-10 transmissions are
synchronized to AC-voltage zero
crossings as illustrated in Fig.
2. All signals must be transmit-
ted as closely as possible to the
AC-line voltage zero cross, and

wwWw americanradiohistorv com

their durations must be no lon-
ger than 200 microseconds.
The TW-523 interface provides
60-Hz square waves as shown in
Fig. 2 with a maximum delay of
100 microseconds from the
zero-crossing point.

The maximum delay between
the transmit request from the
personal computer and the gen-
eration of the 120-kHz burst by
the TW-523 is 50 microseconds.
This means that the transmit
request must be made within
50 microseconds of the zero-
crossing square wave.

A 1 is represented by a 1 milli-
second burst of 120-KHz signal
at the zero crossing. A O is
formed by the absence of the
burst. The 120-kHz burst is
generated by the TW-523, so
only a I need be sent for 1 milli-
second.

As shown in Fig. 2, eleven cy-
cles of the 60-Hz power line are
required to transmit a complete
message in X-10 code. The first
two cycles represent the start
code. The next four are assigned
as house codes, and the last five
are the number or function
codes. With the exception of
bright and dim functions which
must be transmitted continu-
ously, all complete blocks must
be sent in groups of two, with
three complete power-line cycles
between them.

CYCLES CODE

2 Start
4 House
5 Function (number)

A data check is performed by
sending the house and function
(number) codes in complimen-
tary form on alternate half cy-
cles of the AC line. The start
code does not conform to this
rule; it must always be in the
“1110” form to distinguish it
from the house and function
codes.

Circuit description

Figure 3 is the schematic for
the PLM-1. It is designed around
a 87C51 CMOS, single-chip mi-
crocontroller (MCU) designated
IC1. It is a CMOS version of In-
tel's 8751 MCU selected because
of its lower power consumption.
The 4 kilobytes of internal one-
time programmable EPROM
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LM7805CT

ViN

GND

FIG. 3—SCHEMATIC FOR THE PLM-1 MODEM that conditions X-10 codes from a
personal computer for use by an X-10 two-way power-line interface in a home light and

appliance control system.

must contain the complete pro-
gram required for X-10 interfac-
ing. The 87C51 also has a full
duplex serial port, two timers,
and 128 bytes of RAM. The
PLM-1 modem depends on ICls
port 1 for all input/output func-
tions except those specified for
the serial port.

The clock oscillator for IC1 is
the 11.059-MHz crystal XTAL1
with 30 picofarad capacitors C1
and C2 across its electrodes.
When power is applied, a reset
circuit, formed by resistor R6
and electrolytic capacitor C3,
initializes IC1. Because the pro-
gram that controls the interface
is internal, pin 31 of IC1 must be
held at +5 volts.

The interface to the TW-523,
RJ-11 telephone socket SO2, is
provided by three simple clamp-
ing circuits consisting of diodes

D1 through D6 and resistors R1
through R5. The signals from
IC1 are sent to SO2 from pins 1,
2 and 3 (P1.0, P1.1, and P1.2,
respectively). These three sig-
nals are also connected to the
74LS240AN bus transceiver
IC3 that drives the status-indi-
cating light-emitting diodes
LEDs 1 through 4. These LEDs
indicate the presence of the
zero-crossing signal from the
TW-523, X-10 transmit and re-
ceive, and entry errors from the
serial port.

The RS-232C serial interfac-
ing is performed by IC2, a
MAX232, which generates the
negative voltage required by the
RS-232C specification. Four
10uF capacitors, C4 through
C7, function as charge pumps
and filters. For astandard three-
wire interface, pins 7 and 8 of

www americanradiohistorvy com

IC3
74LS240

~
@,
O
\_/
61
\/
(o)
@,

o o

o 0O 0
00 000 O O o 00 00

IC2 are connected to pins 2 and
3, respectively, of D-type DB-25
socket SO1, and pin 7 of SOI is
grounded. A cable from socket
SOl couples the PLM-1 to the
personal computer.

The four-position DIP switch
S1, shown in Fig. 3, permits
communications and message
options to be selected. Before
applying power to the PLM-1,
the correct baud rate must be
selected. Fig. 4 shows the front
face of S1 schematically and it
includes a table of settings for
the baud rates supported. (The
location of switch S1 is shown
in the parts placement di-
agram, Fig. 5.)

The switch in Fig. 4-a is
shown set for 1200 baud. The
format is no parity, 8 data bits. 1
stop bit. The software terminal
program must be set to the val-
ues given in Fig. 4-b for the sys-
tem to work. Switch position 3
is not used, and switch position

MON SOIUCIIB|T ‘P61 YoIBW

(3]
[7-]


www.americanradiohistory.com

Electronics Now, March 1994

[ ]
(=]

AUDI O vIsual IHAGERY
LM~
POWER LIHE HODEN
*

* DRILLED HOLE, THRU BOARD

“

LED4 LED3 LED2 LED1

FIG. 4——PARTS PLACEMENT DIAGRAM for the PLM-1 modem. LEDs can be mounted
off the board and inserted in formed holes in the end panel.

TABLE 1
X-10 DEVICES AVAILABLE

Lamp modutes (dimmable)

2-pin Appliance modules

3-pin Appliance modules

Wall-switch modules

Three-way wall-switch modules

Screw-in lamp modules

Drapery controllers

Chime modules

Universal modules {contact closure &
beeper)

Thermostat set-back modules

Alarm interface

Flood lamps

Motion sensors

Barking-dog alarms

4 controls message format.
When power is first applied to
the PLM-1, the word READY is
sent to the computer. ENTRY
ERROR is sent whenever the
message from the serial port is
not in the correct PLM-1 format.

If a transmit collision happens,
COLLISION DETECTED is
sent.

These messages might take
too much time in critical sys-
tems, so they can be removed by
setting position 4 of switch S1
in the up (on) position. This will
transform each message into a
single ASCII numeric character
so that X-10 receive messages
will not be affected. Position 4 of
switch Sl in Fig. 4-a is shown
set for word messages.

After the PLM-1 completes its
requested task, it responds
with an alphabetic or numeric
message as described. Table 1
lists the numeric responses and
gives their alphabetic or word
equivalents.

Software explanation

The program within micro-
controller IC1 is interrupt acti-
vated. At reset, the internal

wwWwW americanradiohistorv com

PARTS LIST

All resistors are Va-watt, 5%, un-
less otherwise specified.

R1, R3—4,700 ohms

R2, R4—100 chms

R5, R7, R8, R9, R10—1000 ohms

R6—10,000 ohms

R11, R12, R13, R14—220 ohms

Capacitors

C1, C2—30 pF, mica

C3, C4, C5, C6, C7T—10u.F, 16 voits,
tantaium

C8—10u.F, 16 volts, aluminum

Semiconductors

1C1—P87C51, microcontroller,
CMOS, Intel or equivalent

IC2—MAX232, line transceiver
Maxim or equivalent

IC3—74L.5240, octal butfer/line
driver, Motorola or equivalent

IC4—7805CT positive 5-volt reg-
ulator, 1.5 ampere, TO-220 pack-
age, Motorola or equivalent

D1, D2, D3, D4, D5, D6—1N914 sil-
icon diode

LED1, LED2, LED3, LED4 —Light-
emitting diode, T1%4, red

Other components

XTAL1—crystal holder, 11.059 MHz,
two-pin case

S1—4-position digital DIP switch,
PCB mount, Digi-Key A5204 or
equivalent

J1—DC jack, PCB mount (see text)

SO1—DB-25, 25-pin D-style sock-
et, PCB mount

S02—4-pin RJ-11 modular phone
jack

Miscellaneous PC board or 0.1-
inch-grid punched circuit board,
two-piece plastic case (see text),
DIP-style IC sockets: one 60-pin,
one 20-pin, and one 16-pin, 120-
volt AC-to-9-volt DC adapter
rated for at least 0.5 amperes
(see text), plastic two-piece case
(see text), solder, TW-523 inter-
face module, length of telephone

RAM is cleared and the timers
are initialized. The interrupt
priority is set and the main loop
is started. The main loop con-
firms that a TW-523 is con-
nected to the the modem,
checks for new received X-10
messages, and expedites retries
resulting from collisions.

The serial interrupt routine is
responsible for all serial com-
munications between the host
and the PLM-1. The X-10 inter-
face is basically five timing
loops. When a 1 is required for
X-10 transmission, the TXD
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cord terminated with RJ-11 plugs,
length of 3-wire cable terminated
by DB-25 plugs, solder, nuts and
bolts.

Note: The following companies
are sources for the manufac-
tured modules and accesso-
ries in the system:

TW-523 interface modules and
transmit/receive modules:

e X-10 (USA) inc., Northvale,
NJ 07647

e Home Automation Labs,
Smyrna, GA 30080

e Home Controi Concepts,
San Diago, CA 92126

Two-piece case:

o Pac-Tec, Philadeiphia, PA
19104

The following selection is avaii-
able from Audio Visual Imag-
ery, P.O. Box 332, Randolph,
MA 02368
® Assembled and tested
PLM-1 modem, one TW-523 in-
terface module, plug-termi-
nated phone cord, and D-style
connector terminated cable—
$149.95
o Complete kit of all active and
passive components and
printed circuit board, less case
and TW-523 X-10 interface
moduile—$99.95
® Programmed 87C51 micro-
controller—$34.95
® TW-523 X-10 interface mod-
vle—534.95
® Printed circuit board—
$29.95

A diskette with sample files will
be included with all orders.
Add $3.00 for shipping and
handliing to ail orders. Massa-
chusetts residents add 5%
sales tax.

output port pin 11 of IC1 is set
high, and the timer delays the
output 1 millisecond. The TXD
port pin is then set low and a
delay of 1.778 milliseconds is
introduced. This sequence is re-
peated two more times.

The compliment of this delay
is then sent. This simple error-
checking function is part of the
X-10 protocol specification. The
bits of each transmission are ro-
tated out the TXD port pin 11,
each synchronized to an AC
Zero-crossing.

As stated earlier, the main
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TABLE 1
ALPHA AND NUMERIC
RESPONSE EQUIVALENTS
Numeric Alpha
Response Response
0 READY
1 ENTRY ERROR
2 COLLISION DETECTED
3 CHECK TW-523
4 TW-523 OK
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FIG. 5—DIAGRAM OF FOUR-POSITION

DIP switch S1(a), and a table for setting
baud-rate with switches 1 and 2 (b).

loop also checks for received

X-10 messages. It does this by
polling P1.2 pin 3 of IC1. Be-
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cause ICl runs significantly
faster than X-10, the chances of
it missing a message are re-
mote. The received data is then
processed to accept its core in-
formation and formed into an
ASCII message that is loaded
into the serial-transmit buffer
of IC1. The serial-interrupt rou-
tine then performs the RS-232C
transmission. The X-10 receive
section of the code also permits
the PLM-1 to carry out collision
detection.

The data on the power line
can be degraded by noise or
other X-10 transmissions in the
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TABLE 2
PLM-1 CODE EQUIVALENTS
PLM-1 House Unit Function Relative
Code Code Code Code Brightness
(Percent)
0 A 1 ALL UNITS OFF 100.00
1 B 2 ALL LIGHTS ON 93.75
2 C 3 ON 87.50
3 D 4 OFF 81.25
4 E 5 DIM 75.00
5 F 6 BRIGHT 68.75
6 G 7 ALL LIGHTS OFF 62.50
7 H 8 EXTENDED CODE 56.25
8 | 9 HAIL REQUEST 50.00
9 J 10 HAIL ACKNOWLEDGE 43.75
A K 1 PRESET DIM (1-8) 37.50
B L 12 PRESET DiM (9-F) 31.25
Cc M 13 EXTENDED DATA 25.00
D N 14 STATUS = ON 18.75
E (0] 15 STATUS = OFF 12.50
F P 16 STATUS REQUEST 6.25

system. However, the TW-523
transmit-receive interface can
“hear” anything it “says,” so the
PLM-1 can ensure data integrity
by comparing transmission re-
quests with what was sent.

Other routines are included
for Hex and ASCII conversion,
LED display and blink, message
parsing, and ROM date and ver-
sion information. The complete
source code for IC1 is available
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from the source in the Parts
List, and it is on the Elec-
tronics Now BBS, 516-
293-2283.

Building the PLM-1

Refer to the parts placement
diagram Fig. 5. The circuitry of
the PLM-1 is so simple that it
can be built on stock 0.10-inch
grid punched circuit board by
point-to-point wiring. However,
construction will be faster and
the end result will look more
professional if a two-sided
printed-circuit board is used. A
circuit board is available from
the source given in the Parts
List, but if you prefer to make
your own, component- and sol-
der-side foil patterns are in-
cluded in this article.

All conventional methods for
electronic component insertion
and soldering on a circuit board
apply to this project. The circuit
board layout calls for the axial-
leaded resistors R1 through R5
and diodes D1 through D6 to be
inserted vertically on the circuit
board. Carefully bend one lead
of each of those resistors and
the cathode lead of those diodes
180° so they effectively become
radial-leaded components.

Insert, solder, and trim the
leads of all the diodes, resistors
and capacitors at the locations
shown in Fig. 4. Verify that the
correct polarities of all diodes
and electrolytic capacitors have
been observed. Insert and sol-
der sockets for ICs 1 through 3
after verifying the correct loca-
tions for pin 1 of each IC.

The way you mount the four
LEDs will depend on your PLM-1
packaging preference. If you
want to view the LEDs through
a translucent red filter at one
end of the case, grasp the LED
leads close to the lens with nee-
dle-nose pliers and bend their
ends 90° so that the LEDs lie flat
on the PC board when they are
inserted. Then solder and trim
the leads.

However, if you prefer that
ends of the LED lenses project
through holes in an opaque
plastic end panel, insert the
leads in the board so that their
ends are flush with the solder
side of the board, and solder
them in position. (The LED
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leads can then be bent later so
that the lens ends will project
through the end-panel holes
after the circuit board has been
attached to the bottom half of
the case.)

Bend the ends of the leads of
the TO-220-packaged voltage
regulator IC4 90° and insert
them on the board so that the
heat sink tab lies flat against
the heat sink patch on the cir-
cuit board. Fasten the heatsink
tab of IC4 to the board with a
nut and bolt through the hole in
the tab to mount the voltage reg-
ulator more securely to the
board and improve its heat-
sinking properties. Solder and
trim the leads.

Assemble and solder DIP
switch S1. Unless the D-type
connector S1 has only leads 2, 3
and 7 exposed, trim all the other
leads close to the connector
body. Insert those three pins of
SOl in the circuit board as
shown in Fig. 4, and fasten the
socket with nuts and bolts.
Then solder and trim leads 2, 3,
and 7 close to the solder side of
the PC board.

Insert the four leads of RJ-11
socket SO2 through the PC
board and seat it by inserting
the plastic mounting pins
through the formed holes. Sol-
der and trim the leads, and melt
the ends of the plastic pins on
the solder side with a soldering
iron to secure it in position. In-
sert the pins of coaxial DC jack
d1 in the board and seat it. Sol-
der and trim the leads.

Finally, after rechecking the
polarities of the diodes and ca-
pacitors for proper orientation
and making certain there are no
inadvertent solder bridges or
cold solder joints, insert the
DIP-packaged ICs 1, 2 and 3.

Packaging the PLM-1

The prototype PLM-1 was
packaged in a two-piece plastic
case that measures 5 x5V X 1%
inches. The halves can be sepa-
rated by removing two screws.
In the prototype, a red translu-
cent filter was substituted for
one of the two opaque plastic
4% x 1%e-inch end panels in-
cluded. Identification markings
for the four LEDs—ERROR, RX, TX
and rReapy—were silk screened

N
i \li .i.

F: S
oW
i 3]

'J;»

iE E :. ;:; )é?- ;E : “»

-
73

FIG. 6—COMPLETE PLM-1 CIRCUIT
board.

on the filter. The socket end of
the case was left open.

Alternatively, you can form
four holes in one of the two
opaque plastic end panels so
that the ends of the four LEDs
can be press fit into those holes.
The holes should be sized so
that only the ends of the tapered
lenses project from the end pan-
el. Determine the size by mea-
suring the actual LEDs pre-
cisely. The holes can be labeled
with the four functions stated
earlier.

After the complete circuit
board is fastened to the bottom
of the case with four screws, the
LED leads can be carefully bent
in pairs so that the ends of their
lenses project through the cor-
responding holes formed in the
end-panel.

Monitor operation

Connect the TW-523 interface
module to the PLM-1 with a
length of telephone cord termi-
nated with RJ-11 plugs, and
connect the PLM-1 to your PC
with a three-wire serial cable
terminated with matching
plugs. Start any communica-
tions program that you prefer
on your personal computer. Any
communications software that
offers a terminal mode can be
used (Procomm, Bitcomm,
QModem, Windows Terminal).

After verifying that the center
conductor of the cord from the
120-volt AC-to-9-volt DC wall
outlet adapter has a negative
polarity (see the diagram on the
adapterss label), plug it into jack
J1 on the PLM-1 circuit board.
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A "READY"” message should
appear on the PC monitor. Refer
to the the commands given in
the Message Structure section
that follows, and then send the
desired command to the
TW-523 interface.

Message structure

Note: All serial data sent to the
interface must be transmitted
as upper case characters; lower
case characters will be inter-
preted as errors. All commands
must be terminated by pressing
the rReTURN key. Six different
X-10 starting characters are
used:

* Send normal commands

# Send multiple dim and bright
commands

$ Direct unit control

@ Direct function control

& Send multiple direct function
controls

? Obtain software date and its
revision

Each character has its own
specific format.

The normal message format
is *HUF where * is the start
character, H is the house code,
U is the unit code, F is the_func-
tion code. To send a command
that will turn unit A-1 on, refer
to Table 3 and organize the com-
mand as follows:

* Start character
0 House code A
O Unit 1

2 ON

Tosend the ON command, key
*002, then hit RETURN.

To send the OFF command,
key *003, then hit RETURN.

To send the DIM A-1 com-
mand, key *004, then hit
RETURN.

To send the BRIGHTEN A-1
command, key *005, then hit
RETURN.

Here are some sample com-
mands:

*A02 K-1 ON

*A03 K-1 OFF
*A04 K-1 DIM
*A05 K-1 BRIGHT
*C42 M-5 ON
*C43 M-5 OFF
*C44 M-5 DIM
*C45 M-5 BRIGHT

To send multiple dim or
brighten commands, use the
start character #. The format is

Continued on page 74
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IT [S NOT MUCH FUN TO BUILD A MOD-
ern superheterodyne radio re-
ceiver these days because so
much of the receiving circuitry
is within a few ICs. Even if you
do build one, you probably
won't learn much about how
they work—there is little oppor-
tunity to experiment and ex-
plore. Moreover, you can expect
that the cost of parts will exceed
the price of a radio at your local
drug store. Nevertheless, edu-
cators agree that the best way to
“get in touch” with the history
of radio and enjoy electronics is
to start by building a radio re-
celver from scratch.

This article will return you to
those “thrilling days of yes-
teryear” when almost anyone
with an interest in radio could
make his own receiver. It will re-
trace one of the important
“roots” of modern electronics—
regeneration or positive feed-
back. The schematics presented
here are based on key circuits
that were invented by geniuses
whose names are only vaguely
familiar to most people today.

The four regenerative detec-
tor receiver circuits discussed
here were designed to give any-
one from a novice to an expert
“hands on” experience in build-
ing circuits that hold an impor-

receivers and their importance

these

tant place in the history of radio
communications. Transistors
and ICs have replaced the vac-
uum tubes of the original cir-
cuits so you won't have to deal
with 120-volt power. These “re-
designs” have also minimized
the number of “antique” com-
ponents required.

This article differs from a typ-
ical Electronics Now “build-it”
article—it does not contain
parts placement diagrams nor
does it contain complete parts
lists. This means that if you
want to build some or all of
these circuits you'll have to be a
bit more resourceful. However,
the names of several companies
offering the “hard-to-get” parts
are included in the article.

You should also know that, al-
though the performance of
these modernized versions of
classic circuits is quite good,
skill and patience are needed to
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get the most out of them. Also
some post construction adjust-
ments are called for.

Back in the 1920s and 1930s
radio receivers were simple. If
you did not want to buy one
(they were expensive in those
days), all you needed was a
handful of parts, wire, solder,
and wooden bread board. With a
few hours of hand crafting, you
could be listening to shortwave
or your local AM station.

In those days radio fans were
likely to know a lot more about
the contributions of the great
radio pioneers like Hertz, Flem-
ing, Marconi, and Armstrong.
These days their names are
rarely mentioned in classrooms
because the study of their ac-
complishments has been
crowded out by such modern
subjects as digital electronics,
signal processing, and comput-
er programming.
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Radio-receiver history
Prior to the development of

the vacuum tube, the most

common radio circuit was the
crystal set whose schematic is
shown in Fig. 1-a. It was found
that some natural minerals
such as silicon and galena (lead-
sulfide) had the ability to rectify
current. Electromagnetic waves
that intercepted the antenna
caused a voltage to be developed
actoss coil L1 between the an-
tenna and ground. That voltage
caused a current to flow
through crystal D1 and the
headphones on the positive half
cycle.

When current flowed through
the circuit, capacitor C2 was
charged. When the polarity re-
versed, however, there was no
current flow through the crystal
because of its rectification prop-
erty. During this half of the cy-
cle, the capacitor discharged
through the headphones. Fig-
ure 1-b shows an audio-fre-
quency wave, Fig. 1-c illustrates
an audio-modulated radio fre-
quency wave, and Fig. 1-d repre-
sents a demodulated (detected)
wave. The headphone di-
aphragms followed the audio-
frequency wave to produce an
audible signal.

Homemade versions of this
circuit typically included a
lump of galena fastened to a
board along with a spring-wire
contact called the “cat's whis-
ker.” One end of the brass wire
was sharpened to point and
pressed into the galena crystal.
Together these parts formed the
diode detector. (The modern
Schottky diode also has a metal-
to-semiconductor contact.)

A crystal set was easy to
make, and the parts were inex-
pensive. However, the catch was
that finding the right contact
spot on the crystal with a point-
ed cat'’s whisker was likely to be
a frustrating experience. Some
probing around was necessary
to find a location where rec-
tification (detection) would be
performed. Moreover, if you
wanted the set to work, there
had to be a radio station nearby
that transmitted a signal strong
enough to forward-bias the
crystal “diode.”

In those early days some hob-

byists used Quaker oatmeal
boxes as coil forms, and even
rolled their own capacitors from
the foil-covered paper found in
cigarette packs. The antenna
was usually about a 100-foot
length of bare copper wire
strung out the window, sus-
pended from glass insulators. A
length of copper pipe was ham-
mered into the earth below the
window as a ground connec-
tion.

The diode vacuum tube, a
simple two-element rectifier, of-
fered little advantage over any of
the crystal detectors—it still

d

FIG. 1—CRYSTAL DETECTOR receiver
with headphones (a), audio-frequency
signal (b), modulated signal (c), and de-
modulated wave (d).

FIG. 2—VACUUM-TUBE DETECTOR re-
ceiver.

could not amplify the incoming
signal (see Fig. 2). Thus a tube
diode circuit still needed a
strong signal to detect, and it
also it needed power to heat its
filament (the early cathode).

The great leap forward in re-
ceivers occurred with the intro-
duction of the triode vacuum
tube. A small voltage variation
on the triode's grid caused a
large variation in the plate cur-
rent, providing signal ampli-
fication. To receive undistorted
signals, the triode amplifier-de-
tector had to be operated on the
linear portion of its charac-
teristic curve; thus it needed a
bias to put it at the tube’s oper-
ating point. The input signal
then caused the total grid volt-
age to vary above and below the
bias value.

The grid-leak detector circuit
shown in Fig. 3. was one of the
early schemes for obtaining the
necessary bias. In this circuit,
the grid and cathode act as a
diode. When an input voltage
was applied to the grid, current
flowed from the cathode to the
grid through grid-leak resistor
RI.

A voltage was then developed
across the grid leak which pro-
vided a bias. The greater the in-
put signal, the more the bias.
This caused the voltage between
the grid and cathode to vary
with the input signal level. As a
result, current flowing in the
plate circuit was demodulated,
and that signal could be heard
with a headset.

The simple grid-leak-detector
circuit required two power
sources—a “B” battery for plate
voltage and an “A” battery for
the cathode heater combina-
tion. This was only one of sev-
eral possible ways to develop a
bias.

The operation of the triode
electron tube has similarities to
the operation of the N-type bi-
polar junction transistor (BJT).
The cathode is analogous to the
emitter, the grid to the base,
and the plate to the collector.
However, the triode more closely
resembles the junction field-
effect transistor (JFET). Here
the cathode is analogous to the
source, the grid to the gate, and
the plate to the drain.
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The substitution of JFETs or
BJTs for the tubes in the origi-
nal circuits permits the use of 9-
volt transistor batteries as
power sources, and generally re-
sults in performance that is bet-
ter than that of tube circuits.

The tuned inductive-capaci-
tive (LC) “tank” circuit in the
receivers shown so far permit-
ted discrimination between de-
sired and undesired signals.
Figure 4 is a simplified sche-
matic for a tuned radio frequen-
cy (TRF) circuit with grid-leak
detection. The voltage induced
in the antenna caused a current
to flow through the primary coil
L1 of the radio frequrency trans-
former. A voltage was induced in
the secondary coil L2, which
was tuned by variable capacitor
C1 to resonance at the desired
station frequency.

When the resonant frequency
was reached, the voltage across
L2 increased while the voltages
from all other frequencies were
reduced. Thus the detector op-
erated most efficiently at the
tuned frequency.

However, a principal draw-
back of the resonant tank cir-
cuit in the earlier crystal or
diode detector receivers is that
their detectors robbed energy
from their input circuits. This
occurred because their opera-
tion depended on rectifying the
voltage induced in the second-
ary circuit. The unbuffed “load-
ing” caused by crystal or diode
detectors decreased the selec-
tivity or sharpness (Q) of re-
ceiver tuning.

While the triode’s gain im-
proved the circuit’s sensitivity
and its buffering relieved the
tuned circuit from headphone
loading, the overall perfor-
mance was still poor. Adding
more than one stage of RF am-
plification ahead of the detector
did little to improve that perfor-
mance.

Regenerative detector

In 1914, a gifted radio engi-
neer, Edwin H. Armstrong, dis-
covered that by feeding a
portion of the amplified signal
in the plate circuit of a triode
detector back into the grid cir-
cuit, there would be a signifi-
cant increase in amplification.

FIG. 3—GRID-LEAK-DETECTOR re-
ceiver.

FIG. 4—TUNED-CIRCUIT RECEIVER
with grid-leak detection.

FIG. 5—REGENERATIVE.RECEIVER
with grid-leak detection.

FIG. 6—VARIABLE TICKLER COIL used
in early regenerative receivers.

The circuit shown in Fig. 5 is a
modern version of Armstrong’s
original schematic for his re-
generative receiver. There was
no standard schematic symbol
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for a vacuum tube.

A regenerative detector is
basically a grid-leak detector in
which a portion of the output
signal is fed back to the tuned
input circuit in phase with the
input signal. The in-phase feed-
back lowers the resistance of
the tuned input circuit, there-
fore raising its Q. This feedback
also substantially increases the
strength of input signals at or
near the resonant frequency of
the tuned circuit. As a result,
both the amplification and se-
lectivity of the stage are raised,
especially for weak input sig-
nals.

The amplified signal in the
plate circuit flows through tick-
ler coil L3, which induces an in-
creased current flow through
the secondary coil L2. This in-
creases the signal at the grid,
causing an even greater signal
at the plate. The input signal is
therefore repetitively re-
amplified providing very high
single-stage amplification.

If enough of this energy were
fed back into the grid circuit,
the circuit would oscillate. This
is not surprising: Remove the
symbols for the antenna, coil
L1, and the headphones, and
you have a schematic for an
Armstrong oscillator.

To prevent the receiver from
becoming an unwanted os-
cillator, Armstrong invented a
way to control the amount of
positive feedback or regenera-
tion. He did this by rotating the
tickler coil L3 within the grid
coil L2, as shown in Fig. 6. Coil
L3 was mounted on a shaft at
right angles to the axis of coil
L2. (The shaft projects through
the front panel of the radio, and
a control knob is attached.)

When the knob is turned so
that the two coils are in the
same plane, maximum feed-
back is obtained. When the tick-
ler coil is at right angles to the
grid coil, feedback is minimum.
By carefully rotating the tickler
knob, the right amount of re-
generation can be found.

This scheme fell into disfavor
when receivers with inter-
changeable coils for several fre-
quency ranges were introduced.
The rotating tickler was also
bulky and difficult to manufac-
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ture, and the signal was de-
tuned as regeneration was
increased. However, it was soon
discovered that regeneration
could be also be controlled by
substituting a variable capaci-
tor for plate-bypass capacitor
C3 shown in Fig. 5.

With this so-called “throttle
condenser” in the circuit, the
listener could simply remove
two coils and plug in two alter-
natives to obtain a different
range of broadcast frequencies.
The fixed tickler with the right
number of turns replaced varia-
ble tickler L3 within L2, permit-
ting both L1 and L2 to be
exchanged for another set.

The throttle condenser was
able to transition the receiver
more smoothly into oscillation
than the rotating tickler, and re-
generation had only a slight
effect on tuning. Unfortunately,
a second variable capacitor took
up more space in the receiver
and added to its cost.

However, it was found that
varying the plate voltage was a
simpler way to control regenera-
tion. Figure 7 is a simplified
schematic for a resistive-con-
trolled regenerative detector. It
was cheaper than earlier meth-
ods and resulted in only slight
detuning. Tickler coil L3 was
mounted permanently in a fixed
position on the same coil form

ANTENNA

Té L3 TICKLER (FIXED)

FIG. 7—VARIABLE-RESISTOR-con-
trolled regenerative receiver.

as grid coil L2, and a fixed ca-
pacitor bypasses the plate. In
this way, plate voltage (and re-
generation) is controlled by
varying the resistance with pan-
el-mounted control potentiome-
ter R2. Capacitor C4, across the
battery, smoothes any sudden
changes in plate voltage.

Regeneration principles

While the power gain of a tube
or transistor is fixed, the voltage
gain of a regenerative detector
willapproach infinity as it nears
self-oscillation. Regeneration
introduces a negative resis-
tance into a circuit. Because the
circuit’s selectivity or “Q" is
equal to its net reactance divid-
ed by its net resistance, the cir-
cuit's selectivily is increased
with gain when regeneration is

introduced.

When regeneration is below
self-oscillation, the circuit’s
negative resistance (produced
by regeneration) is less than its
fixed positive resistance. In this
condition, regeneration has the
effect of providing a stable in-
crease in both gain and selec-
tivity.

With more regeneration, a
very dynamic region is reached,
just at the threshold of self-os-
cillation. Here, the circuit's
negative and positive resis-
tances near equality. In this
nonlinear operating region,
minute changes in inputlevel or
circuit voltage produce very
large (nonlinear) changes in
output level.

The exact “balance” point be-
tween stable and unstable re-
generation (when the circuits
net resistance is zero) can never
be achieved: even the smallest
amount of random noise will
eventually build up enough to
drive the circuit into sustained
self-oscillation.

As regeneration is increased
further, a strange “click” will be
heard in the headphones. This
indicates that the circuit has
reached the negative-resistance
transition point beyond which
free oscillations will occur. If re-
generation is increased beyond
the oscillation starting point,

gl L4 W a7 HEADPHONES
(NOTE 1) (SEE TEXT) ' R 470 (SEE TEXT)
L3 T . ci1
%TICKLER) ! s 33uF
o R1
Cc1 Q1 R5 COMMON
(NOTE 2) IMEG  o\aste | 100K OPEN
(VOLUME
e 2 (oS CONTROL) |
c4
100pF | |
% c3 T
i1 c2 140pF cé c10
10pF | (MAIN : 01
(FINE | TUNE) 10K 4
TUNE) R8 c13
(NOTE 3) 2.7K + 3auF
NOTES:

1. ANTENNA: 100FT COPPER WIRE

2. ADJUST C1 FOR ANTENNA USED

3. C2 OPTIONAL (SEE TEXT)

4. $1- DUAL ON OFF SWITCH.

5. FOR COIL-WINDING DIRECTIONS SEE

FIG. 9-a
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FIG. 8—REGENERATIVE SHORTWAVE receiver with JFET tuning and op-amp ampli-

fication. Frequency range is 6 to 17 MHz.
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secondary oscillations at alower
frequency are generated. These
oscillations tend to suppress or
“quench” the main oscillation
under certain conditions of in-
put signal level and regenera-
tion. This effect is called super
regeneration.

Another property of a re-
generative detector receiver is
its ability to detect single side-
band and frequency-modulated
(FM) as well as amplitude-mod-
ulated (AM) signals. The single
sideband signals are transmit-
ted without a carrier; the car-
rier is restored in the re-
generative detector by setting
the regeneration threshold just
above the level for free oscilla-
tion.

The listeners ability to adjust
the effective “Q” of the circuit

ANTENNA
7 TURNS

INPUT

TICKLER
4y2 TURNS

\9

TO Q1 DRAIN

REFER TO FIG.8
a

TICKLER
/ 5 TURNS

TO Q2 GATE
REFER TO FIG. 10
c

6 TURNS

TO Q1 COLLECTOR
REFER TO FIG. 1

-

allows a regenerative circuit to
detect the amplitude versus fre-
quency slope of an FM signal.
Therefore, a regenerative detec-
tor circuit can be a single-stage
universal detector in a receiver.

Shortwave receivers

Figure 8 is the schematic fora
modern regenerative receiver
with a frequency range of 6 to 17
MHz. A 2N4416 junction field-
effect transistor (JFET) detector
replaces the triode tube, and an
AD745JN low-noise BiFET op-
erational amplifier acts as the
audio amplifier. A change in
drain voltage alters the JFET's
transconductance (and there-
fore gain), permitting the re-
generation of the circuit to be
controlled easily.

The amplitude-modulated

4 TURNS

8 TURNS
W

TAP TO ANTENNA
TO Q2 GATE
REFER TO FIG. 10

b
~5 TURNS

(SEE TE”\

TAP TO ANTENNA
TO Q1 GATE

REFER TO FIG. 10
d

NOTES:

1. ALL WINDINGS ARE NO.22
INSULATED STRANDED COPPER
HOOKUP WIRE

2. 1y2-IN. OD PVC PIPE

3. 1-IN. OD PLASTIC PILL BOTTLE

4. 1-IN. OD PVC PIPE OR NOTE 3

FIG. 9—COIL-WINDING DIAGRAMS for the four regenerative receivers.

signal from the antenna is cou-
pled to coil L1 through variable
capacitor Cl1 whose value deter-
mines the coupling and anten-
na loading of the detector.
Because Cl1 sets antenna coup-
ling. its optimum value will de-
pend on the length of the
antenna selected and the capac-
itance of the antenna. A 100-
foot antenna was used with the
prototype.

Coils L1. L2, and L3 are
wound on the same form, so the
antenna signal developed in L1
is inductively coupled to L2. Ca-
pacitors C2 and C3, together
with L2, form a resonant tank
circuit that determines the re-
ceivers tuned frequency. JFET
Q1, a Motorola 2N4416, to-
gether with resistor R1 and ca-
pacitor C4 detect the amplitude
of the incoming signal.

The JFET gate, serving as a
diode detector, charges capaci-
tor C4. The amplified drain sig-
nal is then coupled back to Ql's
gate by tickler winding L3 and is
repeatedly re-amplified. Re-
generation is controlled by po-
tentiometer R6, which adjusts
the supply voltage applied to Q1
and thus its transconductance.

The detected audio output
passes through the low-pass fil-
ter formed by capacitor C5 and
radio-frequency choke (RFC)
L4. This filter removes the ra-
dio-frequency component and
allows only the audio signal to
pass. That signal is AC-coupled
to volume-control potentiome-
ter RS, and then is amplified by
operational amplifier IC1.

An operational amplifier is
not a normal audio output
stage, but for this receiver it is
ideal. The Analog Devices
AD745JN (IC1), packaged in an
8-pin DIP, provides an audio
gain of 400. (It has a low-cur-
rent noise of 6.9 femtoamperes
per hertz and 20-MHz gain-
bandwidth product.) It replaces
two or three stages of audio am-
plification and an output trans-
former.

The low harmonic distortion
and 30-milliampere output cur-
rent of the AD745JN permits it
to drive 32-ohm Sony “Walk-
man” headphones commonly
used with personal stereos. at
high-volume levels with low dis-


www.americanradiohistory.com

RF AMPLIFIER DETECTOR AUDIO AMPLIFIER
ANT1
(NOTE 1) 14
_________________ 25mHRFC HEADPHONES
i 1 (EETEXT)  C8 (SEE TEXT)
(]
! Ls : mm'—l('
{ &2 (NOTE 5) - L3 TICKLER
]
]
e N N e i
T A ] .
e 5 RS Q2 i COMMON
1MEG 2N4416 (VOLUME) o
D +
o C13 =
’—K‘ < R7 ™ =l g 8 N
ce G s sk et it 5
e Bi | B2 claf+
ﬂé Clc Wi Loy :
c1b (NOTE 2) e e 33
(NOTE 2) B SR o6 -
b (NOTE 3)
DET o1 c10
el [F i AT o1
c7 == Ci2 REGEN)
01 Re ‘t 33uF T i
27K o - K
- ; 4 1000$
NOTES: 2N4416
1. ANT 1S 100-FT COPPER WIRE AD745JN
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SECTION 3] 5
3. S11S DUAL GANGED SWITCH CASE  SOURCE 8 5
4. FOR COIL-WINDING DIRECTIONS

SEE FIG. 9

b

. MODIFICATION FOR 2 CASCADED

REGENERATIVE STAGES
(SEE TEXT)

FIG. 10—REGENERATIVE SHORTWAVE RECEIVER with “throttiing” capacitor,” two
JFETs, and an op-amp. An additional coil that adds a second regenerative stage is

shown in the dotted box.

tortion. In this circuit, the
headphones are series-con-
nected, and their common ter-
minal is floating. This wiring
scheme doubles the head-
phone’s impedance to about 64
ohms, making them much easi-
er for the receiver to drive.

The excellent sound quality of
this receiver will quickly be-
come evident if you tune tosuch
shortwave stations as BBC Lon-
don which broadcasts music as
well as voice. If a high-fidelity
output is not desired, a 0.01 mi-
crofarad capacitor can be placed
across volume control R5 to at-
tenuate high frequencies.

The optimum number of
turns on the tickler winding for
asmooth transition into oscilla-
tion was found by trial and er-
ror. Coil-winding information is
given in Fig. 9-a. (Figure 9 con-
ains all the coil winding data
needed to build the circuits de-
scribed in this article). Too
many turns will cause the cir-
cuit to break into free oscilla-
tion, making receiver tuning
difficult; too few will restrict
positive feedback, and receiver

sensitivity will suffer.

The main tuning coil for this
receiver is wound on a 3-inch
length of 1.5-inch outside diam-
eter PVC pipe. Refer to the “Coil
winding” section near the end
of this article for useful sugges-
tions in coil winding.

PARTS SUPPLIERS

Air-variable tuning capacitors,
transformers and mis-
ceilaneous components can
be purchased from:
¢ Antique Electronics Supply,
6221 S. Maple Ave. Temple AZ
85283.
¢ Fair Radio Sales Co.P.0O. Box
1105, 1016 E. Eureka St. Lima,
OH 45802
® Ocean State Electronics,
P.O. Box 1458, 6 industrial
Drive, Westerly, Rl 02891

Vernier dials are available from
Ocean State Electronics.

The Analog Devices AD745JN
operational amplifier and the
Motorola 2N4416 JFET can be
purchased from any stocking
branch of Newark Electronics
and many other distributors.

This shortwave receiver was
designed to be easy to build.
With the exception of the air-
dielectric variable capacitors,
all of the components are readily
available from electronics mail-
order houses or retail stores.
The two variable capacitors can
be purchased from the sup-
pliers whose names and ad-
dresses are given in the Source
List. The estimated price for all
the components is about $20.
Stereo headphones add another
$7 to S10.

There is nothing critical
about the radio-frequency
choke (RFC) for this receiver.
You can buy a 2.5 microhenry
RFC or make your own by wind-
ing several layers of turns of No.
30 AWG magnet wire around
the entire length of a 470-kil-
ohm, l-watt, molded carbon
composition (or carbon thick-
film) resistor. Solder the wire
ends to the resistor’s leads.

Two 9-volt batteries power
this receiver. It draws about 10
milliamperes from the positive
battery and 8 milliamperes from
the negative battery. The mea-
sured sensitivity of this receiver
(50-ohm termination, 30%
modulated carrier) is approxi-
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FIG. 11—ECONOMY MODEL REGENERATIVE shortwave receiver based on three NPN

transistors.

mately 40 microvolts.

The optional fine-tuning ca-
pacitor shown in Fig. 8 can be
omitted if you choose to use a
vernier dial for operating varia-
ble capacitor C3. The author’s
prototype for this shortwave re-
ceiver was built on an alumi-
num chassis with two side
panels. The circuitry was point-
to-point wired on a section of
prepunched circuit board mea-
suring about 22 X 2% inches,
with a ground plane on one
side. It was mounted on stand-
offs to the base of the chassis.
The potentiometers, tuning
dial, jacks, and terminals were
mounted on the side walls. The
two-9-volt batteries were snap-
ped into clips attached to the
side walls.

To operate the receiver, con-
nect the antenna and ground to
the set, back the regeneration
control knob to the position for
minimum regeneration, and
turn on the power. With the vol-
ume control set in mid position,
advance the regeneration con-
trol until a click is heard in the
headphones.

Tune the receiver until a sta-
tion is found, and again adjust
the regeneration control knob,
this time to a point just below
oscillation. (There will be an au-
dible howl if the receiver is os-
cillating when tuned to a
station.) If the detector does not
oscillate, check the wiring care-
fully. If the wiring agrees with
the schematic, reverse the leads
to the tickler winding.

The highest sensitivity and

selectivity will be achieved if the
receiver is operated at a point
just below the threshold of os-
cillation. The regeneration con-
trol must be readjusted each
time the receiver frequency is
changed. Use one hand for tun-
ing and the other for adjusting
regeneration. Here are some
tuning hints:
® If a station is being received
with adequate volume, a de-
crease in regeneration will im-
prove the sound quality.
® If more than one station is
being received, and they cannot
be separated by tuning, an in-
crease in regeneration will pro-
vide more selectivity.
® The adjustment of capacitor
Cl1 is important for receiver op-
eration because it adjusts the
loading the antenna presents to
the detector. For best selectivity,
coupling should be just enough
to allow the detector to self-os-
cillate at the low end of its tun-
ing range.
® Increasing the capacitance of
Cl loads the detector. This will
prevent free oscillation and de-
tune the receiver slightly rather
than let it oscillate. (With less
capacitance, the detector will
oscillate intermittently as the
signal level varies.)
® To avoid annoying oscilla-
tions, adjust Cl for its highest
capacitance. This effectively
provides automatic gain control
(AGC). While it simplifies tun-
ing, it also reduces receiver se-
lectivity.

In general, for a 100-foot an-
tenna, Cl1 should be set so that

it provides about a third of its
total capacitance (30
picofarads). If the antenna
length is shorter, capacitance
should be 50 to 100 picofarads.

Regenerative negatives

The regenerative receiver of
Fig. 8 has its drawbacks. When
receiving weak signals, the de-
tector can self-oscillate if the re-
generation level is too low to
amplify the received signal sat-
isfactorily. As a result, strong
signals are amplified signifi-
cantly with pronounced selec-
tivity, while weak signals receive
much less amplification.

When two received signals are
close in frequency, it might be
difficult to separate the weaker
signal from the stronger one,
and an audio “whine” occurs. In
addition, “dead spots” are en-
countered as the receiver is
tuned across the band because
the antenna goes in and out of
resonance as receiver frequency
is varied. When the antenna is
at resonance, it absorbs energy
from the detector and loads it
down, thus preventing re-
generation.

Probably the most annoying
characteristic of the simple re-
generative receiver is that if its
detector free-oscillates, it radi-
ates a signal from the receiving
antenna at its tuned frequency.
Because the antenna is also
tuned to this frequency, it be-
comes a very efficient radiator.

Therefore, despite the fact
that the JFET detector pro-
duces only a 10 milliwatt out-
put, the generation of radio

NOTES:

1. TRANSFORMER T1:PRIMARY
120¥AC, SECONDARY 8.3VAC, 300mA

2. DIODES D102 SILICON 24, 200v

3, CAPACITORS €1, G2, C3, C4: 2000pF

4. BESISTORS At A2: 1000

FIG. 12—FILTERED POWER SUPPLY for
the transistorized regenerative receiver
circuits.
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interference must be avoided.
With the circuit of Fig. 8, the
best way to prevent the detector
from oscillating is to adjust the
input coupling with variable ca-
pacitor C1 so that the detector
never quite breaks into oscilla-
tion.

Throttle condenser

The JFET regenerative short-
wave receiver circuit in Fig. 10
overcomes many of the draw-
backs inherent in the Fig. 8 cir-
cuit. It includes a stage of RF
amplification that provides
about 30 dB of isolation be-
tween the detector and the an-
tenna. It substantially improves
the sensitivity tobetter than 0.5
microvolt over most of its oper-
ating range, makes some im-
provement in selectivity, and
.eliminates antenna ‘“dead
spots” caused by antenna reso-
nance effects.

Resistors Rl and R2 set the
bias level for RF amplifier Q1.
The output of Q1 is coupled to
the input of detector Q2 with a
100 picofarad capacitor and a
tap on coil L2. This avoids ex-
cessive detector loading. Tran-
sistor Q1 is powered from the
negative battery, while Q2 is
powered from the positive bat-
tery. This balances the current
drain from each battery so that
both batteries will be dis-
charged at the same rate.

Potentiometer R3 varies the
negative supply voltage that, in
turn, varies the RF gain and the
signal level applied to Q2. To
keep the signal-to-noise ratio
high, set detector regeneration
control potentiometer R8 near
midscale. This allows high RF
gain to be adjusted before self-
oscillation begins. Resistor R4
and capacitor C4 decouple the
power supply between the RF
and output stages.

Refer to Fig. 10 and notice
that the coils for this receiver
(Figs. 9-b and 9-c) are wound on
l-inch diameter plastic pill con-
tainers. The author’s prototype
was point-to-point wired on per-
forated universal circuit board
with a ground plane on one side
measuring 6 X 4% inches that
fit in a 6%-inch x5 X3-inch
high metal case. Again, as in
the Fig. 8 receiver, the manual

REGENERATIVE SHORTWAVE receiver.
Note the shield between the RF and de-
tectors.

i R
#

THIS SENSITIVE AND SELECTIVE re-
ceiver was built with a vernier dial for
improved tuning accuracy.

controls with knobs, batteries,
and headphone jack were
mounted on the walls of the
metal case.

Unfortunately, the additional
gain of the RF stage makes it
more difficult to maintain cir-
cuit stability. One way to over-
come this is to be sure to
connect the frame of the multi-
gang tuning capacitor directly
to ground with screws rather
than relying on a length of wire
sandwiched between it and the
chassis ground.

Connect the antenna directly
to the tap on L1. Connect the
gate of Q1, which is AC-coupled
by C2, to the top of L1. To main-
tain its stability, solder a shield
made from a small piece of cop-
per-clad circuit board vertically
between the RF and detector
coils. This prevents strong de-
tector signals from being fed
back to the RF stage.

An innovative feature of this
circuit is its tracking throttler
capacitor. In a typical re-
generative receiver, feedback or

www americanradiohistorv com

regeneration control must be
constantly readjusted as the fre-
quency is varied. However, one
section of a three-gang tuning
capacitor in this circuit forms a
throttling condenser that helps
to compensate for higher re-
generation levels as the received
frequency is increased.

The tracking of regeneration
versus the received signal is not
precise because the inductance
of the tickler coil is less than
that of the main tuning coils,
while the capacitor values of
both are equal. Here a compro-
mise was introduced: addi-
tional turns were added to the
tickler for better tracking, but
the presence of a tickler with the
same number of turns as the
tuning coils would provide too
much feedback. This excessive
feedback would, in-turn, re-
quire the gain of Q2 to be re-
duced almost to cutoff, making
regeneration difficult to control.

Cascaded regeneration

Two or more cascaded re-
generative circuits will signifi-
cantly increase overall receiver
selectivity. The regenerative re-
ceiver in Fig. 10 can be modified
to make both the RF and detec-
tor stages regenerative by
adding a second tickler coil, L5,
as shown in the inset of Fig. 10.
Open the connection between
the drain of Q1 and the junction
between R4 and C5, and con-
nect the coil shown as Fig. 9-d
in the coil widing guide. One-
inch diameter pill bottles were
also used as the forms for this
coil. Coils L2 and L3 remain the
same.

For the highest selectivity and
sensitivity, it is important that
both regenerative stages oscil-
late at the same time. “Re-
generative tracking” can be
accomplished with just the
right number of turns on coil
L5-a. (The = symbol indicates
that from four to six turns
might be required.) Neverthe-
less, to set both stages for con-
tinuous simultaneous oscilla-
tion over a useful frequency
range, two separate regenera-
tion controls are required: one
for the detector and one for the
RF stage.

Continued on page 80
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BP182—MIDI interfacing enables any so
equipped instruments, regardless of the man-
ufacturer, to be easily connected together and
used as a system with easy computer control
of these music systems. Combine a computer
and some MIDI instruments and you can have
what is virtually a programmable orchestra. To
order your copy send $6.95 plus $2.50 for
shipping in the U.S. to Electronic Technology
Today Inc., P.0. Box 240, Massapequa Park,
NY 11762-0240.

HIGH POWER i
AUDIO .
AMPLIFIER
CONSTRUCTION

BP277—Here's background and practical de-
sign informatijon on high power audio ampli-
fiers capable of 300 =400 watts rm.s. You'll
find MOSFET and bipolar output transistors in
inverting and non-inverting circuits. To order
your copy send $6.25 plus $2.50 for shipping
in the U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park, NY
11762-0240.

CIRCLE 180 ON FREE INFORMATION CARD

POWER LINE MODEM

continued from page 65

#HUFT, where # is the start
character, H is HOUSE code, U
is UNIT code, F is the FUNC-
TION code, and T is the number
of times the requested function
is to be repeated. (See Table 3.)
To send DIM 1I-7 to 50% key
#8647, then hit RETURN.

This message is translated as: #
(start character), 8 (house code
1), 6 (unit code), 4 (DIM), and 7
(repeat DIM 7 times). The DIM
values range from 1 to F.

To send this command, the
string is #8647, then hit
RETURN.

The same format is used to
BRIGHTEN: #865D, then hit
RETURN.

For greater flexibility, three
more commands are available.
The @, 8 and &. These allow
direct access to the TW-523 with
no special handling. The 8§ is
will send house and unit codes
to the TW-523. The @ sends

house and unit codes only.
Those commands provide com-
plete control of unique soft-
ware. To send a valid X-10
command, send the data in this
sequence: SHU, then hit RETURN,
@HF, then hit RETURN again.

To turn on four lights (B-5,
B-6, B10 and B-12), you must
arm the desired modules. Then
send a function code that in-
structs the modules what to do.
The sequence of commands
looks like this:
$14—Arm the module at B-5
$15-—Arm the module at B-6
$19—Arm the module at B-10
8$1B—Arm the module at B-12
&12—Send ON command

The & key sends house and
Jfunction codes repeatedly. This
command is useful for sending
a function code to many dif-
ferent units. The format of this
message is &HFT, where H is
house code, F is_function code,
and T is number of times to re-
peat (1-F). For example, if you
want to dim five lights simulta-
neously (e.g., A-1, A-2, A-8, A-9,
A-16). The sequence would be:
S00—Arm the module at A-1

wwWwW americanradiohistorv com

$01—Arm the module at A-2
S07—Arm the module at A-8
S08—Arm the module at A-9
SOF—Arm the module at A-16
&043—Send DIM command

This instructs the interface to
send a dim command to all
“armed” modules on house code
A, and do it three times. Note:
These last three commands
work only on one house code at
a time. The ? key retrieves the
ROM data and revisions.

Troubleshooting

If the PLM-1 does not func-
tion, examine all of the cables to
verify that the plugs were in-
stalled correctly. Check the com-
munications program as set by
switch S1. Measure the input at
pin 1 of IC4 to verify the pres-
ence of 9 volts DC, and measure
the output at pin 3 to verify the
presence of 5 volts DC.

Verify that crystal XTALI is
oscillating with an oscilloscope
probe at either pin 18 or 19 of
IC1. Measure the output at un-
used pin 30 of IC1 to verify that
it is one-sixth of the oscillator
frequency. Q
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Learn about the audio amplifiers in stereos, tuners, and tape
and CD players, and apply your knowledge to experiments or

designs.

TRANSISTORS ARE THE KEY COMPO-
nents in many different kinds of
audio preamplifiers. amplifiers,
and tone-control circuits. Re-
cent articles in this series have
diseussed the operating princi-
ples and applications for dis-
crete bipolar junction tran-
sistors (BJT). Earlier articles
have covered such subjects as
low-power amplifier circuits,
multivibrators, and oscillators.

Audio amplifier basics

A modern stereo amplifier
system has two closely matched
high-fidelity audio amplifier
channels. Typically each of
those channels offers switch-se-
lectable inputs for such signal
sources as a tuner, tape player,
and CD player. Each also pro-

vides a single output signal to a
high-power loudspeaker To
analyze one of those systems. it
is useful to divide the system
into three functional circuit
blocks, as shown in Fig. 1.

The first of these blocks is the
selector/preamplifier. It permits
the system listener to select the
desired input signal source.
and it automatically applies an

e s 2 T
22 e ir L. s
! . Ty
!

appropriate amplification level
and frequency correction to the
signal to condition it for the sec-
ond circuit block, tone/volume
control.

The tone/volume-control
block permits the listener to ad-
just the frequency charac-
teristics and the amplitude of
the audible output to suit his
individual taste. This block

BT

| SELECTOR/
—| PREAMPLIFIER

o
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B

FIG. 1—ONE CHANNEL OF AN AUDIO AMPLIFIER SYSTEM.
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for use with a ceramic or crystal micro-
phone.

FIG. 3—MAGNETIC MICROPHONE pre-
amplifier that provides a 46 dB gain.

..... e

FIG. ——MAGNETIC MICROPHONE pre-
amplifier that provides a 76 dB gain.

might also contain additional
filter circuits including one spe-
cifically designed to screen out
scratch and rumble.

The last section of the ampli-
fier system is the power ampli-
fier. It might be able to produce
power levels from a few hundred
milliwatts to hundreds of watts.
Audio power amplifiers are de-
signed to cover the audio fre-
quency range with minimal
signal distortion. Most quality
products today include auto-
matic overload and thermal-
runaway protection.

The three sections of the au-
dio amplifier system are all
powered from a single built-in
power supply. All three sections
include individual power sup-
ply decoupling networks to pre-
vent unwanted signal inter-
ference. The first two amplifier
blocks will be discussed here.

Simple preamplifiers

The audio preamplifier cir-
cuit modifies the input signal
characteristics so that it will
have a steady frequency re-
sponse and the nominal 100-
millivolt output amplitude nec-
essary for driving the tone/vol-
ume control section.

If the input signal is derived
from a radio tuner or a tape
player, the signal charac-
teristics are usually in a form
that can be fed directly to the
tone/control section, bypassing
the preamplifier. However, if the
input is obtained from a micro-
phone or other audio input de-
vice, it will probably need pre-
amplifier conditioning.

Two basic kinds of trans-
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FIG. 5—TYPICAL PHONOGRAPH DISK
frequency-response playback curve.
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FIG. 6—RIAA PLAYBACK equalization
curve.
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ducers are found in micro-
phones and audio pickups:
magnetic or piezoelectric ce-
ramic/crystal. Magnetic trans-
ducers typically offer low output
impedance and a low signal sen-
sitivity of about 2 millivolts.
Their outputs must be fed to
high-gain preamplifier stages.

By contrast, ceramic/crystal
transducers usually have ahigh
output impedance and a high
nominal sensitivity of about
100 millivolts. Their outputs
must be fed to a high-imped-
ance preamplifier stage with
near-unity voltage gain.

Most microphones have a
nearly flat frequency response,
so they can be matched to sim-
ple, flat-response preamplifier
stages. Figure 2 shows a unity-
gain preamplifier circuit that
will work with most high-im-
pedance ceramic or crystal mi-
crophones. It is an emitter-
follower (common collector) am-
plifier with an input network
bootstrapped by C2 and R3. It
has a typical input impedance
of about 2 megohms. The com-
bination of C5 and R5 decou-
ples the amplifier from the DC
power supply.

Figures 3 and 4 show alter-
native preamplifier circuits that
will match magnetic micro-
phones. The single-stage cir-
cuit of Fig. 3 gives 46 dB ( X 200)
of voltage gain, and it will work
with most magnetic micro-
phones. The two-stage circuit of
Fig. 4, however, gives 76 dB of
voltage gain, and it is intended
for preamplification of the out-
put of very-low-sensitivity mag-
netic microphones.

RIAA preamplifier circuits

The replay of a constant-am-
plitude 20 Hz to 20 kHz varia-
ble-frequency signal that has
been recorded on a phonograph
disc with conventional stereo
recording equipment will gener-
ate the nonlinear frequency re-
sponse curve shown in Fig. 5.
Here, the dotted line shows the
idealized shape of this curve,
and the solid line shows an ac-
tual shape.

Examination of the idealized
(dotted) version of the curve in
Fig. 5 will show that the re-
sponse is flat between 500 and
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FIG. 7—RIAA EQUALIZATION PREAMPLIFIER for a magnetic phono cartridge.
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FIG. 8—RIAA EQUALIZATION pre-
amplifier for a ceramic phono cartridge.
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FIG. 9—ALTERNATIVE RIAA equaliza-
tion preamplifier for a ceramic phono
cartridge.

2120 Hz. However, it rises at a
rate of 6 dB/octave (20 dB/de-
cade above 2120 Hz), and falls at
a 6 dB/octave rate between 500
Hz and 50 Hz. The response
then flattens at frequencies be-
low 50 Hz.

There are good-but difficult
to explain—reasons why the pre-

cise Fig. b recording curves are
used. However, all you really
need to know is that they make
it possible to produce disc re-
cordings with excellent signal-
to-noise ratios and wide dynam-
ic ranges. The curves were ap-
plied during record pressing,.
The important point to be
made here is that when a disc is
replayed, the output of the pick-
up device must be passed to the
power amplifier through a pre-
amplifier whose frequency
equalization curve is the mirror
image (exact inverse) of the one
used to make the original re-
cording. As a result, a linear

overall record-to-replay re-
sponse is obtained.

Figure 6 shows the RIAA
equalization curve. RIAA is an
abbreviation for the Recording
Industry Association of Amer-
ica, the organization that stan-
dardized the precise specifica-
tion of the curve for the
equalization of phonograph rec-
ords. When long-playing pho-
nograph records were the pri-
mary source of recorded music
and audio entertainment, cir-
cuit designers had to include fil-
ter networks that corrected the
input from the record to con-
form to the RIAA equalization
curve.

The relatively recent world-
wide conversion to compact
discs (CDs) as the primary
source of recorded music and
entertainment has diminished
the importance of the FIAA
curve. Equalization is not re-
quired for linear signal sources
such as CDs.

Nevertheless, a preamplifier
with an RIAA equalization net-
work is still needed if you want
to play any of the pressed long-
playing and 45 rpm records.
This equalization can be ob-
tained by wiring frequency-de-
pendent, resistive capacitive

Gin +12V TO +22V
100uF |
MAG
PHONO © )% ]
ol o 5 | ourpur
OTHER ) 2 0039
INPUTS °—°3 —w—{(-¢
o—P8ne
> R6 $ 2 . ’
Ri R3 $ 6 < -
56K woad 1kT g A0
= *SEE TEXT
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feedback networks into a pre-
amplifier. This circuitry causes
the gain to fall as the frequency
rises. One network will control
the 50 to 500 Hz response, and
the other will control the 2120
Hz to 20 kHz response.

Figure 7 is the schematic for
an amplifier with those net-
works that will work with any
magnetic phono cartridge. It
gives a 1-volt output from a 6-
millivolt input at 1 kHz, and pro-
vides equalization that is with-
in 1 dB of the RIAA standard
between 40 Hz and 12 kHz.

The preamplifier circuit is de-
signed around transistors Q1
and Q2, withC2 and R5, and C3
and R6 forming the feedback re-
sistor capacitor equalization
network. The output of the
emitter-follower buffer stage.
transistor Q3. can be controlled
by voLuME control potentiome-
ter R10.

The quality of reproduction of
ceramic or crystal phono car-
tridges is generally lower than
that of magnetic cartridges, but
they produce far higher ampli-
tude output signals. Ceramic
and crystal phono cartridges
will work with simple equaliza-
tion preamplifiers—one reason
why those cartridges were in-
stalled in so many low-cost rec-
ord players.

Figures 8 and 9 show alter-
native phono cartridge pre-
amplifier/ equalization circuits
that can function with either ce-
ramic or crystal phono car-
tridges. Both circuits are de-
signed around transistorized
emitter-follower output stages
Q1 and Q2. The output of the
circuit in Fig. 8 can be con-
trolled by voLuME control poten-
tiometer R4, and that of Fig. 9 is
controlled by R5.

The preamplifier/equalizer in
Fig. 8 will work with any phono
cartridge whose capacitance is
between 1000 and 10,000 pF.
Two-stage equalization is pro-
vided by the resistance-capaci-
tance network made up of Cl,
C2, R2, and R3. Preamplifica-
tion/ equalization for this cir-
cuit is typically within 1.6 dB of
the RIAA standard between 40
Hz and 12 kHz.

The alternative preamplifier/
equalizer shown in Fig. 9 will
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work only with phono car-
tridges whose capacitance val-
ues are between 5000 and
10,000 pF because this capaci-
tance is part of the circuit’s fre-
quency response network. The
other part of the network is
formed by C1 and R3. At 50 Hz,
this circuit has a high input im-
pedance of about 600 kilohms,
which causes only slight car-
tridge loading.

However, as frequency in-
creases, input impedance de-
creases sharply, increasing car-
tridge loading and effectively
reducing circuit gain. The
equalization curve approxi-
mates the RIAA standard, and
circuit performance is adequate

c1 <Rl C4
1.04F $10k 015 —0
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., RG N 1mK
100K £ & am4—+3 (LOG-
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Lok $ 330 1'O'(T.uso
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FIG. 14—PASSIVE BASS AND TREBLE
tone-control network.

for most practical applications.

A universal preamplifier

Most audio amplifier systems
must have preamplifiers with
many different characteristics.
These include high-gain linear
response for magnetic micro-
phones, low-gain linear re-
sponse for tuners, and high-
gain RIAA equalization for mag-
netic phono cartridges.

To meet this broad require-
ment, most amplifier designers
include a single universal pre-
amplifier circuit such as the one
shown in Fig. 10. Basically a
high-gain linear amplifier, its
characteristics can be altered by
switching alternative resistor-
filter networks into its feedback
system.

For example. when the selec-
tor switch is set to the MAG PHO-
NO position, switch Sl-a con-
nects the input to the magnetic
phono cartridge, and S1-b con-
nects the RIAA equalization net-
work of C4, C5, and R7 into the
feedback loop.

In the remaining switch posi-
tions, alternative input sources
can be selected by S1-a, and ap-
propriate linear-response gain-
control feedback resistors R8,
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: l
<
«
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]
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c3 c7
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FIG. 15—ACTIVE BASS AND TREBLE TONE-CONTROL NETWORK.
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FIG. 16—THREE CHANNEL AUDIO MIXER.

R9, and R10 are selected by S1-
b. Those feedback resistor val-
ues are selected between 10 kilo-
hms and 10 megohms to suit
individual listener tastes. Cir-
cuit gain will be proportional to
the feedback resistor value.

Volume control

The voLuMmE control circuitry
of an audio amplifier system is
normally located between the
output of the preamplifier stage
and the input of the tone-con-
trol circuit. It is usually only a
potentiometer within the cir-
cuit, as shown in Figs. 7, 8, and
9. However, the catch here is
that rapid rotation of the poten-
tiometer knob can apply DC
voltage to the next circuit for
brief intervals. That voltage
could upset circuit bias and
cause severe signal distortion.

The block diagram Fig. 11
shows the ideal topology and lo-
cation for a voLuME control. It is
fully DC-isolated from the out-
put of the preamplifier by capac-
itor Cl1, and from the input of
the tone-control circuit by C2.
As a result, variation of the
wiper of control potentiometer
R1 has no effect on the DC bias
levels of either circuit. Potenti-
ometer R1 should have a log-
arithmic taper, that is, its
output should be a logarithmic
function rather than linear.

Passive tone control

A tone-control network per-
mits the listener to change the
system amplifier’s frequency re-
sponse to suit his own mood or
taste. He can, for example,
boost or reduce the low-fre-
quency (bass) or high- frequen-
cy (treble) sections of a musical
selection to emphasize the
sounds of specific sections of
the orchestra.

Tone-control networks typ-
ically consist of simple resistive-
capacitive filters through which
the signals are passed. Because
these networks are passive,
they cause some signal attenua-
tion. Tone control networks
can, if desired. be wired into the
feedback loops of simple tran-
sistor amplifiers to give the sys-
tem an overall signal gain.
Those are known as active tone-
control circuits.
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Figure 12-a shows a typical
passive bass tone-control net-
work, and Figs. 12-b through
12-d show the equivalent of this
circuit when control potentiom-
eter R3 is set to its maximum
boost, maximum cut, and flat
positions, respectively. Capaci-
tors C1 and C2 are effectively
open circuited when the fre-
quency is at its lowest bass val-
ue. It can be seen from Fig. 12-b
that the boost circuit is equiv-
alent to a voltage divider formed
by dividing 10 kilohms by 101
kilohms. This arrangement re-
sults in a low resistive value of
about 100 ohms that only
slightly attenuates bass signals.

The Fig. 12-c cut circuit, by
contrast, has a voltage divider
equal to 110 kilohms divided by
a 1 kilohm which gives a signal
attenuation of about 40 dB. Fi-
nally, in Fig. 12-d when potenti-
ometer R3 is set to the rLAT
position, it will have 90 kilohms
of resistance above the wiper
and 10 kilohms below it.

This circuit resistance value
is equal to 100 kilohms divided
by 11 kilohms. It gives a signal
attenuation of about 20 dB at all
frequencies. As a result, the cir-
cuit gives a maximum bass
boost of about 20 dB or cut rela-
tive to the flat signals.

Figure 13 shows a typical pas-
sive treble tone-control network
together with its equivalent cir-
cuits under maximum boost,
maximum cut, and flat operat-
ing conditions. This circuit also
provides about 20 dB of signal
attenuation when potentiome-
ter R3 is in the flat position, and
it gives maximum treble boost
or cut values of about 20 dB rel-
ative to its flat performance.

Finally, Fig. 14 shows how the
Fig. 12-a and 13-a schematics
can be combined to make a
complete bass and treble tone
control network. The 10-kilohm
resistor R5 has been added to
minimize unwanted interac-
tion between the two connected
circuit sections. The input to
this network can be taken from
the circuit’s volume control,
and its output can be fed to the
input of the power amplifier.

Active tone controls
A tone-control network can be

included in the feedback path of
a transistor amplifier so that
the system will have an overall
signal gain (rather than at-
tenuation) when its controls are
in the flat position. These net-
works can be simplified ver-
sions of the basic circuit shown
in Fig. 14. Figure 15 is the sche-
matic for an active tone-control
circuit.

A comparision of Figs. 15 and
12 will reveal that the Bass
control section of Fig. 15 is a
simplified version of Fig. 12-a. It
can be seen that the two capaci-
tors C1 and C2 of Fig. 12-a have
been replaced by the single
0.039pF capacitor C2 of Fig. 15.
Similarly, the treble section is a
simplified version of Fig. 13-a,
with resistors R1 and R2 elimi-
nated. Resistors R3 and R4 bal-
ance the performance of the two
sections of the Fig. 15 control
circuit.

An audio mixer

A multichannel audio mixer
is an attractive modification
that can be added to the volume/
tone-control section of an audio
amplifier. This mixer permits
several different audio signals
to be mixed together to form a
single composite output signal.
This modification will be of val-
ue if, for example, you want to
hear the front-door buzzer or
the sounds of a baby crying in a
child’'s room while you listening
to music.

Figure 16 is the schematic for
a three-channel audio mixer
that will provide an overall gain
of one between the output and
each input channel. Each input
channel includes a single O0.1pF
capacitor and a 100-kilohm re-
sistor, to provide an input im-
pedance of 100 kilohms. The
number of input channels to
this audio mixer can be in-
creased by adding more capaci-
tors and resistors with the same
values as Cl and R1.

The mixer should be located
between the output of the tone-
control circuitry and the input
to the power amplifier. One in-
put should be taken from the
output of the tone-control cir-
cuit, and the other inputs should
either be grounded or taken from
the desired source. Q
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REGENERATION

continued from page 73

This modification of Fig. 10
will result in a significant im-
provement in selectivity and
some increase in sensitivity, but
it involves a tradeoff. It will per-
form as well, if not better, than
most modern superheterodyne
receivers. However, there is a
catch. If the RF stage is permit-
ted to self-oscillate, it will radi-
ate its signal from the antenna
causing unwanted and illegal
transmission, and you lose its
principal benefit.

The detector could be set so
that it oscillates first, but that
will reduce the receiver’s overall
selectivity. Also, the tracking
throttler capacitor is less effec-
tive now, and the receiver will
need more frequent regenera-
tion adjustment during tuning.

Low-cost receiver

Low cost and availability of
components were important
considerations in the “modern”
regenerative receivers pre-
sented here. Nevertheless, the
shortwave receiver in Fig. 11isa
“true” economy model. It offers
a frequency range of 5.5 to 12
MHz. The prototype receiver
was built with about $8 worth
of parts (less headphones).
While its sensitivity is good, its
selectivity and stability are not
up to the standards of the re-
ceivers in Figs. 8 and 10.

The first thing that you'll
notice in examining Fig. 11 is
that bipolar NPN transistors
have replaced the more expen-
sive JFETs and op-amps. Tran-
sistor Q1 is part of a re-
generative RF amplifier that
provides high gain. The output
of germanium detector diode D1
directly drives a two- transistor
audio amplifier. (A germanium
diode was selected because its
forward bias voltage—about
half that of a silicon diode—
gives the receiver increased sen-
sitivity.)

The author’s prototype was
point-to-point wired on a 3Y-
inch square of copper-clad cir-
cuit board. This was mounted

Continued on page 88

(o 7

A


www.americanradiohistory.com

HAHI]WAHE HAr:m:n

ere's the latest thinking on
H fluxgate magnetometers:

Use the Magnetics
80511-0.5D-0015-01 core. Wind
200 turns of No. 34 wire on a toroid
for the excitation. Wrap 150 turns of
No. 34 wire in the x sense direction
and 150 turns in the y sense direc-
tion. To minimize feedthrough noise,
drive both sense coils at the second
harmonic of the drive waveform.

Power consumption can be dra-
matically reduced if you can sense
when the core goes into saturation
and then satisfactorally alter the
drive waveform. Be sure to maintain
drive symmetry to block out any
second harmonics. The normal
drive frequencies are around 20
kHz.

Several helpline callers took
strong exception to my negative
comments on magnetoresistors.
Nevertheless, (A) | call them as |
see them, and (B), after a careful
review, | am now even more con-
vinced than ever that today's crop of
magnetoresistors are just plain
awful—at least for precision low-
level field measurements. | feel
these components are clearly inap-
propriate for use in any Brunton-
class digital compass.

The key problems of the magne-
toresistors are their linearity, tem-
perature dependence, noise, and
sensitivity, as well as their need for
external magnetic biasing. And |
haven't mentioned their nasty habit
of flipping out.

On the other hand, |BM re-
searchers discovered a gross mag-
netoresistance effect that promises
to improve their sensitivity five fold,
at least for disk drives. Moreover,
there are many new techniques in
the wind for ultra-low magnetic field
sensing, including tiny micro-
machined fluxgates.

The big-bucks, top-secret plum
that everyone is quietly working to-
ward is direct, real-time imaging of

the human heart’s magnetic field.
Sensitivities on the order of 0.06
gamma are being discussed. Watch
for some stunning new magne-
toresistance sensor breakthroughs
soon. Meanwhile, fluxgates seem
to be the way to go.

Solid-state compasses for auto-
mobiles have their own unique prob-
lems. The magnetic field of the car
itself is as much as ten times stron-
ger than Earth's magnetic field.
Compensating for this condition to
obtain accurate results can be
tricky. One way to do it is to use a
microcontroller to sense when the
car has gone completely around a
block, closing a circle. Correction
vectors can then be stored in mem-
ory for later use.

One source of information on
low-resolution car compasses is
Dinsmore. Lower cost hacker mag-
netometer cores and systems are
now available through OrthoLogic,
and premium-quality magne-
tometers are offered by EMDS.

Much more on these topics ap-
pear in the Hardware Hacker re-
prints and on my GEnie PSRT.

Sonoluminescence

How do you spot an emerging
new technology before it emerges?
My usual approach is to review
Science, Science News, and the
technology section in the Wall
Street Journal for hints about new

: HEED HELF‘I'
+ Phanh or wrile your H:llld'l'l‘lrt :
'_Hacktrqu&ﬂinnnm :
" Don Lancaster
= ;BWH:S 3
-Bo BDQ-EN
‘Thatchet. AZ BSﬁﬁE
.[ﬁGEHEB-“IﬂTﬂ

: -Fw fast PSRT access, modem
- {BOA) 638-B369, then an HHH.

Then XTX98005,SCRIPT. -
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stuff being introduced. There are
also hundreds of trade journals to
read. Once you have collected a few
magic keywords or important au-
thor names, you can go to Dialog or
UM for the key papers.

Sonoluminescence (or "'light
from sound™) is a typical example.
This is an emerging research topic
that promises some potentially
stunning new applications. Besides
the usual academic papers and sci-
ence-fair projects, this one also
seems to be cheaply hackable.

The usual sonoluminescence set-
up is shown in Fig. 1. You take a
small flask of water and couple 25-
kHz ultrasonic energy into it. Under
carefully controlled conditions, trap-
ped air or other gas bubbles in the
water will emit a clear blue light!

Wait, it even gets better. Appar
ently what's happening is that the
sonic energy is being spherically
focused up to twelve orders of mag-
nitude or higher. That's a million mil-
lion! The blue light is actually
ultraviolet centered on 310
nanometers. The water heavily at-
tenuates the ultraviolet wave-
lengths, so you see only the blue
light.

The light is produced by heating
the air at the center of the bubble to
beyond 10,000 degrees—and pos-
sibly much higher.

Even more intriguing is the fact
that the light is emitted in very brief
pulses a mere 50 picoseconds long.
These bubbles are usually tiny.
They'll oscillate in size from two mils
down to a fraction of a mil. Some-
times less.

Just what good is all this? No-
body knows for sure—yet. It is all
too new for commercial applica-
tions. Well, anything blue should be
very handy. Basic laws of physics
make generating blue light a real
bear. Sonoluminescence could turn
out to be a low-cost source for the
brief light pulses that are needed in
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laser research and for spectroscopy
experiments.

Sonoluminescence can concen-
trate energy to astonishingly high
levels. Possibly this same concept
could be adapted to solar energy. it
should also be possible to scale up
the effect to create a plasma torch
that might be used to safely dispose
of various hazardous materials by
vaporization.

The internal sound levels needed
are “real loud,” comparable to the
110 decibels generated by a nearby
jet engine. But those levels are still
within hacker range. Surprisingly,
they are actually much lower than
the levels required for sonic re-
frigeration. Either a piezoelectric
transducer or a common tweeter
should be useful here.

.There have been several hundred
papers published on sonolumines-
cence. | picked five recent samples
and put themin Fig. 2. Those should
be enough to get you started. As
usual, you can get abstracts on all of
these papers through Dialog and
the papers themselves either
through UMI or an interlibrary loan.
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FIG. 1—SONOLUMINESCENCE results
when ultrasonic waves become spher-
ically focused to extremely high inten-
sity. The center of a tiny air or gas bubble
may get so hot that it emits ultra-short
pulses of blue or ultraviolet light!

Let me know what you come up
with here.

FM radio data service

Frequency modulation broad-
casters are scrambling all over each
other to offer a brand new feature
called the Radio Broadcast Data
Service, or RBDS for short. RBDS
sends out short digital messages
along with the usual audio program
material.

The most obvious RBDS applica-
tion is to display the name of a song
being aired and who is singing it. But
RBDS can also identify the call let-
ters and format of the station. It can
also be used for time, weather, traf-
fic, and emergency information.
RBDS is also apparently is also

being used for certain cable “CD

jukebox” features.

This is all currently in the chicken-
and-egg stage. because few re-
ceivers are capable of displaying
digital data. However, a related RDS
service has been in full operation in
Europe for a decade.

Three hot new uses for RBDS are
emerging. One is for custom paging
services; the second is for coupon
radio that permits special discounts
to be offered by advertisers only to
those listening at the time. Smart
cards are involved.

The third big new application is to
provide differential GPS correction
data. This service could dramat-
ically upgrade the accuracy of all

Global Positioning Satellite re-
ceivers within a station's broadcast
area. A plain old GPS receiver can
be upgraded to a precision unit sim-
ply by adding some software and
the correction data.

The RBDS services are now
being coordinated by the National
Radio Systems Committee, which
is a cooperative venture between
the National Association of Broad-
casters and the old Electronic In-
dustries Association. Copies of the
RBDS standard can be ordered
from the EIA for $20 each.

FM station transmissions are nor-
mally at least 200 kilohertz apart, so
there is lots of room in an FM chan-
nel for many different services. Fig-
ure 3 shows how a typical station
might combine mono, stereo,
RBDS and SCA simultaneously.

All of these services could simul-
taneously appear at the broadband
output of your receiver's FM detec-
tor. The frequencies below 19 kHz
will be conventional mono sound,
which is also stereo left + right au-
dio, and it is the only sound you can
hear without further processing.
The other services are provided on
subcarriers.

When stereo is present, thereis a
pilot reference at 19 kilohertz. The
left — right stereo information is just
below 38 kHz. To produce full ster-
eo, the pilot is doubled in frequency
to 38 kHz and then mixed (or multi-
plied) against the L — R information.
The difference term produces base-
band audio on a second output. To
convert to stereo, a matrix tech-
nique adds the two signals to pick
up the left channel (L+R+L—R)
and subtracts the two to get the
right channel (L+R—L+R).

SCA subcarrier services can be
provided at higher frequencies.
These are usually fee-based and
thay offer music, news, or stock
quotes. The oldest of these is the
Muzak that makes elevators so un-
pleasant for many people.

SCA services can be demodu-
lated with a bandpass filter and
phase-locked loop. Popular carrier
frequencies are 67 and 92 kHz. But
notice that doing that is a theft of
services similar to ripping off satel-
lite signals.

Special identifier codes are usu-
ally buried carefully in these signals;
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A theoretical study of sonoluminescence.

Kamath, V.; Prosperetti, A.; Egolfopoulos, F.N.
Journal of the Acoustical Society of America
vol.94, no.1 p.248-60 July 1993 (49 Refs)

Shock-wave propagation in a sonoluminescing gas bubble.

Wu, C.C.; Roberts, P.H.
Physical Review Letters
v0l.70, no.22 p.3424-7 31 May 1993 (13 Refs)

On sonoluminescence of an oscillating gas bubble.

Greenspan, H.P.; Nadim, A.
Physics of Fluids A (Fluid Dynamics)
vol.5, no.4 p.1065-7 April 1993 (18 Refs)

Sonoluminescence spectra of water.

Didenko, Yu.T.; Pugach, S.P.; Kvochka, V.I.; Nastich, D.N.
Journal of Applied Spectroscopy
v0l.56, no.4 p.381-5 April 1992 (21 Refs)

The color of sound: shedding light on sonoluminescence.

Scientific American

December 1993, p24-26
FIG. 2—SOME RECENT SONOLUMINESCENCE REFERENCES.
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L+R) (L-R) SCA #1 SCA #2
audio audio service service
T T
0 19 kHz 57 kHz

Deviation from carrier frequency

FIG. 3—FM STATIONS can offer mono,
stereo, SCA, and RDBS services all at
once. Here is how the received broad-
band audio spectrum is arranged.
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nc

quency is centered on 57 kHz, the
third harmonic of the stereo pilot.
The data is 1200-baud serial using a
simple frequency shift keying (FSK.
A digital 1" is often 1.2 kHz below,
and a digital “0" is 1.2 kHz above
the center frequency. Typical ampli-
tude at the detector is in the 20- to
200-millivolt range.

Four important gotchas for RBDS

7 pf
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0.1 pF

o
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FIG. 4—THE RBDS DATA STREAM is surprisingly cheap and easy to decode. The
Signetics/Philips SAA6579T chip combines a bandpass filter, a phase-locked loop
data extractor, and a signal-quality detector.

that makes criminal convictions
easy!
At any rate, the RBDS carrier fre-

reception: (A) The FM receiver must
include wide-bandwidth intermedi-
ate frequency (F) circuitry—most
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NAMES AND NUMBERS

Analog Devices
PO Box 9106
Norwood, MA 02062

(617) 329-4700
CIRCLE 316 ON FREE INFORMATION CARD

Coupon Radio
10 Rockefeller Plaza
New York, NY 10020

(212) 595-1313
CIRCLE 317 ON FREE INFORMATION CARD

Dallas Personal Robotics Group
PO Box 1626

Hurst, TX 76053
CIRCLE 318 ON FREE INFORMATION CARD

Dialog
3460 Hillview Avenue
Palo Alto, CA 94304

(415) 858-2700
CIRCLE 319 ON FREE INFORMATION CARD

Dinsmore
1814 Remell Street
Flint, Mi 48503

(313) 744-1330
CIRCLE 320 ON FREE INFORMATION CARD

Electronic Industries Assn
2001 Pennsylvania Avenue NW
Washington, DC 20006

(202) 457-4900
CIRCLE 321 ON FREE INFORMATION CARD

EMDS
16618 Oakmont Avenue
Gaithersburg, MD 20877

(301) 840-5710
CIRCLE 322 ON FREE INFORMATION CARD

EPRI Journal
PO Box 10412
Palo Alto, CA 94303

(415) 855-2000
CIRCLE 323 ON FREE INFORMATION CARD

GEnie
401 N Washington Street
Rockville, MD 20850

(800) 638-9636
CIRCLE 324 ON FREE INFORMATION CARD

Home Power
PO Box 520
Ashland, OR 97520

(916) 475-3179
CIRCLE 325 ON FREE INFORMATION CARD

Lawrence Livermore Labs
PO Box 808
Livermore, CA 94551

(510) 422-6416
CIRCLE 326 ON FREE INFORMATION CARD

Magnetics
Box 391
Butler, PA 16003

(412) 282-8282
CIRCLE 327 ON FREE INFORMATION CARD

National Assn of Broadcasters
1771 N Street NW
Washington, DC 20036

(202) 429-5300
CIRCLE 328 ON FREE INFORMATION CARD

OrthoLogic Corp
2850 S 36th Street, Ste 16
Phoenix, AZ 85034

(602) 437-5520
CIRCLE 329 ON FREE INFORMATION CARD

PAJA Electronics
3200 Teakwood Lane
Edmond, OK 73013

(405) 340-6300
CIRCLE 330 ON FREE INFORMATION CARD

Radio World
5827 Columbia Pike #310
Falls Church, VA 22041

(703) 998-7600
CIRCLE 331 ON FREE INFORMATION CARD

RE America
31029 Center Ridge Road
Westlake, OH 44145

(216) 871-7617
CIRCLE 332 ON FREE INFORMATION CARD

SAE Library
400 Commonwealth Drive
Warrendale, PA 15096

(412) 776-4841
CIRCLE 333 ON FREE INFORMATION CARD

SGS Thompson
1000 E Bell Road
Phoenix, AZ 85022

(602) 867-6259
CIRCLE 334 ON FREE INFORMATION CARD

Sharp

Sharp Plaza

Mahwah, NJ 07430

(201) 529-8757

CIRCLE 335 ON FREE INFORMATION CARD

SIAM
3600 University City Sci Cntr
Philadelphia, PA 19104

(215) 382-9800
CIRCLE 336 ON FREE INFORMATION CARD

Surplus Traders
PO Box 276
Alburg, VT 05440

(514) 739-9328
CIRCLE 337 ON FREE INFORMATION CARD

Synergetics
PO Box 809
Thatcher, AZ 85552

(602) 428-4073
CIRCLE 338 ON FREE INFORMATION CARD

UMI
300 N Zeeb Road
Ann Arbor, Ml 48106

(800) 521-3044
CIRCLE 339 ON FREE INFORMATION CARD

modern receivers have this. (B) The
signals must be extracted directly at
the detector or discriminator, before
any stereo demodulation or audio
filtering takes place, (C) you must
have a complete schematic and the
proper service information on the
receiver being modified. And, finally,
if you are doing a computer inter-
face, (D) noise and hum isolation on
the data lines is a good idea.

Fortunately, there is a new, cheap,
and elegant single-chip solution to
RBDS decoding. Signetics/Philips
is offering a $5 device called the
SAAB579T. A typical circuit ap-
pears in Fig. 4. The chip is basically
a high-quality bandpass filter, which
is followed by a phase-locking dig-
ital-data detector. It only needs six
milliamperes from a 5-volt regulated
supply.

To use the chip, you put a magic
4.332-MHz crystal on the device's
oscillator terminals. You then by-
pass the supply input and the refer-
ence output. Then capacitorcouple
the multiplex signal input, and also
capacitor-couple the filter output to
the demodulator input.

There are three output lines. The
data appears on your data line. A
clock output is synchronous with
the data and might be useful for
simple display circuits. Data is valid
on the leading edge of the clock
signal.

Presumably you can route the
data directly into any 1200-baud
UART or computer serial port with-
out the clock line. The final output is
a signal-quality detector. This pin
goes high when valid data is being
received. It stays low if the signal is
weak or if RBDS is absent.

The chip is in a miniature SOT162
package. This means that you must
carefully solder it directly onto your
circuit board. You might as well use
surface-mount parts for the rest of
the circuit while you're at it. There's
no reason why the whole circuit has
to occupy any more than one square
inch. You will want to make the input
lead from the detector very short.
Chances are that you can get away
with two inches of shielded input
lead.

The output data leads should be
shielded or tightly twisted to pre-
vent them from radiating noise back
into the RF circuitry. In its simplest
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application, the data goes directly
into the serial port on your comput-
er. If needed, Maxim makes lots of
inexpensive RS-232 converters.
But your system should already be
directly RS423-compatible over
short distances.

RBDS encoders for use by the
FM radio stations are available from
a number of sources. The leader
here appears to be the model 532
from RE America. The price of an
encoder is around a kilobuck—
pocket change for a typical FM sta-
tion budget.

One proponent of coupon ser
vices is David Alwadish of Coupon
Radio. This outfit also intends to

offer ready-to-use receivers and
cards some time soon.

Several industry insiders believe
that RBDS might only form an inter-
im solution, with the higher speed
digital transmission systems wait-
ing in the wings. But | can see all
kinds of uses where 1200 baud is
more than satisfactory. It certainly is
cheap and simple to provide, and it
sure is one worthwhile project to
hack.

More news on RBDS as it unfolds
is likely to appear in Radio World, a
trade magazine for commercial ra-
dio stations. In particular, you might
want to look at their November 10,
1993 issue.
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Always Jukin’ Jukebox Junkyard
221 Yesler Way PO Box 181
. Seattle, WA 98104 Lizella, GA 31052
fE‘CI'BJ 233-8460 (912) 935-2721
CIRCLE 340 ON FREE INFORMATION CARD  CIRCLE 348 ON FREE INFORMATION CARD
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Jukeboxes Etcetera
223A N Glendora Avenue
Giendora, CA 91740 *
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- CIRCLE 350 ON FREE INFORMATION CARD

New Engléand Jukebox
77 Tolland Turnpike i
Manchester, CT 06040

(203) 646-1533 ‘
CIRCLE 351 ON FREE INFORMATION CARD

Tim Rand
12027 Saint Vrain Road
Longmont, CO 80501

(303) 772-5158
CIRCLE 352 ON FREE INFORMATION CARD

Vérn Tinsdale
8402 N 18th Avenue
Phoenix, AZ 85021

(602) 944-8444
CIRCLE 353 ON FREE INFORMATION CARD
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CIRCLE 354 ON FREE INFORMATION CARD
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Jukebox resources

Several of you have asked where
to go for more information on
jukebox collecting and parts. For
our resource sidebar this month, |
have gathered together a large
handful of the more important
jukebox resources.

The best magazine here is Always
Jukin' with Jukebox Collector a
close second. Both jukeboxes and
their collectors are far more com-
mon than you might first guess. It's
no big deal to get parts for the more
popular boxes—or the “"mouldy
oldie” records to go with them.

| have posted more information
on other electronic collectibles in
NUTS23.PS on GEnie PSRT. This is
also found in my Resource Bin re-
prints.

Electric autos

[ have had several helpline callers
ask me for my views on electric
cars, so here goes...

All the largest trucks and the
most powerful locomotives in the
world today are powered by elec-
tricity—and thay have been for de-
cades. So, the key problem is
making electric vehicles more wim-
py. rather than less.

It is completely obvious to me
that the minimum number of motors
is four—one for each wheel. Putting
the motors inside the wheels elimi-
nates all of the drive-train parts
(clutches, transmissions, CV joints,
and differentials). Gone also is any
need to transmit mechanical power
between the sprung and unsprung
portions of the vehicle. This makes
for greatly simplified braking. It also
allows the vehicle’s underside to be
far more aerodynamic on the road
and much less vulnerable when off
road. One motor per wheel gives
the ultimate in continuous
“positraction,” driver safety, and
anti-lock braking. It's true electronic
fourwheel drive—all-terrain, all the
time.

What kind of motor? You'd want
to turn things inside out, with the
axle-based stator on the inside and
the wheel-mounted rotor on the
outside. Because brushes or com-
mutators would be a handicap, the
best motor is probably a switched
reluctance unit with high-energy
permanent magnets on the rotor.
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Come to think of it, four motors
are probably too few. It might make
more sense to install modular snap-
on units that would let one, two, or
even four motors to be added per
wheel. This could trade off perfor-
mance for greater economy and
range.

The required battery or fuel cell
technology will arrive long before it
is really needed. Not to worry. For
now, the best choice seems to be a
hybrid system having a continuous-
speed gas engine driving a high-effi-
ciency alternator, plus a limited
amount of battery storage for accel-
eration. Robert Bosch is a source
for this kind of system.

Regeneration? Well, yeah, may-
be, because it simplifies the brakes.
But in general, the regeneration will
not extend the range very much in
the real world. Beware of hype and
wishful thinking here.

For our contest this month, send
me your views on electric vehicles.
There will be the usual /ncredible
Secret Money Machine Il books for
the dozen best entries, with an all-
expense-paid (FOB Thatcher, AZ)
tinaja quest for two going to the
best of all.

As usual, send your written en-
tries to me here at Synergetics and
not to Electronics Now editorial.

Lots more stuff on homebrew and
low-end electric autos shows up in
Home Power magazine. Other
places to look for ongoing develop-
ments are the EPR/ Journal, the
SAE Library, and, of course, Dialog.

New tech lit

Signetics/Philips is offering three
quite impressive new data manuals.
lts Audio Radio Data Handbook in-
cludes information on the RBDS
chip that | discussed. There’s also a
new RF/Wireless Comm data hand-
book and a revised Desktop Video
Data Handbook.

SGS Thompson offers its latest
edition of the Designer's Guide to
Power Products. Analog Devices of-
fers a brochure on Audio Signal Pro-
cessing circuits plus its new Op-
amp slide guide. These folks also
publish a free Analog Dialog journal.

[ have received a few requests for
simple methods to convert off-the-
air or cable TV signals down to
baseband video. The folks at Sharp

have a new data book on RF Com-
ponents that includes complete in-
formation on the RFSP and RFST
front-end modules. Similar units oc-
caisionally show up at Surplus Trad-
ers. But because these all require
stable external circuits for accurate
voltage tuning. you are probably bet-
ter off adapting a junk VCR instead.

More information on aerogels is
now available from Lawrence Liver-
more Labs. It offers a new SEAgel
product made from seaweed agar
that offers densities similar to those
of balsa wood down to solid-foam
structures that are actually flighter
than air. This material is edible,
water-soluble, an excellent in-
sulator, and a good sound absorber.

There’'s a robotics BBS at (214)
258-1832. This announcement is
from the Dallas Personal Robotics
Group that has a fine labor-of-love
newsletter.

A new Yves Meyer book
Wavelets: Algorithms and Applica-
tions is offered by SIAM at $19.50.
A review appears in the December
3, 1993 Science.

Lots more information on wave-
lets appears on my GEnie PSRT.
Simply search the library under
wavelets to get a complete list. And
ISODRAW.PS is a new set of simple
isometric drawing utilities that I've
also just added.

For the insider secrets of starting
your own technical venture, check
into my Incredible Secret Money
Machine Il book, or the ongoing
technical resources in my Blatant
Opportunist.

As usual, most of the stuff men-
tioned here appears in either our
Names and Numbers or our
Jukebox Resources sidebars.

“When you said you needed my manual
to stabilize your scope, I thought you
meant. . . "
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REGENERATION

continued from page 80

on a 4-inch square by %-inch
square wood board. Sheet alu-
minum panels were attached to
the wood base for mounting the
control potentiometers, switch-
es, jacks. and other compo-
nents. The components were
soldered onto two terminal
strips attached to the end and
center of the board. The coil
form with coils L1 and L2 was
mounted between the terminal
strips and variable capacitor C1
was mounted on the other side.

The coil winding diagram
that applies to this receiver is
Fig. 9-e. The headphones are
connected in series with the col-
lector of Q3, eliminating the
need for an output transformer.

Alternative power

Because a regenerative re-
ceiver includes an oscillating
detector, it will amplify hum as
well as radio signals. This
makes it essential that it be
powered with batteries or a very
low-ripple power supply. Figure
12 is the schematic of a suitable

supply.

Coil winding

Refer to Fig. 9, the coil wind-
ing guide, and study it carefully
before winding any coils.
Number 22 insulated,
stranded-copper hookup wire
was used for winding the coils.

Before winding the insulated
hookup wire on a pipe section or
pill bottle, it is recommended
that you drill two small holes
about Y2-inch apart at one end
where the turns are to begin.
Feed one end of the insulated
wire through both holes and tie
a knot in it to secure the start-
ing position, being sure to leave
enough extra wire outside the
knot for the external connec-
tions that are to be made.

Then complete that winding
and drill two more holes in the
coil where the winding ends and
tie a knot there as well. Again,
be sure to leave enough excess
wire outside the knot for exter-
nal connections.
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Building tips

All of the circuits described in
this article include RF stages
that require special attention,
regardless of construction
method. The cardinal rule in
building any high-frequency RF
circuit, is that all ground leads
should be kept as short as pos-
sible. The audio (output) wiring
should be physically separated
from the RF (input) wiring. The
volume controls should be con-
nected to other circuit compo-
nents with shielded wire.

Be sure that all polarized com-
ponents are installed correctly.
This double-checking pro-
cedure is especially important
for stu.dents and novice first-
time circuit builders.

The power supply bypass ca-
pacitors for all ICs should be lo-
cated in close proximity to the
device with short ground leads.
If the antenna is too short for
the high-gain circuits (Fig. 10
and its modification) the RF
stage could be unstable. A ca-
pacitor with a value of about
100 picofarads connected be-
tween the antenna input and
ground should restore stability
to the radio-frequency stage.

The tuning of these receivers
can be improved by adding a
small 5 or 10 picofarad capaci-
tors in parallel with the main
tuning capacitor. In the multi-
stage versions in Fig. 10, dual
capacitors are needed to main-
tain tracking over frequency.
Other possible refinements for
making tuning easier include
tuning capacitors with rotary
motion reduction gears, main
tuning knobs with large diame-
ters (2%-inch or more), and ver-
nier dials intended for precision
potentiometers.

A ten-turn precision potenti-
ometer will make it easier to ad-
just regeneration. The volume
control should be connected
with shielded wire. A separate
wire from the ground side of
this control to chassis ground
helps to prevent ground loops. If
you select an enclosure with a
non-metalic front panel, the
metal bodies of the controls
should also be grounded to
avoid hum and detuning
caused by internal parasitic
effects. Q
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MINIADS!
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ULTRA LOW COST LINEAR PROGRAM-
MABLE POWER SUPPLIES, User-Friendly
with LCD Readouts at Analog Prices. Out-
put Voltage/Current Programming and Read-
back via LCD Panel ® Data Entry with Front-
Panel Keypad e Power-off Memory e Volitage
and Current Step-up/Step-down Function e
Microprocessor Controlied ® Superior Line
Load Reguiation ® Output Enable/Disable ®
Optional RS-232 Interface for Remote Oper-
ation (standard on LPS-305) e Intelligent
Forced-Air Fan Operation. AMERICAN RE-
LIANCE, INC., 11801 Goldring Road, Ar-
cadia, CA 91006. Tel: (818) 303-6688 ® Fax:
(818) 358-3838

CIRCLE 184 ON FREE INFORMATION CARD

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models available, each for
certain channels: 2 & 3; 410 6; 7t0 13; 14 to
17,1810 22; 2310 29; 30 t0 36; 95 to 99 plus 0
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193. Call 24 hours
1-800-535-7827.

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

® Short lead time for the placement of
ads.

® We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space.
Ask for Arline Fishman. Limited number
of pages available. Mail materials to:
mini-ADS, ELECTRONICS NOW, 500-B
Bi-County Bivd., Farmingdale, NY
11735.

FAX: 516-293-3115

ENERGIZER

e ]

CRYSTAL-CONTROLLED! 5 MINUTE AS-
SEMBLY! MONEYBACK GUARANTEE! At-
tach 3 wires and hear every whisper up to 2
miles away on any programmable scanner or
VHF surveillance receiver. Pre-tested surface
mount module uses standard 9V battery for
100mW output! Includes battery box and
crystal for 140MHZ. Custom frequencies
available for Law Enforcement. Model VX-100
only $79.95 + 2.00 S&H. VISA, MC, MO.
COD add $5.00. DECO INDUSTRIES, BOX
607, BEDFORD HILLS, NY 10507.
914-232-3878.
CIRCLE 127 ON FREE INFORMATION CARD

FROM NOT WORKING TO NETWORKING!
Only $5.00! An easy-to-read guide to trou-
bleshooting Local-Area Networks (LAN). Gain
knowledge of network fundamentals and how
they developed from the early days of main
frames, from XNS to Ethernet technology, the
0S| stack for interconnecting different com-
puters, basic and specialized test instruments,
etc. Several tough LAN case histories cov-
ered. Only $5.00, shipping included. Claggk,
Inc., Reprint Bookstore, P.O. Box 4099,
Farmingdale, NY 11375. All payments in U.S.
funds. Check or money order—send no cash.
Sorry, no orders outside U.S.A. and Canada.
NY state residents add applicable sales tax.
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FIG. 14—TWO 74164s (IC27 AND IC28) convert a serial data stream to 16-bit paraliel

words for the control register.
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DECOUPLING CAPACITORS

FIG. 15—THE MC34063A +12- TO 28-VOLT CONVERTER provides the higher voltage
needed to drive the VCO across its full range.

available on the Electronics
Now BBS, as part of a ZIP file
called TG2000.ZIP.

The TG2000.EXE program
contains a menu that allows the
user to configure and control
the generator. A complete user
manual is also contained in the
TG2000.ZIP file, so only the
highlights will be covered here.

Before using the TG2000 soft-
ware. you must choose the in-
terface, and possibly the ad-
dress where the generator will
reside on the PC bus. Select the
SETUP item from the main
menu to configure the software
for the chosen address/inter-
face. The setup information is
stored in a configuration.

Once the setup operation is
complete, you can select either
linear or log sweeps and the
modulation function. The lin-
ear sweep has a constant step
size for the entire band of the
instrument. The log sweep in-
creases its step size by a factor
of two every time it crosses a
band boundary. Both sweep
functions sweep [rom a user-de-

ORDERING INFORMATION

Note: The following items are avail-
able from DKD Instruments, 1406 Par-
khurst St., Simi Valley, CA 93065.
(805) 581-5771:

o TG2000 kit—$775.00

e TG2000 assembled and tested—
$1100.00

fined starting frequency to a
user-defined stopping frequen-
cy. Sweep rate can be controlled
by the DELAY entry.

The other modulation func-
tion is a frequency toggle. Two
user-defined frequencies are to-
ggled back and forth at a user-
defined rate controlled by DE-
LAY. This function can simulate
FSK modulation, commonly
used for digital data transmis-
sion.

Three diagnostic functions
are available: Blink, Bitroll. and
DAC Ramp. Blink will verify in-
terface operation by toggling all
output lines at a 1-Hz rate.
Bitroll will debug the 16-bit con-
trol register. An alternating pat-
tern of ones and zeros is sent to
the 74164s. This results in a
square wave at each control bit.
DAC Ramp commands the DAC
to produce a ramp voltage that
will permit any missing codes to
be spotted with a scope.

Next month's article will cover
the building and and test of the
TG2000. Q

“YOUR FREE
CATALOG
KNOCKED MY
SOCKS OFF”

We get that sort of comment all
the time. People are impressed
that our free Consumer
Information Catalog lists so
many free and low-cost
government booklets. There are
more than 200 in all, containing
a wealth of valuable information.

Our free Catalog will very likely
impress you, too. But first you
have to get it. Just send your
name and address to:

Consumer Information Center
Department KO
Pueblo,

Colorado
81009

A public service of this publication and
the Consumer Information Center of the

U. S. General Services Administration
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{ LeamVCR 1
| repair at home! |

I "MAKE GOOD MONEY IN YOUR |
I OWN FULL- OR PART-TIME JOB |

| Professional- |
| level home study
course. You will
I master easy-to- I
| learn, high-profit |
I repairs with- I
I i out investing
in high-tech
| instruments
1 or a costly i
1 . workshop
[ 8 Want more ||
I % independence I
: d higher
i v 1?1?:0me§ Send |
| or call today! |
I ‘Free career literature: I
1 800-223- 45!42 I
I Name I
I Address Phone () I
l City_ = Sate__Zip I
I The School of VCR Repair |
| 6065 Roswell Road 1
Dept. VC342, Atlanta, Georgia 30328

L f 8 B 1 B .}
CIRCLE 176 ON FREE INFORMATION CARD

4 r;@\-n:twmr- 2,
&" %
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&

ADMIT ONE

| Your Ticket To

SUCCESS

Over 28,000 technicians have gained admit-
| tance worldwide as certified professionals. l
I Let your ticket start opening doors for you. l

ISCET offers Journeyman certification in l
Consumer Electronics, Industrial, Medical,
Communications, Radar, Computer and
Video. For more information, contact the
International Society of Certified Electro-
nics Technicians, 2708 West Berry Street.
Fort Worth, TX 76109; (817) 921-9101.|

Name
Address

|
|
I
|
I City
=
|
|

State Zip

___ Send material about ISCET and
" becoming certified.

____ Send one "Study Guide for the
T Associate Level CET Test.”” En-
90 L closed is $10 (inc. postage}.
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CAR STEREO

continued from page 56

cutouts for the existing speak-
ers. Obviously, this will save you
the job of deciding on new loca-
tions and making new cutouts.
Your task is limited to tailoring
the existing cutout for the new
speakers. Even this work can be
minimized if you purchase new
speakers that closely match the
size of the existing units.

Speakers are available in a
wide range of shapes and sizes,
suitable for just about any auto-
motive application. For exam-
ple, there are low-profile speak-
ers for door-panel mounting,
flush-mount speakers, and od-
dly shaped speakers that will fit
in narrow rear decks.

Front speakers can be
mounted under the dash panel
grille, as shown in Fig. 8, or in
the doors. In a sedan, rear
speakers can be installed from
the trunk by mounting them
against the rear deck or from
above as shown in Fig. 9. In a
hatchback car, the rear speak-
ers can be positioned behind
the back-seat side panels, as
shown in Fig. 10, or on the pan-
els in the hatch area of the car,
as shown in Fig. 11.

When considering a speaker
location such as the door panels
or on the front kick panels, re-
move the panel first and check
to be sure that there is enough
clearance behind the panel to
accommodate the speaker, as
shown in Fig. 12. Then carefully
mark and cut out the required
opening. Avoid locating a
speaker in a door in a way that
will interfere with normal win-
dow opening and closing.

To install speakers on the top
of the rear deck, examine the
sheet metal panel underneath
the rear deck from inside the
trunk for round or oval cutouts.
You might have to cut away
some thin metal strips that
span the cutouts to install a
new speaker.

You should be able to cut
through the rear-deck cover
easily from inside the trunk
with a utility knife or keyhole
saw because the cover is usually
made of cardboard or pressed
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wood.

If you have trouble deciding
where to place the speakers—or
if you want to avoid doing any
cutting, you can install flush-
mount or stand-alone speakers.
Flush-mount speakers, which
can be mounted on any flat sur-
face, are held in place with
screws. Stand-alone speakers,
which look like miniature
home-stereo units, can be
mounted with a simple bracket.

There is another alternative:
Some-manufacturers offer com-
plete speaker systems in
custom cases intended for cer-
tain models and years for in-
stallation in designated loca-
tions, such as in the hatch area.
The cases might contain several
speakers that offer excellent au-
dio quality, but expect them to
be expensive.

Speakers mounted in the
dash panel are the easiest to
wire. Just run the speaker wires
directly from the stereo to the
speakers. When wiring speak-
ers in the back of the car, bury
the wires under the carpet
where necessary and pass them
under rocker-panel covers and
around the seats on their way to
the speakers.

If you want to mount speak-
ers in the doors, run the wires
from inside the doors to the
stereo at locations where they
will not be damaged by or inter-
fere with door opening and clos-
ing. The electrical wiring in the
doors of cars with power win-
dows is usually bundled and
covered with a protective sleeve.

If you are unable to pass the
speaker wires through the pro-
tective sleeve, wrap them with
vinyl electical tape and bind
them to the outside of the
sleeve.

To make future maintenance
easier, try to make all connec-
tions to the stereo with one
multi-connector plug. That way,
the stereo can be removed easily.
Permanent connections be-
tween wires can be made with
approved electrical wire nuts or
crimp-type sleeve connectors.
Alternatively, they can be twist-
ed together to form a mechan-
ical bond and then soldered. All
soldered connections should be
isolated. (4}
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COMPUTER EUNNEETIDNS

u'mas fnr I:he sweet? |

ow cost, high functionality:
L Those are the watchwords of

one of today's fastest grow-
ing software categories—the
“suite.” What's a suite? A more-or-
less integrated collection of top-
ranked Windows applications pro-
grams from one or more vendors.
They offer financial and technical in-
centives over purchasing a grab-bag
of individual products. The typical
suite sells on the street for around
$300. It typically contains the latest
versions of a word processor, a
spreadsheet, a presentation graph-
ics program, a database manager,
and sometimes E-mail client, or a
personal-information manager. No,
these are not close-out buys on
two-revision-old packages, but full-
blown, up-to-date versions of lead-
ing products. Despite extremely at-
tractive pricing, however, the
“suite” trend is worrisome.

Example suites

The defining product in this cate-
gory is offered by Microsoft. Called
Office, it is widely advertised in
computer magazines and trade jour
nals for $259 to $299. Bought sep-
arately, each of the products lists for
$495 or more; consequently, the
suite price is about 10% of the total
of the original list prices. Lotus also
sells a suite, which is now available
for both Windows and 0S/2, and
Borland and WordPerfect have
countered with combined packages
of their own. Table 1 summarizes the
differences between these pack-
ages. (Microsoft's base package
does not include a database; the
Professional version does.)

Comparing the suites against
one another, the Borland/WordPer
fect offering covers the least
breadth, but the name-recognition
attributable to WordPerfect is phe-
nomenal. Looking at the individual
products comprising each suite, itis
difficult to denigrate any of them.
Most users probably will not care

TABLE 1—SOFTWARE SUITES

Company/ Microsoft/ Microsoft/ Lotus/Smart Borland-
Product Office Office Pro. Suite WordPerfect

Spreadsheet | Excel Excel 1-2-3 Quattro Pro

Word Word for Word for Ami Pro WordPerfect

Processor Windows Windows

Email Mail Mail cc:Mail

Presentation PowerPoint PowerPoint | FreelLance

Graphics

Database Access Approach Paradox for

Windows

Personal Organizer

Information

Manager

about the fine points differentiating
Word for Windows, WordPerfect for
Windows, and Ami Pro. The same
can be said of the spreadsheets. As
for the graphics programs, Free-
Lance is generally regarded as a
more powerful package than Power-
Point. And on the subject of
databases, Approach is the easiest
to use, Paradox for Windows the
most powerful, and Access covers
the broadest range; its usability is
near that of Approach, its power
near that of Paradox.

Obviously, there is much that can
be said about the products under
discussion. But the objective of the
suite approach is to ignore those
differences and focus on overall
benefits. And suites have benefits
besides just low cost.

Suites are typically offered on
CD-ROM with a single installation
program for all packages. They have
complete, fully indexed, on-line ver
sions of the documentation. Some
have an integrating shell for running
all packages contained in the suite,
and perhaps others as well. Some
save disk space over installing sep-
arate graphics modules, spelling
checker dictionaries, and other
common components. In addition,
there's the promise of increased
functionality because of consisten-
cy of user interface. Microsoft, for
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example, has been trumpeting its
use of menu bars that are similar to
those in Word, Excel, and Power
Point. Lotus has a very nice icon-
based toolbar that originated with
Ami and has now spread to 1-2-3
and cc:Mail.

So what's the problem?

On the surface, paying a few hun-
dred dollars for several top
applications programs seems to be
an incredible deal. But when you
look deeper, you begin to wonder.

For one, falling software prices
(across the board, not just in suites)
have forced Microsoft, Borland, and
many other vendors to reduce the
availability of “free” support dras-
tically and to start charging for sup-
port of any kind. Even WordPerfect
Corp., which has a legendary tele-
phone-support system, has been
criticized recently.

As for fee-based support, ven-
dors typically charge in one of three
ways: on a perevent basis, by the
minute (via a 900 number), or on a
yearly basis. That scheme might ap-
pear reasonable. However, support
costs are not cheap; they typically
average $30 per event. That figure
includes only what the vendor
charges:; it does not include the cus-
tomer’s lost productivity.

Small businesses and individual

MON SOIUOIS|T ‘661 YOIEW

0 .
-


www.americanradiohistory.com

‘Rates: Adg are 27" x 24", One insertion 5995 each, Six insertions $950 each, Twelve
_msenmamzﬁ gach. Glosing date same as regular rate card. Send order with remittance to-
Computer Admarl, Electronics Now Magazing,. 5008 Bi-County Bivd,, Farmingdale, NY
11735 Direct telephone inquiries 10 Ardine Fishiman, area code-1-516-293-3000. FAX

EN Computer Admart

1-516-293-3115. ﬂﬂﬂ*?ﬂﬁﬂmpﬂwaﬂsm mnptrd for tiis Admart,

Electronics Now, March 1994

[}
N

HiWIRE Il

Schematic and PCB Software

With support for expanded and extended memory, HIWIRE Il
can handle your most demanding schematic and PCB de
signs. The unique HIWIRE Il editor allows you to display and
edit schematics and PCBs simuitaneously, using the same
commands for each. HIWIRE Il is $395 and is guaranteed

m ® Wintek Corporation
“'Im’l‘l‘]l{ 1801 South Street
Lafayette, IN 47904

(800) T742-6809 or (317) 448-1903

/W =~ CIRCLE 181 ON FREE INFORMATION CARD
/i 4 g eEx i L%

GET THE MOST &
FROM YOUR
PC’S

HARD DISK

If you are disorganized and use your hard
disk inefficiently, you need this book to
help you organize your files, use batch
files, and use backup and security pro-
cedures. To get your copy (BP280) send

only to Electronics Technology Today
Inc., P.0. Box 240, Massapequa Park,
NY 11762-0240.

i Get Started in

| Way

$6.95 plus $2.50 for shippinginthe U.S. [

Lotus 1-2-3
The Easy

If you are getting started in Lotus 1-2-3 at
any release level, you'll want these
power-packed duo publications designed
for first-time users and those who need
refresher orientation. To get both (BP261
and BP302) send $12.20 plus $2.50 for
shipping in the U.S. only to Efectronics
Technology Today Inc., P.0. Box 240,
Massapequa Park, NY 11762-0240.
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users will be less able to afford
these prices than large corpora-
tions, and, ironically enough, it is the
small organizations that most need
vendor support. Large corporations
usually have their own product-sup-
port departments, as well as lots of
informal resources (''Hey Joe,
what's the formula for net present
value in Excel?") that small organi-
zations simply lack.

The second problem with suites
is vendor control—rather, lack of
user control. If | choose Word for
Windows, Paradox for Windows,
and FreelLance as best for my pur
poses, | will end up spending much
more than if | had bought a pre-
packaged suite. In addition, | run an
increasingly high risk of encounter-
ing the problem of integrating ap-
plications from multiple vendors. On
both counts, it's going to be harder,
both technically and financially, to
build custom ‘'best-of-breed” ap-
plication ensembles with products
from multiple vendors.

The third problem is loss of com-
petition. Not long ago there were
dozens of companies selling word
processors and dozens selling
spreadsheets. Now most of the
smaller vendors are either dead or
might as well be dead. Will the soft-
ware industry coalesce into a big
three like the auto industry? And if
so, what will happen to innovation?
When Detroit stopped innovating, it

was devastated by foreign competi-
tion. Even now, after two decades of
struggle, the auto industry still suf-
fers. Are our software producers
headed down the same path?

For now, Microsoft, Lotus, and
Borland (and to a lesser extent,
WordPerfect), are innovating like
crazy, so loss of competition is not
an immediate worry. And so far, diffi-
culties in inter-vendor application in-
tegration (e.g., Word to 1-2-3) have
not really been much worse than
those of intra-vendor application in-
tegration (e.g., Word to Excel). Ver-
sion 2.0 of Microsoft's object linking
and embedding (OLE) is supposed
to simplify inter-application integra-
tion, be it inter- or intra-vendor. How-
ever, other than Shapeware’s Visio
(an excellent product, by the way),
Microsoft's own applications are the
first and only to use OLE 2.0 facili-
ties, and because of the complexity
of the application programming in-
terface (APD, it's going to take other
vendors a while to catch up.

Nevertheless, as the software
price wars continue to drive prices
down, something has to give. At
small companies, which don't sell in
high volume, that something is the
company itself. At large companies,
that something is support. Gone are
the days of unlimited toll-free tech-
nical support. Fee-based systems
are one answer, but they're not suit-
able for everyone. Another option is
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to embed support into the product
itself. And that puts a whole new
slant on the concept of support.

The EPSS

Changes in support structure put
the onus on vendors to provide bet-
ter documentation—and | don't
mean printed manuals or even elec-
tronic hypertexts. | mean a proac-
tive, agent-based approach that
relies on expert systems, case-
based reasoning, natural-language
processing, fuzzy logic, and other Al
(artificial intelligence) techniques to
help users solve their problems
themselves. Combining these tech-
nologies with traditional context-
sensitive hypertext help systems
creates the Electronic Performance
Support System (EPSS). This is not
some pie-in-the-sky concept. Com-
paq is already shipping a disk-based
EPSS with some new printer mod-
els.

The distribution mechanism that
makes sense for an EPSS is CD-
ROM. You don’t want to clutter up
your hard disk with lots of seldom-if-
ever-used information and tools for
accessing it. Whenever you have a
problem, just pop in the distribution
CD and run the EPSS to get expert,
yet focused assistance.

Another possible means of
spreading the word is by some inter-
active on-line system.

Of course, traditional support
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cannot be counted out yet. In fact,
decreases in both quality and quan-
tity of vendor-supplied support is
creating a market for third-party
support products and services.
Several options are possible.

One is to provide telephone sup-
port at more competitive rates. If a
company can figure out a way to
provide quality support for $S10 to
$15 per call, it might have a winner.

The second option is to provide
third-party EPSSs. This option
would consist of a very friendly
database and query tool (with Al-
based agents), and it would have to
be sold at a very reasonable price.
Several databases corresponding
to several applications could be
stored on a single CD; users could
then call an 800 number, credit card
in hand, to access the data for a
particular application.

The third option is to make the
EPSS of Option 2 available on-line.
Users would dial in through a
custom telecommunications front
end (much like CompuServe, Amer
ica Online, and Prodigy provide).
The database would be maintained
live, so users would never have to
worry about getting current informa-
tion. Again, the key is a userfriendly
front end and quality information.

So go ahead, snap up those
$300 suites. Just be prepared to
pay for what you formerly thought
was your due.

News bits

HDTV is becoming real. The FCC
approved testing a system com-
prised of the best elements of prior
proposals from AT&T, The David
Sarnoff Research Center, General
Instrument, MIT, Philips, Thomson,
and Zenith. This “best-of-the-best”
system includes both digital audio
and video. The audio will include a
special form of Dolby noise reduc-
tion. The video will be based on a
compression standard called
MPEG (from the organization that
created it, the Motion Picture Ex-
perts Group), and will support both
interlaced (TV) and non-interlaced
(computer) operation. Tests are set
to begin early in 1994, but commer
cial systems are still several years
away.

Apple Computer has gone
through some wrenching changes

during the past year. Of greatest
technical interest are continued
rumors that the company will port
the Mac operating system to run on
Intel-based hardware. In its first
move, Apple has introduced a dual-
CPU Macintosh, in which the sec-
ond CPU is not a 680x0, but a
486/25. Yes, you can now run
DOS/Windows and Macintosh
software on the same machine si-
multaneously. Changing operating
system is as simple as pressing two
keys. Both OS's run off the same
hard disk, but from different parti-
tions. On the other hand, the 680x0
architecture has seen its final days.
Beginning in early 1994, all new
Macs will be based on IBM's Power
PC architecture. And speaking of
the devil . . .

IBM is getting lots of good press
for the PowerPC RISC micro-
processor and systems built based
on it. In addition, the company is
getting lots of support from Lotus,
which just announced availability of
its SmartSuite package for OS/2.
WordPerfect, on the other hand,
has halted development of a 32-bit
0S/2 version of its product.

Traveling Software has released
an intriguing $229 device called
LapLink Wireless that transmits
data at rates as fast as 115K bps by
RF. The primary purpose of the de-
vice is to synchronize files between
laptop and desktop computers, but
it might have more general applica-
tions. On a related note, the Infrared
Data Association (IrDA) expects to
unveil its standard formally in March
of 1994, Traveling Software belongs
to IrDA, as do IBM, AST, Compagq,
intel, HP, and other computer
makers. IrDA promises greatly sim-
plified (as compared with today's
network and other cabled solutions)
low-volume data transmission be-
tween computers.

Laptop users take note: Ad-
vanced Energy Resources
(404-433-2127) has announced a
new rechargeable battery that the
company claims will last for 15 to 20
hours of use, about 2 to 4 times that
of today's Ni-Cd packs.

And for you memory mongers,
Mitsubishi will release, by the end of
1993, 64-megabit DRAMs. (NEC
has already demonstrated similar
devices.) Q
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SURVEILLANCE

& SECURITY

FM TRANSMITTERS
MINIATURE (KITS)
+ 3-VOLT FM XMTR, up to 300 ft. indoors,
1500 ft. outdoors
* PHONE XMTR, range to 500 ft., uses
phone-line power
= Sound-Activated XMTR, range to 500 ft.
* 2-STAGE XMTR, 9-Volt, very powerful
All above require simple soldering at
2 to 4 places. Broadcast on std FM
band. Assemble in less than 5
minutes. Any of the above $29.95**

TELE CALL FORWARDER. Transfers
incoming calls to any number you
select. $99.00*

CALLER 1ID. Registers incoming
number and stores to 50 numbers.
$99.00*

TEL REGISTER WITH PRINTER.
Records dialed number, duration, and
prints record. 16-digit display with
security lock control. Stores up to 40
calls. $129.00*

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Te! Rec
Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH.
Makes recorder self-activating with
voices or other sounds. Great for
radios and scanners. Provisions for
external mike and/or patch cord.
$28.50**

TELEPHONE RECORDING ADAP-
TER. Records incoming and outgoing
calls. Use of handset controls
recorder and records both sides of
conversation. $28.50*

TELEPHONE SCRAMBLERS. Over
51,000 separate codes; impossible to
break code. Assures utmost privacy.
$295.00*

VOICE CHANGER. Changes man's
voice to lady’s and vice versa. 4 sep-
arate settings. ldeal for disguising
voice. $29.95*

RF BUG DETECTORS,
AND MUCH MORE

FREE CATALOG:
TOLL FREE 1-800-926-2488

For Shipping and Handling add *$5.00 and
**$2.00 per item. Colo. residents add sales
tax. Mail Order. VISA, M/C, COD's o.k
Inquire for dealer prices.

A.M.C. SALES, INC.
193 vaquero Drive

Boulder, CO 80303
Tel: (303) 499-5405
Fax: (303) 494-4924

Mon-Fri 8:00 a.m. - 5:00 p.m. MTN

CIRCLE 108 ON FREE INFORMATION CARD
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BUYER'S MART

FOR SALE

TUBES: "oldest", "latest". Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood
Ave. RE, Hammond, IN 46324,

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032,

CABLE teat chips. Jerrold, Tocom, 5.A,

Zenith. Puts cable boies into full service.
e tq!&.ﬁﬁln $59.95. 1(800) 452-7090, (310),

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB radios.
10-Meter and FM conversion kits, repair books,

plans, high-performance accessories. Thousands
of satisfied customers since 1976! Catalog $2.

CBC INTERNATIONAL
P.Q. BOX 31500RE, PHOENIX, AZ 85045

SECRET cable descramblers! Bulld your own

descramblar for kess.than $12.00 in seven sasy

_mstﬂaﬂl—: Shack parts list w—;dfm;dxascram 1

methods that cost nothin inclidod.
Sar%ﬁ;& uom mrcnuxrmuhc

B85, Seabrook, TX 77586, For G S
¢T13} 9‘22—»3512 any time!

I1.C.'s Huge selection. Low, low prices. Send for
free listing. Foreign orders welcome! MAC
N2EWH, PO Box 114, Westfield, NJ 07090. Fax
(908) 654-4317.

Look to the Future
WithYoun Own

Cable Converter & Descrambler !

1-800-228-7404

CABLE TV descramblers. All major brands. Have
make and model of the type used in your area
when calling. 1 (800) 327-3407. K.D. VIDEO, PO
Box 29538, Mips., MN 55429,

THE Case Against the Patents. Thoroughly test-
ed and proven alternatives that work in the real
world. $24.50. SYNERGETICS PRESS, Box 809-
C, Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

CABLE descrambling New secret manual. Build
¥our own descramblers for cable and subscription

Instructions, schematics for SSAVI, gated
sync, sinewave, (HBO Cinemax, Showtime, UHF,
Adult) $12.95, $2.00 postage. CABLETRONICS
Box 30502R, Bethesda, MD 20824.

TV notch filters, professional cylinder type. Chan-
nels 2 thru 11 and 14 thru 24. Order by single
channel. Better quality non-tunable type. Best
quantity discounts. Call the rest then call the best.
All channels in stock for fast service. We will beat
any competitor's advertised prices. 1 (800)
331-2156, ext#800.

CABLE TV descramblers most models, best
Ences all guaranteed! Monthly special, Zenith

tac $199.00. COD orders & catalog only 1 (800)
337-CABLE. (206) 944-9134 info. CABL
CREATIONS.

CABLE TV converters: Jerrold, Oak, Scientific
Atlanta, Zenith & many others. "New MTS" stereo
add-on: mute & volume. Ildeal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C ac-
cepted. B & B INC., 3584 Kennebec, Eagan, MN
55122

300 Experimenters Circuits — Complete in 6
practical books using diodes, relays, FET's,
LED's, IC 555, and IC CA3130’s for buildin 2
blocks. Only $33.00 plus $5.50 for shipping. US
and Canada only. US funds. ETT, INC., PO Box
240, Massapequa Park, NY 11762-0240.

CABLE Converters, accessories below whole-
sale! Immediate delivery from giant stock! COD
orders only. 1 (800) 995-1749.

RESTRICTED information: surveillance & sche-
matics, locks, cable, hacking, more. Details:
MENTOR, Box 1549-Z, Asbury, NJ 07712.

CABLE TV converters. Jerrold, Zenith, Pioneer,
Oak, Scientific Atlanta, and many more. 12 years
experience gives us the advantage. Visa/MC
Amex COD ADVANTAGE ELECTRONICS, INC.,
ﬁ00)3%52-3916 1125 Riverwood Dr., Burnsvulle
55337.

FREE CATALOG

FAMOUS "FIRESTIK” BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS

FOR THE SERIOUS CB’er. SINCE 1962
FIRESTIK ANTENNA COMPANY

2614 EAST ADAMS
PHOENIX, ARIZONA 85034

TEST eqs ipment pre-owned now at affordable
prices. Signal generators from $50.00, 0s-
cilloscopes from 250 00. Other equipment includ-
ing manuals available. Send $2.00 U.S. for
catalog refunded on first order. J.B. ELEC-
TRONICS, 3446 Dempster, Skokie, IL 60076.

(708) 982-1973.

E test-chips a5 kow as 58,95, for testing:
cabie boxes B full service mode. Jor
Starcom VI & VI Pionesr, clears E2 thru EE
Pioneat cubes: BA-5000 thru BA- §700;
TCOHTE Emm? Scientific Atlanta: 8500 thra
BE00; Zanith: afl but BFT: remotes $10.00, MES
E@ggsmna 1 (8OO} 926-4030, fax (B17)

CONVERTER — descramblers Examples
Zenith Ztac $199.00, ST1600 $240.00, Scientific
Atlanta 85XX $190.00, 8600 $325.00, Oak RTC56
$99.00, M35B $45.00. All Pioneer test gener—
ator $160.00. Most makes in stock, COD ok
MOUNT HOOD ELECTRONICS, (206)
260-0107.

PAY TV AHD SATELLITE DESCRAMBLING
Our Best Yel 1994 EDITIDN Our Besd Yl
Includes the latest cable box and satellite (PLUS, B-MAC) fixes. Lots of schemat
ics and chip files (all new), bullets, ECM's. etc. ONLY $15.95. Qur best yet. Other
Pay TV editions, volumes 1-5 (all different) $15 95 each The Complete Wizzard
VCII PLUS hacking. $15.95. Sateflite Systems Under $600. $12.95 Wireless Cable

Hatking $12.95. Hacker Video $19 95. Any 3/$34.95 or 5/852.95.

CABLE doctor. Stop the bullet and ID signals in
cable lines. Send $20.00 to: R.R.
ENTERPRISES, PO Box 3532, Easton, PA
18043.

TV notch filters, cylinder type. Eliminates beepin
on your system. Professionally manufactured.
Discounts. 1 (800) 331-2156 ext #2156.

CABLE descramblers, test turn-on kits, bullet
stop ers. We have the lowest prices in the indus-
all everyone else, then call us for the best
kj:ce We will buy or repair your cable equipment.
o Florida sales. (305) 425-0751.

PLANS AND KITS

60 SOLDERLESS Breadboard Projects in two
easy-to-read pocket books. Complete with circuit
descriptions, schematics, parts layouts, compo-
nent listings, etc. Both books (BP107 & BP113)
only $11.90 plus $3.50 for shi é)plpg USA and Can-
ada only. US funds. ETT, IN Box 240, Mas-
sapequa Park, NY 11762-0240.

FASCINATING electronic devices! Voice Dis-
uiser! Vocal truth indicator! Lasers! Transmitters!
etectors! Free energy! H|gh voltage! More!

Kits/Assembled! Catalog $4.00 (refundable).

QUANTUM RESEARCH, 17919-77th Ave., Ed-

monton, Alberta, Canada. T5T 251.

PRINTED circuit boards, etched & drilled. Free
delivery. K&F ELECTRONICS INC., 33041
Groesbeck, Fraser, M| 48026. (313) 294-8720, fax
(313) 294-5999.

CABLE TV turn-ons. Kits and chips for cable
converters are easy to install and use. They will
turn on your cable box to their full ability for as long
as your test may last. Call TAZ ELECTRONICS,
for the best pricing and guaranteed #1 quality. i
(800) 800-8532, 1 (800) 800-9521.

SATELLITE TV

FREE catalog — Lowest prices worldwide.
SKYVISION, 1012 Frontier, Fergus Falls, MN
56537. 1 (800) 334-6455. See full page ad the
Shopper section.

VIDEOCYPHER |l descrambling manual. Sche-
matics, video and audio. Explains DES, Eprom,
CloneMaster, Pay-per-view (HBO, Cinemax,
Showtime, Adult, etc.) $16.95, $2.00 postage.
Schematics for Vudeocnpher tl Plus, $20.00.
Schematics for Videocypher Il 032, $15.00. Soft-
ware to copy and alter Eprom codes, $25.00. VCIi
Plus Eprom, binary and source code, $30.00.
CABLETRONICS, Box 30502R, Bethesda, MD
20824.

INVENTORS

INVENTORS! Can ’Fatent and profit from
idea? Call AMERICAN INVENTORS CORP. for
free information. Serving inventors since 1975. 1
(800) 338-5656.

CABLE/SATELLITE

UNDETECTABLE cable/sateilite descrambier
will work on all S{stems guaranteed! Send
SASE/info, $94.95/kit, $14.95/plans. MYSTICAL
ELECTRONICS, PO 'Box 481, Cooper Station,
New York, NY 10276.

News monthly $29.95. Scrambling News Year One (176 pages) $39.95. Every
thing ksted here and more $129.95. Includes all our information. Catalogs $1

Sommbling News, 1552 Herdel Ave., #123
Buttalo, Y. 14216. Bra-;
L0075 &
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WANTED

INVENTORS: We submit ideas to industry. Find
out what we can do for you. 1 (800) 288-IDEA.
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BUSINESS OPPORTUNITIES

MAKE $75,000.00 to $250,000.00 yearlg. Learn
IBM monitors repairs. (solutions most brands).
New home based business program. Software
available. Information: USA-Canada $3.00 cash
(no checks), dealers wanted worldwide ($35.00)
US funds. RANDALL DISPLAY, PO Box 2168 R,
Van Nuys, CA 91404 USA.

LET the government finance your small business.
Grants/loans to $500,000.00. Free recorded mes-
sage: (707) 449-8600. (KS1).

EASY work! Excellent pay! Assemble products at
home. Call toll free 1 (800) 467-5566 Ext. 5192.

START your own technical venture! Don Lan-
caster's newly updated Incredible Secret Money
Machine Il tells how. We now have autographed
copies of the Guru's underground classic for
$18.50. SYNERGETICS PRESS, Box 809-C,
Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

CAPACITORS, resistors, diodes, transistors, no
minimum order requirements. Send for price list
and specification. PO Box 1262, Fort Washington,
PA 19034. Fax (215) 643-4121. Phone (215)
643-4128.

PATENTING

INVENTORS: THE CONCEPT NETWORK repre-
sents people who want to patent and market their
new product ideas. Schematics or prototype pre-
ferred but not required. Free information kit. Call 1
(800) 835-2246 ext 67.

INVENTIONS

FREE iInvention package: DAVISON AND AS-
SOCIATES offers customized development,
patenting, and licensing for new products and
ideas. Proven results: 1 (800) 677-6382.

CABLE TV TURN-ON CHIPS

SUPER Cabie TV “Test Chips”. Provides full
service activation. Excellentinstructions & illustra-
tions. Jerrold: Starcom-6 ..Starcom-7. Scientific
Atlanta: 8500 thru 8600. Tocom: 5503-
VIP..5507. Zenith: ST-1000 thru ST-5000. Call
now!! MASTER COMPONENTS. 1 (800)
233-0570.

ANTIQUE RADIO CLASSIFIED
Free Sample! (&A% @‘
Antique Radio's & N\

Largest Circulation Monthly.

Articles, Ads & Classifieds.
6-Month Trial: $16.95. 1-Yr: $29.95 (344. 95 1st Class).
A.R.C., P.O. Box 802-L11, Carlisle, MA 01741

BEST BY MAIL

Rates: Write Natlonal, Box 5, Sarasota, FL 34230

OF INTEREST TO ALL

“NOW STOP SMOKING Guaranteed” Without Gadgets or
Hypnosis. Only $2.65 to: AMS, Box 17388{RE), Tucson, AZ
85731.

SPORTS FANS: CALL 1-800-PLAY-ISC to see what you are
missing!

HIGH SCHOOL DIPLOMA Fast New Program Credit For Ex-
perience 1-800-494-9065.

FINANCIAL

Fe———————

Learn to fix computers!

Home study. Earn great money repairing
troubleshooting, upgrading, and installing
PCs. Free literature: 800-223-4542.
Name___ — N _ Age
Address

| City. State Zip
The School of PC Repair, Dept. JC342

I b 6065 Roswell Road, Atlanta, Georgia 30328

EDUCATION & INSTRUCTION

F.C.C. Commercial General Radiotelephone li-
cense. Electronics home study. Fast, inexpen-
sive! “Free" details. COMMAND, D-176, Box
2824, San Francisco, CA 94126.

ELECTRONIC engineering. 8 volumes com-
plete. $109.95. No prior knowled?_e required. Free
brochure. BANNER TECHNICAL BOOKS, 1203
Grant Avenue, Rockford, IL 61103,

ELECTRICITY/Electronics training series
used by U.S. military. 23 volumes, other courses
available. Free info: FEDERAL TECHNICAL
PUBLISHERS, Box 1061 N, Glen Lake, MN
55345.

F.C.C. General Radiotelephone Operators li-
cense in only 2 or 4 weeks. 16 hr prep course
covers all materials needed to pass exam. Guar-
anteed pass. THE CENTER FOR F.C.C. EXAM
PREPARATION, Brooklyn, NY (718) 940-3273.

DESCRAMBLER LIQUIDATION!

FREE CATALOG!
Hamiin Combos $44, Oak M35B $60 (min. 5), etc.

WEST COAST ELECTRONICS
For Information: 818-709-1758
Catalogs & Orders: 800-628-9656

CABLE BOX

WHOLESALERS, INC.

BEST BOXES—BEST PRICES

Immediate Shipping—COD's

Satisfaction Guaranteed
FREE Catalog—Call Now

800-841-7835

CABLE TV

> ESCRAMBL RS
1-800-233-9388

FREE CATAL0+G
GUARANTEED BEST PRICES - IMMEDIATE SHIPPING
APPLE ELECTRONICS

3389 Sheridan St. = Suite 257
Hollywood, FL.33021

STOP BILL COLLECTORS COLD!! Extensive Report $29.00
FREE information: 800-393-1114 Ext. 11.

RECIPES

20 ITALIAN RECIPES. $4.00 (SASE) To: Syivester, Box 528,
Scranton, PA 18501.

VACATIONS

$5.00 A DAY VACATION HOTELS!I Save Big $ With Great
Vacation Hote! Specilals. 6 Days 5 Nights Walkiki, Hawaii; 5
Days 4 Nights Las Vegas, Freeport, Bahamas; Cancun, Mex-
ico, As Low As $25.00. Plus Discount Alrfares Crulses And
Much Much More! Call Now 1-800-864-8720

Invest a stamp. . .

...Save abundle

For the price of a stamp, you can get the federal gov-
ernment's free Consumer Information Catalog, It
lists more than 200 free or low-cost publications.
Send your name and address to: Consumer
Information Center, Department SB, Pueblo,
Colorado 81009

www americanradiohistorv com

20W X 20W STEREOQ AMP KIT N\
¥ two separate high power amps on i
one PC board put out an incredible pr—
20 watls RMS each. Features low 80—'00* 8?;-005
=

SEND ORDERS TO: Minimium Order:
ELECTROAMC BN
ShippingandHan-

diing. We accept
MasterCard, Visa
andMoney orders.

the popular 2N3904 tran-
sistors these have long
leads ang are marked with
a houses. T092 plastic
case. Prime

POTEN'TIOM ETER

oter sealed biue case 10K po(snuom
eter features standard " bushing and nut

G3713 for panel mounting. Pwev rafing 2 watts,
30/$1.00 and linearity * 2%. These are pnme brand
- new units worth aver $30.00 each
\__500/$14.00 G3714  $3.00 Y,

distortion circuitry. Great sterec - I

booster amp for your car sound sys- E‘E “a 'E 6

tem. Use withany sp capable S,

othandling atleast 20 watts. Operates on 12vVDC. Szeolboald 6" x225"
\_ C6442  $19.95

4" ROUND SOLAR CELL
Produces over 1 amp at 1/2 volt
5 Silicon type with solder tabs.
G2308 $7.50

(-~  HPHLMP-1340

S HPHLMP-1540 )

"RED" "GREEN"
ULTRABRIGHT Tt LED ULTRABRIGHT Tt LED
Crystal clear case smal T3 Crystal ciéar case small Tt
LED made by Hewlett Packarg LED made by Hewlett Packard

lights up a bnlliant RED. Long

leads prime HP quality.
G3712 10/$1.00

@/345.00 1000/$85.0

(SOLAR LANTERN ;
Small white fight fluorescent “SRadtAadd b ——
lantern which has a bullt in -—,,!,—‘
solas Panel thatwas torecharge
3AAnicad batteries after at loast
a week of exposure to the sun.
These units are complete except ‘
the manufacturer never installed

the nicads. Simpty snap off the bat-

tery cover and install your own nicads or regu-
lar AA batteries. These may have shght scratches ot moldmg impertec
tions and are soid "As Is.only. Complete except for batteries.

\_ G2961  $7.00 Yy,

hghts up a brikant GREEN

Long ieads prime HP quality.
G3711 8/$1.00

500/$50.00 1000/590.09
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CABLE TV

DESCRAMBLERS
Best Prices in the U.S.A.!
Guaranteed to Work!

QUANTITY DISCOUNTS

JERROLD PANASONIC
SCIENTIFIC ATLANTA PIONEER

The Newest & the Latest

DMTB-A - ail Jerrold Impulse &
Starcom series
SA3-DFA - all Scientific Atlantas
including 8536, 8536+,
8580, Drop-field
PN-3A - all Pioneer systems
ALSO

FTB3, SA3, TZPC145G

24 HOUR SHIPMENT
30 DAY MONEY BACK GUARANTEE
FREE CATALOG & INFORMATION

1-800-772-6244

M-F: 9-6 EST
U.S. Cable TV, Inc. Dept.. KENO34
4100 N. Powerline Rd. Bidg. F4 Pompano Beach FL 33073
NO FLORIDA SALES!

CIRCLE 185 ON FREE INFORMATION CARD
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Electronics Now, March 1994

=]
(-]

ADVERTISING INDEX | ADVERTISING SALES OFFICE

Gernsback Publications, Inc.

e = A B e Electronics Now does not assume any 500-B Bi-County Bivd.
Courleous Service - Discount Prices . Fast Shipping responsibility for errors that may appear Farmingdale. NY 11735
in the index below. 1-(516) 293-3000
5 WAY MULTI-POINT Larry Steckler, EHF/CET
TEST LEADS Free Information Number Page President
Christina Estrada
108 AMCSales.................. 93 assistant to the President
107 All Electronics . . ............. 96 For Advertising ONLY
: i . i 516-293-3000
2 High lity, flexible, cloth n n
‘q‘; = o A 184 American Reliance Inc. .... ... 87 Fax 1-516-293-3115
i leads with telecom industry
standard 5 way multipoint test clips on one end and 77 B&K Precision 9
spade lugs on the other end. Swaystoconnect | | ~° T oottt
clips: 1) U-shaped nose for gc terminals; 2) Notched La"y _Steckler
jaw for gripping screws, wires or terminals; 3) Serrat 98 B.1.—A Division of WaveTek. .. 17 publlsher
ed teeth for threaded or wire wrap terminals; 4) Clus-
ter of small needles for piercing small gauge wires; Arline Fishman
5} Large piercing dle for piercing larger wires, — CIE ... .. ., . .
4 teet long. At on::d Zl the cord g a r1 500 orhm (Ul Hoaoda: . advertising director
resistor that can be switched in and out of circuit R
CAT# T1-200 — CLAGGK Inc. Video Offer ... .23 Denise Mullen
$ 3 ° 50 per set advertising assistant
— Command Productions. .. ... .. 83

Kelly Twist
credit manager

SUPER SPECIAL! — Copyright Clearance Ctr, Inc.. .25
11 Vde, 500 ma. Subscriber Customer Service
WALL TRANSFORMER 127 Deco Industries .............. 87 1-800-288-0652

J— White-UL listed wall — Elec. Industry Association . . . . . 34
_—f‘}, transformer. 11 Vdc,

Order Entry for New Subscribers

= 500 ma. output to a . . 1-800-999-7139
| (N 2.1 mm co-ax plug 125  Electronic Goldmine. ......... 95 7400 AM - 6:00 PM M-F MST
& > with center positive
—u, %5 cAT# DCTX-115 — Electronics Book Club . . . . .. 7,26
|
$l'|°;)5f8r0 121 Fluke Corporation. . ........ Cv2 ADVERTISING
$2.00 cocn : SALES OFFICES
177 Global Specialties ............. 2
10 BUTTON - Grantham College. . .......... 19 gAST/ SOUTHEAST
MEMBRANE KEYPAD tanley Levitan
86 Heathkit . ................... 33 Eastern Advertising
sy " 1 Overlook Ave.
E::ﬂ aﬂ — ICS Computer Training . . .. ... 31 Great Neck, NY 11021
m 1-516-487-9357
10 button, matrix encoded keypad. Peel- — McGraw HillC.E.C. .........15 Fax 1-516-487-8402
and»stick' backing for easy mounljng. Ongi-
oy el b 15 178,179 Mini-Circuits ... ... ...... 1.Cva MIDWEST/Texas/Arkansas/Okla.
text on them in addition to numerals 0 Ralph Bergen
through 9. Overal dimensi 9" X ; foi
1625 but bt of the st can b6 cut ot with 117 Mouser..................... 83 Midwest Advertising
a knife or scissors, leaving a self-sticking One Northfield Plaza, Suite 300
keypad of 4.5" X 1.625". Silver keys with Q )
Kapadicu gl S er —  NRISchools................. 63 Northfield, IL 60093-1214
flexible ribbon cable, terminated with 7 pin 1-708-446-1444
socket connector - 0.1" spacing 182 Optoelectronics . ............. 20 Fax 1-708-559-0562
CAT# KPM-10
10 for PACIFIC COAST
— Parallax................... Cv3
$ 1 02 5 each $10.00 Blake Murphy
— ircui Pacific Advertisin
ORDER TOLL FREE Star Circuits ................ 87 PottioraM g
1 '800'826'5432 92 TeKtronix .. ................. 10 1800 North Highland Avenue
CHARGE ORCERE 3 Wisa. KasberCard ar Luis Ll Suite 717
o ol v Eat s 123 TestProbes.................. 33 Hollywood, CA 90028
i e R SR R e A . 1-213-462-2700
176 The School of VCR Repair. . . .. 90 FAX 1-213-463-0544
MAIL ORDERS TO:
AL ELELTROMIC 180 Toroid Corp. ......ooovono... 74 Electronic Shopper
CORPORATION Joe Shere
P;f;'nﬂ;:ygj i 185 US.Cable.................. 95 National Representative
. i P.O. Box 169
California
CATALOG 31408 181 Wintek ... 92 dyliwild, CA 92549
Outside the U.S-A B RN 1-909-659-9743
seng $2 00 postad® FAX (R181.781:20°3 — World College . .. ............. 5 Fax 1-909-659-2469
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THE BASIC STAMP

:2‘
ey,

$39 Stamp-Sized Computer Runs BASIC /IVIV”

The BASIC Stamp is a 1x2-inch computer that runs ,\ / /
BASIC programs written on your PC. It has 8 I/O lines, W

s e ¢
which can easily be programmed for serial commumcaﬂons
potentiometer input, pulse measurement, button debounce, tone generation,
PWM, etc. And all by just adding a resistor and/or capacitor, if anything.

It's so simple, you'll be ecstatic! *

Writing programs for the Stamp is easy. A 3-pin
cable connects the Stamp to your PC’s parallel
port. And one piece of software is used to
enter, debug, and download your programs.

For adding circuitry, the Stamp

has a small prototyping area. e
Included are 8 1/O lines, 5-volt ||
supply, unregulated supply,

and ground.

% SERIAL
ouTt

T

[yl yiiviivi

——  BASIC STAMP___

.|}-4é‘

17 BASIC instructions are all
. ; ;s s it takes to run the A/D and
For programming, we otfer the Stamp Programming I’ackgge. I'he package st the e S Al
includes software, cable, manual, application notes, and free technical support. )
For those who'd like to make their own, we offer the software and cable info on our BBS.

BASIC Stamps $39 « Programming Package $99 « BASIC Interpreter Chips also Available

PIC16Cxx MICROCONTROLLERS ‘and TOOLS

NEW! TrueFlight for PIC16C71 & PIC16C84

You may already know about the PIC16Cxx series of 8-bit microcontrollers from Microchip 4
Technology. They're the answer to many small controller needs, especially if price is an
issue. A typical PIC is the PICI6C54-RC/P; it’s an 18-pin DIP package with 12 I/O lines,
512 words of PROM, and 32 bytes of RAM, ill for around $4.00.

93838
2000000

With our programmer ($179), downloader ($299), and new
TrueFlight ($349), you can develop applications for all
PIC16Cxx devices (16C5x, 16C71, 16C84, and 16C64). And if
you've ever written 8051 assembly language, yow'll feel right
at home. That’s because our assembler aceepts our friendly
8051-like instructions (of course, it also accepts Microchip’s). "“.::Q“ﬁgor"fgfag_ (=

The programmer is used to program and read all PIC's (ZIF, SOIC, & SSOP adapters available). The downloader
plugs in place of a PIC16C5x in your target system and allows you to run code in-circuit at 8 MHz. And the new
TrueFlight programmer/downloader accomplishes both functions for the popular 16C71 and 16C84. Using a
production part and an on-board tlash UV eraser,** TrueFlight can quickly program and erase 16C71’s, allowing il
to work as a 20 Mz downloader. For the EEPROM-based 16C84, the same is done with no UV time.

l:)/dq 4 \/ Z 3805 Atherton Road, #102 * Rocklin, CA 95765 « USA %i -y
7\ I (916) 624-8333 « Fax: 624-8003 * BBS: 624-7101 — W

BASIC Stamp. Trueblight, and the P:uali:‘ax logo are uudemarks of Parallax, Inc, » PIC s a regisiered trademark of Microchip Technology, Inc. » Features and prices subject 10 change without notlce.

* Exciement is conmmon, but not guaranteed. ** Patent pending (on-chip eraser not shoWwmgbove).

CIRCLE 183 ON FREE INFORMATION CARD
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D(C-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu-
tions to dozens of application requirements, select Mini-
Circuits' flatpack or surface-mount wideband monolithic
amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz
amplifier for less than $4.50. Design values and circuit
board layout available on request.

it's just as easy to create an amplifier that meets
other specific needs, whether it be low noise, high gain,
or medium power. Select from Mini-Circuits’ wide
assortment of models (see Chart), sketch a simple inter-
connect layout, and the design is done. Each model
is characterized with S parameter data included in our
740-page RF/IF Designers’ Handbook.

All Mini-Circuits’ amplitiers feature tight unit-to-unit
repeatability, high reliability, a one-year guarantee, tape
and reel packaging, off-
the-shelf availability, with
prices starting at 99 cents.

Mini-Circuits’ monolithic
amplifiers...for innovative
do-it-yourself problem

" MAR MAV-
M P\lANY MAV MAR VAM RAM

¢ Unit price $ (25 qty)
fron:

PLASTIC ++VAM-3 FVAM-6 T VAMST
SURFACE-MOUNT 1.45 1.29 1.75
add suffix SM MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
to model no. 1.04 1.40 1.50 1.60 1.34 1.80 1.75
(ex. MAR-ISM) MAV-1 ~MAV-2 +MAV-3  MAV-4 MAV-11
I - 1.45 155 165 - 215
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT 495 495 495 495 495 495 4.95 -
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 1.50 1.60 2.10
MAR-1 MAR-2 MAR3 MAR-4 MAR-6 MAR-7 MARS8
0.99 1.35 1.45 1.55 1.29 1.75 1.70
Freq.MHz.DC to 1000 2000 2000 1000 2000 2000 1000 1000
Gain, dB at 100MHz  18.5 125 125 83 20 135 325 12.7
Output Pwr. +dBm 1.5 45 10.0 125 20 55 125 175
NF, dB 55 65 6.0 65 30 5.0 33 36

Notes: + Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown
designer's kit, KH-1 availaple only $59.95 inCludes

40 AMPLIFIERS* 10 MAR-1. 10 MAR-3. 10 MAR-4, 10 MAR-8

150 CAPACITORS* 50 100 pf. 50 1,000 pf, 50 10.000 pf

740 page RF/IF DESIGNER'S HANDBOOK

* MIXERS »

« |&Q/QPSK MODULATORS * ATTENUATORS/TERMINATIONS

POWER SPLITTER/COMBINERS * AMPLIFIERS * ELECTRONIC ATTENUATORS
* DIRECTIONAL COUPLERS

solvers. « RF TRANSFORMERS * DIGITAL ATTENUATORS * PHASE DETECTORS * SWITCHES/DRIVERS
e e » FILTERS » LIMITERS » FREQUENCY DOUBLERS T
*vaities or models may be substituted without notice, ypical Circuit Arrangement
depending on supplies Roias v
W "CC
OLOR DOT T RFC (optional)
finding new ways Coiock 'y “block
setting h|gher standards N = '*\'/ F—our
m M l n l c l rc u lts WE ACCEPT AMERICAN EXPRESSANDVKSA
P. O Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010
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