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A commercial-guality system that includes
' multiple zones, auto-dialer support,
adjustable entry and exit delays, and more

An Bmergency Remote
Control For Your Gar

Disable your car, flash your
lights, sound your horn, and
more with this easy-to- build
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Design and Verify Circuits. Fast.
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Electronics Workbench®

¥ Version 3
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Analog Module includes:

« complete control over all component values

« ideal and real-world models for active
components

» resistors, capacitors, inductors, transformers,
relays, diodes, Zener diodes, LEDs, BJTs,
opamps, bulbs, fuses, JFETs, and MOSFETS

» manual, time-delay, voltage-controlled and
current-controlied switches

« independent, voltage-controlled and current-
controlled sources

e multimeter

* function generator (1 Hz to 1 GHz)

* dual-trace oscilloscope (1 Hz to 1 GHz)

* Bode plotter (1 mHz to 10 GHz)

* SPICE simulation of transient and steady-state
response
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Digital Module includes:

» fast simulation of ideal components

* AND, OR, XOR, NOT, NAND and NOR gates

* RS, JK and D flipflops

* LED probes, half-adders, switches and seven-
segment displays

» word generator (16 eight-bit words)

« logic analyzer (eight-channel)

* logic converter (converts among gates, truth
table and Boolean representations)

Complement Your Test Bench

Here’s why Electronics Workbench belongs on your test bench:
Wires route themselves. Connections are always perfect. And the
simulated components and test instruments work just like the real
thing. The instruments are indestructible and the parts bin holds
an unlimited supply of each component. The result: thousands of
electronics professionals and hobbyists save precious time and
money. Over 90% would recommend it to their friends and
colleagues. Electronics Workbench: the ideal, affordable tool to
design and verify your analog and digital circuits before you
breadboard.

And now the best is even better - Electronics Workbench
Version 3.0 is here. It simulates more and bigger circuits, and
sets the standard for ease of use. Guaranteed!

< Features in Version 3

« new components include JFETs, MOSFETs,
voltage-controlled and current-controlled sources
and manual, time-delay, voltage-controlied and
currentcontrolled switches

» real-world models for opamps, BJTs, JFETs,
MOSFETs and diodes - over 100 models available

* MS-DOS version now supports up to 16 MB of
RAM for simulation of bxgger circuits

» new Microsoft® Windows' " version available

* technical support now also available on

CompuServe” Just $ 2 99!

Electronics Workbench:

The electronics lab in a computer™

Call: 800 263-5552 =

Electronics
Workbg;nch

E
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INTERACTIVE IMAGE TECHNOLOGIES LTD. E
908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060 i rower
Telephone: (416) 361-0333 FAX: (416) 368-5799 JRRE

*30-day money-back guarantee. SN

Prices in U.S. dollars, shipping $15. Offer vahd in U.S. and Canada only.
All trademarks are the property of their respective owners. INTERACTIVE
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COVER STORY

31 Build a Home Security System
Crime is one of this country’s top problems, but this full-featured, pev T .
commercial-quality security system can help reduce your risk of :
becoming a crime statistic. It features multiple protection zones,
programmable entry and exit delays, autodialer support, panic

inputs, and much more— John Taylor, Jr. ~I :

CONSTRUCTION

47 Build a Multifunction Car Security System
Flash your lights, sound your horn, or even disable your ignition from
up to 100 feet away—Anthony J. Caristi |

62 Build a One-Tube AM Receiver
Get great high-fidelity performance from this easy-to-build
conversation piece—larry Lisle

FEATURES

41 Variable Frequency RF Oscillators p

- . 4 age 47
This introduction to variable-frequency oscillators shows
how they work, and how you can use them in your own designs—
Joseph J. Carr

55 Ground Zero
There's a lot of fun to be had at the low-frequency end of the radio
spectrum—Kar/ T, Thurber, Jr

75 Navigation Systems Go Mainstream
Learn about the first car-navigation system to be officially offered
by aU.S. car maker—Bill Siuru

Page 75

POPULAR ELECTRONICS (ISSN 1042-170-X) Published monthly by Gernsback Publications, inc 500-B Bi-County Boulevard. Farmingdale, NY 11735. Second-
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Postmaster: Please send address ¢hanges to Popular Electronics, Subscription Dept.. P.O. Box 338, Mount Morris. It 61054-9932

A stamped self-addressed envelope must accompany ail 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.

As a service to readers, Popular Electronics publishes available plans or information relating to newsworthy products, techniques, and scientific and techno-

fogical developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, Popular Electronics dis-
claims any responsibility for the safe and proper functioning of reader-built projects based upon or from plans or information published in this magazine.
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PRODUCT

REVIEWS

18 Hands-On Report
OrCad Schematic Design Tools 386+

63 Gizmo

Videonics digital mixer, Sonance in-wall speakers, Brother P-
Touch PC labeling system, VCR Plus+ Control Tower universal
remote control, and much more

COLUMNMNS

DEPA

6 Multimedia Watch
Multimedia and the MAC—Marc Spiwak

22 Antique Radio
A "baby boomer” from Britain—Marc Ellis

24 Think Tank

Some hobby circuits—John Yacono

77 Computer Bits
Fishing for knowledge— Jeff Holtzman

82 Circuit Circus
Monitor and detector circuits—Charles D. Rakes

85 Dx Listening

DX on the tropical bands—Don Jensen

87 Ham Radio

Using a double-balanced mixer— Joseph J. Carr

89 Scanner Scene
Not-so-private security—Marc Saxon

RTMENTS

3 Editorial

4 Letters

10 Electronics Library

16 New Products

80 Electronics Market Place

95 Popular Electronics Market Center
138 Advertiser’s Index

139 Free Information Card
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EDITORIAL

A MATTER OF SECURITY

In poll after poli, when Americans are asked what the number-
one problem facing our country is, crime ranks at or near the
top. Many of us no longer feel safe in our homes or even our
cars. That's not surprising considering that newspapers and
radio and TV news broadcasts are filled with sometimes horri-
fying accounts of increasingly brazen and sensational criminal
deeds.

While some would have you believe otherwise, there is no
easy way to immediately solve this important problem. But
there are steps you can take to reduce your risk of becoming a
crime statistic. This month, Popular Electronics presents two
stories to help you do just that.

in Build a Home Security System, we present a full-featured,
commercial-quality security system. It has multiple protection
zones, programmable exit and entry delays, panic inputs, and
much more. It also has provisions to flash your house lights
and to activate an autodialer to call for help in the event of a
break in. The story begins on page 31.

in Build a Multifunction Car Security System, we show an RF
remote controi that can be used in a variety of security func-
tions. You can use it to flash your vehicle’s lights or to sound
its horn from as much as 100 feet away. That can let you easi-
ly find your car in a dark, deserted parking lot, scare away sus-
picious characters who are loitering near your car, or get atten-
tion in an emergency.

The remote can also be set up to disable your car’s ignition
system. That last feature can save your car in the event of a
carjacking, while giving you enough distance and time to get to
safety. The story begins on page 47.

Q0 L

Carl Laron
Editor
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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 ID. 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. $149.00*

TEL REGISTER W/O PRINTER.
Records dialed number and time.
16-digit display. Holds up to 145 num-
bers in memory. $99.00*

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Tel 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. Ideal for disguising
voice. $29.95**

RF BUG DETECTORS,
AND MUCH MORE
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. Free catalog.

TOLL FREE 1-800-926-2488

A.M.C. SALES, INC.
193 Vaquero Drive
Boulder, CO 80303
Tel: (303) 499-5405
Fax: (303) 494-4924

Mon-Fri 8 a.m. - 5 p.m. Mtn. Time
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NOISE-REDUCTION
SYSTEM CORRECTION
| was very impressed with your
presentation of my article, “The
Universal Noise-Reduction Sys-
tem” (Popular Electronics,
July 1994). However, two art-
work mistakes did creep in. In
the schematic diagram (Fig. 2),
resistor R9 is shown in the
wrong place: one end should be
located at the junction of pin 4
of U2 and R8, and the other end
should go to ground. In the
parts-placement diagram (Fig.
5), the locations of R7 and R8
have been swapped. | hope that
this ciears up any confusion.
RICHARD PANOSH

COMMENTS AND
SUGGESTIONS

| have been a subscriber to
Popular Electronics since the
late 1960's and | thoroughly en-
joy each and every issue. |
especially appreciate the con-
struction articles and have built
many projects, but that would
be a story in itself. Because

LETTERS

everyone seems to be com-
menting on what they would like
to see included in the maga-
zine, | thought | wouid forward a
few of my own.

First, because | have always
been fascinated by the growth
and diversity of computers, |
look forward to every Popular
Electronics article that covers
peripherals. For example: ‘All
About Parallel Port Signals”
(January 1992), “Troubleshoot-
ing Parallel Connections”
(February 1992), “Programming
Serial Ports" (August 1993), and
“Computer Viruses” (September
1993). Those articles were ex-
cellent. Keep up the good work
with more articles on disk con-
trolters, disk drives, video/
graphic boards, and memory
expansion.

Second, | consider myself an

Y7
A/ 72

Most

7% AN IMPORTANT PART
OF YOUR PHOTOCOPIER
ISN'T PART OF
YOUR PHOTOCOPIER |

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) 7412318

© 1993 Copyright Clearance Center

electronics hobbyist, as | sus-
pect a lot of your readers are. |
think it would be great to ex-
pand the “Haves & Needs’
portion of the Letters section
into a separate column in which
readers could exchange parts
and information that they have
accumulated in their junk boxes.
Finding parts and accessories,
or even literature, is nearly im-
possible these days, yet many
readers have collections of all
sorts of electronics stuff. |, for
one, cannot bring myself to
throw away good electronic
“junk.”

For example, | have a
Tektronix 3B3 plug-in timebase
module that | have no use for.
Perhaps one of your readers
needs one. On the other hand, |
also have a request for “Haves
& Needs."” | am looking for the
operating and service manuals
for a C-1B electric power plant
manufactured by E.A. Laborato-
ries, Inc., of Brooklyn, New
York. | would gladly pay for
copying and shipping.

Thank you for hearing me
out. | look forward to every
issue of Popular Electronics
because | know there will al-
ways be something worth
reading about.

JOE NOWINSKY
Route 1, Box 261
Florence, TX 76527

ONE MORE KIT
COMPANY

The article on electronic kits
that appeared in the July 1994
issue of Popular Electronics
was very well written and infor-
mative. At the end of the article,
several firms that offer elec-
tronic kits are mentioned. |
would like to add one more to
your list: PAIA Electronics, Inc.
The company is located at 3200
Teakwood Lane, Edmond, OK
73013. The phone number is
405-340-6300, and the fax
number is 405-340-6378.

PAIA offers musical, MIDI, au-
dio, audio etfects and
processors, and audio recording
accessory kits. | have as-
sembled two of their kits, and

Www.americanradiohistorv.com

have been satisfied with the
instructions, construction, and
performance of the units.

| also bought and assembled
the universal noise-reduction
system (featured in the July
issue) from Vista in
Bollingbrook, IL. The kit went
together easily and works per-
fectly. | will be using it in my
home recording studio. | called
Vista to compliment their prod-
uct, and found that it was their
first consumer-electronics kit. |
encouraged them to market
more in the future. They were
very friendly and helpful in ship-
ping my kit out quickly so that |
could have it for the followirg
weekend's recording project.
R.M.
Norcross, GA

HAVES & NEEDS

I'm trying to fix a Goldstar color
TV, model #CMT-9325, serial
#KC-60401070. | need a copy
of the schematics, especially
the power supply. | will pay for
postage and copying costs.
JODY WHITE

6130 Keating Road

Pensacola, FL 32504

| need to buy an owner's man-
ual, schematic, and probe for a
B +K Precision dual-trace os-
cilloscope model 2120 and a
Meguro 1-GHz spectrum ana-
lyzer. Can any of your readers
help me to obtain those items?
RUDY SERRANO

6 Fl., No. 51, Sec. 2
Chuncking So. Rd.

Taipei, Taiwan, R.O.C.

| am seeking information on a
commercial Pacman game. The
nameplate on the game has the
following information, with Japa-
nese characters on each line:
95-1655 NNO
100 V
100 W
10/60 Hz
666033
NANAO.

Thanks for your help.
JOHN MROZKO
RR1, Box 28
Cohoes, NY 12047 | ]
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Be The Boss Of Your
Own Bookkeepin
And Accounting Business

Now NRI makes it easier than ever to be your own boss. NRI's innovative new at-home training in Contemporary Bookkeeping and
Accounting guides you step-by-step from the basics of bookkeeping to more advanced accounting techniques...plus gives you hands-on
experience with today’s most exciting new accounting tool: a powerful AT-compatible computer system you train with and keep!

Your timing couldn’t be better! Only NRI's new hands-on training
gives you the opportunity to make the most of three of today’s
most exciting new developments:

With NRI's step-by-step training, you'll soon be
using your computer as comfortably as you now
use a pencil, doing in minutes the kinds of
procedures that can take hours to do manu-
ally-—giving you more time 10 make money
offering your bookkeeping and accounting
expertise to your clients!

8@ The persistent and growing need for bookkeeping and
accounting services by virtually every business, association, and
organization operating today

8 The computer revolution that's transformed traditional .
bookkeeping and accounting practices and techniques Get the business savvy you need
to set up shop at home

NRI goes beyond giving you
technical expertise in bookkeep-

(fl}, ing and accounting to give you

the business knowledge you

need 1o succeed as a home-based

entrepreneur. You learn how o

set up the ideal home oftice, how

to get and keep good-paying

clients, how to budget your

resources, grow your profits, and

much more. And NRI's experienced

instructors are always available with

technical advice, encouragement,

and support as you get your

business off the ground.

B And the home office boom—with more than 25

millicn Americans currently working in a home

baseda business of their own and more than 15

million more entrepreneurs expected 1o join

the home-based ranks by the year 2000 WM 1
A )

Only NRI's Contemporary Bookkeeping 4" J
and Accounting course prepares you to ’
capitalize on all three, with comprehensive 'a_?" e
training in every aspect of bookkeeping
and accounting, plis hands-on training with
a powerful IBM-compatible computer and
professional General Ledger software, plus
the business knowledge you need to make
your home-based enterprise thrive.

Start earning while you learn
o - Even if you decide to wait
before setting up shop at home,
your new understanding of
advertising, customer relations, and

Among the most popular home-based
services today, bookkeeping and
accounting offers tremendous

money-making potential for the e " other business principles will help
trained professional. And NRI's Harold Reeh you generate part-time income or
unique new training helps you ﬂ | Brestdent move up 1o a responsible position
take advantage of this earnings LR Seboods with your present company.

potential quickly and easily.

= Send today for FREE catalog

/ To find out how NRI's at-home training

NRI starts you
out with the tried- ¥

. P

and-true basics of } can prepare you 1o start a profitable bookkeeping
bookkeeping and : ) . and accounting business of your own, send for NRI’s free,
accounting, cutting through unproductive “busy work” to give you full-color catalog. Or choose to send for information about one of
the skills that really count. Before you're halfway through your NRI's many other courses designed to help you be your own boss.
course, you'll be able to pick up part-time income preparing If the coupon is missing, write to NRI Schools, McGraw-Hill
balance sheets, profit-and-loss statements, Continuing Education Center, 4401 Connecticut Avenue, NW,

and other financial reports for local businesspeople. And that's Washington, DC 20008.

just the beginning!

Only NRI gives you an AT-compatible computer

F ey =771
I

and friendly, “walk-you-through” software to ”ﬂ’ Schools wid I
train with and use in your new business NEW! McGraw-Hill Continuing Education Center LR I

— AT- SR )] Connecticut Avenue, NW, Washington, DC 20008

Once you've mastered the essential basics, you're l-‘(ﬂl'l}ﬁilihlc" « IZ( Check one only I

ready to make the leap to contemporary accounting ey [ Bookkeeping and Accounting |

techniques with a computer. And you'll get hands-on 0O Desktop Publishing and Design O] Paralegal

training with the IBM-compatible computer that’s ] Word Processing O Travel I

included in your course. | 0 Computer Programming Writing |
That's right! You get a powerful IBM PC/AT-compatible system I l

featuring a full megabyte of RAM, high-resolution monitor, and

floppy disk drive—plus professional General Ledger software I o (please print) Age |

ingeniously designed to speed your learning process. | |
Even if you make a mistake, your user-friendly software points I Address I

you in the right direction with easily understandable instructions

in plain English. Best of all, this same training software doubles as | Eio = |

a complete bookkeeping and accounting package you can use o WYRREED § ceredited Member, National Home Study Council—?35_1()9‘1

set up the hooks for your business clients. S SN N S GE BN EED SN G SN BN BN SN S J
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By Marc Spiwak

The Mac and
The PC
Worlds Are
Similar

The PC GamePad is the perfect controller for quick-response
games like Pac Man.

MULTIMEDIA

As I mentioned last
month, I've got a
Macintosh Performa 600 on
loan to me for a period of
time. That time period is
soon to expire, so | figured |
would tell you what my ini-
fial impressions of a Mac
are. I've always worked with
PCs, but I've played with a
few different Mac’s over the
years. We all know what a
pain in the neck PC's can
be, even for expert users,
and we know even better
what a mystery they are to
inexperienced users.

In that respect, Mac’s are
supposed to be different
than PC’s, and they are,

especially for people who
know little or nothing about
computers. A Mac is defi-
nitely easier to set up than
a PC. All peripherals that
come with a Mac are
made specifically for the
Mac by Apple, so they all
work very well together. All

connectors are clearly
marked and easy to identi-
fy. The connectors on PC'’s
are often confusing.

Although | did not have
the pleasure of installing
new hardware in the Mac, |
am told by some reliable
sources that it's without a
doubt much easier to in-
stall, say, a modem in a
Mac than it is in a PC. New
hardware is instantly recog-
nized and configured by
the Mac at power-up. (We
all know how miserable life
can be when installing a
new expansion card in a
PC) So the Mac wins
hands-down where hard-
ware upgrades are
concerned

However, I'm not so sure
how important that is. It
seems to me that experi-
enced PC users will always
manage to get a new de-
vice to work, although it
might take a little blood,
sweat, and tears. An inex-
perienced user, on the
other hand, would probably
never crack open the case
on a computer in a million
years.

Most software was al-
ready set up for me on the
Mac, so | can't say whether
software installation in gen-
eral is easier on a Mac than
a PC. Navigating through a
Mac interface is quite easy
for experienced Windows
users, and some aspects
are much more user-friend-
ly. For instance, any disc (or
diskette) inserted into the
Mac generates its own icon
on the screen. But as | said
before, that is only of signifi-
cant value for people
unfamiliar with PC’, as click-
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WATCH

ing on a drive icon in
Windows becomes second
nature after a while.

My main interest in the
Mac was in how it handled
multimedia. Both my PC
and the Mac have double-
speed, CD-ROM drives, but
my PC has a definite edge
in memory (16 Megs versus
the Mac’s §) and speed (59
MHz versus 32). | have to say
that even with the Performa
6007 limited horsepower,
multimedia applications
seem to run quite satisfac-
torily. | have a bunch of
multimedia titles including
Hell Cab and Iron Helix for
both the Mac and PC plat-
forms. It seems that the
games run almost identi-
cally on both machines,
except for an edge in
speed on the faster PC.

To sum up, I'm sure that a
top-of-the-line Mac will
blow the doors off my now-
dated DX2-50 in multi-
media applications, but my
DX2 is still far from obsolete.
if | had to recommend ei-
ther platform for a
complete computer green-
horn, | would probably go
with the Mac because it's
easier to set up and use.
However, PC’s are still much
cheaper, and are getting
easier to use all the tims.
(Will plug-and-play cards
ever work reliably? We'll
know soon enough) For
someone who has had
some experience with com-
puters, and is interested in
getting intfo multimedia, |
would have to recommend
a PC because of its more
generic availability. | guess
that a long-time PC user will
almost always push the PC



www.americanradiohistory.com

platform and a Mac user
will always push the Mac.
Maybe that's because both
worlds are closer than one
might think: the advantages
of either are not over- @
whelming, so users stick with
what they know.

WEIRD CONTROLLERS,
CONTINUED

| have been testing out a
neat little game controller
called the Gravis PC
GamePad from Advanced
Gravis. The GamePad is a
Nintendo-like controller with
a small titable thumb pad
on one end and four but-
tons on the other. The

WHERE TO GET IT

Advanced Gravis
1790 Midway Ln.
Bellingham, WA 98226
Tel. 604-431-5020

Apple Computer, Inc.
20525 Mariani Avenue
Cupertino, CA 95014
Tel. 408-396-1010

Aris Multimedia Entertainment
310 Washington Blvd., Suite 100

‘Marina Del Rey, CA 80292

Tel. 310-821-0234

Corel Corporation
The Corel Building
1600 Carling Avenue
Ottawa, Ontario,
Canada K1Z 8R7
Tel. 613-728-8200

Grolier Electronic
Publishing, Inc.
Sherman Turnpike
Danbury, CT 06816
Tel. 203-797-3500

HyperGlot

P.O. Box 10746
Knoxvilte, TN 37939
Tel. 615-558-8270

infoBusiness

887 South Orem Blvd.
Suite B

Orem, UT 84058

Tel. 801-221-1100

NovalLogic

19510 Ventura Blvd.
Suite 200

Tarzana, CA 91356
Tel. 818-774-0600

World Library, Inc.
12914 Haster Street
Garden Grove, CA 92640

~ Tel. 714-748-7197

Heathkit® Heathkit® Heathkit®

Master Course in

Heathkit” Heathkit

Electromcs Technology

m.atch'the'
quality and
value of
this
Heathkit
course.
Using
videos,
computer-
aided
instruction,
trainers,
test instru-
ments, and
texts, it's
i everythmg

=Heathkit

For a Full-Line Catalog of Electronics and Comput

©1994 Heath Company

What You'll Learn:

This value-packed course offers
you so much more than courses
from the omu ;,uys * With

5455 Riverview Drive

CIRCLE 155 ON FREE INFORMATION CARD

iconductors, Circuits, and
Digital Techniques (more
advanced courses are avail-
able). You'll gerall the tramd\g ;

y & Best' Va[ue lp, Electrounl\cs Tralmng

- 'ay
course
delivers
superior

instruction
and makes
learning
easier and
more fun.
Compare
this course
with any
and all
others.
Heathkit

ensi

¢Benton Harbor, Ml 49023-1288
er Courses, call 1-800-44-HEATH

When calling, please mention this code: 107-028

device is small and easy fo
hold. The thumb pad is tilt-
able in any direction, and @
small joystick handle can
be screwed into the pad.
This provides you with a tiny
thumbstick with very fast re-
action times, but less
accuracy than a full-sized
joystick. This thumb action is
perfect for a game like Pac
Man where you have to
make rapid movements up,
down, left, or right, but not
so hot for games like flight
simulators. With a list price
of only §29.95, | give the
GamePad a Thumbs up!

If you're more into flight
games, then the Gravis
Analog Pro joystick is what's
right for you. This is Ad-
vanced Gravis' top-of-the-
line joystick, and it shows.
This joystick is extremely
well-made, and will stand
up to years of rough han-
dling. The stick has a built-in

throttle control that lets you
put your attention
elsewhere. It also has five
programmable fire but-
tons—two on top of the
stick, two on the side, and a
trigger—so you can
customize its operation to
your liking. Rare among
joysticks is the Pro’s ability to
adjust the tension on the
stick from completely loose
(where the stick flops
around without centering)
fo very tight. A six-foot cord
and a foam-padded han-
dle complete this very nice
$59.95 package.

NEW STUFF

| recently received one
of the most useful and user-
friendly CD-ROM’s I've ever
seen. Part of what makes
this package useful is that it
comes with a book—ycu
know, the paper kind. Any-
way, the package is called

WWW.americanradiohistorv-com

Corel Gallery, and it's pub-
lished by the Corel
Corporation. Corel Gallery
contains 10,000 high-quality
clip-art images on CD-
ROM, with over 6000 of
them in color.

Now | know that CD-
ROM’s can make some
things in life much easier,
but searching through one
filled with thousands of im-
ages can get tedious, and
you're bound to miss the
image that's just right for a
particular application. The
beauty of Corel Galiery is
that all 10,000 images are
also printed in a book. | find
that it's much easier, and
faster, to look through im-
ages in a book than it is on-
screen, Then, the chosen
clip art can be pulled from
the disc quickly. Although |
wouldn't have a use for
them, the disc includes
hundreds of celebrity

~  Souonoad seindod ‘P661 180100
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portraits (some look accu-
rate and some not so
accurate). That aside, thou-
sands of other useful
images, in 50 different cat-
egories, are also present.
The clip-art package has a
list price of $59, and its the
easiest one to use that I've
ever seen.

Clip-art of a different
sort—photographic rather
than drawn—came to me
from Aris. Two new
MediaClips discs—
Americana and New York,
NY—contain high-resolution
photos, video, and audio
clips. Each disc contains
100 photos in TIFE BMP and
PICT formats; 25 videos in
Video for Windows, Quick-
Time, and MPEG formats;
and 100 Music clips in WAV
and SND Resource formats.
All material is royalty-free,
and so you are free to use it
as you like. These discs retail
for $29.95,

Also from Aris is the
Multimedia Starter Pack.
This package includes Aris’
MPC Wizard 2.0 which helps
you test, tune, and trou-
bleshoot a multimedia PC.
Also contained is WinTutor
3.1, @ multimedia Windows
Tutor on CD-ROM, and
WorldView, a MediaClips
disc with an outer-space
theme. Specially priced at
$29.95, this 3-disc set makes
a nice gift for someone
new to multimedia.

Another useful disc, es-
pecially if you want to learn
how to speak Spanish, is
Learn To Speak Spanish
from HyperGlot. This multi-
disc set is the multimedia
way to learn Spanish. While
I've mentioned HyperGlot’s
software before (they have
products for many different
languages), this is a new
version with a much-im-
proved user-interface, and
the product now includes

remaining charge

Watch and more!

In the November, 1994 Issue

Popular Electronics

Build the TEST GEAR you need for your work/repair-
bench and save big bucks! Here are four winners

* Autoranging Frequency Counter—Go up to 50
MHz with this easy-to-build project,

« Autoranging Capacitance Meter—If it's between 1
pF and 1000 pF, you get a valid reading.

« Battery Ampere-Hour Meter—Provides an
accurate indication of battery’s condition and

» “Gate-Dip” Meter—Determine resonant frequency
of tuned circuits and antennas.

* PLUS outstanding columns and departments like
Gizmo, Think Tank, DX Listening, Scanner Scene,
Ham Radio, Computer Bits, Circuit Circus, Multimedia

On Sale
September 16, 1994

Pick up Popular Electronics at your favorite

Newsstand, Bookstore, Convenience Store
or Supermarket

Corel Gallery is a collection of 10,000 pieces of clip art on CD-

“ o e

ROM. A full-color book included in the package makes it easy to
search for the clip art that's just right for an application.

digitized video.

From InfoBusiness, Job-
Power Source is the multi-
media way to brush up on
your job-finding skills for the
90%. This disc contains com-
plete books and plenty of
other text, two hours of vid-
eo training clips, interactive
worksheets, and more. If
you're looking to begin a
career, or start a new one,
then maybe this $49.95 disc
is a good place to start.

Library of the Future, Third
Edition, from World Library,
Inc., adds the complete text
of nearly 1,500 new titles to
the second edition of the
disc, for a total of 1750
literary titles on one disc.
While it's not as convenient
to read a book on-screen
or laser-printed as it is with
an actual book, there is no
better way to research one
of the books than with this
CD-ROM, and for $395, its a
relative bargain.

A disc that’s fun for chil-
dren and adults is
Prehistoria, from Grolier
Electronic Publishing. This is
a very entertaining disc
that chronicles all kinds of
prehistoric life—not just di-
nosaurs. Prehistoria covers
over 500 prehistoric species
of animals that roamed the
earth over a period of 500
million years. The disc sells
for $69.95.

The folks at Novalogic
write some amazing soft-
ware, in particular
Comanche CD, which is
the best helicopter-combat
simulator we've ever seen.
The CD contains all three
Comanche games in the
series, and is an excellent
buy at a list of $74.95.
WolfPack is another great
simulation game, but it's of
a World War It naval battle.
With a list price of only
$39.95, WolfPack can't be
beat. [ |
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Take this GIANT CIRCUIT

LIBRARY for only $9.95

when you join the Electronics Engineers’ Book Club®

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS

by Rudolf F. Graf

—Vols. 1,2 & 3

Hundreds of circuit ideas alphabetically arranged — from Alarm circuits to Zero

crossing detector circuits!

& includes schemalics for the fatést electronics circuits ‘from indéstry Ie

Turn to this
comprehensive circuit
library for hundreds of
project ideas . . .
valuable troubleshooting
and repair tips . . . and
concise pinout diagrams
and schematics. In each
volume you'll find more
than 700 electronic and
integrated circuits and
100+ circuit categories
right at your fingertips
to give you ideas you
can use on the job or
at your workbench.

2,344 total pages 3,490 total illustrations

As a member of the

Electronics Engineers’

Book Club ...

.. you'li enjoy receiving Club bulletins svery 3-4
weeks containing exciting offers on the latest
books in the field at savings of up to 5D% off of
regular publishers’ prices. If you want the Main
Szlection 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 obliga-
tion is to purchase 3 more books during the next
2 years, after which you may cancel yoLr
membership at any time.

Publisher’s price shown. ©1994 EEBC

1

—Populaf Electronics
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$180.00
Value!

Book No. 5489C Hardcover

If coupon is missing, write to: Electronics Engineers' Book Club, Blue Ridge Summit, PA 17294-0860

A WA TS S T e T - T
ELECTRONICS ENGINEERS’

BOOK CLUB W
Blue Ridge Summit, PA 17294-0860

YES! Ploase send me The Encyclopedia of Electronic. Clrcuits—
Vols. 1, 2 & 3 (5489C), billing me $9.95 plus shipping/handiing &
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 books within 10 days and have my membership
cancelled.

Name ____
Address. S
City —

State ___ —

Zip Phone .

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 U.S. and Canada wiil receive special ordering Instructions. A

shipping/handiing charge & sales tax will be added to all orders. PPIF1094
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Practical

Antenna
Handbook:
Second

Edition

by Joseph J. Carr I.

ELECTRONICS
LIBRARY

Popular Electronics columnist
Joe Carr has updated his hot-
selling, project-packed book to
include all-new BASIC comput-
er programs for antenna design
and impedance matching, ex-
panded coverage of long-wire
directional antennas and radio-
wave propagation theory, and
new material on small loop di-
rection-finding antennas. Like
the first edition, the focus is on
practical information that you
can easily put to use designing,
building, and installing anten-
nas—even if your experience is
limited,

PRAGT ]_'_r_:__gﬂr_,_

The book provides all the
nuts-and-bolts information you
need to make antennas work,
and then shows you how to
extend that knowledge into new
projects that involve designing,
building, modifying, or installing
antennas. A wide array of an-
tenna types covered, including

high-frequency dipole, vertically
polarized HF, hidden and lim-
ited-space, VHF/UHF
transmitting and receiving,
multi-band, tunable-wire, short-
wave, microwave, mobile,
marine, and emergency anten-
nas. The book also explains
how to match antenna load im-
pedance to an RF source or
transmission line and how to
use the Smith chart for prob-
lem-solving, and outlines
antenna grounding techniques.
Practical Antenna Handbook:
Second Edition costs $26.95
and is published by Tab Books
Inc., Blue Ridge Summit, PA
17294-0850; Tel:
1-800-233-1128.

CIRCLE 98 ON FREE
INFORMATION CARD

THE COMPREHENSIVE
GUIDE TO MILITARY
MONITORING

by Steve A. Douglas

Ironically, the complexity that
gives military monitoring much
of its appeal also scares off
many wouid-be listeners. This
book aims to demystify the
world of military monitoring,
speilling out in simple terms—
with no techno-jargon—how
anyone can monitor military ra-
dio communications with a
minimum of confusion and cost.
The book explains the equip-
ment needed to tune military
frequencies, and provides a
“milspeak” dictionary to help
readers understand military lin-
go. The book also includes a
base-by-base listing of all mili-
tary frequencies, the top
nationwide frequency listings,
maps of military bases and re-
fueling tracks, a source guide,
and a complete listing of the
U.S. Navy's FLTSATCOM chan-
nels.

In the finai chapter, the author
describes the shadowy world of
stealth aircraft, which he has
been monitoring ciosely for

WwWWwW.americanradiohistorv.com

THE
COMPREHENSIVE
GLIDE TO

MILITARY
MONITORING

O OBY
STEVE'A, DOUGLASS

years. He includes photos and
illustrations of secret aircraft,
and a video still of the "TR-3A
Black Manta,” which the Air
Force still denies exists.

The Comprehensive Guide to
Military Monitoring is available
for $19.95 plus $4.00 shipping
(Priority Mail) from Universal
Electronics, Inc., 4555 Groves
Road, Suite 13, Columbus, OH
43232; Tel: 614-866-4605;
Fax: 614-866-1201.

CIRCLE 90 ON FREE
INFORMATION CARD

LEARNDOS 6.2IN A
DAY
by Russell A. Stultz

Designed with the beginner in
mind, this tutorial makes it easy
to master the most common
DOS commands with practical,
hands-on activities. It guides
readers through the important
commands that are found in
every version of MS-DOS, and
also explains how the new DOS
6.0 and 6.2 utilities can be used
to enhance computer opera-
tions. The book provides the
means to quickly identify which
commands are available in later”
versions, but unavailable in ear-
lier versions, of MS-DOS. With
an emphasis on learning by
doing, the book has readers
formatting disks, copying files,
and displaying their contents
within minutes after opening its
cover.
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Learn DOS 6.2 in a Day costs
$12.95 and is published by
Wordware Publishing, Inc., 1506
Capitol Avenue, Plano, TX
75074, Tel: 214-423-0090.

CIRCLE 91 ON FREE
INFORMATION CARD

EASY MULTIMEDIA:
SOUND & VIDEO FOR
THE PC CROWD

by Ori Gurewich and Nathan
Gurewich

Whether or not you have a CD-
ROM drive, sound board, or
programming expertise, this
book-and-diskette package
shows you how you can create
vivid, dramatic multimedia pre-
sentations for business,
educational, or personal use.
The book reveals how to put
muitimedia to work in applica-
tions that feature full-motion
video, sound and sound record-
ing, and colorful animation. in a
humorous, non-technical style,
it explains how to add sound
and video to presentations, use
Windows-compatible sound
cards, synchronize music and
video files, create animated
shows on the PC, and incorpo-
rate muitimedia into everyday
word-processing and

spreadsheet documents. The
bundled disk provides source
code and exciting multimedia
presentations that are ready to
be used.

Easy Multimedia: Sound and
Video for the PC Crowd costs
$24.95 and is published by
WindcrestMcGraw-Hill, Blue
Ridge Summit, PA 17294-0850;
Tel: 1-800-233-1128;

Fax: 717-794-2103.

CIRCLE 96 ON FREE
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FISHER WORLD
TREASURE NEWS
Volume 5, Issue 1
from Fisher Research
Laboratory

This 28-page, magazine-format
newsletter documents valuable
discoveries made all over the
world by people using Fisher
metal detectors. The newsletter
contains sections on archae-
ology, gold prospecting,
underwater treasure hunting,

Troasure HURTArs, kil
Civit war b

&

and the use of metal detectors
in law enforcement. it features
stories on the lost legions of
Rome, a 23-ounce gold nugget,
a Civil War battle site, an 1874
key-date coin worth more than
$10,000, and a scuba-diving
show.

The Fisher World Treasure
News is free upon request from
Fisher Research Laboratory,
200 West Wilmott Road, Dept.
PE, Los Banos, CA 93635;

Tel: 1-800-M-SCOPE-1.
CIRCLE 92 ON FREE
INFORMATION CARD

LOTUS NOTES
ANSWERS: Certified
Tech Support

by Polly Russell Kornblith

The author teamed up with Cor-

Earn Your B.S. Degree
in
COMPUTERS

or
ELECTRONICS

S ‘
By Studying at Home
Grantham College of Engineering,
now in our 44th year, is highly experi-
enced in “distance education” —teaching
by correspondence —through printed
materials, computer materials, fax,
modem, and phone.

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

Our Engineering Technology B.S.
Degree Program is available in either of
two options:

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

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

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

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

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

[

Accredited by
the Accrediting Commission of the
National Home Study Council

[ ]
GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460
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porate Software Inc., one of the
world's largest providers of tech-
nical support, to produce this
comprehensive, easy-to-use
book. Handiing 200,000 tech-
nical questions via phone each
month, Corporate Software de-
termined the questions most
frequently asked by users of
Lotus Notes. Both the questions
and the answers appear in this
book, eliminating the need to
call the tech support helpline or
waste time trying to find the
answer in voluminous user’s

NOTES
NSWERS:

E N E X

LOTUS

ke

Fhipfrart
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manuals. A wide range of Lotus
Notes topics are covered, from
adding and opening multiple
databases, to using Views, to
organizing and retrieving infor-
mation. The book covers all the
common pitfalls and trouble
spots associated with Lotus
Notes, including protecting and
sending documents, and de-
ciphering error messages. It
explains how to use functions to
look up information in other doc-
uments or databases, how to
use encryption to protect your
mail, and how to import and
export data to and from Notes.
Finally, the book tackles the
"“Top Ten Tech Terrors” and of-
fers “Frustration Busters”
intended to help prevent prob-
lems before they occur.

Lotus Notes Answers: Cer-
tified Tech Support costs $16.95
and is published by Osborne
McGraw-Hill, 2600 Tenth Street,
Berkeley, CA 94710; Tel:
510-549-6600; Fax:
510-549-6603.

CIRCLE 100 ON FREE
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THE VIRTUAL REALITY
CONSTRUCTION KIT
by Joe Gradecki

Intended to provide “total im-
mersion” in the virtual-reality

experience, this book shows
readers how to create virtual
reality in their own homes. It
offers plans for 14 inexpensive
projects, designed to be hooked
up to a home computer, that
can be built even by those with
no programming or electronics
background. Projects include
adapting existing hardware
(such as Nintendo PowerGloves
and VictorMaxx 3D goggles) to
work on your PC, and building
your own 3D goggles, motion
trackers, and 3D sound sys-
tems from scratch. The book
comes with a disk that includes
all the software needed to test,
calibrate, and run the gear that
you build. Even before you build
any of the projects, you can
explore the virtual worlds in-
cluded on the disk using just
your mouse and monitor. Pro-
grammers will appreciate the C-
code tips in the book and the
source code on the disk. The
disk also includes six virtual
worlds in which you can tour a
virtual park, play racquetball in
a virtual court, fly a jet, battle a
robot in a shooting game, con-
struct an ancient Greek temple
in three dimensions, and battle
a friend via modem or cable
hook-up in cyberspace combat
simulation.

The Virtual Reality Con-
struction Kit book and disk set
costs $27.95 and is published
by John Wiley & Sons, Inc., 605
Third Avenue, New York, NY
10158-0012; Tel: 212-850-6336.

CIRCLE 93 ON FREE
INFORMATION CARD

HIDDEN HAM
ANTENNAS
by Frank P. Hughes, VE3DQB

If you live in a neighborhood or
apartment complex that places
restrictions on ham antennas,

this is the book for you. Follow-

ing its “So long as what you put
up does not look like a ham
antenna, it's not likely to be
questioned” motto, the book
provides a wealth of ingenious
ways to hide antennas—includ-
ing placing them inside
flagpoles or arbors, or disguis-
ing them as bird-house poles or
tomato-plant supports! It covers
outdoor, indoor, high-frequency,
and VHF/UHF antennas, and
presents methods to disguise

AR 1_.;__:_':;; E%@
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them all. It also discusses an-
tenna tuners, grounds, and
counterpoises, and recom-
mends some easily disguised
commercial antennas.
Hidden Ham Antennas is
available for $12,95 plus $2
shipping and handling ($3 for-
eign) from Tiare Publications,
P. O. Box 493, Lake Geneva,
Wi 53147, Tel: 800-420-0579.

CIRCLE 101 ON FREE
INFORMATION CARD

THE ILLUSTRATED
DICTIONARY OF
ELECTRONICS:
Sixth Edition

by Stan Gibilisco

You can't keep up with any fast-
changing field if you don't un-
derstand its specialized lingo.
This handy reference aliows you
to find, at a glance, definitions

rlara
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of electronics and computer ter-
minology. Written for students
and hobbyists, as well as pro-
fessional technicians and
engineers, terms are defined
clearly and with as little tech-
nical jargon as possible.

The dictionary includes
scores of abbreviations, acro-
nyms, illustrations, schematics,
diagrams, and conversion ta-
bles. It thoroughly covers the
terminology of computers,
robotics, lasers, TV, radio, IC
technology, digital and analog
electronics, audio and video,
power supplies, and more. The
new edition contains updated
definitions and hundreds of new
terms.

The lillustrated Dictionary of
Electronics: Sixth Edition costs
$28.95 and is published by Tab
Books Inc., Blue Ridge Summit,
PA 17294-0850;

Tel: 1-800-233-1128.
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VOODOO 0S/2: TIPS &
TRICKS WITH AN
ATTITUDE FOR 0S/2 2.0
AND 2.1

by Allen G. Taylor

Taking the mystery out of 0S/2,
this book offers a wealth of tips
intended to help users quickly
take advantage of the fastest
and most reliable PC operating
system. Filled with speedy solu-
tions to common problems and
answers to questions that are
frequently asked but not well-
documented elsewhere, the
book shows users at all levels
how to use OS/2 to accomplish
more in less time. The book
explains how to launch and nav-
igate OS/2, focusing on dialog
boxes and controls. It shows
readers how to adapt OS/2 to fit
their needs by choosing colcrs
and transforming the desktop. it
explains how to run OS/2, Win-
dows, and DOS applications,
and how to use the Workplace
Shell to manipulate objects and
find lost files.

Voodoo OS/2: Tips & Tricks
with an Attitude for 0S/2 2.0
and 2.1 costs $24.95 and is
published by Ventana Press,

P. O. Box 2468, Chapel Hill, NC
27515; Tel. 919-942-0220; Fax:
919-942-1140.

CIRCLE 102 ON FREE
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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
rawarding new field where only the sky is
the limit.”

Danie! Wade Reynolds

Industrial Electrician

Ore-ida Foods

“CIE was recommended to me by my boss.
it was appealing since | could study at my
own pace at home and during business
travel."

Dan Parks

Marketing Manager/Ci Prod
Analog Devices, Inc.

C

“ toved the flexibility CIE offered. It was the
only way ! could continue both school and
my demanding job.”

Britt A. Hanks

Director of Engineering

Petroleum Helicopters, Inc.

“l liked the way the school was set up with
laboratory assignments to enforce
concsptual learning. The thing which
impressed me the most about CIE’s
curriculum is the way they show application
for afl the theory that is preserted.”

Daniel N. Parkman
Missile Electro-Mechani

U.S. Air Force

| Technici

“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 learning method for
building vatuable 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 10
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 al! your
laboratory equipment, books
and lessons are included in
your tuition. It’s all yours to
use while you study and for
on-the-job after you
graduate.

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

I 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

AH59
Address _ —
City
State ______ Zip Age

Phone No. _
Check box for G.1. Bill Benefits.
[ Veteran

[J Active Duty

I Name

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

A School of Thousands.
A Class of One. Since 1934.
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Robot Kit

NEW PRODUCTS

You can build your own robot
with the ADR-1 Robot Kit from
Aclypse Corporation. The
finished robot stands 27 inches
tall, measures 14 inches in di-
ameter, and weighs
approximately 16 pounds. lts
on-board computer system fea-
tures voice-recognition
capabilities, English speech
output, power motor drive, and
a battery with monitoring and
recharge system.

It shouid take between two
and six hours to build the

ADR-1 Robot. No special tools
or electronics experience is
needed to build or use the
robot.

The ADR-1 Robot has its own
operating system, and a built-in
BASIC programming language
makes it easy to give the robot
instructions. It can be pro-
grammed by connecting it to
almost any computer or termi-
nal. Program and data files can
be sent back and forth between

the robot and a personal com-
puter. The on-board computer is
powered by a 16-bit 8086-com-
patible CPU with 256K of RAM.
Optional expansion cards can
be connected to add memory,
sensors, motors, and other new
devices.

The ADR-1 Robot Kit costs
$299. For further information,
contact Aclypse Corporation,

Rt. 2 Box 213H, Worthington, IN
47471; Tel: 812-875-2852; BBS:
812-875-2836.
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GRAPHICS
ACCELERATOR

Designed for power users of
graphic programs such as Win-
dows, Windows NT, 0S/2, and
AutoCAD, the VideoBlitz Il
graphics accelerator from
Genoa Systems is availabie in
either PCI or VESA iocal-bus
configurations. The PCI version
is based on the Weitek P9100
GUI accelerator chip series and
an {BM contemporary palette
DAC. Equipped with 2MB
VRAM standard, the graphics
board is upgradeable to 4MB to
meet the advanced require-
ments of Pentium-based PCI
systems.

The VideoBlitz Il can run at a
maximum resolution of
1600 % 1200 pixels (up to 64K
colors), and can deliver True
Color (16.8 million colors) PCI
graphics acceleration at
1280 x 1024 resolution.
“FlickerFree" technology pro-
vides refresh rates that exceed
VESA specifications at all reso-
lutions.

The graphics accelerator in-
cludes high-performance drivers
for Windows, Windows NT, and
0S/2 2.1 environments, as well
as for Ventura, Lotus 1-2-3, Mi-
crosoft Word, and WordPerfect.
In addition, the Turbo DLD driv-
ers from Panacea offer support
for AutoCAD, AutoShade, Auto-
Sketch, 3D-Studio, and other
AutoDesk programs. An easy-
to-use, menu-driven installation
program is executable from ei-
ther DOS or Windows.

wwWWwW.americanradiohistorv. com

The suggested list price for
the PCl local-bus version of
VideoBlitz Il is $589. The 2MB
VESA local-bus version, which
runs High Color (64K colors) at
1024 x 768 pixels and True
Color at 800 x 600 pixels, has a
suggested list price of $549. For
more information, contact Gen-
oa Systems, 75 East Trimble
Road, San Jose, CA 95131; Tel:
408-432-9090 or 800-934-3662;
Fax: 408-434-0997.
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POINT-TO-POINT RADIO/
MODEM PAIR

Intended to replace the RS-232
cable between equipment,
Monicor Electronics’ IC-15 point-
to-point radio modems create a
wireless RS-232 “extension
cord.” The radio-modems each
contain an UHF radio trans-
ceiver, offered at either 4800
bits per second or 2400 bps.
The device's sensitive receiver,
powerful transmitter, and fast
protocol confidently support
line-of-sight distances up to cne
mile. Greater distances are pos-
sible with optional gain
antennas.

Each radio has an intelligent
RS-232 communications port
that can be completely config-
ured for any terminal. Data rates
are up to 19.200 baud. Once
configured, the radio-modem re-
places the cable.

The IC-15 has applications in
portable computers, industrial
scales, bar-code readers, and
process-control equipment.
Each radio/modem comes with
a short antenna, a rechargeable
battery, and a battery charger.

The 2400-bps and 4800-bps
IC-15 radio/modem pairs cost



www.americanradiohistory.com

M \

$950 and $1400, respectively.
For more information, contact
Monicor Electronics Corpora-
tion, 2964 NW 60th Street, Ft.
Lauderdale, FL 33309; Tel:
305-979-1907; Fax:
305-979-2611.
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HAND-HELD
GAUSSMETER

The Magnet Source'’s Dr. Gauss
is an accurate, easy-to-use
gaussmeter that measures elec-
tromagnetic fields (EMF’s)
produced by electrical currents
in appliances, electronic equip-
ment, and other AC power
sources. Dr. Gauss can be used
to locate and measure EMF’s in
and around the house, at
school, in the workplace, and in
other electrical-transmission
areas. By slowly moving the
instrument away from an EMF-
emitting device while measur-
ing, it is easy to quickly
establish a safe distance from
the electrical source and reduce
possible health hazards.

Dr. Gauss features two set-
tings to measure between 0.1
and 10 milliGauss. Readings
are shown on a needle display.
An audio signal is emitted when
an electrical field is detected

and intensifies as the gauss
level increases.

Dr. Gauss costs $49.95. For
further information, contact The
Magnet Source, 607 South
Gilbert, Castle Rock, CO 80104,
Tel: 1-800-525-3536.
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MULTIMEDIA PC'S

Two additions to Canon’s line of
multimedia PC’s, have been de-
signed to support serious
multimedia applications. The
Innova Vision L50/340 and
L33/210 each offers a dual-
speed, 680-MB CD-ROM drive,
a Sound Blaster 16-bit stereo
card, and an extensive software
package. The L50/340 features
the Intel 486DX2/50-MHz mi-
croprocessor with a 340MB
hard drive. The L33/210 uses an
intel 486SX/33-MHz micro-
processor and a 210MB hard

drive. Each system includes
4MB of RAM (upgradeable to
36MB), a graphics accelerator,
VESA local-bus architecture,
and 1MB of video RAM (up-
gradeable to 2MB for faster
playback and display perfor-
mance). The multimedia
computers also come with a fax
modem, shielded stereo speak-
ers, and a 14-inch SVGA
monitor. Pre-loaded software in-
cludes MS-DOS 6.2, Windows
3.11, MicroFax, Microsoft Multi-
media Works, Microsoft Encarta
electronic encyclopedia, and
two entertainment titles from Mi-
crosoft: Cinemania and Golf.

Estimated street prices for the
innova Vision Muitimedia PC's
range from $1700 to $2050. For
more information, contact Can-
on Computer Systems, 2995
Redhill Avenue, Costa Mesa,
CA 92626; Tel: 800-848-4123,;
Fax: 714-438-3317.
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AIR-OPERATED DIGITAL
DESOLDERING SYSTEM
According to A.P.E., its EX-680
digital desoldering workstation
is the most compact, low-cost
digital desoldering workstatior?
to meet MIL-SPEC require-
ments. Designed for high-
volume production touch-up and
repair, the EX-680 operates on
in-house air-supply, filtered and
regulated from 60-90 psi. The
pneumatically powered station
converts shop air into a high
vacuum flow at 2.5-3.0 cfm.
The EX-680 meets or exceeds
all applicable military and civil-
ian EOS/ESD, temperature, and
other safety standards.

The EX-680's modular LED
control panel constantly
monitors thermal loads to en-
sure safe removal of any solder
joints, even muiti-layer PC
boards. The desoldering station
features autotune temperature
control and a temperature-offset
control that continually main-
tains tip and window
temperature for precision con-
trol. The high-thermal-mass,
low-wattage, static-dissipative

desoldering handpiece allows
the user to work at safe temper-
atures. A programmable
security lock on the unit pre-
vents unauthorized changes of
settings for maximum and mini-
mum temperature limits,
Fahrenheit or Centigrade, tim-
ing of heat control, and sensor
calibration.

The EX-680 digital desolder-
ing system has a suggested list
price of $480. For more infor-
mation, contact Automated
Production Equipment Corpora-
tion (A.P.E.), 142 Peconic
Avenue, Medford, NY 11763;
Tel: 516-654-1197; Fax:

516-289-4735. n
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© 3M 1984

3M breadboards
for less dough.

Lower prices, plus jumper wires and a
diskette. No wonder interest is rising.

Remember, 3M Breadboards carry a lifetime warranty.
For more information, call 1 (800) 3280016, ext. 103.

3M Reliability
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ORCAD
SCHEMATIC
DESIGN
TOOLS 386 +

Few Sciametic
L
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More than a schematic-drawing package, its a fully loaded, expandable design
environment for everything from design management to documentation.

would call a power user. | cut my

first CAD teeth on various pack-
ages in the early eighties and today
run a small but successful (read that
“in-the-black”) engineering-con-
sultation firm that specializes in auto-
mated design work for customers that
demand fast turn around. Of course,
after all this time I've become a bit
jaded and seldom come across soft-
ware that excites me, especially since
I've done some interesting software
writing of my own.

However, I've recently had the
good fortune to take OrCad’s Sche-
matic Design Tools 386+ for a spin,
and for once | must admit I'm floored.
In it | have found the package | will
likely use for many, many years to
come. Lets discuss why I'm so im-
pressed.

I ‘m definitely what most people

ESP? They Read My Mind!
Organizing all the different files pro-
duced by a single CAD project (sche-
matics, netlists, parts lists, report files,
etc), letalone those for a few projects,
can be adaunting task. I've spent sev-
eral evenings (biting my nails and) re-
fracing my steps through a minefield
of files begging to be cleaned up.
Delete the wrong version of a file—

kabooml—a day or two of schematic
adjustments or netlist edits become a
memory unless you undelete them
immediately.

Heck, just getting a program or its
utilities to generate all that data can
be trying. Often times the user must
run more than one utility, tool, or pro-
cessing program to take human or
computer-generated input and gen-
erate some useful output. Running
such programs tends to be both time-
consuming and often a little con-
fusing. In the past, I've often asked
myself questions like "Am | supposed
o run the net lister before or after |
associate the schematics of a com-
plex design?” and “What’s that utility’s
name again?” Besides, the program
should “know” the answers to those
questions and, with the exception of
mandatory user input (such as sche-
matic entry), generate the necessary
files for you.

Furthermore, dealing with all these
files is not intuitive; we humans men-
tally organize the data as a “design,”
not a netlist here, a schematic there,
etc. What CAD packages have lack-
ed is a more self-reliant user-friendly
interface. One that generates sup-
port files on the fly, provides a con-
sistent interface for its various tools

www.americanradiohistorv.com

and utilities, gives the user the impres-
sion of handling a design (not slews of
files), and provides some custom
hands-on file-management suppcrt
for times when you have good reason
fo interfere with all this automation.

The ESP design environment, which
is shipped with all of OrCad’s design
tools, provides all those features and
more. It is a graphical interface that is
operated by pressing on-screen but-
tons and selecting options from
menus. The buttons are labeled with
text rather than so-called intuitive
icons so there’s no guess work about
what each one does. To ease opera-
tion, all of the buttons in the environ-
ment can be assigned hotkeys from
the screen on which it appears. Also,
the same hotkey can be assigned to
more than one button provided the
buttons do not appear on the same
screen.

The first screen of buttons allows you
o select a tool package, do some
hands-on file management, config-
ure ESP or exit to DOS. (For con-
venience, all but the last operation
can optionally be performed from
any screen of buttons)

The tools you can launch from this
screen include Schematic Design
Tools (the subject of this review), Digital
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Simulation Tools, Programmable-Log-
ic Design Tools, and PCB Tools. All of
these separately available tool pack-
ages need just ESP to run, so if you only
require a schematic-entry package,
you needn't buy the whole lot.

Speaking of the tools, there’s a fea-
ture of ESP that is not readily apparent
from its screens: seamless integration
of the tools. For example, lets say
you're working on a logic schematic
in Schematic Design Tools and now
wish to run a simulation for the circuit.
You just save the schematic while
leaving the schematic editor and se-
lect the Digital Simulation Tools but-
ton. Provided you have purchased
the simulation tools, the program will
automatically process the schematic
file to produce all the files needed for
the simulator software; no utilities, exits
to DOS, or program commands are
needed!

Which points to another advantage
of the ESP environment: there are no
so-called “extra” options you'll have to
purchase to run any given tool 1o its
fullest. If you've ever purchased a
“bargain” CAD package only to find
shortly afterward you absolufely must
buy a so-called “extra” or two just to
get some work done, you'll surely ap-
preciate OrCad’s bundling philoso-
phy. It makes OrCad’s software a
good value even over packages at
half the price, which tend to be pretty
incomplete not to mention lacking
the tool integration provided by ESP

Unlike most CAD packages, all the
drivers available for a very large
number of monitors, printers, plotters,
ghotoplotters, etc. and all the utilities
needed for seamless movement be-
tween tools are all provided as part of
ESPand therefore form part of your first
OrCad-tool purchase. The number of
drivers provided is incredible; | even
found one written specifically to han-
dle the particular video-BIOS chip lo-
cated on my display-adapter card,
let alone the adapter card itself. There
is even a utility provided to help you
write your own custom video drivert

Having all those drivers can also
translate into a substantial savings of
time and money. For example, lets say
you want to have a run of PC boards
made by a board house. Provided
you've purchased the PC Board tools,
the drivers could generate the photo-
plotter output needed by the board
house, reducing their fee. You could

even modem them the data for
quicker quotes and faster turn
around. Best of all, you wouldn't need
a laser printer!

The Template. As mentioned earlier,
ESP keeps track of which files belong
to which design. It does that by segre-
gating files into individual sub-directo-
ries, each of which bears the name of
its design. There is also a special de-
sign called the template that contains
those files you would like copied to (or
made part of} future designs.

For example, let’s say you've got an
idea for a nifty keyboard macro that
you'll probably want to use from now
on. First switch ESP fo work on the tem-
plate design, then perform the steps
needed to enter the macro. From
now on, whenever you create a de-
sign the macro becomes part of the
new design.

Note that this is not the same as
having a default because it leaves old
designs (those created before the
template was changed) unaffected.
That prevents you from disturbing
older designs with new, but less-than-
optimal changes in the operating en-
vironment.

Also, changes made (even to the
design environment) while working on
a design only affect that design; they
do not affect the template or any
other design. So, after selecting a de-
sign you could change every color in
the environment, select different de-
vice drivers, tweak the operating pa-
rameters of every tool, or whatever,
just to suit that one design without af-
fecting any other design or the de-
fault environment. If you do want
changes in the template to be incor-
porated into an older design, or you
wish to copy changes between de-
signs, the program can accommo-
date those requests as well. In fact, the
design-management screen accom-
modates all such operations and
more.

The SDT Package. The same one-
purchase philosophy applied to ESP is
evident in the completeness of the
tool packages as well. For example,
the Schematic Design Tools set comes
with 60 libraries that contain over
20,000 unique library parts. The ac-
cent is on “unique” because some
CAD packages promise libraries that
“support” thousands of parts, but ac-
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The Weather Monitor 11 makes a state-of-the-art
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Earn $1000

A Week While You Learn High
Paying VGR Repair.
Earn While You Learn . . .
Secrets Revealed . . .

== [rainat Home
If you are able to
work with smali
handtools and pos-
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could earn top dol-
. lar part time or full
time. Ourlearn by doing method teaches you how
to work on VCR’s without boring unnecessary
electronic basics.
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tually provide much fewer parts and
count their synonyms as though they
were different parts. For example, in
some programs the LM741 and AD741
(which are depicted the same) are
derived from the same part datain a
library file, but the advertisement for
the program might count them as
separate parts.

The folks at OrCad have been
equally generous with the supply of
schematic tools. The tools are so nu-
merous their buttons have been sep-
arated into related groups. The six
groups are: Editors, Processors, Trans-
fers, Libraries, Reporters, and User. Lets
take each group in turn.

The easiest group to explain is the
User group. It consists of four buttons,
each of which can be configured to
run any user-defined DOS-based pro-
gram. That saves you from exiting or
shelling to DOS to run a program from
the command line and getting back
to ESP when you're done. The labels

on those four buttons can also be de-
fined by the user to prompt his or her
memory.

The Transfer group is also easy to
explain. In this group are buttons for
any of the other three fool sets you
might own and a “To Main” button
that takes you back to the main ESP
screen. The tool-set buttons allow you
to immediately move between the
tool sets without going back to the
main ESP screen. Of course, doing so
causes ESP to automatically generate
the support files needed by the
chosen set of tools.

Three buttons comprise the Editors
group: Draft, Edit File, and View Refer-
ence Material. The Draft button
places you in the schematic editor.
The Edit File button calls up a supplied
ASClI file editor or a user-defined one,
if desired. The View Reference Materi-
al button calls up that ASCI editor to
permit you to view some software-re-
lated text files (supplied by OrCad)

TABLE 1—DRAFT MENU OPTIONS

Main Menu Command | Sub-Menu Commands

AGAIN (none)

BLOCK Move Get Export
Drag Save ASCIl Import
Fixup Import Text Export

CONDITIONS (none)

DELETE Object Block Undo

EDIT Edit Jump
Find Zoom

FIND (none)

GET (none)

HARDCOPY Destination Make Hardcopy

) File Mode Width of Paper
INQUIRE (none)
JumP A-H tags X location
| Reference Y location

LIBRARY Directory Browse

MACRO Capture Initialize Read
Delete List Write

PLACE Wire Module Port Trace Name
Bus Power Vector
Junction Sheet Stimulus
Entry (Bus) Text NoConnect
Label Dashed Line Layout

QuIT Enter Sheet Write to File Abandon Edits
Leave Sheet Initialize Run User Commands
Update File Suspend to System

REPEAT (none)

SET Auto Pan Macro Prompts X, Y Display
Backup File Orthogonal Grid Parameters
Drag Buses Show Pins Repeat Parameters
Error Bell Title Block Visible Lettering
Left Button Worksheet size

TAG A-H tags 5

Z00M Center Out
In Select

held in a special sub-directory.

As a creature comfort, you are au-
tfomatically given the option to use
the ASCII editor to view a report file
generated by the software if a tool
terminates abnormally. When you're
finished with the report and exit the
editor, you're back in the tool set—no
jumping out to DOS, into your editor,
out to DOS, and back to the CAD
package.

The Library buttons are Edit Library,
List Library, Compile Library, De-
complie Library, and Archive Parfs in
Schematic. The Edit Library button
calls up an editor designed specifi-
cally to handle library parts. That is
quite a contrast from using software in
which the same tool is used for both
generating parts and schematics,
and slighting either one function or
the other. Even so, if you have a rea-
son to do so, library parts can be gen-
erated by a text editor as well. The List
Library button generates a file listing
allthe parts in a given library. Compile
Library lets you convert parts source
files (in ASCII and written in a special
language) into a compressed library
file. Decomplie Library lets you sepa-
rate parts in a library and convert
them back into their source file form.
Last, the Archive Parts button will
place all the parts from the current
schematic in alibrary file all its own, so
that future modifications of the stan-
dard library files will not alter the ap-
pearance of the design (a great
feature if you're always tampering
with the appearance of library parts,
and subsequently messing up your
old schematics).

The processor group (Annotate
Schematic, Update Field Contents,
Create Netlist, Create Hierarchical
Netlist, Back Annotate, Select Field
View, and Cleanup Schematic) is
powerful. Annotate Schematic as-
signs parts-designation numbers (like
the “2" in U2) to all parts lacking one,
as well as labeling pin numbers in
multi-element parts (such as the
gates in a quad IC), both of which
eliminate human error. Back Annotate
allows you to switch old designations
with new ones as listed in a “Was/ls” file
you create—great for updating sche-
matics. Select Field View allows you to
determine how much information is
displayed for parts. Up to ten fields
can be displayed (say for one part
they are the designation, value, toler-
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ance, wattage, package styling, and
the catalog numbers of five dis-
fributors) for each part, so this option
lets you keep things neat and simple.
Update field contents allows you to
alter field information (excluding the
parts designation) for a part or group
of parts based on an elaborate, but
easy to construct, search and replace
procedure. Create Netlist generates
a netlist in the format of your choice
and we mean just that; you may either
choose a netlist from one of 30 stan-
dard formats, orteach ita new format!
Create Hierarchical Netlist does the
same thing for complex designs
made of separate schematics that
are to be interconnected. Cleanup
Schematic makes sure that labels,
wires or other objects do not overlap
or obscure one another. You could fix
those problems by hand, but it's nice
to know you don’t have to.

The Reporters (Cross Reference
Parts, Show Design Structure, Gener-
ate Bill of Materials, Check Electrical
Rules, Convert Plot to IGES, Plot Sche-
matic, and Print Schematic) generate
output for human consumption. Cross
Reference Parts produces a file listing
the location of all the parts in a multi-
ple-schematic design. Show Design
Structure generates an outline of all
the worksheets (or blocks) that make
up each schematic in a multiple-
schematic design. Generate Bill of
Materials generates a parts list
(grouping like parts together), com-
plete with quantity, designations, and
the other fields you specify. Partial list-
ings including only the parts you spec-
ify in an “include file” can also be
generated. Check Electrical Rules ex-
amines the connections of a sche-
matic to find wiring errors (such as two
non open-collector outputs con-
nected together, a grounded supply
line, etc). It literally marks the trouble
spots on your schematics as well as
generating a report. The marks are
automatically removed if you quit out
of the draft editor. The severity of the
errors is determined by an intercon-
nection matrix that you can recon-
figure to allow for any design
idiosyncrasies.

The other options deal with how to
output a schematic itself. Convert Plot
to IGES converts all the schematics of
a design into the Initial Graphic Ex-
change Specification text format. Plot
Schematic allows you to send graph-

TABLE 2—EDIT LIBRARY MENU OPTIONS

Command Menu Commands

AGAIN (none)

BODY Kind of Part? Block? Graphic? IEEE

BODY <Block> Size of Body? Kind of Part?

BODY <Graphic> Line Circle Arc
Text |IEEE Symbol Fill
Delete Erase Body

BODY <IEEE> Line Circle Text
IEEE Symbol Delete Erase Body

CONDITIONS (none)

EXPORT {none)

GET PART (none)

IMPORT (none)

JUMP A-H tags X location Y Location

LIBRARY Update Current List Directory Browse

) Delete Part Prefix

MACRO Capture Delete Initialize
List Read Write

NAME Add Delete Edit
Prefix

ORIGIN (none)

PIN Add Delete Name
Pin-Number Type Shape
Move Jump

QuIT Update File Write to File Initialize
Suspend to System  Abandon Edits Run User Commands

REFERENCE (none)

SET Auto Pan Backup File Error Bell
Left Button Macro Prompts Power Pins Visible
Show Body Outline  Visible Grid Dots

TAG A-H tags

ZOOM Center In Out
Select

ical output to a plotter, printer, or file.
Print Schematic has a subset of those
options and takes less processing
time.

Going Deeper. Of course each of
the tools in the SDT set has an over-
whelming number of options, fea-
tures, and functions, far too many to
describe here. So instead, just to whet
your appetite, | thought I'd present the
commands for the two most de-
manding applications: the Draft
schematic editor and the Edit Library
parts editor.

Table 1 lists the commands avail-
able in the draft editor. In it, the left
column lists the 18 commands imme-
diately available from the Draft main
menu. The right column contains the
sub commands available to you after
you've selected a command (if any).
For example if you select the Block
command from the main menu, a
sub-menu of 9 sub commands ap-
pears to continue processing your re-

quest. All total then there are 69
operations you can performi

Similarly, the commands for the Edit
Library parts editor (see Table 2) are
equally substantial. There are 65 com-
mands in all, and note that the body
command actually has sub-sub-com-
mands. All of the commands are ded-
icated specifically to handiing library
parts. That is in confrast to software
packages that attempt to make their
schematic editor into a jack-of-all-
frades by handling parts as well as
schematics.

The SDT pack comes with a book/
software tutorial to walk you through
the commonly used features as well
as a Reference Guide . a User Guide,
a Manual Supplement, and an ESP
Manual.

If this package sounds of interest to
you at $895, and you'd like to learn
more about it, contact OrCad directly
(9300 S.W. Nimbus Ave., Beaverton, OR
97005; Tel: 503-671-9500), or circle No.
119 on the Free Information Card. I8
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By Marc Ellis

A Baby
Boomer From
Britain

ANTIQUE RADIO

his month, we're going

to take a look at the
Bush “22 Series,” a radio
that was called to our at-
tention by Paul Coxwell
(Sutton-on-Sea, England).
Besides being a reader of
Antique Radio, Paul is him-
self a contributor to
Popular Electronics. Many
will remember his article on
vacuum tubes in the Oc-
tober, 1993 issue.

The Bush is the first non-

American radio to be dis-
cussed in this column. As @

The Bush 22 Series boasts pushbutton tuning, and an imposing
three-scale dial.

radio from the “early baby-
boomer” era (it was man-
ufactured in about 1950), it
also represents a time
period we have rarely, if
ever, covered in the past.

| believe you will find the
design of this receiver inter-
esting in both its similarities
o, and its differences from,
American design practice
of the time. And thanks to
the nice photo, helpful let-
ter, and comprehensive
service notes supplied by
Paul, we're in a position to
make a detailed study of
our visitor from overseas.

GENERAL
DESCRIPTION

The 22 Series is a four-
tube-plus rectifier design.
We'd call it a “five-tuber,”
but Paul tells us that the
British would call it a “four-
valve” set. Except for the
tuning and power-supply
circuits (fo be discussed),
the radio is of conventional
design. It seems fo differ
little from the circuit used in
the typical “All-American
Five” AC-DC radios pro-
duced here in great
quantities during the 1940%
and '505.

However, while some of
our "All-American Five” sets
sported a shortwave band,
most received broadcast
only. The Bush set, in con-
trast, has three bands—
listed on the service sheet
as 1650 meters (6 to a bit
under 19 MHz); 187-578
meters (about 520-1650
kHz) and 882—2000 meters
(about 1560-340 kHz). Note
that I've listed the frequen-
cies (in MHz and kHz) in
reverse order from their
equivalent wavelengths (in
meters).

The first band is @ “short-
wave” range such as might
be found on many Ameri-
can sets of the era. The
second is standard broad-
cast. The third is a longwave
broadcast band used in
Britain and Europe.

Looking at Paul’s photo of
the Bush, you'll see that the
front panel is dominated by
the tuning dial, which con-
tains “thermometer-type”
scales for the three tuning
ranges [from left to right:
shortwave, medium wave
(brocdcast), and long-
wave]. The three knobs
aiong the bottom of the
control panel(from left to
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right) are for tone, manual
tuning, and volume/power.
Note that if this were an
American set, the positions
of the tone and volume/
power controls would prob-
ably be reversed.

The American logic, | sup-
pose, is that the controls
should be arranged, in
order of use, from left to
right—the way our eyes
scan while reading. The Brit-
ish logic is perhaps that the
knob that's needed first
should be on the right,
where it can be most easily
grasped by a right-handec
person.

Between the dial scales
and the knobs is a row of
eight pushbuttons (or
“press-buttons,” as they are
referred to on the service
sheet). Three are used for
bandswitching; three more
are used to select preset
stations in the broadcast
band; one selects a preset
station in the longwave
band; and the final button
switches between the radio
and a phono (or “gram-
ophone”) pickup, if one is
connected to the terminals
on the radio’s rear apron.

On an equivalent Ameri-
can set, bandswitching
would most likely be han-
dled by a rotary switch,
controlled by an additional
front-panel knob, and there
would be more pushbut-
tons devoted to station
selection. However Paul tells
us that only three domestic
broadcast stations (*Home,”
“Light,” and “Third") were
offered by the BBC in 1950.
By the way, the glass dial,
says Paul, is easily remova-
ble to access the preset
tuning adjustments and in-
stail the supplied labels for
the pushbuttons.
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Dimensions of the Bush
WxHxD) are 23 x
16%2x10 inches. Its original
1950 list price (23 pounds, 8
shillings and 9 pence) was
equivalent—at that time—
fo about $100 American.
Interestingly enough, one
could buy either a trans-
former-powered or AC-DC
version of the set for the
same price.

Paul's Bush was in almost
continuous daily use for the
first 26 years of its life, re-
quiring only occasional
service or maintenance.

CIRCUIT FEATURES

Alook at the schematic
shows that, except for the
“front-end” network of coils,
capacitors, and switches
used for bandswitching,
tuning, and station presets,
the circuit is a fairly simple
one. After being tuned in
the front end via either a
pushbutton preset or main
tuning capacitor C47/C48,
the signal from the antenna
(either an external one con-
nected to terminal A1 or A2
or the internal loop L2) en-
ters tube VA. This is a UCH42
triode-hexode similar to our
type 12K8; it serves as an
oscillator-mixer, otherwise
known as a converter, (In
British parlance, it's a “fre-
guency changer.”)

Tube V1 converts all in-
coming signals to a
standard “intermediate fre-
quency” of 465 kHz (the
standard IF used in most
American sets is 455 kHz).
The converted signal then
passes through IF amplifier
tube V2, a UF41 variable-n
pentode. From there, the
audio is detected and am-
plified in tube V3, a UBC41
duo-diode friode similar to
our 125Q7. Volume control
R12 (on which is mounted
on-off switches $9 and 510)
is in the cathode circuit of
V3. The audio is further am-
plified to speaker volume
by tube V4, a UL41 power
pentode. Tone control R24
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The Bush's schematic is relatively simple and straightforward,
except for elaborate pushbutton tuning circuits and a somewhat

unusual power supply (see text).

will be found in V4’ plate
circuit.

The Bush’s power-supply
circuit is a bit unusual in that
it is designed to be easily
convertible between AC-
DC and fransformer opera-

tion. The set could be
purchased in either config-
uration from the
manufacturer and later
field-converted from one
mode to the other through
the use of a parts kit.

www-americanradiohistorv.com

Note that even in frans-
former configuration, when
a full-wave rectifier tube
would normally be used,
the tube at V5 (@ UY41) is a
half-wave device appropri-
ate for use in an AC-DC
mode. Also note that the
heaters of V1-V5 are con-
nected in a series string, as
is required for AC-DC oper-
ation, even when being
operated off the trans-
former. Those features
facilitate switching between
the two types of operation
with a minimum of rewiring.

Another feature of the
transformer circuit, also ap-
parently intended to
facilitate conversion be-
tween the two modes with
a minimum of rewiring, is
that there is but a single
secondary winding. The
winding is tapped, as re-
quired to provide filament,
plate, and dial-light volt-
ages. Normally, those
voltages would be supplied
by individual fransformer
secondary windings.

RF AND OSCILLATOR
TUNING

Here's a brief run-down
on the major tuned circuits
in the Bush’s front end. The
signal from the antenna is
tuned manually by capaci-
tor C47 and coils LS
(shortwave), L6 (medium
wave), or L7 (longwave).
The desired coil is selected
by its matching pushbutton
switch (51, S2, or S3, respec-
tively). The sections of those
switches bear letter suffixes
indicating whether they are
closed (q, b, ¢, ord) or
open (x ory) when the
button is pressed. Of
course, the reverse action
takes place when the but-
ton is released.

For automatic station se-
lection on the broadcast
band, L6 is tuned by preset
capacitors C43, C44, or
C45, selected by their
matching switches 54, S5, or

{Continued on page 86)
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By John J. Yacono

Some Hobby
Circuits

LosT month | asked edu-
cators and hobbyist
groups what | could do with
this column to make it more
of an educational tool for
them. (Perhaps | could pres-
ent a contest between
classes and/or hobbyist
groups, or maybe | could
present the work of a group
each month or so.) While
I'm waiting for their input,
I've decided to present
some tutorials aimed at the
complete beginner in elec-
tronics. That way, any
beginners reading the col-
umn will be brought up to
speed enough to partici-
pate in the columns to
come.

POWER O +5V
CONTROL A Rl &
R4 8 |4 10k$
| e20n0 Vo A3
1K
( 21t pisH A
at A U1
2N3804 68K | e | -
<
OUT THR 2K
GND
1
GND
Lo
T 1

Fig. 1. This servo driver is great for testing suspect servos, or as
a project interface. With the component values shown, the circuit
can drive a servo through a 90-degree rotation.

Experienced hobbyists
might wish to read along
just to refresh their knowl-
edge, but I'll tell you now
that the first couple of col-
umns will be pretty
rudimentary. Still and ali,
they should take consola-
tion in the reader’s letters if
they find the tutorial not to
their liking.

After this month’s tutorial,
I'l present circuits that read-
ers have built to suit their
particular hobbies. This

month’s letters deal with RC
(remote-control) and
model-railroad endeavors.

TUTORIAL 1

Beginners might be won-
dering what they'll need to
know to understand this first
tutorial. Well, you need to
understand that the world is
made up of very small
pieces of matter called
atoms. If that concept is
new to you, you can look
up more information about
atoms in your local or
school library, or ask a
teacher or knowledgeable
friend about them.

For our purposes, you'll
need to understand that
atoms have two important
structures: a “nucleus” and
a bunch of “electrons.” The
nucleus is a lump of matter
that, in most circumstances,
isn't too mobile. Electrons
on the other hand are very
busy little particles that, un-
less freed by some external
force, will orbit the nucleus
at high speed.

You might be wondering
what keeps active particles
like electrons in orbit. Well,
much like the planets are
held in orbit by an invisible
force of attraction (gravity)
due to their mass, electrons
are held in orbit by the
“electrostatic” force due to
a property called “charge.”
In other words, while ob-
jects with mass feel a force
of attraction called gravity,
particles with charge feel
an electrostatic force.

There are two key dif-
ferences between
gravitational force and
electrostatic force. First of
all, the electrostatic force is
much greater than the
force of gravity. (Consider-
ing how active electrons
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THINK TANK

are, that's a good thing)
Second, while the force of
gravity always pulls objects
together, electrostatic force
can cause objects to be
attracted together or re-
pelled apart. We explain
that by saying that charges
come in “positive” and
"negative” varieties. Like
charges repel each other,
while particles of opposite
charge attract. For example
negative charges repel
one another, and positive
charges repel one another,
but negative charges are
attracted to positive
charges, and vice versa.
Electrons tend to orbit nu-
clei (which is plural for
“nucleus”) because elec-
trons have a negative
charge and nuclei have
positive charge; remember,
when it comes to elec-
trostatic force, opposites
attract.

| figure that's enough for
a beginner to digest for
one tutorial. Next month, I'll
describe how we use the
electrostatic force to move
electrons around. For now
let's get to those hobbyist
letters.

SERVO DRIVER

A few months ago | saw
the schematic diagram of
a servo-driver circuit in a
hobby magazine. My circuit
(shown in Fig. 1) requires
fewer parts than the origi-
nal, yet performs the same
function.

A servo’s position de-
pends on the pulse width of
the control signal it re-
ceives. The control signal is
a high pulse that is one
millisecond wide plus or
minus 0.5 ms. The overall
period of the signal can
vary.
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To produce such pulses, |
took advantage of the 555
timer’s ability to have a vari-
able duty cycle. The overall
period in my circuit will vary
some, but as | said, that
does not matter. For proper
polarity, Q1 inverts the sig-
nal leaving the timer. With
potentiometer R2 centered,
the servo will be close to
centered. The value of R3
can be changed to accu-
rately center the servo.
When R2 is moved, the cir-
cuit’s duty cycle will change
and the servo will move
proportionally. The values
shown will rotate the servo
through 90 degrees (the
standard rotation for a hob-
by servo). To get 180
degrees of rotation, the val-
ues of R1, R3, and C2
should be changed to
5,600 ohms, 560 ohms, and
2 uk respectively.

—Brad Tompkins,
Bessemer, AL

Remember folks, elec-
frolytics have a wide
folerance, and vary with
temperature. The frick here
is to use a monolithic ca-
pacitor for C1. You might
also want to use a trimmer
potentiometer for R3 (just
like a manufactured unit
would have) to account for
variances in servo moftors.

RECEIVER/MOTOR
INTERFACE

I like to motorize things for
computer control from toys
to home-made projects.
Unfortunately, as my proj-
ects got more complicated,
so did the wiring between
my home-made computer
interface and the projects.
I'll describe how | over-
came that with the receiver
and transmitter for a cheap
R/C car that | bought at a
yard sale.

To start, | stripped out the
receiver and transmitter.
The transmitter (which is not
the point of this letter, and
you might want to leave
intact anyway) was modi-

Ta
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Fig. 2. You can add relays to some inexpensive RC receivers to operate your own chassis.

fied so that its contacts

were replaced by transistors
controlled by my home-
made computer interface.
All the motors that | use
are DC, which makes for-
ward and reverse easier.
Most of the circuits that I've
seen in hobby magazines
use a dual-voltage supply
(ie. =12 volts) to get for-
ward and reverse. However,
my circuit (see Fig. 2) uses
two SPDT relays to switch
the polarity of the voltage
supplied to each motor in
my home-brew drive sys-
tem. As you can see, that
requires the use of some
diodes to control the relays
as the polarity Is switched.
When at rest, there isa 0
voltage at all receiver ter-
minals (marked T,, Ty, Ty,
and Tg). When forward mo-
tion is desired, T1 goes
positive and T2 is grounded.
That energizes K1 through
D1 while diode D2 (which is
reverse biased) prevents K2
from activating. So current
flows through K1 to MOT4 to
K3 and back through K2 to

hello, max...

We would like to introduce you to
the Max-100A Frequency Counter,
because great things really do
come in small packages.

Q Full 8-digit display covers 100 MHz range
Q Completely automatic-no front panel controls
(2 Extra large .43" display

Q Battery or AC powered

O Automatic decimal point

(2 Input overvoltage protection

(3 Automatic overflow indlication
O Automatic low battery indicator
QO 1 Hz resolution to 100 MHz

T GLOBAL
SPECIALTIES « (800) 572-1028

70 Fuiton Terrace, New Haven, CT 06512
(203) 466-6103 + Fax: (203) 468-0060
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CIRCLE 13 ON FREE INFORMATION CARD

wWwWwW.-americanradiohistorv.com

sowon0a|3 Jeindod ‘p661 1890100

[
3]


www.americanradiohistory.com

Popular Electronics, October 1994

n
(-]

ground. Current also flows
from K1 to K4 to MOT2 and
through K2 to ground.

When reverse is used, T,
and T, reverse polarity, T,
goes fo ground and T, goes
positive. That energizes K2
through D2, and D1 keeps
K1 off. When K2 is ener-
gized, current flows through
K2 to MOT2, from MOT2 to
K4, from K4 to K1, and from
there to ground. Current
also flows from K2 to K3,
from K3 to MOT1, from MOT
to K1, and then to ground.

When steering is used T,
and Ty work the same as T,
and T,,. When relays K3 or
K4 are energized, they
open the circuit that is ei-
ther powering their motor
or grounding it. That will
stop either motor, depend-
ing on which relay is
energized.

The reason | didn't run a
common ground circuit is
that there was a 2-volt dif-
ference between the signal
ground and actual ground.
| hope that I've been able
to explain this circuitry. Keep
up the good work on the
column. | hope to see more
helpful ideas that | can use.

—Murray Halbert,
Onftario, Canada

Murray also indicated in
his letter that D5-D8 and
C1-C4 are used for fran-
sient suppression. He also
notes that MOT1 and MOT2
were faken from an old 8-
track tape deck. | really
didn’t know those mofors
had the horsepower re-
quired to move a chassis. |
always assumed they were
low-power units with a
flywheel that kept them
spinning. Using them this
way is a neat idea!

RAILROAD-CROSSING
FLASHER

fve been reading this
column for a pretty long
time now and figured |
could use a free book. |
have enclosed a circuit o
operate flashing lights for a

& 12V
AV 2 ) 10 12 A1
R1 g™\ .“ \ 11
1K 13
. Ut-d il 3
CD4093 >
CD4093 IR
+
();1 R2 C /4/4
79 LED1
6.8 100K LED2
®
A\
R4
RS 5
I S B PR
\AAZ > .“- \ 3 M 6
D1 7| utb
CU1'a 1N4148 CD4093
/ R6 ::4—
A Q1 100KS
c2
TIL414 — T_om

Fig. 3. This model-railroad crossing-light driver turned out to be
the answer to a reader’s request, provided he can find small

LED’s to fit his model’s scale.
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Fig. 4. A track control signal, like the one shown here, lets the

engineer know when a train has passed a certain point on the

track.

model-railroad crossing.
The unique features of this
circuit (see Fig. 3) are its
simplicity, minimal use of
parts, and full usage of the
gates in the IC.

its operation is pretty
straightforward: Gate U1-c is
set up as an oscillator
whose frequently is deter-

mined by C1 and R1. Gates
U1-b and U1-d are set up as
an RS flip-flop that is gated
on by U1-a. Gate U1-a in
conjunction with @1 oper-
ates as the control gate for
the flip-flop. Components
D1, C2, and R5 act as a
delay circuit to compen-
sate for any light getting

aamaricanradiohictan, can.

through the gaps between |
cars as they pass over the
phototransistors. The light-
emitting diodes are con-
nected so that they

operate alternately, de-
pending on the outputs of
U1-d and U1-b.

Basically, R6 is adjusted so
ambient room-fight striking
1 (and any other pho-
totransistors connected in
series) keeps the output of
U1-a at pin 3 low. When a
car passes over the pho-
totransistor, which is
installed between ties in the
frack, pin 3 goes high, al-
lowing a high to be placed
on pins 6 and 13. That al-
lows the high output of U1-c
at pin 10 to enable pin 12,
which in turn allows pin 11
to go low. That makes a
complete path for LED2 to
operate. When pin 10 goes
low, pin 11 goes high. That
makes pin 5 high and, thus,
enables pin 4 to go low
and completes the circuit
for LED1. That atternates the
LED’, which are installed in
a railroad-crossing signal.

The fact that only two
wires are necessary to op-
erate the flashers is an
added advantage not only
for looks but also for con-
struction of the crossbucks
themselves. | have cas-
caded as many as six
phototransistors with no
problems. | have also driven
four LED’s from the CD4093
without any problems. |
hope this circuit is interest-
ing enough for a book!
Thanks.

—Brian F King, Groton, CT

It certainly warrants a
book. By the way, I'd like to
hear more from modei-rail-
road hobbyists, Surely there
are plenty of home-made
railroad add-ons out there
(variable-speed confrollers
and marquee displays
come immediately to mind)
that we could cover here.
This next genfleman feels
that way, too.

(Continued on page 78}
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ith home burglaries and
other crimes against un-
suspecting homeowners

on the rise, home-security systems
have become an increasingly popu-
lar means of protection. Security sys-
tems are available in varying degrees
of complexity ranging from those with
simple single-loop protection to those
with an impressive list of convenient
features, like multiple-zone protec-
tion, adjustable entry and exit delays,
a panic switch, system-status annun-
ciators, auto system-reset, support for
an emergency auto-dialer, X-10 com-
patibility, and battery-backup opera-
tion. As one would expect, the cost of
such an elaborate system can range
anywhere from several hundred dol-
lars to several thousand doliars.
However, you can have all of those
features at a fraction of the cost by
building the microprocessor-con-
trolled, Home-Security System de-
scribed in this article. We'll show you
how to build the main control unit of
our Home-Security System in its stan-
dard configuration; optional compo-
nents can be added at any time to

e A R e

expand the basic system to provide
additional protection.

How It Works. The Home-Security
System in its most basic form features
eight individual protection zones, ad-
justable entry and exit delays, a panic
switch (for emergency situations), au-
tomatic system-reset, support for an
auto-dialer (which, in case of emer-
gency, dials pre-programmed tele-
phone numbers), it's X-10 compatible
(allowing it to control house lights and
appliances), has a backup battery (fo
keep the system on-line during a
power failure), and there is also an
optional zone-status panel that is
used to individually show the con-
dition of each protection zone.

Most modern security systems are
designed for either open- or closed-
loop operation. A closed-loop system
is a system in which one or more nor-
mally-closed sensor switches are
wired in series. Opening a single
switch in the series disrupts loop cur-
rent, thereby signaling to the monitor-
ing circuitry that a breach has
occurred. The open-loop system is

www-americanradiohistorv.com

Build A
Home
Security

ystem

Put this full-featured,
commercial-quality
burglar- alarm system to
work protecting your
family and property.

BY JOHN TAYLOR, JR.

one in which several normally-open
sensor switches are wired in parallel.
Violating the protected area causes
switch to close, feeding a signat cur-
rent to the monitoring circuit, indicat-
ing that the protected zone has been
breached.

Open-loop systems have the ad-
vantage of drawing no current in the
idle state, while closed-loop systems
circulate some small loop current at
idle. Closed-loop systems are easier
to wire than their open-loop counter-
parts and they are less easily defeat-
ed since cutting a wire in a closed-
loop system is tantamount to opening
a sensor switch.

The system’s entry delay allows ade-
quate time for one to enter the prem-
ises and disarm the system (via the
keypad or an optional key switch) be-
fore the system registers a legitimate
breach and puts out an alarm. Sim-
ilarly, the exit delay allows sufficient
time to exit the premises after the sys-
tem has been activated.

The system described here is an
eight-zone, closed-loop system; an
unlimited number of switches (per-
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Fig. 1. Six normally-open momentary pushbutton switches (S2-S7) are mounted to the
front panel of the main-control unit’s enclosure, and are then connected to terminals
J2-2 through J2-8 on the printed-circuit board.

haps covering several windows) can
be wired in series for each protection
Zone. Any one zone can be easily by-
passed with a simple flip of its corre-
sponding bypass switch, thereby
allowing you to disable one or more
zones, while maintaining coverage
for the rest.

ZONE 1 is an entry-delay zone; a
breach in the entry-delay zone (such
as when the homeowner returns and
enters the premises) while the system
is armed sounds a warning buzzer at
the keypad and starts the entry-delay
timer. If the timer expires before the
homeowner reaches and disarms the
system, the system sounds its sirens.

Likewise, activating the system (as in
when leaving the premises) sounds a
warning buzzer and initiates the exit-
delay timer (when the delay time ex-
pires, the system arms itself). if, at the
end of the delay period, one or more
zone loops are open, the system puts
out an alarm. If, on the other hand, all
zones are secure, a confirmation
chirp sounds on the externail siren and
on a buzzer in the keypad, indicating
that the system is fully armed. In addi-
tion, a buzzer at the keypad also
serves as an audible annunciator to
indicate an open in any loop, except
for zone 8, by sounding a short beep.
Zone 8 is considered the silent zone
and does not cause the keypad buzz-
er to beep. That input is ideal for use
with moftion detectors since those de-
vices are likely to be triggered often.

The system’s panic feature allows
the alarm to be instantty set off at any
fime, regardiess of the status of the

system. The panic mode, normally ac-
fivated in an emergency situation
such as when a burglar is believed to
be on the premises, can be invoked
either from the keypad or from any
remotely located panic switch (if
used). Pressing the reset switch on the
maln-control unit or entering your
four-digit code on the digltal keypad
cancels the panic mode.

There are six panel-mounted push-
button switches on the main-control
unit (see Fig. 1) that provide control
over the entry and exit delays, ad-
just+ and adjust-, reset, and test
functions. Pressing the entry delay
and exit delay switches displays the
current entry and exit delays, respec-

tively, on the two-digit LED readout.
The delays can be varied by pressing
the appropriate delay switch while si-
multaneously holding down either the
adjust+ or adjust— switch (see “Pro-
gramming Entry and Exit Delays”).

The reset switch, which is used to
reset the system during a violation, is
also used to cancel the panic mode,
and to clear flashing zone LED's on the
optional zone-status panel. The test
switch is used to test the internal and
external sirens and the LEDs on the
optional zone-status panel. Pressing
the adjust+ and adjust- switches si-
multaneously toggles the button-click
mode on and off;, when on, each
switch press is confirmed by a click on
a piezoelectric buzzer (contained
within the main-control unit). Button-
click mode is also enabled by default
on power-up.

The reser switch is the only panel-
mounted switch that is operational
during an alarm condition; the other
five switches are disabled during that
period. if the system is not in an alarm
state, pressing the reset switch dis-
plays the number of times the system
was violated during the most recent
armed period. If the system is violated
multiple times before being dis-
armed, all violated zones are indicat-
ed by flashing LED's on the zone-status
panel.

Both of the sirens and the zone-sta-
tus panel LED's can be manually test-
ed by holding down the T1est switch for
at least three seconds. If the switch is

o] o]

b O

O SYSTEM ARMED
O BATTERY

Fig. 2. The optional zone-status panel is used to provide graphic security-system-
status information via a floor plan of the protected area, with each area indicated by

an LED.
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released before three-seconds ex-
pires, the test mode will not be initi-
ated. In addition, during tests, the
zone-status panel flashes on and off
to reveal any defective zone LED's. To
cancel the test mode, simply release
the Test switch.

The keypad (available from Radio
Shack!, whose main function is to arm
or disarm the system (via a program-
mable security code) can also be
used to invoke the panic mode; press-
ing the * and # keys simultaneously
causes the sirens to immediately
sound regardiess of whether or not
the system is armed. The keypad as-
sembly also contains two built-in LED’s
(red and green) that are used to indi-
cate the system arming and loop sta-
tus.

Ared LED (arm) lights whenever the
system is activated (during the delay
period), and fiashes (after the delay)
to indicate that the system is fully
armed. The green LED (loop) turns on
when one or more of the enabled
zone inputs is open. The keypad also
contains a tamper switch that in-
stantly friggers the panic feature if the
keypad is tampered with, For max-
imum flexibility and convenience, the
system can support up to four key-
pads. if desired, the keypad can be
replaced (or augmented) by a me-
chanical key switch.,

The optional zone-status panel (see
Fig. 2) is used to provide security-sys-
tem-status Information. As shown, a
fioor plan of the protected area is
used as a graphic representation of
the prctected areas, with each area
indicated by an LED. A lighted LED
indicates an open (unsecured) zone.
A fiashing LED on the panel signifies
that its respective area has been vio-
lated. The system-armed LED on the
zone-status panel serves the same
purpose as the red arm LED on the
keypad; a steadily lit LED indicates
that the system is about fo be armed,
and a tlashing LED represents a fully
armed system. Of course, the zone-
status panel can be omitted without
adversely affecting the operation of
the system, or it can be replaced by a
series of LED's mounted on the front
panel of the main-control units en-
closure.

Both of the relay-controlled siren
outputs—which are activated by a
zone violation or by pressing the pan-
ic switch—can handle 12-volt, 1-amp

devices. Avarlety of suitable sirens are
available from Radio Shack for under
$20 (see Parts List). The external siren
output, in addition to its alarm duties, is
aiso used to confirm that the system
has been successfully armed.

An emergency auto-dialer can also
be connected to the system for addi-
tional protection. The auto-dialer out-
put provides a dry-contact closure so
that whenever an alarm is triggered,
the auto-dialer calls up to three pre-
programmed telephone numbers. A
compatible auto-dialer is available
from Radio Shack (see Parts List). Ifsan
attractive aiternative to the costly
monthly monitoring service offered by
securlty companies.

A serial output on the main-control
unit allows it to communicate with an
X-10 computer interface—a popular
device that is designed send control
signals to appliance and lighting
modules via household wiring. By link-
ing the main-control unit with an X-10
interface, the main-control unit can
access household lighting indirectly.
The interface allows the main-control
unit to turn on lights in the delayed-
entry zone when the areq is violated
(that's a welcome convenience to the
homeowner when he returns after
dark and attempts to enter the disarm
code before an alarm is triggered).
When a protected area is violated,
and the disarm code is not entered in
time, the main-control unit feeds a sig-
nal fo the interface, causing all X-10-
controlled lights to flash on and off,
indicating an intrusion. That feature
complements the external siren in
alerting neighbors of an intrusion.

The system’s rechargeable backup
battery (if installed) is constantty trick-
le-charged while AC power is applied
to the system. But should AC power go
down, the backup battery kicks in to
supply power to the system; the bat-
tery can provide up to 12 hours of
operation in the idle state, or up to 1
hour during a fully-alarmed condition.
During battery operation, an indica-
tor on the zone-status panel lights, sig-
nifying that the system is operating
from its alternate source.

The system’s default entry delay (20
seconds) and the default exit delay
(45 seconds) are adjustable from zero
to 90 seconds. Pressing the entry or
exit delay switch displays the current
entry or exit delay, respectively, on the
two-digit LED display. To adjust either

wwWw.-americanradiohistorv.-com

delay, hold down the appropriate de-
lay switch while pressing the adjust +
or adjust— switch until the desired de-
lay setting in seconds appears.

in the event of a complete power
failure, the entry and exit delays revert
back to their default vaiues. Entering
the proper code at the keypad(s) also
causes them to reset to their default
settings.

Circuitry. A schematic diagram of
the main-control unit is shown in Fig. 3.
At the heart of the unit is U16, Zilog's 28
8-bit microcontrolier, which receives
its program instruction from U17, a
27C64 8K x 8 EPROM. Integrated cir-
cuit U15 (a 74HCT373 8-bit latch) is
used to demultiplex the address/data
bus of the Z8. Addresses on the ad-
dress/data bus for all external pro-
gram memory transfers are clocked
on the faling edge of the address
strobe (&). The strobe signal is inve' i=d
by U13, % of a 74HCT00 hex inve rer,
and used to clock U15.

Integrated circuit U14 (@ 74HCT138
3-to-8 line decoder) generates chip
select signals for: U17 when reading
operating-system code; U11 when
writing the zone-status panel LED's; U7
and U10 when writing the two 7-seg-
ment LED displays; U8 when writing
the system alarm outputs; and US
when reading panic switch and arm-
status inputs. The inputs to U14 consist
of the upper three address lines, A13
through A15.

The MAX705 microprocessor super-
visory circuit (U18) holds the micro-
processor in the reset state during
power-up and prevents code execu-
tion-errors during power-down or
brownouts. On power-up, once the
supply voltage exceeds the reset
threshold (4.65 volts), an internal timer
releases U16's REseT line after about 200
ms. That guarantees that the pro-
cessor startsin a known state once the
power supply stabilizes, and also en-
sures that U16 stops executing code if
the supply voltage falls below 4.65
volts; for instance, if the battery runs
low during a power outage.

Integrated circuit U18 also functions
as a watchdog timer, monitoring the
microprocessor’s activity. Periodically
the watchdog input (W) of U18 is tog-
gled to prevent it from resetting the
processor. So long as the micro-
processor is running properly, the
watchdog timer never expires. How-
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ever, should the microprocessor ever
get locked up and fail to toggle wol
within 1.6 seconds, pins 1 and 8 of U18
go low, causing the microprocessor to
reset.

Although under normal conditions
the processor should not lock up, un-
predictable behavior can occur, per-
haps due to nearby lightning strikes or
other conditions that can adversely
affect the power-supply circuitry. Es-
senfially, U18 serves as failure protec-
fion for the Home-Security System.

The zone (sensor) inputs are ap-
plied to port 2 (pins 31-38) of U16, and
are pulled high through a 1k resistor
network (R13). Switch $1, the zone-sypass
switch (an 8-position DIP unit), is used
to selectively disable any of the eight
zone inputs. Closing one of $1's eight
positions disables its corresponding
zone. Octal buffer U5 (a 74HCT245
unit) is used to read inputs from the six
panel-mounted switches (52-57), the
panic switches, and the system arm-
status. Those inputs are active-low
and are pulled up through 1k resistor-
network R9. Switches $2-57 are used
to display and program the entry-and
exit-delay settings, reset the system
after having been triggered, and test
the sirens, as described earlier.

The two siren outputs are fed 1o a
pair of 4N30 Darlington-output op-
toisolators (U9 and U12), which in turn,
drive a pair of 12-voit, 2-amp relays
(however, the power supply only pro-
vides for 1 amp per siren). Each 12-volt
siren output is protected by a 2-amp
slow-blow fuse (F1 and F2). A third op-
toisolator/relay combination (U6/K1) is
used to activate the auto-dialer. A
2N2222 NPN bipolar transistor (1,
which is capable of sinking up to 75
mA) is used to drive the main-conirol
unit's internal warning buzzer. The
three relay-driven outputs, the warn-
ing-buzzer output, the keypad loop
and arm LED outputs, and the status-
panel system ARMED and BarTery LED out-
puts are all latched by U8.

The two on-board 7-segment com-
mon-cathode LED displays (DISP1 and
DISP2) are driven by latches U7 and
U10 through a pair of 470-ohm resistor
networks (R10 and R11). The zone-sta-
tus-panel LED outputs are available at
a dual-row header (designated J5)
and are latched by U11 through a
470-ohm resistor network (R12).

Integrated circuit U4 (@ MAX232
dual RS-232 transmitter, configured

TO
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Fig. 4. The system’s power supply provides 12 volts DC for the sirens and digital
keypad, and 5 volts DC for the on-board electronics, while also providing a constant
12-volt output that's used to charge the backup-battery.

for 600 baud, 8 data bits, no parity,
and one stop bit) provides the link be-
tween the main-control unit and an
X-10 computer interface (the model
CP-290 or equivalent is recom-
mended). Since communication be-
tween the main-control unit and the
X-10 interface is in one direction only
(from main-control unit o X-10 inter-
face), only two wires are needed.
The system'’s power supply, see Fig.
4, which is fed from a 16-volt 2.1-amp
fransformer (not shown), provides 12
volts for the sirens and the digital key-
pad, and 5 volts for the on-board
electronics, while also providing a
constant 12-volt output that's used to
charge the backup-battery (B1 in Fig.
4). Diodes D2-D4 are used to raise the
reference of U3, thereby raising its out-
put to about 14 volts. The 14-volt out-
put of U3 is reduced one diode drop
to about 13.3 volts by D1 and used to
keep the lead-acid backup-battery
fully charged. Diode D1 also prevents
current from the backup-battery from
flowing into U3's output terminal. Ca-
pacitor C1 (a 1000-uF unit) filters the
rectified voltage that is fed to U3.
Optoisolator U1, resistors R1 and R2,
and diode D5 form a zero-crossing
detector that is used by the micro-
processor to determine when AC
power is applied to the power-supply
circuit. The absence of the zero-cross-
ing signal tells the microprocessor that
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the system is operating on backup-
battery power, causing it to respond
by lighting the battery LED on the
zone-status panel.

System Software. The most vital el-
ement of the Home-Security System is
its operating system. The major tasks
of the operating system are to read
the zone-switch and sysTem-staTus inputs;
to display the zone- and system-status
information; to control the alarm-out-
put devices; to provide processing-
system timing; and to communicate
with the X-10 interface. We will briefly
discuss each of those tasks and how
each is accomplished.

The zone, control-switch, and sys-
tem-status inputs are all read in at a
frequency of 120 Hz, allowing even
the fastest changes in any inputs to be
detected and processed according-
ly. To prevent faise alarms, the zone
inputs are debounced for a minimum
of 100 milliseconds (ms), allowing
enough time for them to stabilize (only
after at least 100 ms are they consid-
ered valid). As with the zone inputs, the
control-switch and system-status in-
puts are also susceptible to noisy or
bouncing contacts and are similarly
debounced.

System-status information is dis-
piayed in three ways—on the op-
fional zone-status panel; via a two-
digit 7-segment LED display; and

$01L008(T Jeindod ‘P66 18GOIO0

(2]
a


www.americanradiohistory.com

Popular Electronics, October 1994

&

JRT 1998 |

e
" —
000000000000000000

-t 8 INCHES ;{

Fig. 5. The Home-Security System’s main-control unit was built on a double-sided
printed-circuit board with plated-through holes. The foil pattern for the component

side of the board is shown here at half scale.

though the system-status LED indica-
tors. The zone-status panel uses an
LED to indicate the status of each pro-
tected zone. At the time of arming
(during the delay interval), any open
zone detected causes its correspond-
ing zone LED to light steadily. Once the
delay times out and the system is
armed, violating any protected zone
causes its corresponding LED on the

.zone-status panel to flash, indicating

that zone has been violated.

The two-digit display is used to con-
vey delay-time settings and other sys-
tem-status information. Pressing either
of the delay switches (entry or exitf)
causes the current delay-time setting
to appear on the display. During an
alarm condition, the violated loop is
indicated on the two-digit display by
aflashing "L?:” where “?" ranges from
1 1o 8 representing the number of the
violated zone. A flashing "P” on the
display indicates that the panic mode
has been invoked. Pressing the reser
causes the total number of violations
that have occurred since the system
was last armed to appear in the two-
digit display. The count is reset to zero
each fime the system is armed.

The operating-system software is re-
sponsible for controlling the various
alarm outputs—internal and external
siren-control signals, the warning-
buzzer control signal, the auto-dialer
control signal, and the on-board
piezo-buzzer control signal—based
on the inputs received. Those signals

are enabled for a specific amount of
time, which is precisely measured by
the operating-system software. The
entry and exit delays, as well as vari-
ous other system-timing delays, are
handled by one of U16's two internal
timers. its other internal timeris used as
a bit-rate generator, which is required
by the serial I/O for communicating
with an X-10 computer interface—a
device used by many home-control
enthusiasts to control househoid light-
ing and appliances via the power
line.
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The operating-system software
communicates with the X-10 interface
by fransmitting commands to the Z8's
serial port. When the entry-delay
timer is initiated (as a resuit of the de-
lay-entry zone door opening while
the system is armed), the operating
system sends a command to the inter-
face to turn on the X-10 device set to
house code A, unit code 8. That allows
the delayed-entry zone o be conve-
niently illuminated to facilitate enter-
ing the passcode at the digital
keypad after dark.

For those that do not wish o pur-
chase the preprogrammed items
listed in the Parts List, the operating-
system software can be downloaded
from the Gernsback BBS at
516-293-2283.

Construction. The main-control unit
of the Home-Security System was buitt
on a double-sided printed-circuit
board with plated-through holes. The
foil patterns for the component and
solder sides of the board are shown at
half scale in Figs. 5 and 6, respectively,
for those who choose (and have the
expertise) to etch their own board. For
those who do not wish to make their
own board, a double-sided board
with plated-through holes is available
from the source given in the Parts List;
partial and complete kits, as well as
fully assembied and tested units, are
also available.

Figure 7 is the parts-placement dia-

TTLLLLLL
I

—.@uu

"_;un
lllllullli%i'

B TITT

I
8 INCHES »>-
I‘ |

Fig. 6. The foil pattern for the solder side of the board is shown here at half scale.
Those who do not wish to make their own board, can purchase the board, a partial or
cormplete kit, or a fully assembled and tested unit from the source given in the Parts

List.
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gram for the Home-Security System’
main-control board. Begin con-
struction by installing C1, D1-D4, U2,
U3, and BR1 of the power supply. Be-
fore installing any of the other com-
ponents, test the power-supply circuit
by connecting the output of a 16-volt,
2.1-amp transformer to the J4-7 and
J4-8 terminals. You should get a read-
ing of approximately +13.3 volts DC
from J4-9 to J4-10; those terminals
feed charge current to the backup
battery. You should also measure
about +13.3 volts DC at J4-3 and
J4-5,

Measure the voltage from J4-1 to
J4-4 or J4-6; you should get a 5-volt
DC reading. Next measure the DC
voltage at the anode of D1; it should
read about 14 volts. None of those
measurement should be more than
5% off: If any of them exceeds a 5%
tolerance, recheck the power-supply
components placement and orienta-
tion before proceeding with assem-
bly. That’'s necessary to prevent
damage to the other electronic com-
ponents that will eventually be

TABLE 1—ZONE STATUS ANNUNCIATOR

PANEL CONNECTOR SIGNALS
Pin No. Signal Description

1 no connection

2 common

3 no connection

4 common

5 Zone 8 Status LED

6 common

7 Zone 7 Status LED

8 common

9 Zone 6 Status LED
10 Battery LED
11 Zone 5 Status LED
12 System Armed LED
13 Zone 4 Status LED
14 +5 voits DC
15 Zone 3 Status LED
16 +5 voits DC
17 Zone 2 Status LED
18 +5 voits DC
19 Zone 1 Status LED
20 +5 volts DC

mounted on the circuit board.

When you are ready to begin in-
stalling the remaining components,
start with the smallest units first. It is
important that you use sockets for U16
(the microcontroller), U17 (the
EPROM), DISP1 and DISP2 (the 7-seg-

rnent displays), and K1-K3 (the DIP re-
lays). Note: the two 7-segment display
modules (along with their sockefts)
and the zone-bypass DIP switch
should be mounted on the solder side
of the board. Resistor networks
R10—R12 can be replaced by discrete
470-ohm resistors if desired. The ma-
jority of the parts are standard-stock
ftems that are available from most
mail-order distributors and local elec-
tronics suppliers.

The six panel-mounted, normaily-
open momentary pushbutton switch-
es are mounted to the front panel of
the main-control unit's enclosure. The
switches are connected to ferminals
J2-2 through J2-8 on the main-control
unit's printed-circuit board though
hook-up wire. The switches can be
temporarily wired to the main-control
unit for testing purposes prior to
rnounting them on the front panel
(see "Preliminary Testing”).

The design of the zone-status panel
is relatively unrestricted. In fact, status-
indicating LEDs can, assuming that
there is sufficient room, be mounted
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Fig. 7. Begin construction of the Home-Security System’s main-control unit by
installing power-supply components Cl, DI-D4, U2, U3, and BRI first. Once installed
(and before mounting any of the other parts), test the power-supply circuit by feeding a
16-volt, 2.1-amp source to terminals J4-7 and J4-8.
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TABLE 2—MAIN CONTROL UNIT TERMINAL CONNECTIONS

Terminal Signal Name Smnal Description
814 4 COMMON & . g*+ ¢ Zone Inputs Common
T51-2 ZONED x & Zone 1 Input £
T81-3 ZONE 2 + Zone 2 Input : i

| L ; o 4 Input S %
TSi-1 jf L ZONES * ws 5,3 L ZoneSInput .
T51-7 2 ZONEER T EEHEB Inpiit 5
T51-8 w TONET i ne 7 lnput £
T51-49 ¢, EOMNEB | ¢ e Zona 8 Input = 2
151-10 ** PANIC Panic Button(s} Input 7z ¥ 7
T52-1 = COMMON & Panic Inpuks Comaon e
Te2-2 ENTRY DELAY 7 . Entry Delay Button Input Cie
TSZ-3 « EXIT DELAY P Exit Delay Button Input j‘ i
152-4 ctt ARRETE S e Adjust+ Button Input jn #*
Ts2-5 s ADJUST- + Adjust- Button Input %
TE2-6 « RESET s EA Raset Button Input i
T5e-7 TEST % = Test Button inpuk 7
T52-4 +  COMMON. i Panel Button (nputs Gommon, ., %
T52-% INT SIREN Tar s « Internal Siren Positive Terminal  » >
T52-10 ¢ COMMON Internal Sirgn Common i
1531 EXT SIREN e - x External Siren Positive Terminal ~
T53-2 COMMON HE v External Siren Comman 2y
T53-3 AUTO-DIALER «_Auto-Dialer N.0, Qutput ** 5, d
T53-4 AUTO-DIALER * “Akho-Dialer 8.0, Qutput .
T53-5 X-10 INTERFAGE . <| ¥-10 Computer Interface Output *
T53-6 COPMON | ¥-10 Computar Interface Common sl
TS3-7 »  LOOP STATUS Keypad LOOP LED Output I
T53-8 < WARNING fEs . Warning Buzzer Qutput s i
T53-0 PANIC/TAMPER Keypad Fanic Input ST ji
T53-10 ARM INPUT * Keypad Arm Status nput 2
TS4-1 500 i Keypad +G-volt Dutput = « <
TS4-2 ARM STATUS % «| * Keypad ARM LED Output it 3
T54-3 CLARNDGe LR Keypad +12-volt Qutput * é’ o
T54-4 COMMON . = 5 Keypad Commeon ™
T54-5 #12Y0C A Aupilliary Device +12-valt {Jutput e
TS4-6 4 COMMON ’ Auxilliary Davice Common = , ==
To4-7 16 VAC INPUT % < 16-volt AG Input
TS4-8 16 VAG IHPUT LT 16-volt AC Input . > i
TS4-1 BATTERY+ \% Backup-Battery Positive Terminal b
754-10 l¢ BATEERAY-. ~ - , *|° Backup-Barery Negative Tarminal

to the front panel of the main-control
units enclosure and labeled accord-
ingly, eliminating the zone-status pan-
el altogether. Any way, regardiess of
your zone-status-panel layout, the
panel signals are available at J5 (see
Table 1). Connections between the
status panel and the main-control unit
should be made through alength of a
20-conductor ribbon cable.

Preliminary Testing. Once the cir-
cuit has been assembled and all off-
board components connected to the
main control board, it can be tested
as a stand-alone unit. Before power-
ing up the main-control unit, however,
be sure that heat sinks have been in-
stalled on the voltage regulators, U2
and U3, to permit maximum power
dissipation. When mounting the heat
sinks to the regulators, be sure o use
thermal compound between the
heat sink and the regulator tab to en-

sure maximum heat transfer.

On power-up, the on-board buzzer
should beep once, indicating the suc-
cessful initialization of the hardware
and firmware (system software). The
right-hand decimal point of the right
7-segment display (DISP1) flashes at
one-second intervals, indicating the
proper operation of the system. The
panic input can be tested by mo-
mentarily shorting the panic-input ter-
minals (terminal connections J1-10
and J2-1). That should result in the let-
ter P flashing on DISP1 and the activa-
tion of all three relays (K1-K3). If the
zone-status panel is connected to J5,
all of the zone-status LED's should also
begin flashing. To help identify when
the relays are activated, connect a 1k
resistor in series with an LED to the out-
put terminals of each relay. Be sure to
connect the anode of the LED to the
positive-output terminal.

If an X-10 interface is connected to

terminal connections J3-5 and J3-6,
X-10-controlled lights (and/or other
devices) set to unit codes 1 through 8
(house code A) should cycle on and
off at five-second intervals. Cancel
the panic mode by pressing the reser
switch, or allow the system to reset
automatically in five minutes.

Press the entry DELAY switch to display
the default entry-delay setting on the
7-segment displays. Likewise, pressing
the exiToeway switch displays the default
exit-delay setting. To adjust either de-
lay setting up or down, press the
ADJUST+ OF ADJUST- SwitCh, respectively,
while holding down the appropriate
delay switch. The maximum setting for
both delays is 90 seconds. Note that
pressing any of the panel-mounted
switches results in a click sounding on
the piezo buzzer. Press both of the ad-
just switches simultaneously to toggie
button-click mode.

There are two test modes that can
be invoked. Pressing and holding the
Test switch for at least three seconds
invokes a test mode that activates the
three relays and flashes the LED's on
the zone-status panel. The test mode
remains active for as long as the Test
switch is held down. A power-up self-
test can be invoked by holding down
the 1esT switch while applying power to
the main-control unit. During the self-
fest mode, each alarm output device
is enabled sequentially for one sec-
ond in the following order: on-board
piezo buzzer, internal siren relay, exter-
nal siren relay, auto-dialer relay, and
keypad-wamning buzzer. The two 7-
segment displays cycle through digits
0 through 99 during the self-test mode
fo reveal any defective segments. If
the zone-status panel is connected to
the main-control unit, the system cy-
cles through the zone-status LED's in
sequence. That mode also remains
active for as long as the st switch
remains down. Releasing the test
switch cancels the self-test and pro-
ceeds to normal operation.

Installation. The assembled control
unit should be installed in an en-
closure suitable for recessed or sur-
face mounting. The selected en-
closure should be large enough to
house both the backup-battery and
the main-control unit. The enclosure
should be mounted in an accessible
location not near any of the perim-
eter entrances or windows. Some sug-
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gestions include the master-bedroom
closet, behind the master-bedroom
door, in a utility room, or in a base-
ment closet. The location should be
convenient for routing wires either
through conduits or through the wails.
As many as 29 wires may need to be
routed to and from the main-control
unit, not including connections for
power. (See Table 2 for a description
of the terminal connections on the
main-control unit) Connect the out-
put of the 16-volt AC transformer to
terminals J4-7 and J4-8 to provide the
main control unit with power. If a re-
chargeable backup-battery is avail-
able, connect the positive terminal to
terminal J4-9 and connect the nega-
tive terminal to J4-10 on the main-
control unit. Be sure to observe the
polarity of the terminals when making
the connections!

The digital keypad should be
mounted in a convenient location
near the entry door. It should be
mounted appraximately eye level ina
single-gang wall-box. A total of eight
wires should be routed from the main
control unit to the keypad. The wires
should be connected to terminal
connections J3-7 through J4-4. Figure
8 describes the connections between
the keypad and the main control unit.
Connect the positive terminal of the
remote warning buzzer to +5 volts,
and the negative terminal to the wire
connected to terminal connection
J3-8 of the main control unit. Program
the keypad to respond to a 4-digit
code that you select as per the man-
ufacturer’s instructions.

After making the appropriate con-
nections o the remote warning buzz-
er, it should be placed inside the wall-
box before mounting the keypad. If
additional keypads are desired, they
should be wired in parallel with one
another. Up to eight normally-closed
zones can be monitored by the
Home-Security System. Each zone
can include as many normally closed
switches as necessary to provide the
desired protection. Take some time to
think about the selection of protection
zones before drilling holes to mount
the sensor switches. The switches for
windows in the same room can be
wired in series for a single zone of pro-
tection. Each perimeter door, how-
ever, shouid be wired in separate
protection zones, if possible. That al-
lows those critical zones to be dis-

HARD-WIRE THESE
TWO CONNECTIONS ON
BACK OF KEYSWITCH

ARM INPUT
J3-10

7 e -
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PANIC INPUT —— \

J3-9

+5VDC —
J4-1
+12VDC —
J4-3
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REAR VIEW OF DIGITAL KEYSWITCH

NOTE:

CONNECT NEGATIVE TERMINAL OF WARNING
BUZZER TO GROUND AND POSITIVE TERMINAL TO
MAIN CONTROL UNIT TERMINAL CONNECTION 28

(J3-8).

Fig. 8. The connections between the keypad and the main-control unit are illustrated
here. Simply connect each point on the keypad to the like-labeled point on the main-

control unit.

tinguished from one another. Try to
keep dli wires concealed when wiring
the zone switches. Take advantage of
crawl spaces, uninsulated interior
walls, and accessible attic space
whenever possible. As a suggestion,
route all zone-switch wiring fo a cen-
tral terminal strip and connect the
common wire of each zone inputto a
single terminal. Then route nine wires
(eight zone inputs plus one common)
from the terminal strip to the main-
control unit terminals J1-1 through
J1-9.If the crawl space is used for rout-
ing the wires and its access door is
accessible from the exterior of the
house, be sure to protect it with one of
the instant-trigger zone inputs. If a mo-
fion detector is to be used with the
system, connect it to zone 8 (the silent
zone). Power for the motion detector is
available on J4-1 (+ 5-volts DC) or
J4-5 (+12-volts DC) depending on
the voitage required.

The zone-status panel should be
mounted in alocation near the main-
control unit. The recommended
mounting location is on top of the
main-control unit enclosure, and pref-
erably, in a position that is visible from
the homeowner’s bedside.

WWW-americanradiohisterv-com

Multiple panic switches can be lo-
cated at strategic points throughout
the house to provide the homeowner
with convenient access should it ever
become necessary to invoke the
panic mode. The switches should be
normally open momentary pushbut-
ton switches wired in parallel with one
another. Connect the network of pan-
ic switches to the main-control unitvia
terminal connections J1-10 and J2-1.
Radio Shack sells pushbutton switches
(for under $2 each) that are perfect
for this application. One panic switch
should be mounted on or under a
bedside table for convenient access
from the bed. Other panic switches
elsewhere in the home should be
mounted out of the reach of small
children.

The emergency auto-dialer should
be located in a convenient location
near a telephone outiet. The normally
open inputs of the auto-diaier should
be connected to terminal connec-
tions J3-3 and J3-4 of the main-con-
trol unit. Refer to the operator’s
manual included with the emergency
auto-dialer for instructions on pro-
gramming the telephone numbers.
The X-10 computer interface can be
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PARTS LIST FOR THE HOME-SECURITY SYSTEM

SEMICONDUCTORS

U1, U6, U9, U12—4N30 Darlington
output optoisolator/coupler,
integrated circuit

U2—MC7805C 5-volt, 1-amp voltage
regulator (TO-220 package),
integrated circuit

U3—MC78T12C 12-volt, 3-amp
voltage regulator (TO-220
package), integrated circuit

U4—MAX232 5-volt dual
transmitter/receiver, integrated
circuit

U5—SN74HCT245 TRI-state octal
tranceiver, integrated circuit

U7, U8, U10, Ul1—SN74HCT374
TRI-state octal D-type flip-fiop,
integrated circuit

U13—SN74HCTO00 quad 2-input
NAND gate, integrated circuit

U14—SN74HCT138 3-to-8 line
decoder, integrated circuit

U15—SN74HCT373 TRI-state octal
D-type latch, integrated circuit

U16—Z8691 (or Z8681) Zilog Z8
ROMless microcontroller,
integrated circuit

U17—27C64 8K X 8 EPROM,
integrated circuit

UI18—MAX705 microprocessor
supervisory circuit, integrated
circuit

Q1—2N2222 general-purpose NPN
silicon transistor

D1—GI750 6-amp, SO-PIV rectifier
diode

D2-D4—1N4001 1-amp, 50-PIV
rectifier diode

D5-D8—1N914 general-purpose
silicon diode

BR1—4-amp, 600-PIV full-wave
bridge rectifier

LEDI-LEDI10*—Red light-emitting
diode

DISP1, DISP2—7-segment common-
cathode LED display (Radio Shack
P/N 276-075)

RESISTORS

(All fixed resistors are Ya-watt, 5%
units.)

R1, R2—1000-ohm

R3, R5, R8—330-ohm

R4, R7—470-ohm

R6—10,000-ohm

R9, R13, R14*—1000-ohm X 9 DIP
resistor network

R10-R12—470-ohm X 8 DIP resistor
network

CAPACITORS

C1—1000-pE, 35-WVDC,
electrolytic

C2, C3, C5, C6—22-puF, 16-WVDC,
tantalum

C4, C7-C11—90.1-p.F, ceramic-disc
C12, C13—10-pF, ceramic-disc

ADDITIONAL PARTS AND
MATERIALS
Bl—I12-volt, 2.0-AH rechargeable
battery (Mouser P/N 547-PS-1220)
BZ1—Piezoelectric buzzer (Radio
Shack P/N 273-074)
F1, F2—2-amp, slow-blow fuse
K1-K3—SPDT 5-volt, 2-amp relay
(Radio Shack P/N 275-243)
S1—8-position DIP switch
$2-87—SPST momentary contact
pushbutton switch
J1-J4—10-position terminal block
J5—20-pin dual-row header
XTAL1—7.3728-MHz crystal
Printed-circuit materials, enclosure,
two TO-220 heat sinks, five 14-pin
DIP sockets, one 28-pin DIP, one
40-pin DIP socket, fuse clips, 16-
volt 2.1-amp transformer, digital
keypad (Radio Shack P/N 49-535),
normally closed magnetic switches
(Radio Shack P/N 49-496), panic
switches (Radio Shack P/N
49-517), emergency auto-dialer
(Radio Shack P/N 49-433),
internal two-sound siren (Radio
Shack P/N 49-490), high-power
external siren (Radio Shack P/N
49-525), X-10 computer interface
(Model CP-290 available from
X-10 USA), twisted-pair alarm
wire, zone status panel materials,
20-conductor ribbon cable,
connectors, wire, solder, hardware,
etc.

Note: The following items are
available from John Taylor, P.O.
Box 1281, Lawrenceville, GA
30246-1281 (Tel: 404-682-1368):
The main-control unit double-sided
silk-screened, printed-circuit
board, $35.50 + 2.50 S/H;
preprogrammed and tested EPROM
and 28691, $36.50 + 2.50 S/H; a
partial parts kit (including the
printed-circuit board, and a
preprogrammed and tested EPROM
and Z8691), $59.50 + 3.50 S/H; a
complete parts kit (containing a
double-sided silk-screened,
printed-circuit board and all parts
to build main-control unit),
$149.00 + 5.00 S/H; an
assembled (includes 2-AH
rechargeable lead-acid backup-
battery) and tested main-control
unit mounted in an enclosure,
$249.00 + 10.00 S/H.

*Not shown on schematic

placed in any convenient location,
and should be connected to the
main-control unit via terminals J3-5
and J3-6.

The internal siren should be
mounted in a central location in the
home, with ifs positive connected to
terminal J2-9 and its ground con-
nected to J2-10. The external sirer
should be mounted in a location that
allows its sound to be directed outside
the home. It can be mounted eitherin
the attic facing a gable vent, or out-
side under a suitable roof overhang.
The external siren connects to the
main-control unit via terminal con-
nections J3-1 (positive terminal) and
J3-2.

System Testing. Once all of the
components of the system have been
wired together, they can be tested
coliectively as a system. After apply-
ing power to the main-control unit,
enable each zone of the system by
turning off (opening) the corresponc-
ing zone-bypass switch. Secure all
zones and check the zone status pan-
el to verify that all zone LED's are off.
Also check the Loop LED on the digital
keypad to see that it is off. Check the
operation of each zone input by sim-
ulating opening a protected door or
window in that zone, and verifying
that the corresponding zone LED on
the zone-status panel lights. The oop
LED should aiso light when any of the
enabled zones are opened. A short
beep should be heard from the key-
pad warning buzzer when each zone
door or window is opened. If zone 8 is
being used, verify that friggering its
input is reflected on the zone-status
panel and the keypad woop LED, but
does not sound a beep on the key-
pad warning buzzer.

Once all zones have been check-
ed, checkthe operation of each zone
input with the system in the armed
state. As a courtesy o your neighbors
during testing, you may want to dis-
able the external siren by removing
fuse F2. You may also want to discon-
nect the auto-dialer during the sys-
tem-testing procedures. Arm the
system by entering the programmed
four-digit code on the digital keypad.
The warning buzzer should sound and
the arv LED on the keypad should
light. Go to the zone-status panel and
verify that the svsiem armeD LED is on,

(Continued on page 92)
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ariable-frequency oscillators
(VFO') are radio-frequency
signal generators that can be
continuously tuned using an inductor
connected to either an air variable
capacitor, mica “trimmer” capacitor,
or a voltage-tuned variable-capaci-
tance diode (varactor). A VFO differs
from the crystal oscillators used in
many transmitters in that a VFO's fre-
quency can be varied, while a crystal
oscillator is either fixed or variable
over only a tiny range.
Variable-frequency oscillators can
be used as signal generators in test
equipment, to control ham transmit-
ters, as the local osciliator in either a
superheterodyne or direct-con-
version receiver, or in any other ap-
plication where a continuously varia-
ble source of RF siganls is needed. In
this article, you will find some practical
circuits that are based on easily ob-
tained components, as well as some
general guidelines for modifying the
clrcuits for your own use.

RF Oscillator Basics. Both VFO’s
and crystal oscillators are part of a
class of circuits called feedback os-
ciliators. Figure 1 shows the basic con-
figuration of this type of circuit; it
consists of an amplifier with open-
loop gain A, and a feedback net-
work (which is usually frequency se-
lective) with a “gain” of g (beta). If two
conditions—called Barkhausen’s cri-
teria—are met, then the circuit will os-
cillate. The two conditions are: the
loop-gain must be unity or greater,
and the feedback signal arriving

Variable

Frequency
RF O v ;

scillators

BY JOSEPH J. CARR

We present some variable,
RF-oscillator designs that you can build.

back at the amplifier input must be
phase shifted 360 degrees. For most
practical circuits, with 180 degrees of
phase shift provided by an inverting
amplifier, the feedback network must
provide an additional 180 degrees of
phase shift.

AvoL
P- p—a OUT

e
- FEEDBACK. -
Fig. 1. As this block diagram reveals, a
Jeedback oscillator is comprised of an am-
plifier and a tuned feedback loop.

AvoL

p—O OUT

L —00ouUT

Fig. 2. Shown here are the basic makings
of a Hartley oscillator (A) and a Colpitts
oscillator (B).
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By the way, it is a good idea to use
only regulated DC power supplies
with osclliator circuits. That's because
most oscillators shift frequency a slight
amount when the power-supply voit-
age changes. In fact, most experts
agree that a regulator deadicated to
just the oscillator is best because it is
not affected by load changes in other
circuits. If you are a ham-radio oper-
ator familiar with CW (i.e., Morse-
code) transmission, then you will rec-
ognize such variation as a transmis-
sion defect called “chirp.” Aithough
not all of the oscillator circuits In this
arficle show a regulator, it is a good
idea to use one anyway.

Input. There are two general cate-
gories of RF oscillator that we will con-
sider here: those with parallel tuned
tanks (such as Hartiey or Colpitts cir-
cuits), and those with series tuned
tanks (for example a Clapp osclliator).
The circuit in Fig. 2A is a Hartley os-
cillator. it Is identified by the tapped
inductor in the feedback network,
which effectively forms an inductive
voitage divider. Colpitts and Clapp
circuits (see Fig. 2B) are identified by
the fact that the feedback network
contains a tapped-capacitance volit-
age divider.

For our circuits, we will use one of
three active devices as the amplifier
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Fig. 3. The gate circuit for a JFET os-
cillator (A) is the same for a MOSFET
oscillator (B) although the MOSFET
needs an additional bias network for its
extra gate.
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Fig. 4. These are typical tuning circuits.
The one in A is parallel resosnant, while
the one in B is series resonant.

portion: an MPF102 junction field-
effect transistor (JFET), a 40673 metal-
oxide field-effect fransistor (MOSFET),
or the Signetics NE602 RF balanced-
mixer integrated circuit. EQuivalents of
the two transistors are also available
from distributors who carry ECG or NTE
radio/TV replacement parts. The
MPF102 is replaced by the ECG312
and the NTE312; while the 40673 is
replaced by the ECG222 and NTE222
devices.

Figure 3 shows two input configura-

tions, one each for the MPF102 and
40673. Figure 3A shows the circuit for
the JFET device. It consists of a gate
resistor of 100k ohms to ground, and a
diode (IN914, 1N4148, or equivalent).
The diode in the input circuit perplex-
es some people when they first see it.
its function is to clean up the signal,
and make it closer to a low-harmonic
sinewave. In many cases, you will
need to use a capacitor such as C1in
the gate circuit, especially if there is a
DC source or ground directly in the
circuit. In order to prevent loading of
the tuned circuit, it is customary to
make the coupling capacitor small
compared to the tuning capacitor;
typically values from 2 to 10 pF are
used for high-frequency and medi-
um-wave VFO circuits.

The same circuit can be used for
the MOSFET, but there must also be a
DC-bias circuit for the second gate,
G2. The bias network made of R2 and
R3 in Fig. 3B is set to bias G2 to about
¥V +, but I've also used equal valued
resistors (10k each) for R2 and R3. A
bypass/decoupling capacitor (C2) is
used to ground any RF at G2, while
keeping G2 atthe bias voltage for DC.

Tuning. The tuned circuit for a Clapp
oscillator can be series-tuned (as in

+12V

!

R1 b
% 1800 e A
1w i :
s
c6 D1
1 9.1VOLT
| 400mwW
! K RF
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al
MPF102, ca
NTE312, 001
OR 9
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ECG312 e
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c3 D1
10pF T~ 1N914
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+—¥
L1* l
*SEE TEXT L00RRARAL -

Fig. 5. This simple Hartley JFET os-
cillator has a built in Zener-diode reg-
ulator to condition the power-supply
voltage down to 9.1 volts.
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Fig. 4A). For a Hartley or Colpitts os-
cillator, a parallel-tuned circuit is used
(see Fig. 4B). In the case of the Hartley
oscillator, the inductor (L1) will be
fapped. Both fixed-value and varia-
ble inductors can be used for the cir-
cuits.

In any LC resonant circuit, reso-
nance is that point where the induc-
tive reactance and capacitive reac-
tance are equal to each other.
Because the reactances cancel out,
the impedance of such a circuit is
purely resistive.

Also, the nature of an LC-tuned cir-
cuit is that it can provide a 180-de-
gree phase shift at its resonant
frequency. So as long as an LC tank is
used with an inverting amplifier, to-
gether they will meet the 360-degree
phase-shift requirement for an os-
cillator.

It is generally true that there should
be a high C/L ratio, so it is common
practice to select a relatively low-val-
ue inductor, but a high-value of ca-
pacitance. Many of the oscillators in
this article are designed for the mid-
dle of the 1- to 10-MHz band, and use

HI——T—>+12V
= C6

&

ai
£ R3
MPF102,0R %
ECGal2 1500 %‘:
R2 :

1ok T i

cs* |

001

[}
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OUTPUT A

C1

001
NTE618,0R
ECG618 b Ve
ApN—e—0 0-12
*OPTIONAL VOLTS

Fig. 6. This voltage-tuned JFET Hartley
oscillator can be made to sweep its entire
frequency range by applying a sawtooth
waveform that rises from 0 to 12 volts to the
V, input,
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inductances on the order of 3.3 to 7
mH. Those inductances are relatively
easy to obtain when using either “so-
lencid” (cylindrical) or “toroidal” coil
forms. See the Amidon Associates (PO.
Box 956, Torrance, CA 90508) catalog
for information on winding both sorts
of coils. Also, Barker & Williamson (10
Canal Street, Bristol, PA, 19007. Tel.
215-788-5581) makes air-core cail
stock that is suitable.

The capacitance can be made up
of more than one capacitor, and that
is generally the best practice. The
change of frequency is proportional
to the square root of the ratio of the
capacitance change:

fmc)J fmln = Cmc)J len

That is why a variable capacitor for
the AM broadcast band consists of a
25-365-pF air variable capacitor
shunted by a 25-pF (or so) frimmer
capacitor (which is usually set to
around 15 pf). The 3.08:1 ratio of max-
imum to minimum capacitance is
more than sufficient to cover the
3.02:1 ratio of the maximum and mini-
mum frequencies of the AM band.

Selecting values of L and C is a
somewhat tedious and iterative affair.
One is advised to sit down with a cal-
culator and make a few trials. Part of
the problem comes from the fact that
both fixed and variable capacitors
come in standard values, which may
not be exactly what's needed. Juggle
the value of the inductor (which can
be easily wound to a custom value) to
provide the desired frequency
change when used with commonly
available variable capacitors.

It is common practice to make the
total of the fixed capacitors plus the
maximum vaiues of the variable
(main-tuning and frimmer) capacitors
somewhat larger than the total re-
quired to resonate at the very lowest
frequency in the desired range. When
the trimmer is set to a value less than
the maximum, the total capacitance
will be close to the desired value.

Hartley JFET VFO. The Hartley os-
clliator, as you might recall from
above, is identified by a feedback
path that includes a tapped inductor;
but the inductor is also part of the
resonant tuning circuit of the os-
cillator. Figure 5 shows a simpie
Hartley oscillator based on the
MPF102 JFET. The output signal is taken

» + » = +12VDC
T c12 _L r
1T |
L
c13
_2 10
R6 =
10002 3
T
NO.28 ENAMELED WIRE
¥ ON FT-50-43 CORE

]
C15 R8

01 10K
\
= D2 T
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Fig. 7. A Hartley oscillator with buffer amplifier. This circuit can be tuned via Cl, or if CI
is removed and the varactor network is connected to point A, a tunning voltage can be

used instead.
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Fig. 8. This tuning characteristic curve shows the relationship between the varactor’s

tuning voltage and ouput frequency for the oscillator in Fig. 7. Please note that lower

frequencies could’'ve been acheived if lower tuning voltages were used.

through a small-value capacitor (to
limit loading) connected to the emit-
ter of the transistor.
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The frequency of oscillation is set by
the combined effect of L1, C1, and
C2:
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Fig. 9. The JFET VFO circuit shown here
can be identified as a Clapp oscillator by
its series tuned LC network. The circuit as
shown can be used from 0.5 to 7 MHz.
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Fig. 10. Three capacitors (Cl, C2, and
C3) are used in this NE602AN IC Colpitts
oscillator circuit, rather than two, be-
cause of a need for DC blocking.

——————=5V
C6

R1

100Q

Fig. 11. You can tell this is a Hartley os-
cillator by noting the tapped coil in the LC
tank network. The inductor is tapped from
one-fourth to one-third the way from the
ground end.

f=1/(2nf L1(C1+C2)

To resonate at 5 MHz with a 5-mH
inductor, a total capacitance of
about 200 pF is required. Because of
stray capacitance and variations in
the values of actual capacitors, it is
common practice to use more fotal
capacitance than needad, and use
variable capacitors to trim the total
down. For example, we couid use a
140-pF variable capacitor for main

- tuning. and an 80-pF trimmer to set

the maximum to the required value.

Figure 6 shows a 5-MHz Hartiey VFO
circuit also based on the MPF102 JFET.
itis very similar to the previous circuitin
basic concept, but there are some

— ———=5V
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R2 . g1 [5 1000
4 TT]4ORS5
T
s cé
2 HESZ 7 01
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Fig. 12. This voltage-tuned Clapp os-
cillator uses a varactor diode to set its
operating frequency.

differences. The most significant dif-
ference is the use of a variable-ca-
pacitance diode (varactor) instead of
the main tuning capacitor. The diode
shown is a 14-440-pF varactor used to
tune the AM broadcast band in radio
receivers. Another significant dif-
ference is that the output signal is
taken from a secondary winding on
the tuning inductor. That winding con-
sists of fewer turns than the iower
portion of the main-tuning inductor.
Care must be taken to not load down
the circuit by connecting a varying
load resistance across the output
winding.

The circuit of Fig. 6 can be made to
sweep the entire frequency range by
applying a sawtooth waveform that
rises from 0 to 12 volts to the varactor.
This type of circuit makes it relatively
easy 1o build a sweep-generator, or a
swept-tuned radio receiver. In gener-
al, the sweep rate should be around
40 Hz If the detector has a narrow

WWW.americanradiohistorv.com

band filter. Other sweep frequencies
are usable as well, but care must be
taken not to “ring” any following reso-
nant circuits or filters because of an
excessive sweep rate,

The tuning properties of a varactor-
tuned LC circuit are nonlinear be-
cause of the nature of varactor di-
odes. It isrecommended thata graph
of tuning voltage versus frequency be
made, and that only the linear portion
of the curve be used for sweep pur-
poses.

The circuit shownin Fig. 7 is capable
of producing as much as several volts
(yes, volts) of signal in the 1- fo 10-MHz
range. The actual tuning range de-
pends on the particular components
used. The heart of the oscillator is an
MPF102 JFET (@1). Two different tuning
schemes are possible. As shown, for a
limited range (50005500 kHz), main
tuning is provided by C1, a 365-pF AM
broadcast-band tuning capacitor. In
that case, the varactor diode (D2) is
disconnected and not used.

The alternate scheme deletes C1,
and uses the varactor circuit shown
connected at point “"A.” That version
has awider tuning range for the same
capacitance change. That's because
in the unmodified circuit, the tuning
range was reduced by the capacitor-
divider action of C4 and C5.

As an alternative to the varactor cir-
cuit, you can connect C1 o point "A”
instead of the junction of C4 and C5.
That will also provide a wide tuning
range.

The circuit can be further modified
by adding or subtracting capacitors
from the tuning network. As shown,
C1-C5 are all part of the tuning cir-
cuit,

The main inductor (L1) consists of 35
turns of No. 28 enameled wire on an
Amidon T-50-2 (red) toroidal core. The
tap is placed at eight turns from the
ground end. The tap is formed by
winding two separate, but con-
figuous, windings: one of 8 turns and
one of 27 turns. The windings are con-
nected together electrically at the
point where they butt together. The
two wire ends of the two coils are sol-
dered together and used as a single
wire 1o connect the tap to the source,
of the JFET. A

The drain of the JFET is kept at Al
ground potential for RF signais by the -
bypass capacitor, C8. The output sig-

(Continued on page 94)
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Build a

Multi-Function
Car Security System

Protect your second most-valuable investment from carjackings, without placing
yourself in harm’s way, with this remote-controlled security system

BY ANTHONY J. CARISTI

Ithough this project was de-
Asigned specifically as an

automotive emergency se-
curity system, its capabilities encom-
pass much more than that. it is a
complete.radio-frequency (RF) re-
mote-control system that allows the
user to control one or more vehicular
electrical circuits from a distance via
a digitally-encoded RF fransmitter sig-
nal. The controlled circuits can be ina
stationary or moving vehicle.

One of the system’s most important
functions is to help foil attempted car-
jackings, where the driver would pas-
sively surrender the vehicle, and
disable it, via the remote transmitter,
from a safe distance once the per-
petrator has driven off. Once the vehi-
cle stops, the hijacker will have no
choice but o abandon the vehicle.
However, a more common applica-
tion would be 1o use the transmitter to
remotely sound the horn or turn on the
lights to provide an extra margin of
safety when needed, perhaps. to
scare off a would-be attacker, or to
aliow one to quickly locate the vehi-
cle in a large crowded parking area.

The two-part system is comprised of

a handheld crystal-controlled trans-
mitter and a super heterodyne re-
ceiver, operating at 49 MHz. As
designed, the system can control 4
discrete devices, but its 9-bit data sys-
tem can be easily expanded to con-
trol up to 15 separate circuits on 32
channels. Its digital encoding/decod-
ing scheme prevents accidental op-
eration from stray RF fields or other
interference.

The fransmitter (powered from a 9-
volt fransistor-radio battery) is as-
sembled into a very small enclosure
that easily fits info a shirt pocket or
handbag. The receiver, on the other
hand, is powered from the car’s 12-volt
electrical system, and draws very little
current, allowing continuous opera-
tion with little or no danger of running
down the vehicle’s battery.

Transmitter. The Car Security System
is based on a pair of digital CMQS
chips. the MC145026 programmable
encoder, and the MC145027 pro-
grammable decoder, which are spe-
cifically designed for remote-control
applications.

Figure 1 is a schematic diagram of

wwWwW-americanradiohistorv.com

the transmitter, which is built around
U1, the MC145026 programmable en-
coder. The encoder has five address
lines and four data lines. Atthough the
5-bit address allows up to 32 discrete
channels (00000 through 11111), only
one address is required in this ap-
plication. For that reason, U1 pins 1-5
are tied to ground, giving an address
of 00000.

The remaining four lines (data in-
puts) of U1 can be coded for any bin-
ary number from 0001 through 1111. A
pair of switches (52 and S3) are used
o place either a logic 1 or logic 0 on
two of the data lines (pins 7 and 6,
respectively) to produce on or off
control signals. The remaining two
datalines are not used, but the system
can easily be expanded to four-chan-
nel operation by using those in a sim-
ilar manner to pins 6 and 7.

Aside from the programmable en-
coder (U1), the transmitter is com-
prised of a crystal oscillator, modu-
lator, and a power amplifier, and is
powered from a 9-volt transistor-radio
battery, which supplies an average of
about 7 mA to the circuit. Transistor Q1
(an MPF102 FET) is configured as a
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Fig. 1. The transmitter for the Car Security System is built around Ul, an MCI145026
programmable encoder—one of a pair of digital CMOS chips that are specifically

designed for remote-control applications.

crystal-controlled Pierce oscillator,
with its feedback from drain to gate
provided by XTAL1 (@ 49.86-MHz crys-
tal that operates in the third-overtone
mode). A parallel tuned circuit con-
sisting of T1's primary and C3 is set to
the third-overtone frequency, causing
the circuit to oscillate.

The output of the oscillator is fed
through T1 to the base of Q2, whose
forward base-bias is supplied through
R2. The secondary of transformer T2 is
placed in the collector circuit of Q2,
with the primary parallel tuned to
49.86 MHz via C5. The low-imped-
ance secondary of T2 is then used to
drive the antenna circuit.

The transmitter is designed to oper-
ate into a 36-inch antenna wire,
which is shorter than the nominal s
wavelength at 49.86 MHz (or 54
inches). Such an antenna presents an
impedance that is both resistive and

capacitive. Loading coil L1 is used to
cancel out the effects of the anten-
na’s capacitive reactance and allow
maximum power transfer.

The encoder is activated when
power is applied o the transmitter via
switch, $1. Integrated circuit U1 pro-
vides a serial-data pulse train that
contains address (00000}, and data
information as determined by the set-
tings of $2 and $3. The emitter of Q2 is
grounded through Q3, an enhance-
ment TMOS FET that acts as a switch.
The gate of Q3 is forward biased by
the output of U1, amplitude modulat-
ing the fransmitted signal, which con-
sists of RF pulses that represent logic 1's
and Ofs.

Receiver Circuit. The super-
heterodyne receiver (as shown in Fig.
2} is composed of an NE602 double-
balanced mixer (U2), followed by a

combination high-gain intermediate-
frequency (IF} amplifier and detector/
amplifier circuit, U3 and U4, respec-
tively, an LM358 dual low-noise op-
amp (U5), and the MC145027 pro-
grammable decoder (U6).

The antenna circuit (composed of
C11,C12, and L2) is tuned to the trans-
mitter’s operating frequency (49.84
MHz). The RF energy picked up by the
antenna is fed to U2, the NE602. The
NE6O2 is used as a mixer/local os-
cillator, heterodyning the incoming RF
with the LO output to extract the inter-
mediate frequency (IF). The frequency
of the local oscillator (39.16 MHz) is
controlled by a parallel tuned reso-
nant circuit composed of C15, C16,
C17,and L3.

PARTS LIST FOR THE
TRANSMITTER

SEMICONDUCTORS
Ul—MC145026P programmable
encoder, integrated circuit
Q1—MPF102 general-purpose FET
Q2--2N5179 NPN silicon transistor
Q3—BS170 TMOS FET

RESISTORS

(All fixed resistors are Ya-watt, 5%
carbon units, unless otherwise
noted.)

R1—220-chm

R2—22,000-chm

R3—1-megohm

R4—100-ohm

R5—49,900-ohm, Ys-watt, 1%,
metal-film

R6—100,000-ohm, Ys-watt, 1%,
metal-film

CAPACITORS

Cl, C2, C10—0.1-pF, ceramic-disc
C3-C5—22-pF ceramic-disc or mica
C6, C8, C9—0.001-pF, ceramic-disc
C7—0.0047-pF, mylar

ADDITIONAL PARTS AND
MATERIALS

ANTI1—Antenna (see text)

S1—SPST normally-open pushbutton
switch

S2, S3—SPDT toggle or slide switch

B1—9-volt transistor-radio battery

L1—1.6-pH inductor (Toko, Digi-
Key TK1601)

T1, T2—0.41-pH, RF transformer
(Toko, Digi-Key TK1407)

XTAL1--49.86-MHz, third-overtone
crystal

Printed-circuit materials, enclosure,
IC sockets, 9-voit battery holder
and connector, wire, solder,
hardware, etc.
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Fig. 2. The superheterodvne receiver for the Car Security Svstem, in addition to the
MCI145027 programmable decoder. U6 (the other half of the two-chip set), is
composed of an NE602 double-bulanced mixer (U2), followed by a combination high-
gain intermediate-frequency (IF) amplifier and detectorfamplifier circuit (U3 and U4,

respectively), and an LM358 dual op-amp.

The signal is then fed through FiL1 to
the first stage of the IF section. The
ceramic filter has a narrow bandpass
frequency centered on 10.7 MHz that
passes the desired IF while attenuat-
ing all other frequencies.

The IF section (comprised of U3 and

U4) includes an AM detector (which is
part of U4's internal circuitry) that is set
for maximum gain—approximately
93 dB at 10.7 MHz. Two tuned circuits,
composed of L4/C22 and L5/C23, are
set to 10.7 MHz by adjusting the induc-
tors. Integrated circuit U4 reproduces

—WAAAN-BFRetteantradiohistory-com
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the transmitted pulse train that con-
tains the address and data informa-
fion. The output of U4 (a series of
negative-going modulation pulses) at
pin 4 is fed to the decoder section of
the receiver, through U5, the dual low-
noise op-amp.
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Op-amp US-a (configured as avolt-
age follower) is used as a buffer be-
tween the output of U4 and the input
of US-b, which is operated without
negative feedback allowing it to act
as a voltage comparator. An RC net-
work composed of R12, R13, and C25
controls the operation of Us-b.

The negative-going pulse train, at
the output of US-a at pin 1, ridingona
DC voltage of about 5.5 volts, is fed to
pin 6 of US-b. The voltage-divider ac-
tion of R12 and R13 biases Us-b to
ensure that its pin-7 output remains at
zero volts at all times, except in the
presence of the received pulse train.
The negative-going output of US-a
appears at pin 6 of US-b, but notat pin
5 because of the filtering action of
C25.That causes the output of Us-b at
pln 7 to be a faithful, but inverted,
reproduction of the negative-going
detected pulses, the amplitude of
which is raised to full V4 level for a
solid logic-1/logic-0 representation of
the encoded data.

Integrated circuit Ué processes the
pulse train, examining it for the correct
address (00000). If the data stream is
valid for two consecutive cycles, data
in the pulse train appears at U6 pins
15,14, 13, and 12. Only pins 15 and 14
are used in this two-channel system;
pin 11 of U6 (not shown) can be used
for an optional single channel push-
button system. When the fransmitted
signal stops, the data lines of U2 store
the last valid information received.

If an invalid transmission is received,
Ué's data lines do not change from
thelr original power-up condition
(0000) or their status from a previously
valid transmission. Two of the four
data-output lines of Ué are used to
control a pair of power relays. If any of
the output data bits is logic 1, the cor-
responding transistor, Q4 or Q5, is bi-
ased on. That, in turn, activates the
associated relay. The relay contacts
are hard wired fo the vehicle circuits
fo be controlled, allowing them fo be
activated or disabled. As shown, K1 is
used to control the engine-ignition
clrcult, while K2 is used to actuate the
horn or lighting circuit.

The unused data lines (pins 12 and
13) of U6 can easily be used to provide
two additional control channels, by
adding additional transmitter switch-
Ing at pins 9 and 10 of U1 (in Fig. 1). The
system can also be configured for sin-
gle-channel operation by using the

output of U6 at pin 11 to control Q4
and KA. In that configuration, the relay
will be energized only as long as the
transmit button is held down.

Transmitter Construction. In order
to ensure proper fransmitter opera-
fion, printed-circuit construction, using
a double-sided printed-circuit board
is mandatory. Figure 3A is a full-size
template of the foil side of the trans-
mitter’s printed-circuit layout. The
other side of the board is solid copper

je——17/18 INCHES——->|

A

except for a small clearance around
each component lead that is not tied
to the circuit ground. Figure 3B gives
the locations of all holes that must be
cleared of copper.

Clearing the copper is easily ac-
complished with small, sharp drill bit
(about %6 inch in diameter). Simply
rotate the bit several times in each of
the holes that require clearance to
remove sufficient copper from
around the hole. That helps to avoid
short circuits between the compo-

Fig. 3. The transmitter section of the system was assembled on a double-sided printed-
circuit board. Copper is removed from only one side of the board the produce the
circuit traces (A), the other side of the board serves as a ground plane (B). Copper is
then cleared from around the component-lead positions on the ground plane side to

prevent shorts.
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Fig. 4. When assembling the transmitter, be sure that Q1, Q2, and Q3 are properly
oriented, and that the wire connection for Q2's metal case is soldered to the ground
plane. Also, it is recommended that a socket be used for Ul.
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nent lead and the ground plane.
Wamning!: Do not attempt this opera-
fion using a power drill; in doing so,
the bit could accidentally cut through
the entire board. If you choose not to
etch and drill your own boards,
boards are available from the source
specified in the Parts List.

Figure 4 is a parts-placement di-
agram for the transmitter's printed-cir-
cuit board. It is recommended that a
socket be used for U1. Be sure that Q1,
Q2, and Q3 are properly oriented,
and make sure that the wire connec-
tion for Q2's metal case is soldered to
the ground plane.

Component leads that connect to
ground should be soldered to both
sides of the board o ensure a solid
ground-plane circuit for those com-
ponents. On all other component
leads, be sure that none is inadver-
tently touching the copper on the
component side of the board. The as-
sembled board can be housed in
small plastic enclosure, with $1-S3
mounted to the front panel as desir-
ed. Switch $1 should be a normally-
open pushbutton unit, while $2 and S3
can be single-pole double-throw
slide or toggle switches, all of which
should be labeled accordingly.

Note: If the single-channel option,
described under “Receiver Assembly”
is chosen, S2 and S3 are not required:
in that case pins 6 and 7 of U1 should
be tied to circuit ground.

For the transmitter antenna, use a
36-inch length of #20 insulated
stranded wire. Drill a hole in the en-
closure at an appropriate location to
allow the antenna wire to exit. The
wire can be conveniently wrapped
around the enclosure when the trans-
mitter is not in use, and can quickly be
stretched out when needed. Connect
a 9-volt battery connector to the
board where indicated.
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Before proceeding to the receiver
assembly, examine the transmitter
board for shorts, opens, and cold sol-
der joints. It is much easier to correct
any suspect joints at this time, rather
than later after discovering that your
circuit does not work.

Receiver Construction. The re-
ceiver section of the project consists
of two printed-circuit boards (RF and
digital), which should be housed in a
single metal enclosure. As with the
transmitter, printed-circuit con-
struction is mandatory for the re-
ceivers RF section to ensure proper
circuit operation. The digital part of
the receiver can be assembled on
either single-sided printed-circuit
board or it can be hard-wired on perf-
board.

Figure 5A shows a full-size template
of the foil side of the board for the
receiver’s RF section. Note that like the
fransmitter board, the receiver’s RF
section is assembled on a double-

sided printed-circuit board. As with
the transmitter board, the receivers RF
board uses the copper on the com-
ponent side of the board as a ground
plane. The holes around the compo-
nentleads must be cleared of copper
in a similar manner as was done tothe
fransmitter board. The holes that must
be cleared are shown in Fig. 5B.
(Again, circuit boards are available
from the source given in the Parts List)
Use a small drill bit, rotating it by hand,
to remove a small amount of copper
around ea