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ELECTROMAGNETIC FIELDS / S{ %
R

AND YOUR HEALTH
Learn why there is so much concern over
low-frequency electromagnetic radiation,
and build a monitor that lets you detect
electromagnetic fields in your home
W GRAER P, [ v S
BUILD THE [%% AR
FUEL MISER .l F g
Reduce your
energy costs
without sacri-
ficing comfort

FOR THE HOBBYIST
Get up-to-the-minute data direct |
from the pros, or do your own
forecasting with these PC-based

and stand-alone weather aids

BUILD AN
ACTIVE ANTENNA

£152-90509 1T 730Uy Lift hard-to-hear SW/VHF/UHF

AV ONVHE 266

205 asau soovarstinasczoos i signals into the clear with
so09 LTar6-sxeeoxiocet i this handy radio accessory




- BP325—A CONCISE USER'S
GUIDE TO WINDOWS 3.1 ....
$7.95. Come to grips with Windows
3.1in the shortest and most effective

PIF Editor, and Calculator.

A Concise
User's Gulde to
Windows 3.1

way. Learn how to manipulate Win- o
dows screens and DOS by Windows | T £
graphics interface. Master its word A
processor, Paintbrush and data base [ 4y |
along with Notepad, Macro Recorder, | b= ]

[ BP248—TEST
EQUIPMENT CON-

How %o Use
STRUCTION ..... e SCOPES AND
$5.95. Details con- Sauioment OTHER TEST EQUIP-
struction of simple, in- I MENT ..... $6.95. Mas-

expensive, but ex-
tremely uselul test
equipment. AF Gen.

Test Bench Ampl, Au- |@- )k

dio Millivoltmeter, Tran-
sistor Tester and six
more.

e equipment is also de-

BP311—AN INTRODUCTION TO
SCANNERS AND SCANNING . . ..
$7.95. Radio scanners have opened
a realm of exciting radio listening.
Understand radic wave propagation,
types of transmissions, antennas,
band assignments—the straight
dope on what to hear and where 10
hear it! Comes complete with index,
glossary of important terminology.

[1 BP267—HOW TO
USE OSCILLO-

tering the oscilloscope
is not reaily too difficult.
This book explains all
the standard controls
and functions. Other

scribed.

An Introduction to
Scanners

an
Scanning

=

i

1 BP265—MORE
ADVANCED USES
OF THE MULT}-
METER . ... $5.95.
Use these techniques
to test and analyze the
performance of a vari-
ety of components.
Also see how to build
add-ons to extend
multi-meter ca-
pabilities.

Electronic Paperbacks at Special Prices

1 BP287—A REFERENCE GUIDE
TO PRACTICAL ELECTRONICS
TERMS. . . .$8.95 Morethanjusta
dictionary of practical electronics
terms, the book goes a step furtherin
getting down to fundamentals. A ref-
erence volume thatcan be read casu-
ally by a reader seeking knowledge.

A Refsrenca Guide to
Practicsl Electronics.
Terms

¥ (] BP256—INTRO TO
LOUDSPEAKERS
AND ENCLOSURE
DESIGN ..... $5.95. We
explore the variely of
. enclosure and speaker
- designs in use today. s0
1 the reader can under-
. stand the principles in-
" volved.

CMOS1—CMOS POCKET GUIDE 1.... $18.95.
Works fike the TTL Guides but covers all commonly
used CMOS standard devices. Six major sections. The
first shows the device schematic. Next is a brief descrip-
tion of the component and is followed by full operating
details. The fourth section lists major applications, while
the 5th and 6th sections present essential data for that
device and a list of the relevant manutacturers. The final
two sections are a valuable cross:-reference.

§w

[] BP299—PRACTICAL
ELECTRONIC FILTERS
«... $6.95. Presents a doz-
en filter-based practical
projects with applications in
and around the home or in
the constructor's workshop.
Complete construction de-
tails are included.

BP249—MORE AD-
VANCED TEST EQUIP-
MENT CONSTRUCTION
.. .. $6.95. Eleven more
test equipment con-
struction projects. They in-
clude a digital voltmeter,
capacitance meter, current
tracer, etc.

[ BP245—DIGITAL
AUDIO PROJECTS
..... $5.95. Practical cir-
cuits to build and ex-
periment with. In-
cludes A/D converter,
input amplifier, digital
delay line, compander,
echo effect and more.

[ BP247—MORE
ADVANCED MIDI
PROJECTS .....'$6.95.
Circuits included are a
MIDI indicator. THRU
box, merge unit, code
generator, pedal, pro-
grammer, channelizer,
and analyzer.

BP257—INTRO TO
AMATEUR RADIO
....$6.95. Amateur
Radio is a unique and
fascinating hobby. This | JI.-
book gives the new-
comer a comprehen-
sive and easy to under-
stand guide to the

Preamplifiar
and
Fiftar Circuits

l‘\.r'j

J BP309—PREAMPLI-
FIER AND FILTER CIR-
CuiTs ..... $6.95. Provides
circuits and background
info for a range of pre-
amplifiers, plus tone con-
trols, filters, mixers and
more. All are high-perfor-
mance circuits that can be
built at a reasonable cost.

(] BP303—UNDERSTANDING
PC SOFTWARE ..... $6.95. This
book will help you understand the
hasics of various types of business
software in common use. Types of
software covered include word pro-
cessors, spelling checkers, graph-
ics programs, desktop publishing.
databases, spreadsheets and util-
ities.

1 BP251—COMPUTER
HOBBYISTS HANDBOOK
... .88.95. Awrapup of ev-
erything the computer hob-
byist needs to know in one
easy o use volume. Pro-
vides a range of useful ref-
erence material in a single
source.

subject.

[ PCP115—ELECTRONIC PROJECTS
FOR HOME SECURITY . ... $10.00. 25
projects ranging from a single-door pro-
tection circuit that can be completed in an
hour or two, to a sophisticated multi-chan-
nel security system. Each project is de-
scribed in detail with circuit diagrams,
explanations of how it works, instructions
for building and testing, and how to adapt
circuits to meet special requirements.

motors and sensors

(] 8P179—ELECTRONIC CIRCUITS
FOR THE COMPUTER CONTROL OF
ROBOTS ..... $7.50. Data and circuits for
interfacing the computer to the robot’s

(] BP190—ADVANCED ELECTRONIC SECURITY PROJECTS.....$5.95. Includes a
passive infra-red detector, a fiber-optic loop alarm, computer-based alarms and an
unusual form of ultrasonic intruder detector.

) BP235—POWER SELECTOR GUIDE . . .. $10.00 Complete guide to semicon-
ductor power devices. More than 1000 power handling devices are included. They
are tabulated in alpha-numeric sequence, by technical specs Includes power
diodes, Thyristors, Triacs, Power Transistors and FET's.

O BP234—TRANSISTOR SELECTOR GUIDE.....$10.00. Companion volume to
BP235. Book covers more than 1400 JEDEC, JIS, and brand-specific devices. Also
contains listing by case type, and electronic parameters. Includes Darlington
transistors, high-voitage devices, high-current devices, high power devices.

0 BP117—PRACTICAL ELECTRONIC BUILDING BLOCKS—Book 1.....$5.75.
Oscillators, Timers, Noise Generators, Rectifiers, Comparators, Triggers and more.

[ BP195—INTRODUCTION TO SATELLITE TV..... $9.95. A definitive introduction to
the subject written for the professional engineer, electronics enthusiast, or others
who want to know more before they buy. 8 x 10 in.

(1 BP239—GETTING THE MOST FROM YOUR MULTIMETER..... $5.95. Covers
basics of analog and digital meters. Methods of component testing inciudes
transistors, thyristors, resistors, capacitors and other active ang passive devices.

] BP97—IC PROJECTS FOR BEGINNERS.....$5.50. Power supplies, radio and
audio circuits, oscillators, timers, switches, and more. If you can use a soldering iron
you can build these devices.

) RADIO—100 RADIO HOOKUPS.....$3.00. Reprint of 1924 booklet presents radio
circuits of the era including regenerative, neutrodyne, reflex & more.

) BP42—SIMPLE LED CIRCUITS..... $5.50. A large selection of simple applications
for this simple electronic component.

_| BP122—AUDIO AMPLIFIER CONSTRUCTION . . . . $6.75. Construction details
for preamps and power amplifiers up through a 100-watt DC-coupled FET amplifier.

] BP92—CRYSTAL SET CONSTRUCTION..... $5.50. Everything you need to know
about building crystal radio receivers.

| BP255—INTERNATIONAL RADIO

STATIONS GUIDE $7.95. Provides

CHECK OFF
THE BOOKS YOU WANT

the casual listened, amateur radio DXer
and the professional radio monitor with an
essential reference work designed to
guide him or her around the more than
ever complex radio bands

ELECTRONIC TECHNOLOGY TODAY INC.
- PO. Box 240, Massapequa Park, NY 11762-0240

USA AND CANADA

SHIPPING CHARGES IN

SORRY No orders accepted  Number of books ordered ||

outside of USA & Canada

$0.0110 85.00. ... .. $1.50 Total price of merchandise ....$
Name $5.0110 $10.00. ... . $2.50 Shipping (see chart at left) . ... $
$10.011020.00. .. ..$3.50 Subtotal .. .. ....... ... $
Address $20.0110 30.00 ....%4.50 Sales Tax (NY State only) . .. .. 3
Cit Stat zi $30.011040.00 . ... §5.50 Total Enciosed ....... ... s
Y ate e $40.0110 50.00 . ... $6.50 _
PE393 $50.01 and above . . . $8.00 All payments must be in U.S. funds
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JCE HEATING COSTSWITH THE FUELMISER ..........cciiiiiiiiienninaernnnnnens Anthony J. Caristi
ime home-heating costs without sacrificing comfort with this furnace controlier
DANACTIVEANTENNA ... ... ittt iiiitie i tinttenroscnatennsnansensssoenonronns Fred Blechman
Lift hard-to-hear HF/VHF/UHF radio signals into the clear with this receiver accessory
BUILD A TURN-SIGNALREMINDER ........c.ciiiiitiiiiiiensivnennononnenesncennnsnonanns Jim Stephens
Avoid certain embarrassment, and possible accidents, with this automotive accessory
ANELECTRONIC GONG ......oiiiiiiiiiiiiiaiennsnnsnsstrsonnnnenssnansenecsnesonrsonsnnes Terry Pinnell

Replace that raspy sounding mechanical buzzer with a pleasant-sounding electronic substitute

FEATURE ARTICLES

ELECTROMAGNETIC FIELDS AND YOURHEALTH ..........iiiiiiiiciienienenaananene John lovine
Learn why there’s so much concern about low-frequency electromagnetic radiation, and build a circuit to detect it around your home

SENSORSMADE SIMPLE ... ..ottt iiiiiierisitnenenreaanesarecnnanensonanns Stephen Bigelow
Find out what sensing devices are available to you and develop your own circuits around them

555 MONOSTABLE CIRCUITS ... .iictieiiiiantnennssrenenerranoanersonnonsssonanssennonnes Ray Marston
Learn how to use the versatile 555 timer chip in practical circuits

SMART CARS FOR SMART HIGHWAYS ...ttt ciiaenesicnsiaertcenenrenaaanns Bill Siuru

These new technologies promise to make cars, and the roads they drive on, safer and more efficient

[ € 4,7 [ o e E L L EE TR R R
Including: Davis Instruments Weather Monitor Ii, Accu-Weather On-Line Weather Station, Sony 8mm Camcorder, and much more
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EDITORIAL

ELECTROMAGNETIC FIELDS
AND YOUR HEALTH

What do TV's, VCR's, computer monitors, electric razors,
electric clocks, hair dryers, and fluorescent lights have in
common? They are common sources of low-level, ELF
(extremely low frequency) radiation in and around your home.

Until recently, such electromagnetic fields have been thought
to be too weak to do the human body any harm. However,
some studies have shown the opposite to be true. Now,
scientists are taking a second look at these fields and the
potential damage they can do.

The jury is still out on whether or not we should be concerned
about ELF exposure. For instance, while there is statistical
evidence that ELF fields pose a potential health risk, the
biological mechanisms involved are not fully understood.
Further, the effects of factors such as length of exposure,
frequency of the field, etc. are still being researched.

That uncertainty has not stopped a “boomlet” of ELF-related
products from hitting the market. You can obtain ELF monitors
from a number of sources. Computer-monitor makers are
touting their reduced-radiation units (at a premium price, of
course). And a multitude of ELF-reduction accessories (some
of dubious value) are being offered.

This month, Popular Electronics turns its attention to the
ELF question with the article “Electromagnetic Fields and your
Health.” In it, we present a summary of some of the research
to date so that you can form your own opinion. We also
present some simple precautions you can take to minimize
your exposure to ELF fields. There’s even a simple, low-cost
ELF monitor that you can build to search out sources of
electromagnetic radiation in your home or workshop. The story
begins on page 31.

GNZES .

Carl Laron
Editor



PRICING CHANGE

We have been informed by Phi-
lips that the prices of their
Instant-Cross Software, re-
viewed in the December, 1992
issue, has gone up since the
article was prepared. The new
prices are as follows: 5%-inch,
1.2M disks (literature No.
ET-2602), $8; 5V-inch, 360K
disks (literature No. ET-2603),
811, 3%%-inch, 720K disks (liter-
ature No. ET-2604), $9.25. We
are sorry for any inconvenience
that this has caused. —Editor.

NOT ANOTHER
COMPLIMENT!

Applause for Popular Elec-
tronics! The article “Not
Another Op-Amp Article” (De-
cember, 1992) was great. |
realize that it is not practical to
run basic electronics lessons
throughout the magazine, but |
still would like to see at least
one article covering theory on
the basics each month.

LETTERS

Yes, | had electronics courses
in the military and in college—
but if you don't use it, you lose
it. A lot of electronic technician
jobs today don't require the use
of the basics in practice. Also,
things change through the years
in this industry.

S.D.
Casselberrry, FL

MOBILE MAGNETIC
COMPASS

Larry Mitschke’s article called
“Build a Talking Compass”
(Popular Electronics, De-
cember 1992) has brought
many inquiries on our No. 1490
Sensor, the heart of his com-
pass design. Although his
design is for a hand-held com-
pass, many people have asked

“How does one make a mag-
netic compass work in an
auto?”

That is a rather large and
complex field in which our com-
pany has excelled for the past
65 years. The greatest problem
confronting the accuracy of a
magnetic compass is the mas-
sive magnetic anomaly created
by and built into a vehicle. The
magnetic force driving our com-
pass is the Earth's microscopic
horizontal field, which is only
0.18 gauss in our area. Many
automobiles have a built-in
magnetic anomaly 8.3 times
stronger, up to 1.5 gauss.

How to counteract the vehi-
cle's magnetic anomaly requires
much more space than this let-
ter occupies, so, to
accommodate any of your read-
ers who might be interested in a

fuller discussion of making a
magnetic compass function in
their vehicles, we will mail the
information on receipt of a
stamped, self-addressed enve-
lope.

R.C. Dinsmore

Dinsmore Instrument Company
1814 Remell Street

Flint, Ml 48503

HAVES & NEEDS

I am looking for a book that has
been out of print for some time
now. It is titled Transistor Igni-
tion Systems, and was written
by Carroll A. Brant. The book
was published by Tab in 1977
(book No. 882).

Jonathan Kalfus

62-65 Saunders Street

Rego Park, NY 11374 ]

As the demand for computers and microprocessors
in business, manufacturing and communications
continues to grow, so does the need for qualified
technicians. It's not unusual for experienced
technicians to earn from $30,000 to more than
$40,000 a year.* Now through Peoples College
of Independent Studies you can train for this
exciting field without interrupting your job or
home life.

* Electronics & Microprocessor Technology

 Industrial Electronics & Microprocessor
Technology

e Communications Electronics with Micro-
processor Technology

e Computer Servicing & Electronics Technology

e Specialized Associate Degree In Electronics
Technology

Depending on the program you select, you'll
perfect your skills using this advanced equipment,
included in the price of tuition:

® |BM-Compatible Personal Computer

e Digital Multimeter

e Digital Logic Probe

® Elenco Oscilloscope

e Portable Cellular Telephone
(* Source: US. Bureau ot Labo- Sutistics)

Peoples College introduces some training firsts to

make your learning experience more complete:

e Accelerated Learning System — a scientitically
proven study system that helps you learn faster
and easier than ever betore.

e Video Tutor Training Tapes — give you a
permanent, visual record of informative lectures
and close-up demonstrations.

e Experience lLabs — professionally designed
experiments that give you hands-on “bench”
experience.

¢ Industry Certification Training Guide — provided
with four of our programs. Prepares you for
examinations you may take for your professional
license or certification.

— Train at HOME to be an
Electronics TEi:hnn:sant

To help you get started on your education, Peoples
College has reduced tuition rates and offers low
monthly payment plans with no finance fees. So
don’t delay, call or write tor more intormation
todlay!

Programs orjered only in United States, Canada, Puerto Rico
and Virgin Islands. No Obligation. No sales person svill call

Our programs are accredited by the Accrediting
Commission of the National Home Study Council

YES! | would like to know more about your
training programs. Send a catalog to:

Name S
Address

City

i
|
|
1
I
[}
[}
|
! State
I
|
|
|
|
1
1
|

Phone #

PEOPLES COLLEGE

OF INDEPENDENT STUDIJES
233 Academy Drive ¢ P.O. Box 421768
Kissimmee, FL 34742-1768
Member, D.L. Peoples Group

Zip .
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GET THE LATEST ADVANCES IN ELECTRONICS

WITH A SUBSCRIPTION TO

Electronics

Elecuonics. NOW

ENJOY THE WORLD OF ELECTRONICS EACH MONTH!

E’naum

vz F"‘,-nn'cs Subscribe to the best electronics magazine—

T S 7 . the one ’rho’r briqgs you the latest high-tech

gfz}"‘y"jv"::oi“ . ° . construction projects, feature articles on new

: 2elc® technology, practical troubleshooting
R L g _ techniques, circuit design fundamentals, and
e : much more.

B Mhere

T ——— . T Electronics Now looks to the future and shows
b you what new video, audio and computer

ST Ry = products are on the horizon. What's more

e T et you'll find helpful, monthly departments such

.u as Video News, Equipment Reports, Hardware

N-.Pmn Is

Hacker, Audio Update, Drawing Board,
Electronics Now gives you Computer Cpnnecﬂong, New P.roduc’rs., onq

exciting articles like: more. All designed fo give you instruction, tips,
and fun.

e Buyer’s Guide to Digital
Oscilloscopes

@ Build A Scanner Converter

e Single-Chip Voice Recorder '

® Build A MIDI Interface for your PC

& Troubleshoot Microprocessor
Circuits

e Build A High-Power Amplifier for
your Car

e Add Music On Hold to your Phone

e All About Binaural Recording

¢ VGA-to-NTSC Converter

FOR FASTER SERVICE CALL TODAY

1-800-999-7139
DON’T DELAY SUBSCRIBE TODAY!

Just fill out the order card in this magazine and mail it in today.

7PC39
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You Don’t Need

a Weatherman...

ACCU-WEATHER FORECASTER ON-
LINE WEATHER STATION. From The
Software Toolworks, 60 Leveroni Ct.,
Novato CA 94949. Price: $49.95 plus
subscription and connect-time charges.

*You don’t need a weatherman to know
which way the wind blows.” So sang Bob
Dylan on his classic *‘Subterranean
Homesick Blues. ™ But to get a reasonably
accurate idea of what the weather will do
tomorrow, the day after, or even further
down the road. most people do need a
weatherman. Unfortunately, that usually
means that you have to put up with the
inane patter between the local news anchor
and the weatherman.

Because of our extreme intolerance of
such gibberish, we would usually just turn
down the volume, watch the colorfu}
weather maps and satellite images that
show up on-screen, and get a fairly good
idea of what to expect for the next coupie
of days. Now, however, Dylan’s lyrics
seem prophetic. We don't even have to
turn on our TV to get the same flashy
graphics and weather-satellite data that the
forecasting pros get. We can download
them with our modem using the The Soft-
ware Toolworks’ Accu-Weather Fore-
caster.

The Accu-Weather Forecaster software
is basically a user-friendly front-end for
accessing the Accu-Data computerized
database—the same database where many
professional forecasters get their informa-
tion. According to Accu-Weather, more
‘than 35,000 reports are available on-line.
We didn’t count them, nor did we get to
sample most of them. But we were amazed
at what we were able to see and access.

Although the Forecaster is available for
the Macintosh, we tested the IBM PC tand
compatible) version. It requires that your
PC has 640 kilobytes of memory, and
EGA or VGA graphics capability. A hard
disk, although not strictly required, is vir-
tually essential.

The user interface is through a series of

PLEASANT

Accu-Weather
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pull-down menus: File, Telecom, Display,
Select, and Setup. The first step after in-
stalling the software is to pull down tke
Setup menu and enter such data as what
the nearest National Weather Service sta-
tion is, and which are the closest stations
that provide text information and charts.
(An appendix in the owners manual lists
stations by state, and indicates their re-
porting capability.) In our tests, we set our
closest and chart-reporting stations to Is-
lip, Long Island, where a local airport is
located. Since Islip does not support text
reporting, we set our text station to the
New York City forecast office. The Setup
menu is also the place to enter your
modem configuration information, yoar
printer type, and the drive and directory
where you want to store downloaded infar-
mation.

Once you've configured the software,
it’s time to think about what weather daca

TURN PAGE FOR CONTENTS

you want to downioad from Accu-Data.
By going to the Telecom menu, you can
pre-define your data requests. Once you
dzfine what you want. you can make the
cali and walk away from the computer—
the Forecaster downloads any data and im-
ages that you defined, and then hangs up
automatically. After the data is down-
loaded, you can display the graphics and
chart and manipulate the data without ad-
ditional connect time.

Buying the Forccaster package entitles
you to an hour of connect time to Accu-
Cata. Dwring that hour. you must sub-
scribe to the service through one of the
available packages. (There are two sets of
rates: one for commercial and one for non-
commercial use Al prices referenced
here are for persanal use.) Three subscrip-
tion options are available: “‘one-month
sampler ™ “‘three-month special,” and
‘“‘super saver.”

o soon99|3 Jejndod ‘g661 YoIBW



@  popular Electronics, March 1993

This
month
in

GIZMO

The Software Toolworks Accu-
Weather Forecaster On-Line
Weather Station ..

Davis Instruments Weather Monitor |l
Personal Weather Station and
Weatherlink Software. .. . .. .pg. 7

Innova Electronics Power Charger
Battery Charger ........... pg. 12

Yamaha RX-V1050 Audio/'Video
Receiver.................. pg. 14

Sony CCD-TR31 8mm Handycam

Camcorder. . ......... ...pg. 17
Pioneer 300-Disc CD Changer
System.............. ...pg. 20

Sherwood Automotive AM/FM/CD

Player. i ses sl daaas ...pg. 20
Executive Travelware Clock

Radio.................... pg. 21
Jasco Universal Remote VCR

Programmer............... pg. 21
Ricoh Hi-8 Camcorder. . ... ... pg. 21
Sanyo Cordless Phone . . . .. . pg. 21

Gizmo i is published by Gernsback Pubhca»
tions, Inc., 500-B Bi-County Blvd., Farm-
ingdale, NY 11735. Senior Writers: Chris F.
O'Brian and Teri Scaduto. Contributors to
the is issue: Frank Barr, A.P.E.L
©Copyright 1992 by Gernsback Publica-
tions, Inc. Gizmo is a registered trademark.
All rights reserved.

The onc-month sampler costs $39.95.
With it you get one free hour of connect
time, and the first $15 of actual usage
during the first month is free. There is no
monthly minimum charge for the first
month; after that, there is a minimum
$9.95 connect-time charge.

The three-month special costs $49.45
and also comes with an hour of connect
time. The first three months have no
monthly minimum charge: after the three
months, the $9.95 minimum applies. The
first $10 of actual usage during the first
three months is free. The super-saver pack-
age also comes with an hour of connect
time, and gives you a year with no monthly
minimum charge. After the year, a $9.95
minimum applies. The first $10 of actual
usage during the first twelve months is
free. With any of the subscription pack-
ages. you are entitled to use Accu-
Weather's toll-free telephone access num-
bers.

‘The connect-time rates range from a low
of 10} cents per minute from midnight to §
AM, to 19 cents per minute from 7 PM to
midnight, and 39 cents per minute for the
rest of the day. A 50% surcharge is tacked
onto those rates for 2400-baud modem
users.

The types of data you can request for
automatic download is quite large. If you
select “*Define New Request’ in the Tele-
com menu. you are presented with three
choices: ‘“‘Hourlies and Forecasts,” “TV
Graphics—Part 1.”" and “TV Graphics—
Part 2.”” Each of the items can be turned on
or off; each item has a sub-menu where
you can define just how you want the data.
Let’s Jook at a few examples.

When you request hourly readings and
forecasts. you can select specific National
Weather Service stations or you can pick
an arca on a map of the U.S. in which
you’'re interested. You can also downioad
data from 100 major U.S. stations for a
nationwide picture of the weather. and
even download a text summary of the U.S.
weather.

The first TV graphics menu lets you
select the images in which you're inter-
ested. Surface maps, which are hand-
drawn national maps. are available for cur-
rent conditions as well as one- and two-day
forecasts. Satellite images. (enhanced im-
ages gathered from the GEOS satellite) are
available for a variety of areas. including
full U.S.. regions of the U.S., Mexico.
and even the world. 3-D images are satel-
lite photos enhanced to show the height of
cloud tormations. U.S. and regional
Radar Plus images (which are composites
of reports from weather-radar installations
across the country) provide information on
the intensity of precipitarion. Radar Plus
SIR (snow, ice, rain) images show the type
of precipitation.

The second TV graphics menu provides

After you log dff the Accu-Data system,
you can display your downloaded data
in various formets. Here, the nation’s
temperatures ate shown by colored
bands, with the high and low tempera-
tures indicated.

a variety of giapkics that is too wide to
detail. But we can give some examples. A
look at soil moisture is available. as is a
picture of snow cover. For forecasting. a
look at the jet:stream is provided. What's
the weather in the morning going to be?
You can find thar out too. Maps showing
tonight’s lew and tomorrow’s high temper-
atures are available. as is one showing
where extreme weather is happening.

All the data takes time to download. of
course, and the images take up disk space.
A typical satellite image can be down-
loaded in a little over a minute at 2400
baud; it requires about 60 kilobytes of disk
space to store. (You can choose to auto-
matically save or delete old images.)

Once the data is downloaded and your
connectior with Accu-Data broken, you
can examine the data in detail at your lei-
sure. TV graphics can be catled up from
the Display menu. You can select 10 view
the latest image of one particular type, or
you can loop through the images from the
carliest 1o the iatest in order. That’s helpful
10 get an idea of the movement of weather
systems and storms.

The textual data can also be displayed
on-screen. Downloaded information from
various weather stations can be displayed
on maps. Let’s say you chose to download
the information from the 100 major sta-
tions of the National Weather Service. You
can display the information—tempera-
ture, pressure, dew point. wind direction
and speed, wind gust, visibility. and
more—on a map of the U.S. You can dis-
play the actuzl values of the data, or you
can draw shaced or colored bands to show
the weather conditions, much like the
maps you see in your local newspaper.

The data you can get from your request
is more than adequate for most casual, and
many serious, users. But it's only a small
part of the n:ore than 35,000 data types
you can get from Accu-Data. That's where
the “Explore Accu-Data” menu option
comes in- After the software dials Accu-
Data and logs you in. you're presented



with an on-line ment system. Since we
had a copy of the Accu-Data User’s Guide
(available for $18.50 plus shipping from
Accu-Weather, 619 W_College Ave., State
College, PA 16301), we left the menu sys~

tem and explored various commands on-

our own.

Using Accu-Data, you can look at
weather conditions virtually anywhere in
the world. You can glot the data using
AMPS, Accu-Weathez’s Advanced Map
Plotting System:. Dozens of standard map
backgrounds ase available, but you can
make your own, too, b providing the lati-
tude and longitnde of the map canter, .the
size of the map, and the map projection.

The data that you can plot on the maps
include temperature, pressure, dew point,
wind speed and directipn, cloud cover and
ceiling, and more. Plots of upper-air pa-
rameters can alto be abtained.

One of the most fascinating AMPS ca-
pabilities was the real-time lightning-
strike map. Each lightning strike shows up

A wide variety of eye-catching enhanced
satellite images are available from the
Accu-Weather Forecaster

as an on-screendot as it occurs. It’s possi-
ble to immediaiely see the path of severe
thunderstorms as they head toward you.

All the data ‘n the world won’t neces-
sarily help you to forecast what tomor-
row’s weather will be unless you know
how to interpret it. Derailed weather-map
discussions can be downloaded. They in-
dicate the ratiorale for various portions of
the forecast, and what changes might be
made in the next forecast issued.

Of course, it's more fun to make your
own predictions. The 37-page Forecasting
Guidebook supplied with the software will
leave the serious weather hobbyist yearn-
ing for more irformation. It does, how-
ever, do a good job in explaining the
basics.

We had a lot of fun using the Accu-
Weather Forecaster. Bw it’s practical, too.
Frequent travelérs, for example, will ap-
preciate the ability to download local fore-
casts from the National Weather Service.
And everyone will appieciate being able to
hit the mute bution whenever some annoy-
ing local weatherman starts his routine. Il

Weathering
Heights

WEATHER MONITOR 1l PERSONAL
WEATHER STATION AND
WEATHERLINK SOFTWARE; from
Davis Instruments, 3465 Diablo Averue,
Hayward, CA 94545; Price: $295
(Weather Monitor 11) and $150
(Weatherlink).

“Everybody talks about the weather,
but nobody does anything about it.”

If you're looking for a gizmo that will
let you do something about the weather,
sorry, we can’t help. As far as we know, no
one has yet developed a cloud seeder for
consumers. or a remote-controlled ther-
mostat for the sun. What we can teli you
about, however. is a device that wil| allow
you to talk more knowledgeably about the
weather—without relying on TV or radio
forecasts.

Predicting the weather is a risky busi-
ness. Who among us hasn’t had a picnic
rained out when the weathermien had pre-
dicted a sunny day, or postponed a trip 10
the beach due to a bad forecast only to find
yourself sitting home on a beautifu} after-
noon? Monitoring the weather. on the
other hand, is a precise science. Davis
Instruments’ Weather Monitor Il allows
you to make weather measurements, store
data in memory. and recall record highs
and lows. The basic system measures tem-
perature (indoors and outdoors), wind
speed and direction. barometric pressure,

and inside humidity. and even determines
the wind-chill factor. Using optional ac-
cessories. you can also measure the out-
side humidity and rainfall. Using
Weatherlink software, which we describe
below, i:’s possible to track your findings,
create graphs, calculate average weather
conditians, generate summaries. and ana-
lyze trends over various time periods.

The Weather Monitor II includes the
main unit, which Davis calls the Weather
Computer; an exiernal temperature sensor
with 25 feet of cable; an anemometer with
40 feet of wire. a wind vane, and cups: an
AC power adapter; a junction box and an 8-
tfoot catle; and the hardware needed for
installation.

Proper installation of the system is cru-
cial. and, as you might expect from a task
that invalves climbing out on the roof and
making precision calibrations, setup is not
simple. Luckily. Davis supplies an
owner’s- manual that is one of the best
we’ve s2en. It provides concise instruc-
tions. ir plain English, with plenty of il-
lustrations.

Figure 1 shows a typical installation.
The anemometer is attached toa TV anten-
na, the external temperature sensor (or the
optional temperature/humidity sensor) is
placed i a protected spot under the eaves.
and the optional rain collector is mounted
on the roof. Installation requires cable
clips or weather-resistant ties, assorted
hand tocls, and a handheld magnetic com-
pass; a carpenter’s level and an electric
drill might come in handy, too.

The amemometer should be mounted at
least four feet above the roof line, so that

CIRCLE 51 ON FREE INFORMATION CARD
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Fig. 1. Accurate weather readings depend upon proper installation of the Weather Monitor
’s sensors, wind vane, and optional rain-collector, as depicted in this illustration from

Davis’ excellent user’s manual.

it—and the wind it measures—is free from
obstructions. Wind-direction calibrations
are done using a compass to determine
which direction the anemometer is point-
ing, and a wind-direction chart to find the
corresponding degree reading.

The temperature sensor must be placed
in a location that is shielded from rain
(which could affect the accuracy) and di-
rect sunlight (which could damage the
sensor and cause false readings). 1t should
not touch the side of the house. it should
be placed on the north side of the house,
unless you live in the Southern hemi-
sphere. in which case the south side is
preferred.

The junction box. which connects the
sensors to the Weather Computer, isn’t
moisture- or dirt-resistant. so it must be
installed indoors. Davis recommends
keeping it off the floor to avoid dirt and
accidental impact.

The Weather Computer itself contains
internal temperature and humidity sen-
sors, s its placement is also critical. The
unit’s mounting base allows it to be set up
vertically (on a shelf. for instance) or hori-
zontally (on a desk). It can also be wall-
mounted, using an empty electrical switch
box and running the junction cable
through the walls. It shouldn’t be mounted
on an outside wall that might heat up or
cool down with the weather. Nor should
the main unit be placed near heating units,
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A chart depicting indoor (top line) and
outdoor (bottom line) temperature
changes over a one-week period.

air-conditioners, or in direct sunlight. If
you plan to use the Weatherlink software,
the unit will be mounted near your PC. but
it shouldn’t be placed directly on top of
any device that gives off heat.

With the anemometer up on the anten-
na, the rain collector on the rooftop, the
temperature sensor under the north eaves
of the house, and the Weather Computer
mounted in your home office, there’s a
good chance that you’ll have to avail your-
self of the extension cables that are op-
tionally available.

The Weather Computer runs on 9-to-12-
volts DC: an AC power adapter is in-
cluded. To protect the data stored in mem-
ory, a 9-volt battery should be used as a
backup power supply. That battery will

provide 24-48-hours of use in the event of
power outages—which are often caused by
the storms during which you’lf get some of
yaur most interesting readings. For use in
cars, boars, or recreational vehicles, a DC
cigarette-lighter cord is available op-
tionally. We’d imagine the Weather
Monitor I would come in handy on camp-
ing trips or long sailing trips.

The top half of the Weather Computer is
tilied up ro enhance its large display. The
left side of the display contains a graphic
“compass rose.” a circle divided into 16
peints that each correspond (o a different
cempass point 22.5° apart. A flashing ar-
row within the circle indicates wind direc-
tion; wind speed is indicated numerically
within ths circle. What's displayed on the
right side changes according to user-se-
lected function. With the basic Weather
Monitor I (no options), you can display
the time or date, indoor or outdoor temper-
atare (in I° or 0.1° increments. Fahrenheit
or Celsius), wind chill, indoor humidity,
or barometric pressure. At the bottom-
right side of the display the barometric
trend is indicated by an arrow that points
upward ar downward depending on recent
barometric readings.

Weatherlink’s “‘Bulletin Scrzen” pro-
vides a direct link to the weather data
currently being collected by the Weather
Monitor 1.

The bottom half contains two rows of
“buttons” (actually, membrane touck
pads). The upper row is used to select the
element to be measured: TEMP, WIND
WIND CHILL, RAIN, BAR (barometer), 1um
(umidiiv), and pEw. The lower row con-
tains seven function keys used to set pa-
rameters and activate (or deactivatel
various features. For instance, to set the
t:me you would first press the TiME key,
then UNITS to select either 12- or 24-hour
format, and then use the ENTER key lo
change 1he hour and then the minutes. The
ENITS key is also used to select Fahrenheit
or Celsius for temperaturec measurementss
miles par hour. kilometers per hour. or
meters per second for wind speed: and
barometric pressure in inches of mercury,
millimeiers of mercury, or millibars. The
CLEAR button resets or clears data or in-
structions from the unit’s memory.
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The Weather Computer measures inside
temperatures from 32°F to 140°F, outside
temperatures from — 50°F to 140°F, wind
speeds to 126 mph. and wind direction in
1° or 10° increments. It also records high
and lows for most of its functions. You can
track daily, weekly, monthly, yearly, or all-
time highs and lows, depending on how
often you clear them from memory. Highs
and lows are displayed by pressing RECL
once or twice.

The device isn’t called the Weather
Computer for nothing. Its microprocessor
uses its readings of temperature and wind
speed to automatically calculate the wind-
chill factor. Other computer functions in-
clude the alarm and scan features. A set of
alarms can be programmed to sound
whenever certain thresholds that you have
set are reached (low or high temperature,
high winds. etc.). If. far example. you keep
your dog out in the yard, but prefer to bring
him in the house when the temperature
drops below 40°F, you could set an alarm
by pressing TEMP to display the outside
temperature, followed by ALArRM. Next,
you would use ENTER to set the alarm to
40°F, and then press TEMP again to exit. In
Auto Scan mode (entered by pressing

scaN), cach of the readings is displayed for
about. four seconds in a preprogrammed
order. You can also program and store one
customized scan routine.

Used on its own, the Weather Monitor 11
provides a wealth of data. But when you
add Weatherlink software, things get
really interesting—and fun. The IBM-PC-
compatiblc program stores and manipu-
lates all the data that has been collected by
the Weather Monitor Il system at user-
specified 1-, S-, 15-, 30-. 60-, or 120-
minute intervals. The Weatherlink comes
with both 9- and 25-pin RS-232 serial port
adapters and eight feet of cable.

Once the data has been downloaded.
you can display it on screen: various charts
and graphs show each of the parameters
being measured by the Weather Monitor
IT. You can also make up your own graphs.
It's possible to graph any function on a
daily, weekly, monthly, or yearly basis.
You can plot two different time periods on
the same screen. $o you can compare this
vear's temperatures to last year's, for in-
stance. You can also plot two different
variables on the same graph, for a visual
display of how rainfall is related to baro-
metric pressure, for exampie. And if you

have more than one Weather Monitor [l
(and a Weatherlink for each). you can
track weather information from all of
them—even in remote locations. An op-
tional modem adapter lets you keep track
of weather conditions up at your ski
house—it you're lucky enough to have
one. The data can be stored on a hard or
floppy disk, and can be exported to Lotus
{-2-3- or dBase Ill-compatible software.
Finally. you can print out your results on
almost any dot-matrix or laser printer.

So, the next time you go to the office on
a bright and sunny moming and find your
co-workers grousing about how it seems to
rain only on weekends—every weekend—
you can pull out charts showing precisely
how much rain had fallen on Saturday and
Sunday each week, and what the tempera-
ture was as well. That might not get you
any more sunny days off, but it's sure to
impress—or annoy the hell out of—jyour
friends.

Ben Franklin once said. **Some people
are weatherwise, but most are otherwise. ”
The Weather Monitor I, particularly
when used with Weatherlink software,
puts you firmly in the ‘‘weatherwisc”
£roup. |
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Charge It!

POWER CHARGER CORDLESS BAT-
TERY CHARGER. From: Innova Elec-
tronics Corporation, 17287 Mt. Her-
mann Street, Fountain Valley, CA 92708.
Price: Less than $100.

A few years ago, we took a trip to San
Francisco that was a close-to-perfect vaca-
tion. It was, unfortunately, marred by the
trip home. The problem wasn’t that we
were bumped from our flight—we were,
but the airline generously reimbursed us
for our trouble. and then put us in the only
available seats on the next flight out, which
Just happened to be in first class. Under
those circumstances, we didn’t even mind
that we’d be arriving at Kennedy Airport
after midnight on a Sunday night. although
we'd still have to deal with the baggage
claim. what seemed like a half-hour bus
ride to the long-term parking lot. and an
hour’s drive home from there. We didn’t
mind. that is. until we reached our car and
realized that, in our rush to catch our out-
going tlight. we had left one of the doors
slightly ajar and thus the interior dome
light was on. At least it had been on—
when we’d parked the car two weeks ear-
lier! By the time we were finally ready to
drive home. at | AM on a cold November
night, the battery had been long dead.

Things could have been worse: If that
security guard hadn’t been driving by,

we'd have had to wait for the next shuttle
bus back to the main terminal to telephone
a tow truck. As it was, the guard made the
call for us, and we only had to wait forty
minutes or so for the tow truck to arrive.
(Then, on top of paying for his services,
we had to pay the hefty minimum parking
fee charged by the airport for the truck
merely entering their long-term parking
lot.) We made it home eventually, but the
experience put a damper on our vacation.

At best, dead batteries are annoying. At
worst. they can put a person in a dangerous
position. stranded and vulnerable. There
are a few ways to keep from finding your-
self in such a position (besides making
sure you close your car doors before get-
ting on a plane!): You can carry jumper
cables and hope that some good Samaritan
comes along to give you a jump, or main-
tain membership in the Automobile Asso-
ciation of America, who will come and
give you a jump, as long as you can get to a
phone to call them.

Now. however. there’s a solution for
those who’d preter not to depend on the
kindness of strangers or the proximity of a
public phone—the Power Charger from
Innova Electronics. The Power Charger is
a I5-volt. 10-amp, cordless battery charger
that in |5 to 30 minutes can provide vehicle
batteries with enough of a charge to start
the engine. If you prefer not to clutter your
trunk with gadgets that you might end up
using at best infrequently (unless you’re
driving a real lemon), never fear. The

Power Charger earns its trunk space by
doubling as a portable power source for
any 12-volt DC accessory, and “tripling”
as a charger for [2-volt battery packs and
cellular-phone batteries.

The Power Charger is the general size
and shape of some of those old-time * por-
table™ radios. It measures about 7 < 10 x 3
inches, weighs eight pounds. and has a
built-in carrying handle and an adjustable
shoulder strap. The built-in male plug for
recharging the internal battery and charg-
ing other batteries stores conveniently in-
side the carrying handle. Along the top
front of the unit arc a three-way /2 v power/
dff-rechargellS v charger switch and three
LED’s—green, yellow, and red—which
indicate the status of the unit in each of its
various functions. On the front of the unit,
hidden behind a cap, is a 12-volt/15-volt
DC tused (negative ground) female sock-
et. On each side of the unit are modular
side mounts and modular contacts (12-
volt/15-volt DC fused) that can be used to
connect various accessories. The Power
Charger also comes with a set of clamps
that let you hook it directly to a battery—
ideal for vehicles without working ciga-
rette-lighter sockets.

To recharge a vehicle battery, after clos-
ing the door and turning off any accessory
{such as the radio) that might draw power,
you simply insert the male plug into the
cigarette lighter socket and select 15 v
CHARGER. The yellow LED should light.
indicating that the connection has been



made and charging has begun. (In some
instances, it's necessary to turn the igni-
tion switch to the accessory position be-
fore the yetlow light comes on.) According
to Innova, a feature called “three volt
boost” pushes the unit’s output to 15
volts—about the sume voltage provided by
a car’s alternator—so that it, too, can
charge a 12-volt vehicle battery. After you
plugitin, it’s a matter of waiting anywhere
from 15 t0 30 minutes for the battery (o
charge enough to start the vehicle.

For vehicles without cigaretie lighters,
the procedure is only sightly more com-
plex. There is a receptacle for the male
plug on the direct battery clamps. Once
the plug is inserted, the clamps must be
connected as you'd connect standard
jumper cables—the black clamp to the
negative post of the battery and then the
red clamp to the positive post. Again, after
that it's a matter of waiting for the charge
to build up to a point that is sufficient to
start the car.

The main advantage of the Power
Charger. to our way of thinking, is that
there’s no need to leave the safety of your
car (except to get it out of the trunk). In
fact, as long as you have a working ciga-
rette-lighter receptacle, you don’t even
have to open the hood and call attention to
your helpless predicament. There’s no
long walks to a phone booth, no waiting
for a tow truck, and no maneuvering an-
other car close enough to yours to connect
jumper cables.

Keep in mind that the Power Charger
isn’t providing a full charge, but a tempo-
rary fix. Innova recommends that, after
having used the Power Charger to boost
your battery, you have the battery fully
charged as soon as possible. Of course,
your car’s charging system should re-
charge the battery provided the system is
not faulty, which might be what caused the
battery to fail in the first place. In such an
instance, the Power Charger obviously
won’t be of much help.

In our tests. on a 1986 Toyota Corolia
with a 3-year-old Delco Freedom battery,
the Power Charger worked ius promised.
We purposely (for a change) ran down the
battery by leaving the lights on for a few
hours. When the battery was dead, we
plugged the Power Charger into the ciga-
rette-lighter receptacle and moved the tog-
gle switch t0 15 voLT CHARGER. When
nothing happened, we turned the key to
accessory. ‘The Power Charger’s yellow
LED lit up, and within a half hour, the car
started up with no trouble at all. A half-
hour drive at highway speeds left us con-
fident that we wouldn’t have to worry
about an under-charged battery.

Fortunately, dead batteries typically are
not a frequent occurrence, and most of the
use you'lt get out of the Power Charger
will be under less stressful, generally en-
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joyable, circumstances. 1a its " Power-
Pack™ maode, it can be usad to run any 12-
volt DC product that has 1 male cigarette-
lighter plug (or an optional modular ac-
cessory can be used). Hams, in particular,
will find it a useful power source for their
mobile rigs. It can alsp be a safe power
source tor notebook computers. The de-
vice can be used to power a cellular phone
for up to 10 hours of talk time, or 100 hours
in standby.

To use the device in-iis PowerPack
mode, the switch is moved to the “ofi™
setting, and the male piug is inscrted into
the female socket on the fromt of the Power
Charger. For products tiat don’t come
with a male cigarette-lighter plug, the
modular accessory slides onto the side
mount for connection. The green LED
lights to indicate that all systems are go,
and you simply turn op your transceiver,
computer, or whatever.

In addition, you can use the Power
Charger to recharge the other 12-volt bat-
tery packs, such as those for camcarders,
that have a male lightér piug or a female
lighter socket attached. Oince the battery
pack is connected. the Fower Charger’s
switch is turned to the 1S v CHARGER
position, and the lighted yellow LED indi-

cates that the conpection is made and the
battery is being charged.

Although it isn’t mentioned in the in-
structios sheet, we’d imagine that you
could also use the Power Charger with an
inverter 10 rum smmll household items in
the case of a power failure.

The Fower Charger’s three LED's also
serve to keep vour aware of the device's
status. A red light in the 12-volt power
mode warns that tkere’s a blown fuse that
must be replaced; in the 1S-volt charger
mode, the red LED warns of a short circuit
in the vehicle under charge. When the
green LED flashes, it means that the power
is low, and it's {ime to recharge the
Charger.

Innova recommends that you recharge
the Power Charger unmediately after every
use, and routinely charge il once every
three manths (Bven if it hasn’t been used).
using one of three methods. First, with the
vehicle renning. you can use the cigaretie-
lighter socket to recharge the unit in one to
three hours. The second and third methods
involve using optivnal accessories: The
AC/DC Charzer a 12-volt wall trans-
former, recharges the Power Charger over-
night (¥ 0 10 hours); the Trunk Charger, a

{Continued on page 20)
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Receiver

YAMAHA RX-V1050 AUDIO/VIDEO
RECEIVER. From: Yamaha Electronics
Corporation, USA, 6722 Orangethorpe
Avenue, Buena Park, CA 90620. Price:
$1199.

Despite the sluggishness that has af-
fected most areas of the economy—in-
cluding consumer electronics—there are
some bright spots. One of them is the sales
of receivers. The growing popularity of
home theater has given consumers a real
reason to trade in their old but still-good
receivers for A/V receivers that incorpo-
rate Dolby surround-sound processing and
video-switching capabilities. The A/V re-
ceiver, some would argue—and we
wouldn't disagree—is the most important
home-theater component.

For manutacturers, the competition in
A/V receivers is fierce. Everyone, it
seems, is doing justice to Pro-Logic de-
coding. (We have yet to review a Pro-Logic
receiver that we felt was audibly flawed.)
While A/V receivers from different man-
ufacturers are, indeed, similar. there are
three important differences: center-chan-
nel power, DSP, and user convenience.

Yamaha takes a sensible view of center-
channel power with the RX-V/050—the
amplifier is rated to deliver 110 watts into 8
ohms to the center channel, the same as
the right- and left-channel specifications.
(Our laboratory tests showed that it could
deliver even more.) An adequately
powered center channel is important be-
cause in a Dolby-encoded soundirack,
that’s where most of the action takes place.
The center channel is what gets you to pay
attention to the on-screen action. Virtually
all of the dialogue——and quite a bit more—
is in the center channel.

Most of the A/V receivers we've seen
recently incorporate some form of digital
signal processing. or DSP, and include
such DSP modes as “hall.”” *‘theater,” or
“jazz club.”” Each manufacturer does
things a little differently, however. (Even
manufacturers that use the same digital
signal processor chip can program it dif-
ferently.)

Yamaha. the first consumer-clectronics
manufacturer to introduce DSP to audio in
1986 with its DSP-1, calls its particular
flavor of DSP “*Digital Soundfield Pro-
cessing.” The RX-VI1050 is the first re-
ceiver to combine Yamaha’s Digital
Soundfield Processing with Digital Dolby
Pro Logic Surround in what Yamaha calls
“Cinema DSP.” The intent of Cinema
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DSP is to provide an in-home experience
“that rivals the best cinema sound-system
erperience.

Six digital soundtield modes are pru-
‘vided by the receiver. First is Digital Dol-
by Pro Logic, which adds DSP 10 Pro-
Lagic decoding to improve crosstalk and
te “transfer the sound source more
smoothly and precisely,” according
Yamaha. An enhanced Pro-Logic mode is
ako offered. in which DSP is used to sin-
ulate “the multisurround speaker systems
of the 35-mm tilm theater” and 10 widen
“the surrounded-sound ficld with greater
presence.” The idea is to make the sur-
round-channel information sound as if it is
coming from a movie-theater surround
system (which uses many speakers arourd
the side and back walls) instead of from
two point sources in your living room.

The other modes are intended primarily
for listening to music:. The DSP effects
simulate reflections that might be heard in
various venues. A Concert-Video mode 1s
provided for watching music videos and
concert footage. The objective i3 to widen
the soundfield of the front speakers, and io
bring the vocals up front and center. A
Rock Concert mode. in which “a big,
powerful sound is reproduced lively and
dynamically” imbues conemporary ma-
sic with “*a life-like fecling of thrust and
energy,’ according to the manual. For
classical music lovers, the Concert Hall
mode attempts to move the center deeply
behind the front left and right speakerso
create a large-hall ambience. The fimal
mode is Mono Movie, which enhances
mono source material to add spaciousness
while moving the image forward.

Our first reaction to DSP in audio ampli-
fiers was that it didn’t belong. An ampli-
fier. after all, is supposed to recreate

sounds accurately, adding a minimum
amount of coloration The purposeof DSP
is, by definiticn. just the opposite:

Our attitude has been changing, albeit
slowly. That’s mostly because we’ve heard
plenty of processars that squnded bad and
downright annoying. But that's far from
being the case with the RX-Vi030. Al-
though, as with any other digitai signal
processor, it is possibie to add unnatural
effects to the audio, we found ourselves
listening to a w de variety of music with
the DSP turneit on! DSP actually can add
pleasing ambience to everything from
Gershwin to Guns'n Roses.

The receiver provides five output chan-
nels, but its outputs aciually contasn infor-
mation from seven channels. Along with
the left, right, center; and two surround
channels, there are left and right DSP
channels. The DSP channels arecombined
with the traditional stzreo channels. The
amount of the DSP effect thai is added js
adjustable. however. by a FRONT EFFECT
LEVEL control.

To aid in the adjustment of the various
DSP settings, the receivar 1s equipped
with a switch that wrps the effects on.and
off. You can also guickly swiich between
DSP and surtoend modes both from the
remote control and the front panel 1o
choose the node that best suds what
you’re listening to. (The names of the vari-
ous DSP modes. whiie chosen for sound
reasons, may_not be consisient with vour
preferences. W, for example, preferred
listening to our reck and sall in the “Hall”
mode.)

If you don’t find any of the pre-defined
modes to be sutable. you can customize
them by changing the delay time of the
rear-speaker scund. For both Pro-Logic
modes. the delay time can be sef from 150
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TEST RESULTS—YAMAHA RX-V1050 AUDIO/VIDEO RECEIVER

The amplifier section of the RX-V1050 is
rated to deliver a minimum of 110 watts
per channel into an 8-ohm load. Our
measurements showed that it could de-
liver 133 watts to the front left and right
channels, and more than 168 watts to
the center channel. Those are positive
differences of 1.7 and 3.7 dB, respec-
tively. The surround channel was also
conservatively rated; we measured 2.3
dB higher than Yamaha's specifica-
tions.

The amplifier's dynamic power, that
is, its ability to handle musical tran-
sients, was measured in our labs at
172.3 watts for the three front channels,
and 49 watts for the surround channel
Those also exceeded the manufac-
turer's specifications by a healthy
amount.

The frequency response of the ampli-
fier was measured at the phono input
according to the RIAA (Recording in-
dustries Association of America) equal-
ization curves over the audio range.
They were also measured at the line-
level inputs, and at the main amplifier
inputs. (The receiver provides pre-out
and main-in terminals) The results are
summarized in the table. The —3-dB
points were found to be 15.4 Hz and 94
kHz.

The response of the front-, center-,
and surround-channel inputs are also
shown in the accompanying charts for
both the Pro-Logic and the Enhanced
Pro-Logic modes. Note that the
customized frequency response of the
Enhanced mode, which DSP makes
possible, would be virtuaily impossible
to duplicate with analog filters.

The tuner-section measurements
showed the frequency response to be
down about 1.5 dB at the 15-kHz top
end of broadcast audio. Aithough that's
not as high as other receivers we've ex-
amined recently, it fell right within
Yamaha's published specifications. The
stereo separation at 1 kHz was mea-
sured to be 41 dB as shown in the
charts—that's not quite up to the 50-dB

TUNER SECTION

Usable Sensitivity

50-dB Quieting Sensitivity

Stereo Threshoid

Signal to Noise Ratio

Capture Radio

Distortion (THD + N, 1 kHz)

8.2 dBf

12.8 dBf (mono)
37.2 dBf (stereo)

26.5 dBf

73.0 dB (stereo)
80.0 dB (mono)

1.3 dB

0.2% (stereo)
0.1% (mono)

AMPLIFIER SECTION

Maximum Power Output
(8-ohm load)

Front

Surround

Center

Dynamic Power

(8-ohm load)
Front
Surround
Center

Frequency Response
Phono input:
(RIAA Equalization)

Line Level Inputs
(20 Hz - 20 kHz)

Main amp input
— 3 dB points
Channel Separation

1 kHz
20 kHz

133.2 watts @0.02% THD + N
39.0 watts @0.15% THD+ N
168.4 watts @0.15% THD +N

172.3 watts
49.0 watts
172.3 watls

+0.11dBto -1.97dB

-1.53dB 10 0.0dB

-0.06dBt00.0dB

15.4 Hz and 94 kHz

~63.7 dB (left), -66.1 dB (right)
- 42.6 dB (left, — 39.5 dB (right)
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mono reception, and 37.2 dBf for ster [_I | { ﬁ“ = —I |
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quieting. The signal-to-noise ration was ‘TNH | ]T’J JL J N J' 4 ]"""”"*‘A T »Jf 1‘““— |
measured as 73 dB for stereo, 80 dB for T | J_LHT s RN J
mono. 921 00 T
The AM section was poor, asis typical 7T ! [ | | | l“’“’L T /‘ R 4“*—“4‘“"—“‘
with otherwise high-quality receivers. At ‘”“'[ T T 71 b — 2o 41 ! l T "[‘,*H—‘ !
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tend to, the response was down 40 dB! =™, - w1 o0, 5= - |

Otherwise, the RX-V1050 proved to be a
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top performer. We would have no hesita-
tion in adding this A/V receiver to our
home theater.

The frequency response of the front
channel of the RX-V1050 A/V receiver in
the Dolby Pro-Logic mode.

The center-channel frequency response
in the Dolby Pro-Logic mode. This is typ-
ical of A/V receivers.
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30 milliseconds. For the other modes, the
delay can be set to anywhere from 1 to 100
milliseconds. That extraordinary amount
of adjustment makes it possible to create
some rather unnatural effects. A solo
guitar, for example, can begin to sound
like a pair of guitars; we 're not sure if that
is a good thing.

Most of the important amplifier func-
tions can be handled from the remote con-
trol that's supplied with the receiver. The
remote can also be taught to control a
variety of devices including tape players, a
laserdisc player, VCR, and more.

One of the major differences between an
A/V receiver and a standard stereo re-
ceiver is the ability to route video signals
between all of the components of your
home-theater system. The RX-V1050 of-
fers a healthy array of video inputs and
outputs: laserdisc in, two sets of VCR in-
puts and outputs, and a monitor out con-
nector. S-video jacks are provided for all
connections. Audio inputs include those
for connection to a tape deck, a compact-
disc player, and a turntable. A set of front-
panel auxiliary jacks (located behind a
swing-down door) is provided for con-
necting a camcorder or any other video or
audio device.

The RX-V1050 A/V receiver offers a
collection of features that are sensible and
convenient. The tone-bypass switch is one
example. It lets you revert instantly to flat
bass and treble settings without changing
the setting of the controls.

The receiver also offers 40 station pre-
sets. Rather than naming them simply as
1-40, they are stored in five groups (A-E)
of eight stations (1-8). That’s especially
convenient if, for instance, different fam-
ily members tend to listen to different sta-
tions.

The memory locations not only hoid the
station frequency, but also the mode (ster-
€o or mono). We wish all receivers did the
same. Tuning and antenna adjustment are
aided by a 13-segment tuning meter.

Recording is made more convenient by
an A/v RECORD out selector, which lets
you record one source on a cassette deck or
VCR while listening to or watching an-
other. Other convenience features include
a sleep timer and a line-level subwoofer
output. A bass-extension mode provides a
boost to the low frequencies.

Some people prefer their music
straight—no processed sound enhance-
ments in their amplifiers. and no video
equipment in their listening rooms. Many
more people, according to recent sales
trends, find their sterco systems sharing
shelf space in the entertainment center
with their TV and VCR. Finally, an in-
creasing number of consumers have come
to appreciate the effects generated by DSP.
Whichever group you fall into, Yamaha'’s
RX-V1050 can handle the job casily. W

8mm Standard

SONY CCD-TR31 8mm CAMCORDER.
From: Sony Corporation of America, 1
Sony Drive, Park Ridge, N] 07656. Price:
$1100.

If you're considering purchasing a cam-
corder, the odds are that you're thinking
about 8mm models. Despite initial proj-
ections that the 8mm camcorder format
was doomed to failure, it is by far the
format of choice for shooting home vid-
eos, currently commanding 70 percent of
new camcorder sales.

Sony. who invented the 8mm format,
often sets the standard for other Bmm man-
ufacturers to follow. Its latest Handycam
camcorder. the CCD-TR3/ packs a host of
practical features into a small (
7 X 4% X 4%) and light (1.7 pounds strip-
ped, 2.2 pounds fully loaded with bat-
teries, tape, and shoulder strap) package.
Like most of Sony's other camcorders, the
CCD-TR3I is easy to use. It’s a good cam-
corder to take a look at if you want to get an
idea of where the 8mm format stands to-
day.

One of the most important things to
consider when purchasing a camcorder is
whether it is easy to use. Once the initial
excitement of owning a camcorder wears
off, most camcorders find only occasional
duty—a friend’s wedding. your kid’s
birthday, the company picnic. All those
occasions are ones that you'll want to relax
and enjoy: you don’t want to spend the
entire day fumbling with the camcorder
controls. That’s why it's important to pay
attention to how a camcorder’s autoex-
posure system works.

When it comes to still cameras, we gen-
erally want to take manual control over its
settings. When it comes to camcorders.
we don't feel that way. We prefer to keep
our eyes on the action, and let the cam-
corder take care of the rest.

The CCD-TR31 is the first of Sony’s
TR-series camcorders to offer a four-pro-
gram autoexposure control in addition to
the standard full-automatic mode. The
four modes set the camcorder lor special
situations with a minimum of trouble. A
rotary dial on the side of the unit lets you
select the appropriate mode. Portrait mode
gives you a narrow depth of field so that the
subject is in focus, but potentially distract-
ing objects in the background are out of
focus. A Sports mode is intended for
shooting fast-moving subjects. For captur-
ing even faster events, such as a golf
swing, a High Speed Shutter mode sets the
shutter speed to 1/4000 second. That lets
you see a clear and sharp picture even
when you play it back frame-by-frame. A
Twilight Mode is intended to let you cap-
ture natural-looking scenes in low-light
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conditions: specifically, you can shoet
brightly lit subjects m an otherwise dark
scene without incweasing the overall gam
and ending up with a lot of background
noise. The standard Automatic mode is
also provided.

Autoexposure modes are a good com-
promise between the convenience of auto-
matic and the controi of manual operation.
You get the results you want without a lot
of effort.

One situation that often poses problems
for videographers is when a subject is
backlit with very bright light—say, a skier
on a sunny snow-cavered slope, or some-
one in front of a window on a sunny day.
Many camcorders offer a backlight func-
tion, which opens. the lens aperture #o
properly expose the darker foreground.
Sony chose to add automatic backlight
compensation. While it makes the cam-
corder easier 10 use in most situations,-it
does remove some eontrol from the user.

An autofocus system is another essen-
tial camcorder feature. But unlike autoex-
posure controls, w2z often find ourselves
taking manuil contrel. That's because au-
tofocus systems have inherent limitations.
They generally rup into trouble when
shooting low-contrast scenes (a cloudless
sky. for example). through dirty glass, or
when distracting objects are in the fore-
ground.

Like all other camecorders, the CCD-
TR3I can be focused manually. Unlike
many camcorders; the button that puts the
unit into the manual-focus mode is sensi-
bly placed near the icns and easy to use. A
small wheel, alsa at the front of the cam-
corder near the lems, serves as the focus
control. We liked the feel of the control
and found it casy t> use. even though we
prefer traditional focusing-ring arrange-
ments (as found on 35-mm still cameras).
We're glad that Soay did not use a power-

focus toggle switch or ring as some man-
ufacturers do.

Another must-have camcordzr feature is
power zoom, even though it’s frequently
overused and misused by beginners.
(Watch any well-produced mavie and note
how infrequently zooming is used.) The
CCD-TR31 offers a two-speed zoom.
Pressing the zoom toggle lightly gives vou
a leisurely zoom: pressing it firmly gives a

relatively fast zoom. A somewhat uncom-

mon feature that is included on this cam-

‘corder is a zoom meter in the viewfinder

that indicates your relative zoem position.

‘The 10 ¥ zoom of the camcorder is equiv-

alent to a 45450 mm zoom léns for a 35-
mm still camera. The zoom' is handled
entirely by optics, not electronically.
{Electronic zoom systems can decreasc the
resultant resolution.)

The CCD-TR3! also features a dual-
speed edit-search feature. Edit search lets
you check the recorded picture in the view-
finder without entering the playback
mode. While you're still in the record
mode, a single press of the toggle switch
will show the last few seconds of the re-
corded portion in the viewfinder and re-
turns the camera to the standby mode,
ready for the next recording. To go back
further, you can press and held the edit-
search toggle. At any point. You can stop
and record over a previously recorded
scene. That’s a procedure you should tsy to
get used to. Although it can’t replace vid-
eo post-preduction editing, such in-¢am-
era editing can greatly reduce the amount
of editing that has to be done to end up
with a watchable video. The CCD-TR3!
does offer a flying erase head. which al-
lows for glitch-free picture transitions. It’s
a feature worth looking for in any cam-
corder.

Another way to get good results in-cam-
era is to use the fader that has become a

standard feature on virtually all camcor-
ders. Sony adds an interesting twist on the
CCD-TR3! fade: Along with the usual
sound and picture fade to (or from) black.
a digital mosaic cffect is offered. The
mosaic fade—which produces a picture
reminiscent of the effect broadcasters use
when they are trying to conceal a subject’s
identity—added a refreshing touch to our
test shots.

Most first-time camcorder purchasers,
enthralled by the novelty of shooting home
videos, rarely consider that their **master-
pieces” will require editing. In reality, for-
cing someone to watch unedited tape can
be considered cruel and unusual punish-
ment. To simplify editing, one feature to
look for is a Control-L or LANC (Local
Application Control Bus System) control
jack. LANC is a standard to which various
camcorders, VCR's. and editing control-
ters conform. LANC allows those devices
to “speak the same lingo™ for easy, syn-
chronized dubbing and editing. (Not all
camcorders that offer a ““remote” jack
conform to the standard, so be sure to ask
before buying!)

The LANC-compatible CCD-TR31
also supports Advanced Synchro Edit, a
feature that can be used exclusively with
Sony editing equipment such as the EV-
S3000 Hi-8 editing VCR reviewed here in
our December 1992 issue. [nthe Advanced
Synchro Edit mode, the tape on both the
source and recording deck are backed up.
and then rolled forward to synchronize
them. Interestingly, the owner’s manual
for the CCD-TR3! does not mention the
feature.

One feature that we had never seen be-
fore was the built-in lens cover. A flick of a
lever either covers or uncovers the lens. No
more loose lens cover hanging by a
string-—or getting lost. We expect to see
other manufacturers copy Sony's sensible
design

Like most other 8mm camcorders, the
CCD-TR3I is equipped with an infrared
remote control. Although a remote can be
hetpful in some shooting situations—
when you want to get into the picture, for
example—it’s primarily intended for play-
back. Remember that you can’t play back
an 8min tape in a VHS VCR; you must
connect your 8mm camcorder to your TV
or monitor instead. An easy-to use adapter
(an RF modulator) allows you to play back
a tape through your TV's antenna input.
Direct audio and video connections can
also be made to a monitor. (Of course. you
can also play back your tape on one of the
8mm VCR’s that are becoming in-
creasingly available) If you're using the
remote for recording, you'll appreciate the
beeps that confirm recording stop and
start. Thankfully, the beep can be turned
off.

{Continued on page 20)



MASTERING TECHNICAL
MATHEMATICS Solve any
technical math problem that comes
your way. Step-by-step instructions
and sample equations help you gain
a true understanding of mathe-
matical concepts. Includes techni-
ques for use in algebra, geometry,
trigonometry, and calculus.

586 pp.. 420 illus. #3438H, $39.95

HOT ICS FOR THE
ELECTRONIC HOBBYIST
Featuring 200 of the most powerful
ICs, this guide gives you the how-
to's you need to use creative circuits
and designs—and save money! Build
simple power converters; function
generators; video, audio, alarm, and
filter devices; and more.

464 pp., 400 illus. 14122H, $36.95

HOME VCR REPAIR
ILLUSTRATED Save hundreds of
dollars in repair bills by fixing your
own VCR—no expensive equipment
or experience needed. Easily repair
e picture and sound quality e fast
forward and rewind functions e dc
motors @ audio heads ¢ and more.
400 pp., 459 illus. #311IH, $2995

SECRETS OF RF CIRCUIT
DESIGN Delve into RF circuitry.
Build your own radio frequency
o amplifiers  preselectors ® sig-
nal generators @ inductor coils
* antennas ® microwave circuits
e and more. Includes how-tos for
repairing receivers and components.
416 pp, 175 illus. #3110, $32.95

MAINTAINING AND
REPAIRING VCRS-3rd Ed.
Successfully repair any YCR mal-
function. This new third edition
takes an iflustrated, problem-solving
approach to fixing every VHS, 8mm,
and camcorder in the business—
from diagnosing the problem to
servicing broken power supplies.
400 pp., 400 illus. F4204H, $3495

Find ANY Circuit You Need
—and Save $30!

THE ENCYCLOPEDIAS
OF ELECTRONIC
CIRCUITS, VOIS. 1-4
Get the answers you need on
any circuit, For your projects, de-
signs, or applications, you'll use
over 4000 circuitry components
in e computers e telecommu-
nications e laser and fiber op-
tics ® thermal reactors e
alarms e antennas e and
more. #586148-8, Only $149.95
—regularly $240.00

Sharpen Your Skills
With These Elecironic Guides

P
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FANTASTIC ELECTRONICS:
Build Your Own Negative-
lon Generator and Other
Projects Dive into the mysterious
and exciting world of future elec-
tronics with the 24 innovative pro-
jects found in this guide. Learn to
build a e negative-ion generator
o bio-feedhackllie detector ® geiger
counter ® cloud chamber « heli-
um-neon laser e holography ma-
chine ® and more. 240 pp., 150 illus.
#3975H, $2995

Pass the CET with ease!

THE CET STUDY GUIDE and
THE CET EXAM BOOK SET,

Jrd Editions

Ace the Associate or Journeyman exams. Find
the technical information you need—from
antennas and digital circuits to test equip-
ment and troubleshooting—to
become an expert CET. Use
the many sample tests and
advice to identify and con-
quer the gaps in your elec-
tronic know-how.

600+ pages, 300+ illus.
#586274-3, $55.90, Now $4150

To Order Call T 1-800-822-8158 4 Houtt A Day

!’L' FAX: 1717794-2080 ¢ Or mail coupon fo:
McGraw-Hill, Inq, Blue Ridge Summit, PA 17294-0840

Please cut along datted line.

book(s) and owe nathing.

SATISFACTION GUARANTEED-within 30 days pay the stated
amount plus shipping, handing, and state and local sales tax or return the

Please send me the book(s) indicated below for a FREE 30-day exam:

| Book# | afy.  Ttle [ Price
SR N N ——
I N |
Name _
Signatue
(order iInvaiid without signatue

" ue) Thonk You
A% For Your
City/State/T0 R Order
Telephone R

Orders outside the U.S. must be prepaid in U.S. funde drawn on U.S. banias
and include $500 for shipping and handling. Orders ovar $150.00 or more
require prepayment. Order subject to credit approval.
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SONY CCD-TR31
(Continued from page 18)

Another popular camcorder feature is
the ability to record an on-screen indica-
tion of the date and time. Although we like
the feature, we often forget to turn it on
when we start shooting, or we forget to
turn it off and end up with the time and
date emblazoned on our entire video.
Sony's Auto Date feature is a sensible one:
Once each day at the beginning of your
recording. the date is inserted for 10 sec-

onds. It’s also possible to insert the date
and time manually.

The camcorder also features a linear
time counter that shows the tape position
in hours, minutes, and seconds instead of
as simple counter numbers. A battery
meter in the viewfinder gives you an ap-
proximate idea of how much life is left
before recharging is necessary. A worid
clock is also provided,; if you travel outside
your own time zone, resetting the clock is
asimple as changing the *“‘area.” On a trip
to Europe, for example, you would set the
clock to “‘London” or *“‘Paris.”

When it comes to buying any consumer
electronics item, you’re confronted with a
seemingly endless number of models, fea-
tures, and options. It is quite easy to be-
come totally confused. When comparison
shopping, having a “standard” cuts the
confusion. If you’re shopping for a cam-
corder, and you’ve managed to narrow
your choices to a mid-range model in the
8mm format, take a close look at Sony’s
CCD-TR31 Handycam. It offers a host of
sensible features. and provides an excel-
lent example of the state of 8mm camcor-
ders today. L]

CORDLESS CHARGER
(Continued from page 13}

permanently mounted recharging bay,
takes | to 3 hours to recharge the unit with
the vehicle’s engine running. During re-
charging using any of the methods, the
yellow LED lights. When the unit is fully
recharged. the green LED comes on.

There’s no need to worry about being there
as soon as the green LED lights: the unit
can remain plugged in indefinitely without
overcharging its internal battery. So the
Trunk Charger makes a lot of sense.
Cautious motorists—those whose
trunks already contain tire-repair kits, a
Jjug of water, a good spare tire, a working
jack, replacement belts, jumper cables, a
flashlight, a flare, and a complete tool

kit—should run right out and buy a Power
Charger to add to their peace of mind. And
even those motorists who take a more cav-
alier attitude toward traveling by car might
want to carry a little extra “insurance” in
the form of the Power Charger. That’s par-
ticularly true for anyone who has experi-
enced memory lapses when it comes to
turning off their headlights or closing their
car doors in long-term parking lots. W

ELECTRONICS WISH LIS

CD Jukebox

For more information on any
product in this section, circle
the appropriate number on
the Free Information Card.

Restaurant, shop, and club owners, as well as audiophiles whose CD libraries

have outgrown their bookshelves, wiil appreciate the convenience and storage
capacity of the CAC-V3000 300-disc autochanger system from Pioneer Laser
Entertainment, Inc. (2265 East 220th Street, Long Beach, CA 90810). The system
features two playing heads with a built-in cross fader for *“zero wait time, " which
means that there are no silent pauses between selections. The broadcast-quality
system can be programmed to play up to nine days of music without interruption.
To make programming easy, the system is designed to interface with a wide variety
of PC’s. Once a library of up to 300 discs is loaded into the CAC-V3000, the
operator no longer has to handle the CD’s, reducing the chance of lost or damaged

discs. Price: N/A.
CIRCLE 55 ON FREE INFORMATION CARD

Pioneer 30C-Disc CD Changer System

Music on the Road

Designed for ease of use, Sherwood’s (14830 Alondra Blvd., La Mirada, CA
90638) Model! XC-681P automotive AM/FM/CD player gives the user a *“control
central” of backlit, logically positioned buttons. CD controls include intro scan,
fast forward/reverse, track skip up/down, repeat, shuffle, and program play. The
*CompuTuner Plus” tuning system uses a PIN-diode mechanism for consistent,
accurate reception, and its “Auto Memory System” automatically stores the local
area’s strongest signals in memory. Other tuner/amplifier features include 6 AM
and 12 FM presets with scan, automatic noise canceler, pulse-noise blanking
system, a loudness button, a processor loop, and front and rear preamp outputs for
system expansion. Price: $475.

20 Sherwood Automotive AM/FM/CD Player CIRCLE 56 ON FREE INFORMATION CARD
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Hi-8 Stereo Camcorder

The R-87H palm-sized Hi-8 hi-fi stereo camcorder from Ricoh Consurmer
Products Group (180 Passaic Avenue. Fairfield, NJ 07004) features an internal
rechargeable battery, a variable-speed zoom control, and a quick-connect modu-
lar system for fast hookup to a TV or monitor. The 6-volt, lithium-ion type battery,
which runs for about 45 minutes at full power, is inserted in the back of the
camcorder. It can be recharged in about 45 minutes by placing it in the recharging
stand, which connects to an AC outlet. A second, optional, battery can be
recharged while the camcorder is in use. Users can control the speed of the zoom
(5.947.2mm {/1.4) from 1.5 to 16 seconds using a rocker switch. The amount of
pressure exerted on the switch controls the speed of the zoom. By placing the
camcorder into its quick-connection stand, which requires no cables or power
cords, playback of videos on a TV or monitor is a snap. The R-87H also featuzes
programmable auto-exposure with three settings: portrait. sports. and high-speed.
The camcorder weighs only 20 ounces without the battery or a cassette, and

measures just 3.5 X 3.8 X 6.6 inches. Price: $1599.
CIRCLE 57 ON FREE INFORMATION CARD

Universal Remote/VCR Programmer

With its full 32K memory, the Universal Remote!” Quick Set”” VCR Program-
mer (Model 8258) from Jasco Products Company (P.O. Box 466, Oklahoma City.
OK 73101) can be used to control virtually any home-entertainment equipment. It
is quick to set up, controls as many as eight audio and video devices. and 1s
upgradeable (o prevent obsolescence. To make VCR recording easier, the remate
poses a series of questions on its LCD. Programming the VCR requires just five
quick “answers’ to those questions. Price: $99.99.
CIRCLE 58 ON FREE INFORMATION CARD

Cordless Phones

Two cordless phones from Sanyo (21350 Lassen Street, Chatsworth. CA
92311-2329) feature *“Super Compander III’* technology, the third generation of
the company’s noise-reduction technology. The audio signal is compressed at the
base and expanded at the headset, keeping noise outside of audible levels. The
CLT4300 and CLT4600 both feature a sculpted design, 4096 digital securify
codes. and backlit handset keypads. The handset’s volume level can be adjusted,
and its ringer turned on or off. The handset, which can stand upright, also hasa 7-
day standby feature that allows it to stay away from the base for up to a week before
recharging is required. To prevent children (or others) from making toll calls. up
to five numbers can be locked out (900-numbers. for instance). In addition, the
CLT4600 also adds a keypad and speaker to its base. allowing calls to be made or
received from both the base and the handset. its base also features a ringer on/o'f
control and an LED intercom indicator. Prices: CLT4600. $149.95; CLT4300,

$119.99.
CIRCLE 53 ON FREE INFORMATION CARD

Travel Clock Radio

At home, we wake to music. instead of an alarm. When traveling, however.
many hotels don’t even provide a standard alarm clock, let alone one that includes
a radio. Executive Travelware (P.O. Box 59387. Chicago, IL 60659) offers
travelers the Flar Pak, a low-profile AM/FM travel clock radio that measures just
4% X 3% X 1 inches when closed. With the touch of a button, its black clam-shell
case pops open to reveal a large digital LCD time display, angled for casy reading.
All controls are also inside. Users can choose to wake to music or to a beeper
alarm. Other features include a telescoping whip antenna, a snooze button. anda
momentary light to see the time in a dark room. The radio is turned off imme-
diately whenever the clam-shell case is closed. Price: $29.95.
CIRCLE 60 ON FREE INFORMATION CARD

Ricoh Hi-8 Camcorder

Sanya Cordtess Phone

Execulive Traveiware Clock Radio 21
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TSM 3-Digit

DC Voltmeter

Kit

CIRCLE 119 ON FREE INFORMATION CARD

A one-hour project that can really dress-up the display of
your next project or your car’s dashboard.

C power supplies must be

D among the most popular and
practical projects we hob-

byists build. I've made dozens of them
myself, but no matter how nice lmade
each power-supply cabinet, they all
looked “home-brewed.” | always
knew a digital readout would really
give them a slicker look, but [ thought
areadout would either require a lot of
parts and assembly time or be pro-
hibitively expensive to buy pre-as-
sembled. | was proven wrong by the
TSM 177 3-Digit DC Voltmeter kit, which
is both inexpensive and easy-to-build.
Among the meter’s specifications
are accuracy to Yo of a volt, a range
from —9.9 to +99.9-volts DC, and a
wide power-supply voltage range
from 910 12 volts DC at 0.5-amps max-
imum. As we'll discuss later, the design
is open to modifications that allow
you to expand the range and use of
the meter, so these specifications are
actually minimal. Lets talk about the
basic assembly procedure for the kit
before covering those modifications.

Assembly. Building TSM kits is typ-
ically very easy, and the voltimeter kit
was no exception. For the beginner,
there are some heipful soldering hints,

pinouts, parts-identification tips, and
a color-code chart printed onto the
binder of the TSM kit case—indicative
of the product line. Of course, if you're
a veteran hobbyist you won't need to
read them (except maybe to refresh
your memory), but it's nice to know
TSM is looking out for newcomers to
electronics.

Moving on fo the instructions, they
are very concise and to the point. In-
stead of a lot of theory, the text de-
scribes how fo install any component
on the board guided by the two-color
silk screening. It advises that you con-
nect the components in the order
that they are listed in the parts list o
avoid any difficulty. That is a par-
ficularly useful suggestion because
most of the components are taped
together to form a strip that places
the parts in the order that they ap-
pear in the parts list.

I followed the parts list as instructed
and things went smoothly. All but one
of the components in the strip were in
order, 50 | would just pluck a compo-
nent from the strip, check the parts list
to find out its designation, locate its
place on the circuit board, and pop it
in. Once all of the components were
in place, | soldered them. The whole

process took less than a half hour, and
should take even an absolute begin-
ner less than an hour.

By the way, the part that was out of
order on the strip was an off-board
resistor used during a calibration pro--
cedure that follows the main assem-
bly. The resistor was placed on the
tape close to the other resistors to
make taking inventory easier for the
builder. The resistor is so obviously out
of order that it shouldn't cause any-
one trouble.

Once the on-board components
were in place, | connected one lead
of the off-board resistor (which limits
input-signal current) o the appropri-
ate point on the circuit board. Then |
attached one wire to the remaining
lead of the resistor and another to a
grounded solder pad. Those two wires
are used as the signal input. | also
attached wires to the power-supply
inputs. If you wish to run the display off
a 9-volt battery, you can attach the
appropriate battery clip to those
points instead of the wires.

The finished board with the wires
was depicted in the assembly instruc-
tions for clarity. With all the parts in-
stalled and the leads added, the unit
was ready for calibration.
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Graduate as a Fully Trained

Electronics Professional!

If you want to learn about electronics,
and earn a good income with that
knowledge, then CIE is the best
educational value you can receive.

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
commitment 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

SEND FOR YOUR CIE HOME
STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE
ELECTRONIC SYMBOLS
HANDBOOK!

Includes hundreds of the most

largest home study school specializing
exclusively in electronics. CIE has
been training career-minded students
like yourself for nearly sixty years and
we're the best at our
subject....ELECTRONICS...BECAUSE
IT'S THE ONLY SUBJECT WE TEACH!

CIE PROVIDES A LEARNING
METHOD SO GOOD IT'S
PATENTED.

CIE's AUTO-PROGRAMMED?® lessons
are a proven learning method for
building valuable electronics career
skills. Each lesson is designed to take
you step-by-step and principle-by-
principal. And while all of CIE lessons
are designed for independent study,
CIE's instructors are personally avail-
able to assist you with just a toll free
call. The result is practical training.. .
the kind of experience you can put to
work in today's marketplace.

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

CIE pioneered the first Electronics
Laboratory Course and the first
Microprocessor Course. Today, no
other home study school can match
CIE's state-of-the-art equipment and
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frequently used electronic symbols. 4

Published exclusively by CIE for
our students and alumni. Yours
free when you request a CIE
Course Catalog.
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training. And all your laboratory
equipment, books and lessons are
included in your tuition. It's all yours
to use while you study and for on-the-
Jjob 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 tweive career
courses and an A.A.S. Degree pro-
gram to choose from. So, even if
you're not sure which electronics
career is best for you, CIE can get you
started with core lessons applicable to
all areas in 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.

SEND FOR YOUR CIE
COURSE CATALOG AND
WE'LL SEND YOU A FREE
24-PAGE CIE ELECTRONIC
SYMBOLS HANDBOOK.
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| YES! ! want to get started. Send
me my CIE course catalog including

I details about the Associate Degree
Program. (For your convenience, CIE

I will have a representative contact you

I - there is no obligation.)

| AH38

I Please print clearly

i Name

1 City State

i

: ip____ _ _Age_
| PhoneNo. ()~

Check box for G.I. Bill Benefits
Veteran [ Active Duty

’I
Ik
-l
A School of Thousands.

A Class of One. Since 1934.

1776 East 17th Street
Cleveland, Ohio 44114

|
|

{

SOW0N08|T Jeindod ‘€661 YEN

[
L]



N
N

While watching rent-
al movies, you will
notice annoying pe-
riodic color "darken-
ing, color shift,
unwanted lines
flashing or jagged
edges. This is
caused by the copy
protection jammin

signals embedde

in"the video tape,
such as Macrovision
copy protection. THE
DIGITAL VIDEO STABK
LIZER: RXI COMPLETELY
ELIMINATES ALL COPY
PROTECTIONS AND JAM-
MING SIGNALS AND
BRINGS YOU CRYSTAL
CLEAR PICTURES.

WARNING

THE DIGITAL VIDEO STA-
BILIZER IS INTENDED FOR
PRIVATE HOME USE
ONLY. IT IS NOT IN-
TENDED TO COPY RENT-
AL MOVIES OR
COPYRIGHTED VIDEO
TAPES THAT MAY CON-
STITUTE COPYRIGHT IN-
FRINGEMENT.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS

FEATURES

» Easyto use and a
snap to install

o State-of-the-art
Microchip technol-

085 .

. % automatic

« Compatible to all
%)es of VCRs and

s

o The best and most
exciting Video Sta-
bilizer in the
market

« Light weight (8
ounces) and com-

act (1x3.5x5")

« Uses a standard 9
Volt battery (last 1-
2 years .

» Fast UPS deliver

. Ag shipping avail-

able

o UNCONDITIONAL
30 day money
back guarantee

« 1 year warranty

(Dealers Weicome)
FREE 20P Catalog

To Order: $39.95ea + $5forp & h
Visa, M/C, COD Mon-Fri: 9-6pEST

1-800-445-9285
ZENTEK CORP. DEPT. CPE393
3670-12 WEST OCEANSIDE RD. OCEANSIDE, NY 11572
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BEST Super Tri-Bi Auto/

that all ucts
used onpgble

Date:
Signed:

Var. Gain Adjustment $119.95..$85
Jerrold Super Tri-Bi ... $109,95.879
Scientific Atlanta.......... $109.....
PiONeer cuevmneeeemrasssessenens $109.....
Panasonic TZPC145.... $99.95...879
Stargate Converter....... $95........ $69
Digital Video Stabilizer. $59.95...529
Wireless Video Sender..§59.95....$49.95

30 Day Money Back Guarantee
FREE 20 page Catalog
Visa, M/C, COD or send money order to:
U.S. Cable TV Inc.
4100 N. Powerline Rd., Bldg. F-4
Pompano Beach, FL 33073

1-800-772-6244

For Our Record
1, the undersigned, do hereby declare under

579
.59 -

now and in the tuture, will only be
systems with proper authorization from
local officials or cable company officials in accordance with all
applicable federal and state laws, FEDERAL AND VARIOUS
STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL
AND CIVIL PENALTIES FOR UNAUTHORIZED USE.

Dept. KPE393

nalty of perjury

No Florida Sales!

Calibration and Testing. For testing
purposes, | powered the meter off a 9-
volt battery. That provided the circuit
with a test voltage as well as power.
When the battery was first connected
the display flickered briefly then went
out. As it turns out, that was perfectly
normal for the unit, which required
some calibration before the display
would light continuously.

To calibrate the unit | had to adjust
two potentiometers: one to set the
zero-volts point of the meter and the
other to adjust the scale. To set the
zero-volts level, the input wires were
connected together (grounding the
inpuf) and one of the potentiometers
was adjusted till the display lit and
showed 0.0.

To adjust the scale you must supply
a calibration voltage to the circuits
input. Luckily, you can use the output
from a §-volt regulator on the circuit
board for that purpose. With the signal
input connected to the regulators
output, | simply adjusted the second
potentiometertill the display read 5.0.

As a double check | connected the
circuit’s input to the 9-volt battery. The
display indicated less than the ex-

Only $195. Add $50 for self-emptying rain collector.
Order today:1-800-678-3669 « PE627H

CIRCLE 14 ON FREE INFORMATION CARD

DAVIS INSTRUMENTS 3465 Omsio Ave.. Harwago, CA 94545

Thanks to the Weather Wizard 1I, now you

can have a fully sophisticated weather

monitoring system right in your own home.

Weather Wizard 1l has all it takes to watch the

weather like the pros. All for only $195,
FEATURES INCLUDE: sHighs & Lows
sinside & Outside Temps  slnstant Metric
*Wind Speed & Direction ~ Conversions

sWind Chill sRainfall Option
oTime & Date #Optignal PC
sAlarms Interface

Wearher Wizano 11

THE PROFESSIONAL
HOME WEATHER STATION

M -F 7 a.m. to 5:30 p.m. Pacific Time  FAX 1-510-670-0589
M/C and VISA ¢ Add $5 for shipping. CA residents add sales tax

One-year warranty ¢ 30-day money-back guarantee
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pected 9-volt reading. | took out my
multimeter and, sure enough, the bat-
tery voltage was low. That was due to
the high current draw of the display
circuit, which you should keep in mind
if you want to run the display off a
battery.

Additional Uses. As mentioned ear-
lier, the voltmeter circuit can be modi-
fied to go an extra mile. Forexample, if
you wish 1o include the voltmeter in a
project that has its own 5-volt supply,
you can leave the §-volt regulator off
the voltmeter circuit board and
power it from the main supply. To do
that, just run a wire between the pad
for the regulator’s output pin to the 5-
volt source and another wire be-
tween the voltmeter ground and the
supply ground.

Similarly, if you want to use more
than one voltmeter in a project it
would be a good idea to use a single
regulator to power all the units. That
would reduce the amount of power
dissipated due to regulation and
lower the parts count.

The meter can be used as a current
meter as well. To do that you just shunt
the meter input with a precision 1-
ohm resistor and place the modified
meter in the current path. Most of the
current will pass through the resistor
causing it fo develop a voltage drop.
The drop will be one volt for each
amp that passes. That voltage is de-
tected by the meter and displayed to
yield a reading that is equal to the
current flow. .

The meter need not be limited to
DC applications either. By using a full-
wave bridge rectifier and filter ca-
pacitor at the signal input, you should
be able to take reasonably accurate
root-mean squared readings of alter-
nating current and voltage.

As should be obvious, a basic build-
ing block like the 3-Digit DC Voltmeter
could be useful in a number of dif-
ferent projects to perform a variety of
tasks. It is easy to build, and only re-
quires a minimum of time to assemble
and set.

The TSM 3-Digit DC Voltmeter Kit No.
177 is available from American Design
Components (P.O. Box 2601,
Secaucus, NJ 07096-2601; Tel.
1-800-776-3700) as item No. 21264 for
$34.95. Contact them for further infor-
mation, or circle No. 119 on the Free
Information Card. ]




By Len Feldman

Sony STR-
D990 FM/AM
Audio/Video
Stereo
Receiver

PRODUCT
TEST REPORTS

he Sony STR-D990 is a

relatively inexpensive
receiver that offers a great
deal of performance and
can serve as the central
component in a "home
theater” audio/video in-
stallation. Few audio/video
receivers that we know of
offer as many features and
as much power for a sug-
gested price of only
$480.00 as does this Sony
Dolby Pro Logic unit.

A “station index” system
associated with the tuner
section allows you to divide
as many as 30 preset sta-
fions into categories such
as rock, jazz, etc. Tuning can

CIRCLE 120 ON FREE INFORMATION CARD

The Sonv STR-D990 FMIAM audiolvideo stereo receiver.

be done via the presets or
by entering the frequency
of the desired station di-
rectly. In addition, an auto-
funing mode can be used
to scan stations automat-
ically, stopping at either all
received FM stations or at
the strongest signal stations,

depending upon the set-
ting of a “tuning level”
pushbutton.

In the Dolby Pro Logic or
Theater mode, the surround
decoder provides the kind
of surround sound you ex-
perience in Dolby-Stereo
equipped motion-picture
theaters. Four Dolby operat-
ing modes are provided:
“normal” (using front left,
front right, center channel,
rear left and rear right
speakers), “phantom”
(which omits the center
channel speaker), "wide”
(used when a full-band-
width center channel
speaker is used) and “3-
channel” (when rear or sur-
round speakers are
omitted). In addition to the
Dolby decoder settings, you
can choose six factory pre-
set sound-field
environments (“theater,”
“live,” “disco,” “simulated
(stereo),” and “acoustic.”
You can also store up to
seven settings that you
create yourself, manipulat-
ing tone settings, delay
time for the rear channels,
and rear level to suit your
own taste. Factory preset or
customized sound fieids
can be linked to specific
preset stations or other ex-
ternal audio-program
sources.

A multi-function remote
control is supplied with the
Sony STR-D99O0 receiver.
That unit allows the user to
remotely control virtually
all of the receiver’s functions
as well as the functions
of equipment that is
connected to the re-
ceiver,

CONTROLS

The left end of the front
panel of the STR-DPY0 is
equipped with the power
switch, a speaker-selector
switch, and a headphone
jack. Nearby are two but-
tons for audio or video
editing. A large display win-
dow occupies much of the
top section of the front
panel, and to its right are
cursor-mode indicator lights
(fone, index, and surround)
and four cursor buttons
whose function depends
upon the setting of a near-
by “cursor-mode” button.
This arrangement reduces
the number of controls and
buttons needed to perform
all the control functions of
which the receiver is capa-
ble. For example, if the
cursor-mode button is used
to select “tone,” the hori-
zontal cursor buttons
nearby are used 1o select
bass or freble adjustments,
while the vertically pointing
cursors either boost or cut
the portion of the audio
spectrum selected. In the
index mode, the cursors are
used to select the alpha-
betic characters used to
designate the desired index
classification. In the sur-
round mode, the cursor
buttons are used to adjust
the required time delay.

Below the display area
there are various pushbut-
tons associated with tuning,
sound-field selection, and
tone defeat. Still lower on
the panel are additional
numerical buttons, a mem-
ory button, the direct-tuning
button, an AM/FM band-
selector button, an FM-
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mode button (stereo or
mono), a tape-monitor but-
ton, and the program-
source selection buttons. At
the extreme right of the
panel there is the master
volume control, a “DFSB”
(Dynamic Bass Feedback)
button for selecting en-
hanced bass reproduction
(it adds a 12-dB narrow-
band boost at around 100
Hz for those listeners who
like their bass response

{ “boomy” or “gut shaking”),
a balance control, a muti-
ng button, and a front-
panel set of audio/video
inputs that make it conve-
nient to connect a
camcorder to the unit,

The rear panel of the STR-
D990 is equipped with the
usual FM and AM antenna
terminals (an AM loopstick
antenna is supplied for
mounting to the receiver);

spring-loaded speaker ter-
minals for front-, rear-, and
center-channel speakers
(two center channel speak-
ers can be used if desired);
the required number of au-
dio- and video-input jacks;
tape-monitor jacks; a
monitor-output jack (for
connecting to your TV
monitor/receiver); and vid-
eo- and audio-output jacks
to be used for connecting
to the inputs of a VCR. Two
switched AC convenience
outlets are also found on
the rear panel as is a
grounding terminal for
those users who stifll own
and use record turntables.

LAB TEST RESULTS

We measured tuner per-
formance first, with the
receiver set to the stereo
mode. The frequency re-
sponse of the FM tuner

TEST RESULTS-—SONY STR-D990 A/V STEREO RECEIVER

Specification Manulacturer's  PE Measured
Claim
FM-Tuner Section
Usable sensitivity 11.2 dBf 14.5 dBf
50-dB quieting (mono/stereo) 18.3/38.3 dBf  13.5/34.5 dBt
S/N {mono/stereo) 80/74 dB 76/71.5 dB
THD @ 1 kHz (mono/stereo) 0.3/0.5% 0.4/0.3%
Separation @ 1 kHz 45 dB 44 dB
Freq. response (30Hz-15kHz) +0,-2dB See text
Selectivity 60 dB 62 dB
Capture ratio 1.2 dB Confirmed
AM Suppression ratio 54 dB 55 dB
Image rejection 70 dB 70 dB
iF rejection 70 dB 72 dB
Spurious rejection 80 dB 85 dB
Amplifier Section

Power output, 8-ohm loads

Front (stereo only) 100 Wich. Confirmed

Front & center (Surround) 65 Wich. Confirmed

Surround 25 Wich. Confirmed
THD (stereo only) 0.1% 0.095% @ 20 HZ

0.048% @ 1 kHz

S/N, high-level/phono 85/79 dB 80/75 dB
Input sensitivity 2.5mv/200 mV  Confirmed

(high-level/phono)
Tone control range +/-10dB @  +8,-10dB

100 Hz & 10 kHz

Muting -20 dB Confirmed

DFSB (maximum)

+10 0B @ 70 Hz + 10 dB @ 80 Hz

Additional Data

Power requirements

120V AC, 60 Hz, Confirmed

240 W
Dimensions (Wx H xD, inches) 17x5%x13%  Confirmed
Weight (Ibs/kg) 23 ibs, 2 02/10.5 Confirmed
Suggested Retail Price: $480.00

[ AMPLITUDE (0B) VERSUS FREGUENCY (Hz), FM TUMER SECTION, SONY STR-0990
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The frequency response of the FM tuner section way essentially
fat (within * 1 dB) from 3C Hz to around 13 kHz, and exhibited
an attenuation of around 4 dB for the left channel at 15 kHz and
less than 2 dB for the right channel.

DISTORTION + NOISE VERSUS “REGUENCY; FM SECTION, SONY STR-D990
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For mono reception, THD-plus-noise measured 0.4% at 1 kHz,
while in stereo, THD-plus-noise was nearly 0.6% for the same
modulating frequency.

DISTORTION + NOISE vS. SIGNAL LEVEL, FM SECTION; SONY STR-D990 RECEIVER
3
1\ %
1 ~.
~
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— —
0.1
0.010
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The THD-plus-noise versus signal-strength test was performed
after a lengthy warmup of the receiver. Surprisingly, the stereo
THD-plus-noise was actually lower (0.3%) than that of mono,
which still measured 0.4%.




FREQUENCY RESPONSE, CENTER CHAMNEL (DOLBY PRO LOGICI SONY STR-0990
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The response curve of the center-channel outputs when the
surround sound “Normal” Dolby Pro Logic circuitry is used
shows marked roll-off at both the bass and treble ends; that is
deliberate and is called for by the Dolby Surround system to help

emphasize spoken dialog.

section was essentially flat
(within =1 dB) from 30 Hz to
around 13 kHz, and ex-
hibited an attenuation of
around 4 dB for the left
channel at 15 kHz and less
than 2 dB for the right
channel.

Next we looked at how
residual noise varied with
signal strength for both
mono and stereo incoming
signals. In mono, 50-dB
quieting was attained with
signal levels of only 13.5 dBf,
or far better than the 18.3
dBf claimed by Sony. In ster-
€0, 50-dB quieting required
an input signal strength of
34.5 dBf, again bettering
the claimed specification
of 38.3 dBf. The best mono
signal-to-noise ratio was 76
dB, while in stereo, S/IN
reached 71.5 dB for strong
signails.

The next test examined
how THD-plus-noise varied
with frequency. For mono
reception, THD-plus-noise
measured 0.4% at 1 kHz,
while in stereo, THD-plus-
noise was nearly 0.6% for
the same moduiating fre-
quency. We also looked at
how THD-plus-noise varied
with signal strength. The
modulating frequency was
a constant 1 kHz. This test
was performed after a

lengthy warmup of the re-
ceiver and, surprisingly, the
stereo THD-plus-noise was
actually lower (0.3%) than
that of mono, which sfill
measured 0.4%.

Next, we measured stereo
separation of the FM tuner
section. It was excellent,
with 44 dB of separation at
mid-frequencies, 43 dB at
100 Hz, and just over 30 dB
at 10 kHz. It should be noted
that in the stereo mode,
automatic switching back
1o mono occurs below sig-
nal strengths of
approximately 30 dBf.

As is true of so many AM-
tuner sections of high-
fidelity stereo receivers, the
frequency response of the
AM tuner section of the
Sony STR-D990 was very
poor, extending only from
around 140 Hz to 2.6 kHz for
the -6 dB roll-off points. De-
spite pleas from AM
broadcasters, makers of
these receivers continue to
treat AM as an after-
thought, putting little effort
into designing an AM tuner
section that can properly
reproduce the AM signals
being broadcast now by
many conscientious AM sta-
tions.

Most of the tests we con-
ducted for the amplifier

section of this receiver were
done in the stereo mode,
with surround sound turned
off. Under those conditions,
the frequency response of
the preamplifier/amplifier
section was down about 0.3
dB at 20 Hz and about 1.7
dB at 20 kHz. The response
was the same regardless of
whether measured with the
tone controls defeated or in
the signal path. We also
looked at the response of
the center-channel outputs
when the surround sound
“Normal” Dolby Pro Logic
circuitry was used. The re-
sponse curve of that output
showed marked roll-off at
both the bass and treble
ends; that is deliberate and
is called for by the Dolby
Surround system. This type
of response helps to em-
phasis spoken dialog,
which is what is mainly sup-
posed to emanate from a
center-channel speaker. As

for the rear or surround
speaker amplifiers, we had
o judge them strictly with
subsequent listening tests,
since the time delay intro-
duced for these outputs
makes it impossible for our
test equipment to properly
“frack” a frequency re-
sponse curve.

Reverting to the stereo
mode, we looked at how
harmonic distortion plus
noise varied with frequency
when the output was main-
tained at the rated value of
100 watts/channel with both
channeis driven. At mid-fre-
quencies, THD plus noise
was only 0.048%, and even
at 20 Hz distortion re-
mained within the 0.1% limit
specified by Sony. We were
able to repeat that test for
the center channel, using
the *Normal” Dolby Pro Log-
ic mode while maintaining
a regulated output of 65

(Continued on page 87)

CaAaBLE TV
DESCRAMBLERS

JERROLD, SCIENTIFIC ATLANTA, ZENITH, OAK

STARCOM, PIONEER, HAMLIN, EAGLE, ETC.

WE GUARANTEE YOUR COMPLETE
SATISFACTION WITH A

30 DAY No-Risk TRIAL PERIOD

A

TRONICS
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Get the latest electronic technology
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ELECTROMAGNETIC

There is a growing concern over
possible health hazards from
low-frequency electromag-
netic fields. When the story first broke,
the fields of greatest concern were
those given off by overhead power-
line transformers.

At the time, the reasoning was un-
less you worked in the electronics field
or lived in close proximity to power
lines, you could consider yourself un-
affected and relatively safe. New evi-
dence suggests that that really isnt
the case. It appears that the ELF (ex-
tremely low-frequency) magnetic
fields given off by many household
appliances and computer monitors
can be of sufficient strength to be
considered potentially hazardous.

For those of us who dabbile in elec-
tronics, or earn our livelihood in elec-
fronics or a related field, the concern
becomes more prominent. That
being the case you should be aware
of what research has taken place and
whats been reported thus far. If after
reading the following material you
feel the concern to be legitimate, you
can construct a simple ELF monitor to
check and modify your environment,
The ELF monitor described later in this
article is simple to build and should
cost less than $25.

Why Worry Now? You might be
wondering if ELF radiation is such a
health hazard, why has it taken so
long for anyone to mention its dan-
gers? To answer that question, we
must look at how scientists first sized-
up the potential harm of low-frequen-
cy magnetic fields.

To begin with, it was originally be-
lieved that weak low-frequency fields
could not have a significant impact
on living systems. This belief was
based on the amount of thermal en-
ergy the ELF fields could produce in
biological tissue. The energy pro-
duced by ELF radiation is much small-
er than the normal thermal energy
internally generated by a cell's meta-
bolic processes. In addition, the quan-
tum energy of the fields is far too low
to break any chemical or nuclear
bonds in the tissue. Therefore, scien-
fists felt DNA would be safe from muta-
ting. Finally the electric field of the

P I1.E

S MONT ToR

FIELDS
and
your

HEALTH

BY JOHN IOVINE

Learn why there is so
much concern over low-
level low-frequency
electromagnetic
radiaton, and build a
simple device that can
detect that radiation in
your home.

body is much greater than the induc-
ed field from ELF radiation. Looking at
all these factors, it's easy to under-
stand why the scientific community
quickly dismissed epidemological
studies that indicated a statistically
significant hazard associated with ELF
radiation.

As a result, the scientific community
has of late been portrayed in the
press as a bunch of hacks or bu-
reaucratic puppets genuflecting for
grants from government agencies
and power companies. However, the
reason for the quick dismissal was one
of genuine disbelief, not a mass cover
up. Although in truth, a few scientists
have stepped over the line and ma-
ligned good researchers based upon
the profit and loss statements of their
employers. These scientists are few in
number and the entire scientific com-
munity should not be condemned
based upon their isolated unethical
endeavors.

The Real Deal. Although the mech-
anism by which ELF fields affect bio-
logical tissue is still not exactty known, it
has been unequivocally shown that
cells are affected. The best research
o date shows that a cell's membrane,
or receptor molecules in the mem-
brane, are sensitive to extremely weak
low-frequency magnetic fields.

Some of the effects reported so far
include changes in the flow of ionic
compounds through cellular mem-
branes. Also noted are changes in
DNA synthesis, RNA transcription, and
the response of cells to signaling mol-
ecules such as hormones and neu-
rotransmitters. In addition, changes
have been noted in the kinetics of
some cellular biochemical reactions.

Not all ELF radiation produces all of
those effects, it's more complex than
that. Some effects are only noted at
discrete frequencies and amplitudes
of the magnetic field. Others depend
on the strength and orientation of an
ambient constant magnetic field. Still
others require a threshold of exposure
time rather than field strength.

The inherent danger or increased
likelihood of various forms of cancer
due to ELF radiation has been em-
phasized in the press. As stated pre-
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viously, the quantum energy of these
fields isn't sufficient to produce any
type of chromosomal damage. Sim-
ply, that means that ELF radiation
doesn't initiate cancer. The increased
incidence of cancers is due to the
fact that ELF radiation can promote
the disease after the cancer has
beentriggered by another agent.The
cancer is promoted because ELF radi-
ation can suppress the body’s im-
mune system. In addition, it has been
determined that at the cellular level
the ELF fields increase the production
of the enzyme ornithine decarbox-
ylase, which has been cited to sup-
port the promotion of cancer in the
body.

The Evidence As studies progress,
more information will be forthcoming.
Here is a short list of reported events
that indicates the potential hazards of
ELF fields:

® In 1972, Soviet researchers linked
electromagnetic fields with low-
grade health problems such as fa-
tigue and headaches.

® In 1977, Robert Becker, physician
and biophysicist Andrew Marino testi-
fied before the New York State Public
Service Commission about the results
of their experiment that showed
negative health effects due to ex-
posure to ELF fields.

® In 1979, Nancy Wertheimer an epi-
demiologist and physicist Ed Leeper
published a study that showed a sta-
tistical link between childhood can-
cers and the proximity of certain
types of high-current power lines to
the home.

® |n 1982, a Washington State study
examined the data for the deaths of
438,000 workers inthe State occurring
between 1950 and 1979. The results of
the study showed that leukemia
deaths were elevated in 10 out of 11
occupations where the workers were
exposed to ELF fields.

® |n 1986, Dr. Bernard Tribukait, a pro-
fessor of radiobiology at the Ka-
rolinska Institute in Stockholm Sweden,
reported that the fetuses of mice ex-
posed to sawtooth electromagnetic
fields had a greater incidence of con-
genital malformation than unex-
posed mice. The sawtooth waveform
is a typical waveform generated by
monitors and TV5.

e In 1988, the Maryland Department
of Health and Hygiene found an usu-

ally high rate of fatal brain cancer
among men employed in electrical
occupations.

® In 1989, John Hopkins University
found an elevated risk of all cancers
among New York Telephone Compa-
ny cable splicers.

® [n 1990, David Savitz, an epi-
demiologist at the University of North
Carolina, determined through a study
that pregnant women who used elec-
fric blankets have children who have
a 30% increased risk of cancer as
compared to children whose mothers
didn’t use electric blankets.

So far | have concentrated on the
negative effects of 60-Hz ELF fields. But
you should know that there are
positive medical uses for ELF fields.
Robert Becker had discovered that
ELF fields when appropriately applied
(at a specific frequency and ampli-
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tude) can promote healing and ther-
apeutic responses in tissue. The ELF
fields appear to be a double-edged
sword, being able to heal as well as
harm.

Computer Monitors. Concern over
the radiation from televisions and
computer monitors (which are closely
related in operation and technology)
is nothing new. A number of years ago
there was concern as to whether radi-
ation given off by color televisions
could have a negative impact on
health. This concern was based pri-
marily on ionizing radiation, (low-level
X-rays) whose intensity fell off dramat-
ically a few inches away from the TV
screen, and turned out to be inciden-
tal. But more insidious than this overt
threat is one that has passed un-
noticed until quite recently: the low-
frequency magnetic fields generated
by the coils on the TV's CRT (Cathode-
Ray Tube).

Computer monitors (or VDT, which
stands for video-display terminals)

generate these low-frequency mag-
netic fields, which emanate in all di-
rections, too. They present a greater
hazard than TV's because a user must
sit closer to them during use. In fact,
there have been numerous reports
from female computer operators of
Cluster miscarriages. The word cluster
refers to a greater-than-average inci-
dent of miscarriages among a group
of women.

The latest study on cluster miscar-
riages was performed in 1988 by doc-
tors Marilyn Goldhaber, Michael
Polen, and Robert Hiat of the Kaiser
Permanente Health Group in
Oakland, California. The study in-
volved 1,583 pregnant women. The
results of the study showed that
female workers who used computers
more than 20 hours a week had dou-
ble the miscarriage rate as female
workers who did similar work without
computers.

What the study didn‘t take into ac-
count, but which I'm sure will be stud-
ied in the near future, is the incidence
of malformations and cancers in the
children born to women who use
computers as compared to the chil-
dren of women who don't. If we ex-
frapolate the information from David
Savitzs 1990 study, we may see an-
other side to the problem.

Excessive ELF fields emitted by com-
puter monitors is an industry-wide
problem, virtually all CRT computer
monitors emit excessive ELF radiation
unless specifically stated otherwise.
Recently, MacWorld Magazine (in the
July, 1990 issue) did ELF studies on 10
popular monitors. All of the monitors
tested emitted excessive ELF radiation
at close range. The only recommen-
dation that they or | can offer you at
this time is to increase the distance
between you and the monitor. A work-
ing distance of two feet is recom-
mended.

The ELF field propagates from all
points around the monitor, not just
from the front screen. That fact be-
comes important in offices where
computer terminals are in close prox-
imity to one another, because workers
can be exposed not only from their
own monitor, but also from a neigh-
bor's monitor.

It's important to realize that the ELF
field given off will vary somewhat from
monitor to monitor. Table 1 sum-
marizes some measurements | took of




the &0-Hz ELF field from my 1084
Amiga monitor.Asyou can see, the ELF
fisld strength drops off dramatically
with distance from the monitor. (1
could not check the ELF radiating
fram the Bottom of the monitor be-
cause of the way it is situated in my
wiark space )

Shielding. It would be nice if we
could purchase o rodiation shield for
our monitors, similar fo the antiglare
shield on the market. Unfortunately
norne exish Be very careful, there are
some antighare screens on the market
that make a claim of blocking the
alectic and magnetic fields given off
frem the monitor. First, electric fields as
far as | knowhave not been reported
to have any negative impact upon
health. Second, the magnetic field
the screens claim to block are in fact
the visible-light frequency fields gen-
erated by the CRT Those high-fre-
quenegy magnetic fields have not
been shown g have a negative im-
pact on health. These antiglare
screens haye no impact on the low-
frequency [40-Hz) magnetic fields
that | am talkinig about.

There is nio easy way o shield the
monitor to reduce the propagating
ELF field. t have tried a number of dif-
ferent methods, none had any appre-
ciable impast on the ELF radiation.
The best recornmendation is too keep
the monitor 18-24 inches away from
yourself.

Another possibility is to use an alter-
native type computer monitor. Liquid-
crystal display (LCD) and plasma-dis-
play moriitors do not emit ELF fields.
However, their drawbacks are higher
cost and lowgd resolution.

Precautions Around the Home.
There are gources of ELF around the
typical home. Before | discuss them, |
would first like to explain a little bit
abouf dos=-rate. An appliance in the
home mqgy ganerate a very strong ELF
field, but if the appliance is only used
a short tirmne, its risk factor is probably
low: (Note the'word “probably” in the
last sentence; Gurrently, exact data on
short-durafien high-strength fields
hasnt,been gathered)

Electric razors fall into this category.
Line-cpemtad [plugged into a wall
socket rathier than battery-powered)
razors do produce extremely strong
ELF fieldsscind are held in very close

TABLE 1—MONITOR RADIATION

Intensity (Milligauss)

Distance Front |  LSide
(Inches) |
il g W e
' 4 24 14
12 5 | i5
24 <1 | <1

R-Side Back Top
W 125 oo
16 37 65

15 B 9
<1 3 : 1.5

proximity to the body, but because
they are only used for ashort time, the
total exposure or dose is small and
they are probably safe. In contrast to
the electric razor is the electric
blanket. it emits a much lower ELF field
strength, but for a much longer ex-
posure time.

Dr. Nancy Wertheimer, who first
published the epidemiological study
showing a correlation between 60-Hz
power lines and the increased inci-
dence of childhood cancer in this
country, has also performed similar re-
search on users of electric blankets.
She has found that there is a higher
incidence of miscarriages among
pregnant women who use electric
blankets as compared to pregnant
women who do not.

For users of electric blankets, the
following recommendations can be
made. One, switch to ordinary
blankets. If you like electric blankets,
use one to heat your bed before go-
ing to sleep, but unplug the blanket
before you actually get into bed. It is
not sufficient to just turn off the blanket
because many blankets still produce
an ELF field as long as they're plugged
into a socket.

Fluorescent lights are much more
efficient (more light per electrical
watt) than ordinary incandescent
bulbs. Because of that, they have be-
come the standard lighting system
used in most offices, industry, and now
around the home. However, fluores-
cent lights require a ballast trans-
former that generates an ELF field. If
you're using a small fluorescent lamp
as a desk light, you may want to con-
sider switching to an incandescent
lamp, which generates virtually no ELF.

That also applies to the new ener-
gy-saver fluorescent lamps that re-
place standard incandescent bulbs.
They are okay for overhead lighting,
but you may want to reconsider using
them for close-up work or desk light-
ing.

Television sets fall into the same cat-

egory as our computer monitors. Like
our monitors, they produce afield that
propagates from around the entire
set. The ELF field will propagate
through standard building materials
such as wood and plaster. So if a TV set
is placed against a wall, the ELF will
propagate through the wall into the
adjoining room. So it becomes impor-
tant not to place a bed against a wall
with a TV set on the other side.

The small motors in AC-powered
clocks also produce ELF fields. If the
clock is an alarm clock that lies close
o the sleeper’s head, it could be giv-
ing that person a significant dose of
ELF radiation during the night. The rec-
ommendation would be o move the
clock a significant distance away. Or
purchase either a battery-powered
clock or a digital clock that produces
a negligible field.

Hair dryers fall in the same category
as electric shavers since using them
rmeans short-term, high field-strength
exposure. They are probably safe for
most people. Notable exceptions are
people who use them in their oc-
cupgation, such as hair stylists and hair
dressers.

Electric baseboard heaters are an-
other potential problem appliance. A
minimum of 4 feet of distance is rec-
ommended from such heaters.

It'simpossible for me to state whata
safe, long-term dose rate is because it
hasn't been established. Effects have
been reported at dose rates as low as
1.2 to 3 milligauss. So | would venture
to say try to limit long-term exposure to
1 milligauss or less.

Bottom Line. A controversy still
rages as to the impact and extent of
ELF fields on human health. However, |
feel there is sufficient evidence for we
hobbyists (especially since we dally
with electronics) to take a con-
servative view on the amount of ex-
posure we should allow ourselves. |
would fry 1o limit long-term exposure
to one milligauss or less. Of course, its
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Fig. 1. The sensing coil (L1) for the ELF Monitor is really a telephone pick-up coil

‘:/LED1

/4 338 GREEN
. LED2
S RED

normally used to monitor phone calls. Any 60-Hz hum picked-up by the coil is rectified,
amplified, and then used to charge a capacitor.

difficult to know what your ELF ex-
posure level is without a milligauss
meter.

That's where the ELF Monitor de-
scribed in this article comes in. It
senses the 60-Hz magnetic field from
any appliance and indicates whether
the radiation level is safe or not. The
warning trip point of the circuit is
about 1.5 to 2.5 milligauss. Using the
meter around your home, apartment,
or work space will enable you to iden-
fify potentially hazardous ELF fields
and their sources so you can imple-
ment corrective action. If you decid-
ed not to build the meter, I'd advise
you to at least follow the precautions
outlined above, as they will help you
o reduce exposure.

The Monitor Circuit. The key fo the
ELF Monitor circuit (see Fig. 1) is the ELF
sensor. The sensor—a telephone pick-
up coil normally used to record
phone conversations—detects any
60-Hz magnetic field and produces a
voltage in proportion to its strength.
That simple sensor doesn't have the
sensitivity of more expensive sensors,
but it is sufficient to build a simple low-
cost go/no-go ELF monitor.

The circuit uses a dual-biFET op-
amp. A germanium diode (D1) in the
feedback loop of the first stage pro-
vides non-linear feedback. The diode
dliows the op-amp to amplify and
rectify small signals from the sensor.
When there is insufficient output volt-
age from the op-amp to drive the di-
ode into conduction, the feedback
loop is open and the op-amp oper-

PARTS LIST FOR THE ELF
MONITOR

SEMICONDUCTORS

LH—TLOE2 dual BiIFET op-amp,
integratéd circuil

U2 LM33% quad comparator,
ifegrated circuit

DI-D3—IN34A small-signal
fermaniuvm diode

LEID—{ireen submuniatare lisht-
cmitting diods

LED2-Red subminiature light-
emitting dinde

RESISTORS

LAl fixed resistors are Y-watt, 3%
ungts}

Rl R4 L-megohin

EZ, R3-— 10.0K0-0hm

R 3—10.000-ahm. PO mount micro-
potentiometer

Ro—2Mi0-ohm

ADDITHONAL PARTS AND
MATERFALS

B1—9-volt transistor-radio battery

Cl—0,22- wF Mylar capacitor

C2—4.7-pF 16-WVDC, electrolytic
capacitor

C3—10-pH 16-WVDC, electrolytic
vapacitor

LI—Telephone pick-up coil (Radio
Shack No. 44-333B)

SI-SPST togele switch

Plastic case. 9-volt battery clip, S-volt
battery holder, LED holders,
perfhoard, hot-melt zlue of epony,
solder, eto.

ates at its full voltage gain. At tris point
only a small voltage from the ELF sen-
sor is required to produce a large out-
put. The large output drives the diode

into conduction at which point resistor
R1 determines the amplifier's gain.

In practice, the millivolt-level AC sig-
nal from the sensor is put through a
half-wave rectifying op-amp ampli-
fier, where D1 compensates for the
voltage drop across diode D2. The
second halif of the op-amp then pro-
vides additional ampilification of the
signal so it is sufficient to drive the two
LM339 comparators, which are used
as display drivers.

| chose to use germanium diodes
for D1-D3 since they have a lower
voltage drop (about 0.3 volits) than sil-
icon diodes and extract superior per-
formance from the op-amps. The PC-
mounted potentiometer (R5) allows
the unit to be calibrated (as de-
scribed later). Capacitor C1 is used to
block DC that may flow from resistor
R2 through the coil.

Construction. There are a few con-
struction tips worth mentioning for
building the ELF Monitor. First of all, you
should use a non-conductive plastic
case such as the one mentioned in
the Parts List. Ametal case willimpede
any measurements. You can assem-
ble and solder components on a
small piece of perfboard. However,
keep all lead lengths as short as possi-
ble to minimize stray pickup in the wir-
ing.

Once the main circuitis completed,
you will have to connect it to the pick-
up coil. The coil has some shielded
cable protruding from its side. Cut this
cable off leaving about 3 inches at-
tached to the coil. Split and strip the
wires in the cable. Attach the pick-up
coil fo the front of a plastic case using
epoxy or hot glue.

The top of the case must be drilled
fo accommodate the two LEDs and
the power switch. You will also have to
arrange a suitable mounting scheme
for the battery.

Calibration must take place in an
area that is relatively free of 60-Hz ra-
diation. Turn on the monitor and ad-
just RS so that the green LED is just
about fo turn off and the red LED is
about to turn on. That's the proper op-
erating point.

- The monitor quickly detects an ELF
field, however it is a little sluggish (typ-
ically, there is a delay of around 1 sec-
ond]) in responding once the field is
removed.

(Continued on page 85)



The price of everything is stead-
ily going up these days. And
one of the major drags on most
household budgets is home heating
costs; be it gas, oil, or electric. Thats
because a properly designed heat-
ing system operates with a 100% duty
cycle, meaning that the burner is ei-
ther 100% on-—producing possibly
80,000 o 120,000 BTU’s of heat energy
for each hour of operation—or 100%
off at any given time. Unfortunately,
there is a flaw in that type of opera-
tion; the thermostat knows nothing of
the amount of heat that has built up in
the heat exchanger, which can trans-
fer just so many BTU's of heat. Thus, the
burner can run and run until the tem-
perature set-point is reached, and so
a great amount of heat is simply
wasted. Not a very efficient method of
operation, to say the least.

Sorme thermostats have a “heat an-
ficipator” feature that shuts off the
burner before the thermostat set-
point temperature is reached. That
helps somewhat; but a significant
amount of heat (fuel) is still wasted. Of
course, there are other ways to re-
duce heating-fuel consumption; in-
stalling better insulation and/or lower-
ing the thermostat settings, for
instance. But what can be done after
those measures have been taken?

That's where the Fuel Miser de-
scribed in this article comes into play.
The Fuel Miser, which is designed to be
connected to the thermostat circuit of
a heating system, takes control of the
system and meters out a selected
amount of fuel, as we’ll soon see.

How 1t Works. The Fuel Miser, a solid-
state, optically isolated, duty-cycle
controller, is connected in series with
the thermostat wiring of a heating sys-
tem. Without regard 1o the thermostat
setting, the Fuel Miser allows the fur-
nace burner to operate at selectable
duty cycle increments of 10% of up to
100%. There is no apparent loss of
comfort level because the Fuel Miser,
while keeping the burner cut off, al-
lows the heat normally trapped and
wasted in the exchanger to be dis-
fributed, thereby enhancing fuel effi-
ciency.

Gas- and electric-heating systems
respond well to short bursts of fuel de-
mand. For gas- and electric-heating
systems, the Fuel Miser is designed so
that each 10% of duty-cycle time is
just 45 seconds, and a complete on-
off cycle takes 450 seconds or 7%2
minutes. Oil systems are more restric-
tive in thelr cycling requirements be-
cause the system must be allowed
time 1o cool down before it can be

Reduce Heating

Costs
with the
Fuel

‘Miser

BY ANTHONY J. CARISTI

Tame home-heating costs by installing
our super-efficient furnace controller

restarted. For oil systems, the Fuel Mis-
er's duty cycle is 3%2 minutes for each
10% increment of duty cycle, thus a
full on-off cycle (100% duty cycle)
takes 35 minutes.

The Fuel Miser’s duty cycleis set by a
specific value of fiming capacitor—
one value for gas and electric systems
and another for oil-fired systems. The
circuit’s duty cycle is instantly adjusta-
ble at any time by means of a 10-
position rotary switch. An optoisolator/
Triac circuit is used to interface the
Fuel Miser to the heating system.

About the Circuit. Refer to the sche-
matic and timing diagrams in Fig. 1. In
the schematic diagram (Fig. 1A), U1 (a
555 oscillatorftimer) is configured as
an astable multivibrator (or free-run-
ning oscillator), whose operating fre-
quency is determined by R1, R2, and
C2. The value of C2 (the timing ca-
pacitor) must be selected for the type
of fuel used by the system; gas, elec-
fric, or oil. For gas and electric systems,
U1's operating frequency should be to
0.02 Hz; for oil systems, it should be set
1o 0.005 Hz.

The output of U1 at pin 3 is fed to the
clock input of U2 (@ CD4017B decade
counter/divider with 10 decoded out-
puts) at pin 14. That causes U2 to ad-
vance one count for each low-to-
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Fig. 1. Here are the schematic and timing diagrams for the Fuel Miser. The Fuel Miser
is comprised of a 555 oscillatoritimer (Ul), a CD4017B decade counter/divider (U2),
half of a CD4001 quad two-input NOR gate (U3), an MOC3011 optoisolatoricoupler
(U4), a BS170 N-channel, enhancement, TMOS field-effect transistor (Q1), a T2322D

Triac, and a handful of support components.

high transition of the clock input, se-
quentially forcing one of U2's ten out-
puts high, as illustrated in Fig. 1B.

An eleventh output at pin 12 (the
carry output) goes high when output
pins 3,2,4,7,and 10 (the 0,1, 2, 3, and
4 counts, respectively) go high. When
U2's outputs at pins 1, 5, 6, 9, and 11
(which correspond to counts 5-9, re-

spectively) go high, pin 12 goes low.
The output of U2 at pin 12 is fed to one
input (pin 1) of a bistable latch, com-
prised of U3-a and U3-b (2 of a
CD4001 quad two-input nanD gate).
The U2 output selected via §1is fed to
the other input of the latch at pin 6.
Together, those two U2 outputs are
used to start (set) and stop (reset) the

STOP

latch, which in turn determines the
duty cycle of the circuit.

Now, let's assume that 52 is set to the
80% duty-cycle (U2 pin 4). When pin 4
(which corresponds to a count of 2)
goes high, the latch sets, causing its
output at pin 3 to go high and pin 4to
go low. The latch remains in that state
until U2 goes from count @ to count 0.



At that point, a positive-going signal
appears at pin 12 of U2 and is applied
fo pin 1 of U3, causing the latch to
reset. The latch remains in the reset
state until U2 again reaches a count
of 2, and the cycle repeats.

Note that the output signal appear-
ing at U3 pin 3 has a duty cycle of
80%, which is the setting selected by
$1. One can see that if S1is set to any
of the other nine decoded outputs of
U2, the resulting duty cycle at U3 pin 3
will respond accordingly.

The signal appearing at U3 pin 3'is
used to bias Q1 (a BS170 N-channel,
enhancement, TMOS field-effect
transistor) on and off. The drain of @1 is
connected through LED1 to the cath-
ode end of U4 internal LED. When @1
turns on, current flows through U4 (an
MOC3011 optoisolator/coupler),
causing LED1 to light and U4’ Triac-
driver output stage fo turn on. With U4
activated, the Triac-driver applies
gate current fo TR1 (a T2322D), caus-
ing it fo conduct. At that point, operat-
ing power is fed through the
thermostat wiring of the heating sys-
tem, permitting the burner to operate
(provided that the thermostat is call-
ing for heat).

When the signal at U3 pin 3 is low, Q1
is cut off and no current flows into U4,
so TR1 remains off and the heating-
system burner is prevented from oper-
ating during the off-time of the Fuel
Miser. However, heat continues to flow
from the heat exchanger into the sys-
fem, maintaining the comfort level,
without consuming fuel.

The Fuel Miser can be set to 100%
duty cycle at any time; that restores
the heating system to its normal oper-
ating state. When S1is set o any of the
other positions, the circuit provides a
fuel savings that depends on the se-
lected duty cycle.

The Fuel Miser can be powered
from any 9-15-volt DC power source
(although the author’s unit was
powered from a common wall adapt-
er). Any ripple voltage generated by
the power source s fittered out by C1.
Diode D1 is included in the circuit to
protect against accidental reverse
polarity connections.

Construction. There is nothing crit-
ical about the construction of the Fuel
Miser. In fact, if you choose, the circuit
can be built on perfboard using
point-to-point wiring techniques.

T o;u?\:
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Fig. 2. The author’s prototype was built on a small printed-circuit board, measuring
about 36 by 1% inches; a full-size template of that printed-circuit pattern is shown
here. You can etch your own board from the pattern shown or purchase one from the

supplier listed in the Parts List.
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Fig. 3. Assemble the printed-circuit board using this parts-placement diagram as a
guide. Note: It is recommended that sockets be provided for all of the IC's.

However, the author’s prototype was
built on a small printed-circuit board,
measuring about 3 by 1% inches;
a full-size template of that printed-cir-
cuit pattern is shown in Fig. 2. You can
etfch your own board from the pattern
shown or purchase one from the sup-
plier listed in the Parts List.

Once you've obtained all the nec-
essary parts and the printed-circuit
board, construction can begin. As-
semble the printed-circuit board
using Fig. 3 as a guide. It is recom-
mended that sockets be provided for
all of the IC’s. The use of sockets allows
for ease of froubleshooting and ser-
vicing of the circuit should it ever be-
come necessary. If you do nothave 6-
or 8-pin sockets on hand (for U4 and
U1, respectively), they can be simulta-
neously fabricated by carefully cut-
ting a 14 pin socket into two pieces
with a small hacksaw.

After the sockets are installed,
place and solder all the passive com-

ponents (resistors, capacitors), except
the timing capacitor (C2). Follow the
passive components with the active
components. Be sure that all of the
polarized components (electrolytic
capacitors and all semiconductor
devices) are properly oriented; all it
takes is one misoriented polarized
part to render the circuit inoperative.
That error can also cause parts to be
damaged.

Timing-Capacitor Selection. As
mentioned earlier, the Fuel Miser's tim-
ing circuit (U1) must be set for the type
of fuel—gas and electric or oil—that is
used by the heating system. It does
not matter what kind of heat is pro-
duced by the system . . . hot water,
warm air, or steam . . . the Fuel Miser
will operate properly when the cor-
rect value of timing capacitor (C2) is
installed. For gas (either propane or
natural gas) and electric systems,
make C2 a 22-uF unit. For oil burners,
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use a 100-pF unit. Low-leakage elec-
frolytic capacitors are a must to en-
sure timing accuracy.

Note: If an oscilloscope is available,
the Fuel Miser can be put through a
rapid test by femporarily using a 1000-
pF (0.001-uF) 50-volt, ceramic-disc
capacitor in place of the specified
C2 values to temporarily increase U1's
oscillating frequency. (We'll discuss
the rapid test procedure Iater)

Final Assembly. When the board is
fully populated (excluding C2), in-
spect it carefully for any possible
shorts, especially between closely
spaced conductors. All solder joints
must be shiny, smooth, and filleted.
Any that appear as dull blobs of solder
(known as cold solder joints) must be
corrected by removing the old solder
and redoing the joint. It is far easier to
correct such faults at this stage of the
game than attempting to do so later
after you've discovered that the proj-
ect is inoperative.

The Fuel Misers circuit board can
be housed in the furnace enclosure or
placed in a small plastic enclosure of
its own, and installed next to the ther-
mostat, furnace, or anywhere you
choose. A suitable enclosure is sug-
gested in the Parts List. LED1, which
provides a visual indication of the Fuel
Misers operation may optionally be
placed on the front of the cabinet or
furnace where it can be seen.

The rotary switch may be installed in
any convenient location near the cir-
cuit board, with the positions marked
10%, 20%, etc., (in 10% increments) up
10 100%. That allows you to instantly
change the Fuel Miser’s duty cycle at
any time. When wiring 51 refer to Fig. 3,
which illustrates the location of the
connections.

Power for the authors prototype
was provided by a 9—15-volt DC wall
‘adapter (but any power supply with
an output voltage within the specified
range will do just fine). Be sure to
check your power source with a DC
voltmeter to be sure that its output
voltage is within the specified range.
Connections between the power
supply and the Fuel Miser can be hard
wired, or made through a miniature
plug and jack arrangement. In any
case, be sure to observe proper po-
larity. .

When installing the Fuel Miser in a
cabinet, a pair of binding posts or a

PARTS LISTFORTHE ~
FUEL MISER
@
SEMICONDUCTORS i

§ LA—L.MS55CN oscillator/timer,
integrated civcuit
U2—CD40 TR decade counter!
yo o divider, integrated circuit
g L3 CD40E quad 2-input NoR
gate, integrated circuit
Li—MOC3I0I optoisolator/coupler
with Trisc-driver output, integrated
cireyil
QF—BS170 N-channel, TMOS
enhancement-mode FET
g TRI—T2322D 4-amp, 400-PIV Triac
D1 IN400 or similar 1-amp, 400
* PV silicon rectificr diode
"LEDI--2-volt, 20-mA, light-emitting
T diode

s

! RESISTORS

(Al fixed resistors are Meewatt, 5%

urtits.) #

¢ Rl R2—1-megohm p

R3—100.(00-0hm %
= Re—[})-cshm .
gy B3—150-phm

CAPACITORS :

= Cl—T0-pF 25-WVDC, clectralytic
C2—22-or 10-pF 25-WVDC,

electrolyuic (timing capacilor, see
text)
CA—-0.01-pF ceramic-disc
. ADDITIONAL PARTS AND :
MATERIALS %
SE-SPIOT rotary switch (RS
2T5-1385 or similar) -

Printed-circuit board materiais, 5
enclosurne (RS 270-231 or similar),
[ sockets, binding posts, 9- 1o 15-
volt DO, 20 mA or more, wall
adapter (RS 273-1431 or similar)
wire, solder, hardware, etc.

»

oo g

&

Mote: The [ollowing parts are

4 available fram A Caristi, 69 While
Pond Rd., Waldwick, N1 07463:
PC board for $§10.95; UL, U2, L3, .
Ui for 52,25 each; QI for $2.00;
02 for 83.50; C2 low-leakage 13
% capacitor (specify value) for $1.50, i
«  Please add $3.00 postage/handling
® o all orders.

sl
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%
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two-wire connector should be used to
bring TR1's MT1 and MT2 terminal con-
nections out to the heating system.
The polarity of those wires does not
matter. Once those terminals are in-
stalled, do not connect the Fuel Miser
to the heating system until instructed
10 do 5o, which will come later, after
the checkout procedure.

Checkout. Since the Fuel Misers tim-
ing circuit operates at a very low fre-
quency (0.02 Hz for gas and electric
systems and 0.005 Hz for oil systems), a
DMM or VOM with an input imped-
ance of 1 megohm or more and a
clock or stopwatch can be used to
checkout the circuit. If, on the other
hand, an oscilloscope is available, a
more rapid checkout procedure can
be performed by temporarily sub-
stituting, as mentioned previously, a
1000-pF capacitor for C2 and observ-
ing the output waveform’s duty cycle.
In addition, if a 24-volt step-down
tfransformer is available, it can be
used to check the Triac output of the
circuit.

Begin the checkout procedure by
connecting a 9-15-volt DC power
source to the circuit, and after making
sure that the source voltage is prop-
erly polarized, apply power. Check
the signal at pin 3 of U1. A normal
indication is about a 67% duty cycle
(high level %3 of the time and low level
Y3 of the time). The period of the signal
should be about 45 seconds (gas/
electric systems) or 3% minutes (oil
systems) with the specified value of
C2 installed. With a 1000-pF unit in-
stalled, the period (as observed on
the oscilloscope) should be about 2
milliseconds.

If you do not obtain the correct sig-
nal at U1 pin 3, froubleshoot the circuit
before proceeding. Check the power
supply voltage and its polarity. Check
the orientation of D1, U1, U2, and C2.
Check the values of R12, R2, and C2. If
everything looks correct, try a new
555 oscillator/timer (U1).

Set §1 to the 50% position, and ob-
serve LED1 or examine the scope dis-
play of the signal at pin 3 of U3. After
the circuit has gone through one on-
off cycle, the duty cycle should, there-
after, be 50%. With the specified value
of C2 for gas and electric or oil sys-
tems in place, the off and on times of
the LED should be either 3% minutes
or 17%2 minutes each, depending
upon which timing capacitor has
been installed in the circuit. With the
1000-pF test capacitor installed, the
off/on times should be 10 miiliseconds
each.

Try different positions of $1, and ver-
ify that the duty cycle can be set from
10% t0 100% (in increments of 10%) by
observing LED1 and/or the scope dis-
play of the signal at U3 pin 3. If the LED
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Fig. 4. When the circuit is working
properly, the output circuitry can be
checked using a 24-volt step-down
transformer, a lk resistor, and an LED.
Together those components simulate the
load that the Fuel Miser sees during
normal operation.

EXISTING GAS VALVE
24V FURNACE OR RELAY COIL
TRANSFORMER ‘U

* rﬂ_ ™
TWO WIRE
THERMOSTAT |

ok e
WALL FUEL
ADAPTER * MISER

Fig. 5. This drawing shows the Fuel
Miser connected in series with the
thermostat of a two-wire gas furnace
that’s powered by a 24-volt transformer.

EXISTING THREE WIRE
= somem THERMOSTAT
24VFURNACE | —=—1 A
TRANSFORMER : 1
e
A
l

EXISTING
FURNACE
WALL FUEL | RELAY

ADAPTER MISER

N o

Fig. 6. Some oil-fired systems use three-
wire thermostats to control the operation
of the burner motor and ignition system
by activating a relay. This is a typical
installation for such systems.

does not flash on and off as indicated
or the duty cycle is incorrect, check
the orientation of U2, U3, U4, @1, and
LED1. Check C3, R3, and R4. Check
the wiring to $1. Examine the circuit
board carefully for any possible shorts,
opens, or cold solder joints. Try new
chips for U2, U3, and U4,

When the circuit is working properly,

o

EXISTING
24V FURNACE
TRANSFORMER

WALL
ADAPTER

FUEL
MISER
?'

THERMOSTAT

LINE
POWER
1
| BN
]
—_—————————
ot
]
_ FURNACE
HEATING
EXISTING  CLEMENT
FURNACE
RELAY

Those that do have a relay can be controlled by the Fuel Miser by wiring its output
circuit in series with the relay coil connections as shown here.

# =S
@ et

240V
AC LINE ¢
POWER |

THERMOSTAT

-

FURNAGE
HEATING
ELEMENT

K1
ADDED
HEAVY DUTY

ADAPTER

MISER

RELAY OR
CONTACTOR

Fig. 8. Electric-heating systems that do not contain a low-current thermostat (as in the
previous installation), use a heavy-duty thermostat that directly feeds current to the
heating element.For such systems, it will be necessary to install a heavy-duty relay (K1
in this example) to control the heavy heating-element current.

the output circuitry can be checked
using a 24-volt step-down transformer,
akresistor,and an LED as illustrated in
Fig. 4. Together those components
simulate the load that the Fuel Miser
sees during normal operation. Before
making this test, however, install the
correct C2 value (assuming that the
rapid test was performed).

With power applied to the circuit
and the 24-volt transformer ener-
gized, allow the Fuel Miser one on-off
cycle to initialize itself. Then verify that
the test LED fiashes off and on at the
duty cycle set by $1, and that it's syn-
chronized with LED1. Check that the
total time for one complete cycle (off
and on) of the test LED Is either 7%2
minutes for gas and electric systems,
or 35 minutes for oil systems for any
setting of 51.

If the test LED does not light, check
the orientation of TR1 and the wiring
associated with it. Also check RS and/
or try another optoisolator/coupler for
U4 and/or another Triac For TR1.

Installation. As previously stated, the
Fuel Miser can be installed directly
into the furnace enclosure, on the wall
next 1o the thermostat, or in any desir-
ed location where the thermostat wir-
ing is accessible. Be sure to turn off
power to the furnace before attempt-
ing the installation.

Figure 5 shows the Fuel Miser con-
nected in series with the thermostat of
a two-wire gas furnace thats pow-
ered by a 24-volt transformer that is
located inside the furnace enclosure.
The polarity of the connections from
the Fuel Miser to the furnace circuit is
not important. The thermostat directly
controls the gas valve, which oper-
ates at 24-volts AC and draws about 1-
ampere of current. The Triac in the
Fuel Miser switches current off and on
in the thermostat circuit.

Three-wire thermostats are used in
some oil-burner systems to control the
operation of the burner motor and
ignition system (by activating a relay).

(Continued on page 93)
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information about the outside world. An input device

may be as simple as a switch or magnetic sensor, or as
infricate as an optical or ultrasonic sensor. Sensors are typ-
ically driven by mechanical force, pressure, temperature,
position, light, and sound. Sensors transiate such physical
quantities into either voltage or current for use by an elec-
fronic circuit.

This article will explain the construction, characteristics,
and operation of commercially available sensors such as
mechanical switches, magnetic switches, photocells, pho-
totransistors, and optocouplers. For the more interesting sen-
sors, we will present a simple application or two.

Elecfronlc circuits depend heavily on input devices for

Mechanical Switches. Switches in which an external me-
chanical force actuates a set of electrical con-

tacts to complete or break a connection are

probably the simplest form of input device

available. In a momentary switch, the con-

in many Industrial environments.

Contact corrosion and electrical arcing are the two great-
est problems with mechanical switches. Gold, silver, pal-
ladium, platinum, molybdenum, and tungsten are among
the most widely used contact materials because they can
conduct electricity very well. Yet, in the presence of an oxy-
gen atmosphere, each of these metals will eventually react
with oxygen to form alayer of poorly conductirg oxide on the
contact surfaces. This oxidizing phenomenon will degrade
the reliability of the switch since a good electrical contact
may not be formed each time the switch is activated.

Arcing, on the other hand, Is caused when switch contacts
must handle high currents. Each time a heavily loaded switch
closes, electrons jump the gap between contacts before a
good connection Is formed. When an arc occurs, a minute
amount of metal is deposited from one con-

tact to another. The size of the deposit de-
pends on the current that is being
switched-—greater current results in a

'

nection is made or broken when the me- . greater arc, and a faster breakdown of
chanical force is removed and the ‘-—i’f the contact surfaces. Over time, arcing
contacts return to their original posi- \ P will cause gaps and pits In the con-
tion. A maintained switch may use / STEPHEN J. . tacts, which will eventually ruin the
similar electrical-contact sets, but BIGELOW o ‘. switch. Table 1 (see page 44) lists
the connection will remain after ? some of the characteristics of
the actuating force is removed common contact materials
until another force (i usuolly in If f and their susceptibility to arc-

the opposite direction), i \ "tﬁ' ing and oxidation.
applied to the switch. / you know s. There is another problem
Pushbutton, Toggle -5 that must be considered
and rotary-type switch- what sensors are \ ~ when using switches in
es may be either mo- N = 4 nhigh-speed circuits,
mentary or main- \ available to you, you \ ¥ such as a computer
' A interface. Most

tained. As you
probably know,
there are mo-
mentary and

are more likely to develop

projects with a lot more capabzlzty

switch contacts
will not make a
perfect con-

maintained P tact right
versions of - away.Ame-
each dif- Po ) chanical
ferent 4';""_ ‘ switch
type of J - can

switch take

avallable in a large selection of sizes, shapes, and ratings o
suit many different applications.

There is one type of mechanical switch that deserves spe-
cial mention as it is readily used as a sensor: the microswitch.
A microswitch is ideally sulted as a sensor to detect physical
limits and position. It can be mounted in any position using
regular screws.

All of the types of switches mentioned can be separated
into two general categories: commercial and industrial.
Commercial switches are used for light-duty, low-current ap-
plications in homes and offices, or any other environment
that is reasonably dry, clean, free of dust and harmful vapors,
and protected from vibration and high impact forces. Radi-
os, televisions, and computers typically make use of com-
mercial-grac.e switches.

An industr.al switch usually handles heavier current {over §
amps), and is built o withstand constant abuse from shock
and vibration. Many industrial switches are sealed to resist the
dust, dirt, oils, chemicals, and harsh solvents that are present

up to 10 milliseconds for the contact surfaces to settle to-
gether and form a low-resistance connection. During this
time, mechanical noise (or “bounce”} can cause unpredic-
table operation.

Aswitch de-bounce circuit, such as the one in Fig. 1, can be
used to overcome that problem. The circuit effectively ig-
nores the bounce to provide a clean digital output signal.
The feedback from one side of the inverting gate to another
will cause a brief delay before the digital output can
change. That delay will usually be enough for most bounce
10 settle. When the output of U1-b finally changes, the output
will be a single, clean change in logic level. It is usually a
good idea to de-bounce any switch input that will be used to
drive a digital input, or in any other sensitive application
where noisy contacts can cause erroneous operation.

Flex Switches. A flex switch, as shown in Fig. 2, can be used
to sense touch or strain. The switch can be actuated by
pressing on it with a certain amount of force, or bending it.



They are generally sealed to keep out moisture and oils. Flex
switches are well suited as weight sensors, “part-in-place”
detectors, and as alarm-system triggers.

The touch alarm shown in Fig. 3 uses a flex switch as the
sensing element. When the remote switch is flexed, stepped
on, or pressed with sufficient force, the contacts will close and
enable the 555 timer tone-generator circult. The frequency
of the tone output depends on the value of resistor R4, and
capacitor C2. To increase the frequency of the output fone,
decrease the value of R4 or C2 (or both).

The tone will sound for some amount of time after the flex
switch is released. The on time will depend on the value of
resistor R3, and capacitor C1. To lengthen the duration of the
tone when the switch is released, increase the value of R3 or
C1 (or both).

By the way, the speaker capacitor (C3} is needed to block
any DC that may be present in the output signal, allowing
only the AC component of the signal to be passed to the
speaker. That method of DC blocking is called “capaci-
tive coupling” and is widely used in audio and ampli-
fier applications. In fact, we will use such a capacitor
in many of the circuits that follow.

Mercury Switches. At room temperature, the
metal mercury is a liquid that is an excellent
conductor. Amercury switch has two contacts
and a small amount of liquid mercury typ-
ically housed inside a small glass bulb.
When the liquid mercury touches both
contacts at the same time, it forms a
low-resistance electrical connec-
tion between them. The bulb is also
filled with an inert gas (usually ni-
trogen) that not only inhibits
contact arcing, but also pre-
vents oxides from forming

" onthe contact leads. Asa
result, a mercury switch

Magnetic Proximity Sensors. Amagnetic proximity sensor
detects the presence of any magnetic object that moves
within its sensing range and generates a switch closure. A
plain magnet is typically used as the actuator for these
switches. Proximity sensors are available in the normally-
open (the switch is off when the magnet is withdrawn and
turns on when the magnet is applied) and the normally-
closed (the switch is on when the magnet is withdrawn and
turns off when the magnet is applied) modeis to accommo-
date various applications.

An audible magnetic-field sensor circult is shown in Fig. 5.
Note that the circuit is very similar to the one used in the tone-
alarm that was shown back in Fig. 3. In this circuit a switching
mechanism is used to enable a tone output from a 555 timer.
Almost any magnetic field that is brought close enough to
the proximity switch will be enough to actuate the alarm and

produce an output tone. The circuit will generate a tone
only as long as the normatly-open switch is held closed
(ie.. when the magnetic field is removed, the tone will
stop).

The frequency of the output signal can be easily
adjusted by varying the value of resistor R3 or ca-
pacitor C2. An increase in the values of R3 or C2
(or both) will decrease the frequency of the out-

put tone.

The operation of the circuit could be re-
versed by replacing the normally-open sen-
sor with a normally-closed one. In the
absence of a magnetic field, the sensor
would be on and a tone would sound.

When a magnetic field is applied,

the sensor contacts will open and
the alarm will stop.

In many alarm systems a

sensor is placed over a door,

with the actuating magnet

mounted in the door itself.

As long as the door re-

may be cycled onand
off almost indefinitely without a failure.

The drawback to a mercury switch, however, is that it is
delicate. The glass bulb can easily shatter if it is subjected to
any real impact forces. It should also be pointed out that
mercury is a poison that can be readily absorbed through
the skin causing sickness and death. Use caution when
mounting mercury bulbs. A miniature pan mounted in an
enclosure below the bulb is a good idea as it may be able to
catch any mercury that may escape in the event of a bulb
fracture.

The circuit of Fig. 4 has such a switch used as a simplified filt
sensor. As long as the bulb is held slightly below the horizontal,
its contacts will remain open, and the pull-down resistor (R2)
will pull the inverter input to a logic O state. The inverter will
output alogic 1, which will prevent current from flowing in the
LED, so the LED will not light.

If the mercury bulb should tilt above the horizontal, liquid
mercury will flow back and complete the circuit. So 5 volts will
appear on the inverter input, driving its output to a logic 0
state. Current will then flow through the LED and it will light to
indicate a tilt (or non-horizontal) condition. The mercury
switch itself could also be substituted for the flex switch in Fig.
3 to create an audible tilt alarm.

(1
b 4
mains closed, the

magnet will hold the proximity sensor open and the alarm will
remain off. If the door Is opened, the magnet moves away,
allowing the sensor fo turn on and sound the alarm.

Switches are ideal for sensing applications that detect only
closed and open conditions, but in many situations, the sen-
sor must be able to generate an output that is proportional to
the physical condition being measured. Optical sensors suit
this purpose perfectly, so lets discuss them.

Photocells. A photoconductive cell (typically called a pho-
toresistor) is a two-lead semiconductor device whose resis-
tance will vary with the amount of incident light striking its
surface. Cadmium-sulfide (CdS) is the most common semi-
conductor material used in photocells. Its sensitivity is very
similar to that of the human eye. Cadmium-selenide (CdSe)
is also used, but it has a slightly different response to light than
cadmium sulfide.

Photocells are relatively slow devices. A CdSe sensor may
need up to 10 milliseconds to respond to a change in light,
while a CdS cell may take as much as 100 milliseconds to
settle after light input changes. That slow response makes
them difficult to interface to digital circuits directly, but pho-
tocells are remarkably sensitive to small variations in ambient
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Fig. 1. This debounce circuit will keep
the electrical noise generated by the
mechanical switch (S1) from reaching
the next circuit in line.

light, making them very easy to use as
analog light detectors.

The resistance of a photocell de-
pends upon its particular con-
struction. It's dark resistance (the
resistance measured with alf illumina-
tion removed) is usually very high—on
the order of 1 megohm or higher (5
megohms is not unusual). The light re-
sistance (the resistance measured
across the leads of the sensor when it
is fully illuminated) may fall below 250
ohms for some devices.

Figure 6 contains a photocell used
to control the output frequency of a
555 timer. The resistance of R2 and the
CdS cell form a voltage divider that
feeds the control-voltage pin (pin 5)
of the timer. As the light increases on
the surface of the sensor, ifs resistance
will decrease. That will reduce the
control voltage on pin 5, and the out-
put frequency at pin 3 will increase.
The base frequency of the oscillator is
set by the resistor (R3) ana capacitor
(C2).

The frequency range of the circuit
depends on the value of R2. If R2 is
very small relative to the light resis-
tance of the sensor, the cell willhave a
great effect on the frequency. If R2 is
very large relative to the dark resis-
tance of the sensor, the frequency

PLASTIC QU1 IER SHEATH

A RUBBER SEPARATORS
>‘\ |I
& 2]
| 5

LY

CONDUEIVE FOIL STRIPS

Fig. 2. This is a cross-sectional diagram
of a flex switch. They can be used as
pushbuttons or even position sensors.

range may be limited. As a rule of
thumb, choose a value for R2 that is
mid-way between the light and dark
resistance of the sensor.

By reversing the locations of the
CdS photocell and R2, the operation
of the voltage divider will be reversed,
and output frequency will decrease
as more light shines on the CdS cell.
Photocells are used extensively in light
meters and other analog circuitry, but
their slow response time can some-
times be a problem where light inten-
sity changes quickly. For a faster
response time, a phototransistor is
used.

Phototransistors. All semiconduc-
tors have a certain sensitivity to light,
therefore if you remove the actual
fransistor from its case, it will react to

+5T0 +15V
i ol
JVAVAV o G
R1 S2 R2 &
1K 8 FLEXSWITCH 47k $
7 4
< R4 | C1 l+ R3 <
$100k | Ul | 5o T 200k $
6 | 555 _ b
2 3 =
+ ¢ 1 SPKRI ﬂ. c3
o 2.2

Fig. 3. In this schematic diagram we
show an oscillator, which is used as an
alarm sounder, triggered by a flex
switch.

light. Photons of incident light that
strike the base region will liberate free
electrons and generate a small
amount of current flow.

A phototransistor is an optical sen-
sor that is specially designed to take
advantage of this phenomenon. The
base region of a phototransistor is
very much larger than the base of a
typical bipolar transistor and its case
has a window that allows light to enter.
Usually, only the collector and emitter
leads are available from a phototran-
sistor. The window is typically a clear
mica or quartz lens in the top of the
device.

Phototransistors are typically NPN
devices built from selenium, silicon, or
germanium. Each of those semicon-
ductor materials have an optimum re-
sponse in a different portion of the
electromagnetic spectrum. Setenium

my Y i
B t S1 f"'ﬁf
—E> HORIZONTAL
RI
2200
—AMA—= 15V

Fig. 4. If the mercury bulb in this circuit
is tipped, Ul-a will light LEDI by going
low indicating a “‘tilted”’ condition.

phototransistors work well in the visible
portion of the optical spectrum. They
are sensitive to most of the wave-
lengths of light the human eye re-
sponds to. Silicon devices will work in
the visible range, but they are most
sensitive to wavelengths above visible
light in the near-infrared area. Ger-
manium phototransistors will respond
fo light over a very broad range of
wavelengths (which include those of
visible light), but their peak sensitivity
occurs in the very far infrared region.
Phototransistors are much faster than
photocells, with typical response
times as low as 1 microsecond.

Like many transistors, a phototran-
sistor may be operated as an ampli-
fier or as a switch, as shown in Fig. 7A
and 78, respectively. In the circuit of
Fig. 7A, a VT9012 phototransistor is
used as an adjustable optical sensor.
The phototransistor (Q1) will remain in
an off, or non-conducting state as
long as light is absent. While Q1 is off,
the 2N2222A driver transistor (Q2) and
the 12-volt relay will be off,

MAGNETIC OR
+5 T0~+ 15V MAGNETIZED
ki g OB\hl‘ECT
R1 S1 Fava)
1K MAGNETIC (1) /gl ™|
7 —i8_PROXIMITY iyl ||
" sensor (U |\ | /|
.\-'-.. z’l
oo | U s
. 558
2 3 3
+
c2 1 spkR1 RS
1 Q |

Fig. 5. This circuit is similar to the
circuit back in Fig. 3. However this
circuit is activated by a reed switch and
sounds an alarm as long as the contacts
are closed.



Aslight is applied to the sensor, it will
begin to conduct, and the voltage
drop across the sensitivity-adjustment
resistor (R1) will rise. When this voltage
drop becomes high enough, the driv-
er transistor (Q2) will turn on and acti-
vate the 12-volt relay. The setting of R1
will determine the turn-on point for
the driver transistor. If illumination is re-
moved, Q2 will shut down and tumn off
the relay.

In order to reverse the operation of
the circuit, you must reverse the posi-
tions of @1 and R1 as shown in Fig. 7B.
in that circuit, @1 will not conduct in
darkness, and the voltage drop
across it will activate Q2. This, in turn,
will keep the 12-voit relay on. When
lightis applied to the phototransistor, it

+5V
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10K |g 4 200K 1°°K
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To 80 22

Fig. 6. The frequency of this light-
controlled oscillator is determined by the
amount of illumination experienced by
the light-dependent resistor, R4.

will begin to conduct. increasing the
light will gradually decrease the voit-
age across 1. If enough light is avail-
able, there will not be enough voltage
across Q1to keep Q2 turned on. Driver
fransistor Q2 will then shut down and
release the relay. Again, the turn-off
point for Q2 is determined by the set-
ting of R1.

Infrared Emitters. Infrared emitters
are lithe more than light-emitting di-
odes designed to generate optical
energy in the infrared (IR) region of
the electromagnetic spectrum. When
the infrared LED is forward-biased,
electrons move through a specially
formulated semiconductor junction in
the LED, causing it to give off energy in
the form of photons. The amount of
energy emitted by the IR LED is directly
proportional to the current flowing
through it. There are two common
wavelengths that are created by IR
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Fig. 7. Phototransistors can be used as
either light-activated sensors (A} or
dark-activated sensors, depending on
how they are interfaced to a circuit.
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Fig. 8. Shown here is a compete IR
remote-control system consisting of a
simple transmitter (A) and an equally

simple receiver (B).

LEDs. An IR LED made with Gallium
Arsenide (GaAs) will emit a wave-
length of 940 nanometers. An IR LED
fabricated from Gallium Aluminum Ar-
senide (GaAlAs) will produce a wave-
length of 880 nanometers.

Figure 8 contains a simple infrared
remote-control circuit using the
SEP8703-001 IR emitter in the transmit-
fer (Fig. 8A), and a SDP8403-301 IR
phototransistor in the receiver (Fig. 8B).

The transmitter portion of the sys-
tem is very straightforward. A 9-volt
battery provides power for the re-
mote fransmitter. When $1 is pressed,
the IR LED is forward biased and will
emit a continuous optical output. Cur-
rent through the LED is limited by re-
sistor R1. The receiver is a maodification
of the light-activated sensor shown in
Fig. 7A. The IR from the transmitter turns
on the phototransistor (Q1) whose
sensitivity is adjusted by the variable
resistor R1. When Q1 is activated, the
driver transistor (Q2) will fire and acti-
vate the SPDT 12-volt relay.

Notice that one set of the normally
open relay contacts will short Q2
when the circuit is activated. That
latches the relay on. In order to disen-
gage the circuit after it has been trip-
ped, you would momentarily press the
normally closed pushbutton $1. That
breaks the flow of current to the relay
50 it releases.

Optoisolator Pairs. A great advan-
tage to using optical fransmitters and
receivers is that there is no actual
physical connection between the
sending circuit and the circuit that is
receiving. Both circuits are then said to
be “electrically isolated” from one an-
other. Such isolation is very useful
when an interface is required be-
tween two completely incompatible
types of circuits. For example, a TIL
logic gate cannot deliver enough
current fo drive a relay directly. Some
form of isolation is needed to deliver
the appropriate voltage and current
to a relay under the control of a TTL
gate. An optical emitter and detector,
or an “optoisolator pair” can be used
for that purpose.

The “enclosed pair’ configuration
like that shown in Fig. 9Ais used almost
exclusively for electrical isolation. As
shown, the emitter and detector are
usually placed very close together in
a light-tight rigid-plastic enclosure.
The pairs may consist of a neon bulb
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TABLE 1—CHARACTERISTICS OF COMMON CONTACT MATERIALS

Metal Resistivity Oxidation Arcing
(micro-ohms/cm) Resistance Effects
Gold 2.42 Excellent Pits at high current
Molybdenum 5.70 Good Pits at high current
Palladium 11.00 Fair Resists arcing
Platinum 10.60 Very good Resists arcing
Silver 1.63 Excellent Pits at high current
Tungsten 5.52 Good Resists arcing
Voo Voo
+5V +15v
i
LED SEALED ENCLOSURE
EMITTER
U2
- L1111
: 1 14
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Fig. 9. Enclosed-pair isolators like the one

in A are generally used in industrial

control systems. Hobbyists are more likely to come across optoisolators in IC

packages, as shown in B.
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Fig. 10. A slotted-pair isolator (A) is effectively an enclosed-pair isolator with a slit
that will allow an obstacle to interrupt the light path. That could be useful for building

a code key (B).

and a photocell, an incandescent
lamp and a photocell, an infrared
transmitter and a phototransistor or
photodiode, etc.

The type of package shown in Fig.
QA is called a Vactrol. Optoisolators of
that type are typically used for high-
power applications. There are a large
number of low- to medium-power op-
foisolators availabie in IC packages
as well.

The circuit in Fig. 98 is a simple volt-
age-conversion interface that can be
used to translate TIL logic levels into
CMOS logic levels. ATTL signal is buff-
ered through the 7408 anp gate which
drives the LED input of the TIL-111 op-
foisolator. Alogic 1 TTL signal in will turn
off the LED and thus the phototran-
sistor. This removes the presence of
Vaq from the inverters input allowing
R2 to pull it low. The 4049 output will
therefore become a CMOS logic 1,
thus duplicating the original TTL logic
signal at CMOS voltage levels.

Note how the TTL logic and CMOS
logic are totally isolated from one an-
other, yet the flow of logic is carried
through. This technique of optoisola-
tion is widely used in electronic circuits
for its simplicity and its flexibility.

The Slotted Pair. A second very
popular sensor pair is the “slotted
pair’ shown in Fig. 10A. Applications
for slotted-pair sensors can range
from limit switches, position sensors,
and optically debounced swifching,
o many forms of object-motion and
location sensing.

The circuit in Fig. 10B uses a model
VIL10G1 slotted photoswitch as a
bounceless optical switch for a
Morse-code keyer. The source IRLED is
kepton at all times. Its current is limited
by resistor R4. When the key is up in its
resting position (see the key con-
struction detail of Fig. 10B), the LED will
keep the phototransistor on. That shuts
off the 2N2222A transistor and dis-
ables the tone output from the 555
timer.

When the code key is pressed, it
breaks the light path between the
emitter and the detector. The pho-
totransistor will shut off triggering Q1.
Current will flow through @1, and the
555 will generate a tone through the
speaker. The tone will sound as long as
the key is depressed. The tone fre-
quency may be adjusted via the 100k
variable resistor (R2), or capacitor C1.



A 10k volume-control potentiometer
may be inserted into the circuit where
indicated if the circuit's volume is too
high.

Note that there are three leads ot
the phototransistor side of the
VTL10G1. The center lead is a base
lead for the phototransistor. In some
circuits, it may be useful to trigger the
receiver electronically to override the
optical input. However, if you wish to
build a circuit like the one shown,
leave it disconnected.

The Reflector Isolator. The third
general type of optical sensor config-
uration is the “reflector isolator” that is
shown in Fig. 11A. As the name implies,
this type of sensing arrangement re-
lies on the opftical energy that is re-

PHOTODIODE

ENCLOSURE
OR PHOTOTRANSISTOR

LED OBJECT

REFLECTIVE
TARGET

SEP8708 - 007

SDP8403 - 301

Fig. 11. A “reflector” isolator (A)
detects the presence of an object by
bouncing light off of it. This is useful in
circuits that detect when an object is
close enough to the sensor (B).

P)
S
A
v

%]
I“I S1 TRA1
o -

o
R
8
(=]
h=1
-
=
=
AR
vy

UNPOWERED
CONTACTS TO
ANOTHER
CIRCUIT

C2 "

01 2N5087
' R2
4 47K
- 1

02
2N5210

39
p——L 3K

Fig. 12. One type of ultrasonic transducer, namely the J4-815, can be used both in the
transmitter (A) and the receiver (B) of a simple ultrasonic remote-control circuit.

flected from an object to trigger the
detector. Since the optical energy re-
flected decreases as the object
moves away, it is possible to use this
arrangement to measure the prox-
imity of an object, as well as its loca-
tion. For reliable performance, one
must keep the range of the pair lim-
ited by keeping the angie of the de-
tector at 45 degrees to the LED, or
greater. That will force the detector to
sense reflections at a point that is
closer to the infrared emitter, where
emitter power will be greater.

A simple optical proximity sensor is
shownin Figure 11A. The IRLED is driven
continuously, and the phototransistor
(1) will receive any reflected IR ener-
gy fo frip a light-activated sensor. With
nothing to reflect against, Q1 and Q2
will remain off.

The closer an object movestothe IR
LED the more energy it will reflect fo-
wards the phototransistor. When Q1 is
sufficiently stimulated by the IR light it
will begin to conduct current. Then Q2
will fire and turn on the 12-volt relay.
The relay will continue to stay on as
long as the object remains within
range. The circuit turn-on point can
be adjusted by setting R2.

URtrasonic Transducers. An echo is
a perfect example of object detec-
tion by sound. First a sound is emitted
into the air. When those sound waves
strike an object, some of that sound
energy will be reflected back to the
sender. A larger object will reflect
more sound to produce a larger
echo. The time taken for the sound
sample to fravel from the transmitter
fo the object and back again to a
detector can be used to determine
the distance of the object. The signal
produced by the echo can be used
to trigger an alarm if an object is too
close.

If several sound samples are taken
in succession, any differences in trave!
time will indicate that the object is in
motion. This is the basic principle be-
hind older motion detectors used in
security systems.

The J4-815 device shown inFig. 12 is
an ultrasonic transducer made by GC
Electronics. it may be used as either a
transmitter or a receiver, depending
on the circuit it is used in. The trans-
ducer isdesignedto send orreceive a
frequency of 40 kHz, which is well
above the range of human hearing.

(Continued on page 85)
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high-frequency receiver

or scanner that is strug-
gling to capture signals with a
short, whip antenna, and
you'd like the kind of perfor-
mance that a 60-foot long-
wire antenna can provide but
lack the space to put one up,
consider building the AA-7 HF/
VHF/UHF Active Antenna dis-
cribed in this article.

The AA-7 is a relatively sim-
ple antenna that is designed
to amplify signals from 3 to
3000 megahertz (MHz), in-
cluding three recognized
ranges: 3—30 MHz high-fre-
quency (HF) signals; 30-300
MHz very-high frequency
(VHF) signals; 3003000 MHz
ultra-high frequency (UHF) sig-
nails. Those bands are typically
occupied by shortwave, ham,
government, and commer-
cial radio signals.

I f you have a shortwave or

Active Antennas. In its sim-

plest form, an active antenna

uses a small whip antenna

that feeds incoming RF to a
preamplifier, whose output is

then connected to the anten-

na input of a receiver. Unless
specifically designed other-

wise, all active antennas are
intended for receive-only operation,
and thus should not be use with trans-
ceivers; transmitting into an active an-
tenna will probably destroy its active
components.

A well-designed broadband active
antenna considers field strength of
the desired signal (measured in mi-
crovolts per meter of antenna length),
atmospheric and other noise, diame-
ter of the antennq, radiation resis-
tance, and antenna reactance at
various frequencies, plus the efficien-
cy and noise figure of the amplifier
circuit itseff.

Circuit Description. Figure 1 shows
a schematic diagram of the AA-7,
which contains only two active ele-
ments; Q1 (an MFE201 N-channel
dual-gate MOSFET) and Q2 (a
25C2570 NPN VHF silicon transistor).
Those transistors provide the basis of
two independent, switchable RF pre-
amplifiers. Two double-pole doubie-
throw (DPDT) switches play a major
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Build an|

RF GAIN OUT/HF

IN#VHF

ACTIVE AN. ANA ‘

POWER
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NNA

Lift hard-to-hear signals
out of the mud with

this handy receiver accessory.

BY FRED BLECHMAN

role in the operation of the AA-7.
Switch $1 is used to select one of the
two preamplifier circuits (either HF or
VHF/UHF). Switch S2 is used to turn off
the power to the circuit, while coup-
ling the incoming RF directly to the
input of the receiver. That gives the
receiver non-amplified access to the
auxiliary antenna jack, at J1, as well as
the on-board telescoping whip an-
tenna.

With switch S2 in its power-on posi-
fion, the input and output jacks are
disconnected and B1 (a 9-volt tran-
sistor-radio battery) is connected to
the circuit. With switch $1 in the posi-
fion shown in the schematic , incom-
ing RF is directed to the HF preamp
circuit built around @1 (Gn MFE201 N-
channel dual-gate MOSFET). The HF
preamp operates with an excep-
fionally low noise level, and is ideal for
copying weak CW and single-side-
band signals.

When $1 is switched to the other
position, the captured signal is cou-

pled to the VHF/UHF preamp
built around Q2 (a 25C2570
NPN VHF silicon transistor),
which has excellent VHF
through microwave charac-
teristics. With the on-board
whip antenna adjustable to
resonance through much of
the VHF-UHF region (length in
feet = 234 divided by the fre-
quency in MHz), the VHF/UHF
mode is ideal for indoor and
portable use with VHF scan-
ners and other receivers.

Either mode can be used
when tuning 3-30-MHz HF sig-
nals. The VHF/UHF preamp of-
fers higher gain that the HF
preamp, but also has a higher
noise level. You can easily
choose either amplifier for
copying any signal of inter-
est—just try both $1 positions.
The RF gain confrol (RS) can
be used to trim the output of
either amplifier.

Caution: The AA-7 is not in-
tended for fransmitting oper-
ations (be it ham, maritime, or
CB); If it is used with a trans-
ceiver of any kind, make sure it
is not possible to transmit by
accidentally pressing a mike
button or CW keyer. Transmit-
fing RF into the AA-7 is likely to
ruin one or both of the tran-
sistors in the circuit.

Construction. The AA-7, which can
be built from scratch or purchased in
kit form from the supplier listed in the
Parts List, was assembled on a printed-
circuit board, measuring about 4 by
4% inches. A template for the
printed-circuit board is shown in Fig. 2.
You can either etch your own board
from that template, or purchase the
circuit board or a complete kit of
parts (which includes a printed-circuit
board and all parts).

The kit comes with a 16-page kit
assembly and instruction manual that
gives step-by-step assembly instruc-
fions and contains additional infor-
mation not covered in this article. Kit
assembly time, working slowly and
carefully, should take less than an
hour.

Most of the parts specified in the
Parts List are standard components
and can be procured through con-
ventional hobby electronics suppliers.
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Fig. I. The AA-7 Active Antenna contains only two aetive elements; QI (an MFE20! N-
channel dual-gate FET) and Q2 (a 25C2570 NPN VHF silicon transistor), which

provide the basis of two independent, switchable RF preamplifiers.

l‘ 4 INCHES

Fig. 2. The AA-7 wus assembled on a printed-circuit board, measuring ubout 4 by

46 inches. A template for the printed-circuit board is shown here

PARTS LIST FOR THE
AA-7 ACTIVE ANTENNA

SEMICONDUCTORS.

QI-—-MFE201, 3N204, or SK3991 N-
channel, dual-gate MOSFET (see
text)*

Q2—2SC2570, 2N5179, or SK9139
NPN VHF silicon transistor (see
text)*

RESISTORS

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

R1—I1-megohm

R2—220,000-ohm

R3, R6-—100,000-ohm

R4—100-ohm

R5-—10,000-ohm potentiometer*

CAPACITORS

Cl, C2, C5, C6—0.01-pF, ceramic-
disc

C3—100-pF ceramic-disc

C4—4.7- 10 10-pF, 16-WVDC,
radial-lead electrolytic

ADDITIONAL PARTS AND
MATERIALS

B1—9-volt transistor-radio battery

S1, S2—DPDT PC-mount
pushbutton switch*

J1, J2—PC-mount RCA jack*

ANTI—Telescoping whip antenna
(screw mount)*

Printed-circuit materials, enclosure,
battery holder and connector, wire,
solder, hardware, etc.

Note: The following items are
available from Ramsey Electronics,
Inc. (793 Canning Parkway, Victor,
NY 14564; Tel. 716-924-4560): A
complete kit of parts (order
#AA-TBP), including printed-
circuit board, $24.95; etched and
drilled printed-circuit board only
(order #AA-7TPCBP), $10.00;
special parts kit, containing all
items marked with an asterisk (*)
in the Parts List (order
#AA-TSPKBP), $14.50; custom
case and knob set (order #CAA-
BP), $12.95. Please add $3 for
orders under $20, and $3.75 for
postage/handling. New York
residents, please add appropriate
sales tax.

However, some parts—J1, J2, $1, S2,
and R5—have particular physical
mounting dimensions; the board is
designed to accept those parts. In
addition, @1 and Q2 can be hard to
find; however, it is possible to make
substitutions provided that you can
find a supplier. Suitible replacements
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for Q1 and Q2 are given in the Parts
List.

The telescoping whip antenna
screw-mounts to the board; the screw
provides contact between the
printed-circuit board traces and the
antenna. To save time and trouble lo-
cating and ordering hard-to-find
parts, a Special Parts Kit is also offered
by the supplier listed in the Parts List.

A parts-placement diagram for the
AA-7's printed-circuit boardis shown in
Fig. 3. When assembiling the circuit, be
especially careful that transistors &1
and Q2, and electrolytic capacitor
C4, are oriented as shown.

Although not shown in the sche-
matic (Fig. 1) or the parts-placement
(Fig. 3) diagrams, an optional LED
power indicator can be added to the
circuit. Adding a power indicator to
the circuit allows you to tell at a
glance if the circuit is on; leaving the
circuit on, even though the AA-7
draws only about 0.7 mA, will even-
tually discharge the battery. Of
course, adding an LED will increase
the current drain by about 7 mA, but
the red glow makes it obvious when
the unit is on.

If you decide to include the indica-
tor in your project, power for the in-
dicator can be easily taken from the
switched 9-voit DC terminal of S2
(center terminal, right side, looking at
the top of S2). Simply connect the
positive voltage to the anode (longer
wire) of the LED and connect the
cathode lead through a current-limit-
ing resistor of about 1000 ohms to a
ground point on the printed-circuit
board, or as the author did from the
frame of R5. Mount the LED at any

TYPES OF ACTIVE ANTENNAS

The RF preamplifier section of an active
antenna may be of several different
styles. A fixed-tuned preamplifier has
the greatest gain for the specific fre-
quency of operation, but is limited to
only that frequency. A variable-tuned
amplifier can be peaked within a range
of frequencies, but the circuitry is more
complex and expensive, and tuning re-
quires constant resetting whenever the
receiver trequency is changed. A
broadband preamplifier doesn't require
any tuning, making it very versatite and
easy to use, but has less gain at any
specific frequency. The AA-7 described
here, for simplicity and low cost, is of a
dual broadband design.

ANT1™
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Fig. 3. When assembling the AA-7's printed-circuit board, be especially careful that
transistors Ql, and Q2, and electrolvtic capacitor C4, are oriented as shown in this

parts-placement diagram.

cohvenient point near the switch.
Although not supplied with the kit, a
custom plastic enclosure (with front
and back panels, and knobs for the
switches and gain control) is offered in
the Parts List. The enclosure comes
pre-drilled and silk-screened with the
appropriate legends for all the circuit
controls and connectors, but is not
equipped with holes for the whip an-
tenna or the LED (if you include one).

Use. Prepare a coaxial cable to con-
nect the RF output of the AA-7 to the
antenna input of your receiver or
scanner. One end of the intercon-
necting cable must be terminated
with an RCA phono plug; the other
end connector depends on the tar-

get receiver. With some receivers, the
only practical connection is to Clip the
output of the AA-7 to the receiver’s
antenna, although that connection
method won't be as effective as con-
ventional (ground-return type) coup-
ling.

To increase signal strength, es-
pecially for the iower frequencies, you
can connectasimple supplementary
portable antenna of any design (a
dipole, a random-length wire with
Earth ground, a bigger vertical whip
of some kind, etc) to the circuit. Just
use a small-diameter coaxial cable
terminated in an RCA plug for mating
with J1.

No alignment is required. If you're

(Continued on page 93)



Circuits

BY RAY MARSTON

The 555 timer is one of the most
useful and popular IC’s ever
made. It is inexpensive, readily
available, and can easily be used to
make a variety of “"monostable multi-
vibrator circuits.” In such applications,
the IC’s output changes state on the
arrival of a suitable pulse, but auto-
matically resets again after a pre-set
time delay. In this arficle, we'll show
how to use the 555 to form some
useful monostable circuits.

555 Timer Basics. The standard
555 timer IC is a robust and easy-fo-
use device that is housed an an 8-pin
DIP. it can be used with any DC supply
in the 4.5- to 16-volt range, consumes
aquiescent current of only a few milli-
amps, and can drive up to 200 mA of
current into an external load con-
nected tfo ifs output terminal. Figure 1
shows a functional diagram of the IC
and the external components and
connections needed to make itactas
a basic “friggered timer” or monosta-
ble muttivibrator. Note that the inter-
nal resistors, R1 through R3, form a
supply-driven voltage divider. That
network generates a ¥aV__ reference
voltage on the non-inverting input of

the lower comparator and a %V,
reference on the inverting input of the
upper comparator. The comparator
outputs control the R-S flip-flop, which
in turn controls the output stage and
slave-transistor Q1. The flip-flop state
can also be controlled via pin 4.

When the timer circuit is in its normal
quiescent state, pin 2 is held high via
R4, the transistor is switched fully on
(saturated]) to form a short across tim-
ing capacitor C, and the IC’s output
(pin 3) is low. The monostable timer
action can be initiated by feeding a
negative-going trigger pulse to pin 2.
When the pulse falls below the inter-
nal ¥V reference voitage to the
lower comparator, that comparator
changes state and triggers the flip-
flop. That turns Q1 fully off and drives
the output at pin 3 high. Since Q11turns
off, it removes the short from across C,
which then charges exponentially via
Ry until its voltage rises to 73V .. At
that point, the upper comparator
changes state and switches the flip-
flop state again, turning Q1 on to
rapidly discharge C; and also switch-
ing pin 3 low again.

Note that once triggered, this circuit
cannot respond to another trigger

We show
how to use the
popular 555 timer
IC in practical
monostable

circuits.

pulse until the timing sequence is
compilete, but the sequence can be
aborted at any time by feeding a
negative-going pulse to the reset in-
put at pin 4. The timing period (T) over
which pin 3 remains high, is given as:

T=1RGC

where T is in seconds, Ry is in ohms,
and C; is in farads.

In practice, R; can have any value
between 1000 ohms and 10
megombs, and C; (which should be a
low-leakage component] can have
any value in the range from 1 nF to 100

wF.

A Practical Timer Circuit. Figure 2A
shows a practical fixed-period (about
50 sec) manuallty-triggered 555 timer,
and the waveforms of the important
points in the circuit are shown in Fig.
2B. The circuit is similar to the circuit
model back in Fig. 1. However, in the
Fig. 2 circuit, the timing action is initi-
ated by briefly closing $1, pin 5 is de-
coupled from noise via C2, and the
output state is visible via LED1. As you
can see from Fig. 2B, the fixed-period
output pulse (set via R1 and C1) is
available at pin 3, and a high-imped-
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Fig. 1. This is a functional block diagram of the 555 timer IC, with the external
components needed to use it as a monostable timer.

ance exponential “sawtooth” is avail-
able at pin 7.

The circuit can be subjected to a
variety of useful modifications. For ex-
ample, by replacing R1 with a 10k

- 570 15V
$ R2
T2 oureut
R3
v 4700
]
LED1
AN
-
PIN 2
(TRIGGER)
1 ov
PIN 3
(OUTPUT)
] =0V
PIN7 E i
(DISCHARGE) !
. oV

Fig. 2. The circuit for a a simple 50-
second timer is shown in A; note its
similarity to the previous circuit. The
waveforms produced at different points
in the circuit are shown in B.

fixed resistor and a 1-megohm varia-
ble resistor wired in series, the timing
period of the circuit can be varied
from 1.1to 120 seconds. Areset facility
can also be added by connecting
the reset pin to V+ through a resistor,
and momentarily bringing it low
through a pushbutton switch, just like
the trigger input.

Relay-Output Designs. A 555 timer
can be used to directly drive a variety
of loads via pin 3. They can directy
drive non-inductive loads (such as

0]
FROM 1N4001
555
K1
PIN3 02
1N4001
A
+V j;z } OuUTPUT
03] K
FROM TN40O1
555
PIN3
B

Fig. 3. There are two ways of driving a
relay from the output of a 555,
depending on whether the relay is
grounded (A) or connected to V+ (B).

lamps and LED') at currents up to 200
mA; but if inductive loads such as re-
lays, buzzers, motors, efc., are used,
diodes must be used to protect the
IC’s output against damage from in-
ductive kick-back. as shown in Fig. 3.
Note in the Fig. 3A circuit that the relay
load is connected between pin 3 and
ground, so the relay is normally off, but
is driven on for the duration of the 556
timing period; however, in the Fig. 3B
circuit the relay is wired between the
positive-supply line and pin 3, and is
thus normally on, but turns off for the
duration of the timing period.
Relay-output timers are particularly
useful, since their relay contacts actas

2
START —lm
’ o +12V
R2 R3
RS 2 ; Ij
IMEG S 22K : 22K -H-__r
R1 R4 | )

R6 100K 8 |4 1K \’\o}
10K 6 2 ! o pourpur
3~ 7| wm D1 ]

s1al 5| 858 |; 1N4001 !
, 1 5] Ki
L j] i 1 12V
R7 4 } |
£
10K : C13._.: ‘
]
»—!f—o.igi $3
C1 a RESET w® .
100 |
w w

Fig. 4. You can build a precision, two-range (0.9-10 sec, and 9-100 sec) relay-output

timer from this schematic.
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Fig. 5. If you've wanted to add a manually-triggered delayed-turn-off switch to your

parking and headlights, check this circuit.

> R4
2.2k

=570 15V
< RS

o

8.2 , 8 |4

RS & ¢C2 4
22F o001 1
R1 +—H}

R6 <. 6 u1 3

100K + 1| 656 |
7 R7 £
\ 8 S S

I e | 1 ouTPUT
& EE C4
] &sT
———4%—
CIVALUE | PULSE-WIDTH RANGE
1luF B0me - 120 |
1uF Bms — 120ms
__TMF 300ps — 12ms
13T Blps - 1.2ms
O01pF Bus — 120ms

Fig. 6. If you have an oscillator that needs an add-on pulse generator then look at this
circuit. It is triggered by any rectangular input signal.

fully isolated switches that can be
used o apply power to almost any
type of external load. Figure 4 shows a
relay-output timer that can operate
from 0.9 to 100 seconds in two ranges,
and uses a relay with two sets of nor-
mally-open contacts to prevent con-
suming any current when it is in the
standby mode.

In the circuit, power is initially fed to
the timer via S2 when that switch is
pressed. That causes C3 {which is ini-
fially uncharged) to charge and thus
feed a trigger pulse to the 555% pin 2
via R4 to start a timing cycle. That
drives relay K1, closing its contacts. The
pair of contacts in parallel with $2
short the switch 1o provide power to
the circuit even after S2 is released. At
the end of the timing cycle, the relay
turns off again and the relay contacts
open, thus removing power and dis-
abling the circuit. The relay contacts
labeled “output’ can be used to con-
trol external circuitry or devices.

The circuits timing is controlled by

other position, activate S2, and frim R7
to give a timing period of 100 sec-
onds. At this point, the two ranges are
cadlibrated and you can make-up a
dial for R5.

Figure 5 shows a simple variation on
the last circuit. t acts as a manually-
triggered delayed-turn-off headlight
(or spotlight) control system for use in
automaobiles. It holds the lights on fora
pre-set period after the car is parked,
thus illuminating a pathway, etc. Since
one set of contacts on the relay is in
parallel with the cars light switch, the
circuit will not interfere with normal
headlight operation. The circuit oper-
ates so that, if the vehicle has ifs lights
off, they can be turned on for a pre-set
50-second period by momentarily
depressing $1.

Pulse Generator Circuits. The 555
can be used as a pulse generator by
feeding a pulse-train to pin 2. It can
generate good puises with periods
from Sps and up. its maximum useful
pulse-repetition frequency is about
100 kHz. Of course, the trigger pulses
o pin 2 must be negative-going with
amplitudes that rise above %3V and
fall below ¥V (friggering actually
occurs as pin 2 drops below Y3V,
and their widths must be greater than
100 ns but less than that of the desired
output pulse.

R1
10K
O
SQUARE-WAVE
INPUT R2 £
10K 4
Cr

1mA

e
RS 01
433K 1N4148
M1

Fig. 7. A simple I-kHz linear-scale analog frequency meter can easily be built from a

555 timer and some support components.

R1, RS, and either C1 and Ré, or C2
and R7, depending on the position of
51, Potentiometers R6 and R7 allow
the timing of the two scales to be ad-
justed so a single calibrated dial can
be used for RS even if wide-tolerance
capacitors are used for C1 and C2.
To adjust the circuit, first set R5 to its
maximum value, set switch 51 fo use
R6 and C1, press the start button, and
trim R4 1o give a timing period of pre-
cisely 10 seconds. Next, set §1 fo the

Figure 6 shows a practical pulse
generator that can be used as an
add-on to an existing squarewave
generator. In the circuit, Q1 will be
switched on and off by the incoming
squarewave pulses to produce a sig-
nal that switches fully between the
supply rails. That signalis then differen-
fiated into an appropriate trigger-
pulse via the short time-constant net-
work composed of C2 and R4and the

(Continued on page 85)

soluonoa|3 Jeindod ‘661 Yo

[4.]
[5]



Popular Electronics, March 1993

3

oday, much research is being

done on Intelligent Vehicle/

Highways Systems (IVHS) tech-
nology in the United States. The Euro-
peans have equally ambitious proj-
ects to put smart vehicles on smart
highways in Europe.

Just about every major European
automaker is participating in the PRO-
graMme for a European Traffic with
Highest Efficiency and Unprece-
dented Safety, or PROMETHEUS for
short. Many European automotive
component suppliers, research in-
stitutes and universities are also in-
volved.

The PROMETHEUS program is aimed
at making the entire European trans-
portation infrastructure safer, more
efficient and friendlier to the environ-
ment. Foremost, are projects that will
make driving safer such as:
® Vision enhancement for driving at
night and in poor weather.
® Proper vehicle operation using ad-
vanced technology to make both
cars and drivers safer.
® Collision avoidance, probably the
first important use of IVHS technology
that will hit the market.

Another important part of PROM-
ETHEUS is traffic-flow harmonization to
decrease the effects of traffic con-
gestion, accidents, driver stress,
wasted energy, and pollution. Projects
along those lines include:
® Autonomous intelligent cruise con-
trol to automatically maintain a safe
relative speed and distance between
vehicles.
® |ntelligent maneuvering and con-
trol for safer passing, lane changing,
and exiting/entering of highways.
® Intelligent intersection control to
optimize flow through crowded inter-
sections.

e Medium-range pre-information to
provide drivers with information about
situations beyond the range of direct
vision and perception.

@ Emergency warnings that auto-
matically summon emergency ser-
vices to an accident and help
prevent mass collisions.

As we said, PROMETHEUS is aimed at
improving the entire European trans-
portation system, so another area of
research it offects is travel and trans-
port management by promising the
following systems:

e Commercial-fleet management
to assist truckers through techniques

like automatic vehicle locating, con-
tinuous communication, and haz-
ardous-cargo tracking.

e Dual-mode route-guidance sys-
tem that combines an on-board navi-
gation system with a traffic manage-
ment system that provides drivers with
up-to-date information on road con-
ditions and traffic congestion.

e Travelinformation services that pro-
vide travelers with information on
routes, schedules, costs, etc., on all
available means of fransportation to
get from point A to point B.

Since there are really too many in-
dividual PROMETHEUS projects to
cover in detail in a single article, we
will look at some of the most interest-
ing ones here.

Vision Enhancement. In Sweden,
Volvo and Saab-Scania are develop-
ing ultraviolet (UV) headlamps (see
Fig. 1). Normal highbeams are effec-
tive out to ranges up to 1000 feet, but
because they can blind oncoming
drivers, they cannot be used in heavy
traffic. Uttraviolet lights would be invisi-
ble to oncoming traffic and would be
used with low beam headlamps to
extend visibility out to as far as 500
feet. When UV lights, operating at
shorter wavelengths (100—400 nm)
than ordinary visible light, strikes a flu-
orescent material, it friggers a phys-
ical process that makes the material
luminous. The glow of fluorescent ma-
terial under UV lighting is often used in
posters, nightclubs, and advertising.
UV lighting would require special
fluorescent coatings to be applied on
signs, roads, bridge pillars, and other
vehiciesin order for them to be visible.
Fortunately, pedestrians would also
benefit since many ordinary fabrics
such as denim used in jeans are very




visible in UV light. UV light in the
315-400-nm region of the light spec-
frum would be used since UV at lower
wavelengths has been shown to
cause aggressiveness, which is not ex-
actly a desirable trait to have while
driving.

Ultraviolet illumination does not
work on the principle of reflection like
normal light. Instead the flourescent
material emits light of its own when
exposed to UV light. Therefore, the
“white-wall” effect in fog, mist, snow,
and rain does not occur. Ultraviolet
lighting is also relatively insensitive to
external disturbances such as frost,
temperature, moisture, dirt, snow, etc.
For example, fluorescent road signs
could still be visible under UV light
even when hidden by frost or a light
cAvering of snow.

So far, results are promising with vis-
ibility ranges at least double that of
ordinary headlights. If applied prop-
erly, motorists would be assured of
better visual information, but without
resorting to dazzling each other. Soliv-
ing legal problems needed for wide-
spread use of this technique could be
the greatest hurdle.

Other vision-enhancement proj-
ects are investigating more sophisti-
cated ways to enhance vision. For
example, in France, Renault, PSA, and
Matra are using headlights that oper-
ate in the near-infrared (IR) wave-
lengths for improving visibility at night
and under other low-contrast condi-
fions. The scene illuminated by these
IR headlights would be viewed by a
CCD camera mounted on the wind-
shield (see Fig. 2). After image and
data processing, the image is pre-
sented fo the driver on an instrument-
panel mounted display.

In England, Jaguar is using thermal
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projects the sensor's image onto a ho-
lographic combiner screen placed in
front of the windshield using lights, fil-
ters, optical lenses, and a spatial light
modulator.

Proper Vehicle Operation. There
are many separate PROMETHEUS proj-
ects designed to make driving safer
under changing road conditions, or
when sudden, adverse changes oc-
cur in either the condition of the vehi-
cle or the driver. Other research
projects are aimed at reducing driver
workload especially during stressful
driving conditions.

Volkswagen is developing a visibility
monitor that uses the backscatter
from an iR-laser range finder to mea-
sure the instantaneous visibility range.
These measurements are used to rec-
ommend a safe speed for these con-

CCD CAMERA

SLoTTT #
IMAGE AND DATA-
PROCESSING
UNIT

Fig. 2. Near-IR vision-enhancement systems require IR headlamps to illuminate the
road ahead, a CCD camera to view the scene, plus image processing before it can be

displayed to the driver.

imaging in the far-IR wavelengths.
Here, IR images resulting from dif-
ferences in the thermal radiation
emitted by all objects are captured
by an IR-sensitive camera and thus
special headlights are not needed.
Italy’s Fiat is investigating a “Gate In-
tensified Camera” system. In it, a light-
pulse generating headlamp illumi-
nates objects ahead of the car. The
gate intensified camera views the re-
flected pulsed light to improve long
distance visibility especially at night or
in fog.

An important part of vision en-
hancement are the heads-up-dis-
plays, or HUD's, that would overlay the
image obtained by an IR camera or
other vision-enhancement sensor
over the drivers normal view of the
road (see Fig. 3). For exampile, Fiat and
Renault are developing a HUD that

ditions. BMW' “LIFE- Vehicle-Status
Monitor” detects and predicts impen-
ding individual component failures
that could affect safety. Ford of Eu-
rope is working on monitoring the driv-
er's psychological condition to alerta
driverwhen he or she is notready fora
hazardous situation if one should
arise. Volkswagen and Porsche are
measuring the actual friction be-
tween road and fires. The measure-
ments are then compared against
the required friction for good traction
under the current road and driving
conditions and the driver is warned if
the traction is below a safe level.
Several automakers are looking at
advanced control techniques for in-
creasing safety. Fiats “Active Camber-
Angle Control” adjusts the camber
angles of the rear wheels to optimize
road adherence for better directional

stability and higher maneuvering lim-
its. Saab replaces the steering wheel
with a fighter-like sidestick controller,
or joystick, in its “Driver Assisting Cop-
ilot-Steering” concept. The sidestick
controllers location allows an unob-
structed view of the instrument panel.
The lack of a conventional steering
wheel eliminates a major crash-safe-
ty hazard and makes it easier to install
the driver-side airbag. Also like mod-
ern fighters, Saab uses a “fly-by-wire”
(actually “steer-by-wire”) system
where mechanical linkages,
hydraulic lines, and actuators are re-
placed by wires and motors. Saab’s
computer-aided active steering filters
out unwanted road disturbances and
irrelevant feedback to the driver. It
could also be adaptable to varying
driving conditions and even different
drivers.

Other proper vehicle-operation
projects are aimed at eliminating the
danger when, for example, a driver
wanders out of his or her lane. Besides
just detecting and warning, systems
separately designed by BMW, Matrq,
and PSA would actively intervene if
the driver did not heed the warning.

Autonomous Intelligent Cruise
Control. For over a year, Mercedes-
Benz has been testing a 300E sedan
equipped with autonomous intel-
ligent cruise control. It uses a hood-
mounted, five-ray infrared-sensor sys-
tem. Distance and relative speed be-
tween the 300E and the preceding
vehicle are determined by measuring
the time it takes for IR signals emitted
by the sensor’s transmitter to be re-
flected off the other vehicle and re-
ceived by the sensor’s receiver.
Measurements are constantly trans-
mitted to an on-board computer via
fiber-optic cables. The computer
sends commands to actuators that
move the accelerator, throttle valve,
and brakes. Commands are also sent
to the automatic speed controller
and the automatic transmission.

The sensors monitor a distance of
up to 150 meters (500 feet) on a
straight stretch. The shortest distance
is five meters (16 feet). Like regular
cruise control, the driver sets the desir-
ed top speed via the cruise-control
switches. Uniess the driver specifies
otherwise, the car in front will be fol-
lowed at the legal distance com-
puted from the speed setting. If the
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Fig. 3. A typical heads-up display that would present the scene captured by a vision-
enhancement sensor superimposed over the driver’s normal view through the

windshield.

o e
Mercedes-Benz uses a van filled with
computer gear and three video cameras
in its computervision *'Vision Technology
Applications” demonstration program.

distance becomes less or greater, the
car will brake or accelerate like an
experienced driver would. An alarm
sounds if there is a very large speed
difference with respect to the preced-
ing vehicle. When the vehicle in front
turns off the road, the system auto-
matically switches over to normal
cruise control. When another vehicle
moves in front, distance control is re-
sumed. In all cases, the driver has final

control and can override the system
at any time by touching the brake or
accelerator pedal.

The AICC's computer software uses
sophisticated algorithms to distinguish
between vehicles or obstacles in the
pathway and roadside objects. Ob-
jects detected and distances mea-
sured by the middle IR channel are
given priority with the reflection from
the roadside objects mainly ignored.

While using the same basic logic,
several other manufacturers are using
different sensing techniques for their
automated intelligent cruise-control
systems. For instance, PSA and Renault
are using a single-beam IR-sensor
and IR-laser scanner respectively. Ma-
tra’s system incorporates a CCD-
based telemetric sensor, while Volvo
and Saab are employing a franspon-
der. The bottom line is that AICC can
relieve stress and alliow drivers to con-
centrate better on traffic. Because it
automatically closes the gap be-
tween vehicles, traffic flow is im-
proved and highways could handle
even more traffic.

Collision Avoidance. Collision
avoidance combines many of the
concepts found in vision enhance-
ment, automated intelligent cruise
control, and proper vehicle opera-
tion.The whole idea here is to prevent,

or at least mitigate, accidents by de-
tecting other vehicles and obstacles
in time for the driver to take appropri-
ate action to avoid an accident, Or
the vehicle could even maneuver au-
tomatically. Several automakers are
developing collision-avoidance sys-
tems, the main difference between
approaches are in the types of sen-
sors used to detect vehicles and
obstacles. Most systems use several
sensors to acquire information on the
driving environment. Sophisticated
computer algorithms are used to in-
terpret and evaluate the situation,
and then for assessing and prioritizing
the potential collision threat. The
threat is reduced either by warning
the driver or, if there is insufficient time
for the driver to react, by computer
commands to actuators and motors
to provide instantaneous intervention.

Computervision is one popular ap-
proach that is being used by BMW,
Daimier-Benz, Jaguar, Renault, and
PSA, For example, Daimler-Benz has
fitted out a Mercedes-Benz van as a
festbed for its Vision Technology Ap-
plication, or VITA, project. The van is
filled with computers and other elec-
tronic equipment, plus three video
cameras. The two camerasin the front
window view the path ahead and
one in the rear window captures the
scene behind. The cameras are
equipped with telephoto and wide-
angle lenses. The images are dis-
played on a monitor located in the
instrument panel.

VITA's software first discriminates be-
tween important and unimportant
data. Then it uses the remaining infor-
mation to compute parameters like
distances to the road edges, ap-
proaching obstacles, preceding vehi-
cles, and road topology such as its
radius of curvature. The information is
digested and analyzed by more soft-
ware to produce warnings, instruc-
tions for the driver, or commands
given directly to servomechanisms
that steer, accelerate, or brake the
van.,

VITA provides information on sev-
eral levels, the simplest merely assists
in maintaining safe distances in stop-
and-go traffic and safe speeds for
road conditions, or for help when
parking. More complex functions in-
clude warning or automatic interven-
tion if the vehicle veers out of its lane
should the driver “nod off.” By flipping
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Fig. 4. BMW'’s Companion-roadside warning und information system looks like a
regular road marker. However, inside is a small radio transmitter/receiver used 10

communicate with individual cars and lights that flash 1o provide a warning to other

drivers in case of an emergency situation ahead.

on the turn signal, VITA could carry out
a lane-change maneuver on its own,
that is after it determined it was safe.
Even more demanding jobs are
planned for VITA in the future includ-
ing detection of oncoming traffic or
safely negotiating traffic-filled inter-
sections.

All this sophistication presents some
difficult challenges. For instance, the
computer algorithms have to be as
proficient in both analysis and execu-
tion as a reasonably experienced
driver. Furthermore, the automated
systems should not replace human er-
ror with computer error caused by
faulty analysis or computer logic.

Other automakers are investigating
alternative types of sensors for colli-
sion detection and prediction. Jaguar
is using microwave radar while "LIDAR”
is being used by Fiat, Renault, and PSA.
VoIvo is using a transponder system.

Collision avoidance willtake longer
to bring to market than other IVHS
technology because of the complex-
ity of the task, though elementary sys-
tems such as blind-spot detection
and ones for stop-and-go driving
could start appearing as options
qQuite soon. According to Mercedes-
Benz, “autopilots, which is [sic] now
taken for granted in aviation, will nev-
er become a redlity in road transport,
since there will always be situations in
which the decisions must be leftto the
driver.” Because of that, driver-as-
sistance systems like VITA will continue
to give the driver the final respon-
sibility for decisions.

Emergency Systems. If accident
avoidance fails, emergency systems
are then needed to minimize the con-
sequences of an accident. Two basic
types of actions are required to re-
duce the devastating consequences
of a major highway accident and
prevent the emergency from becom-
ing even more serious: First, quick re-
sponse from emergency-service vehi-
cles to minimize injuries and save lives.
Second, other approaching vehicles
must be warned to protect the acci-
dent site and prevent further colli-
sions.

BMW's prototype COMPANION sys-
tem performs both emergency-call
and emergency-warning functions,
plus a few more jobs. At the heart of
COMPANION are roadside posts (see

(Continued on page 98)



ave you ever mer-
ged onto an inter-
state highway from

an on ramp and several
miles down the road realized
that your turn signal never
went off as you entered traf-
fic? Suddenly, you realize
that there are 16 cars slightly
behind you in the left lane
that have been refusing to
pass for several miles, fear-
ing that you may really in-
tend to change lanes. You
turn off the signal, and as
those vehicles fly past you,
their drivers give you a look
that, as they say, could killl

Well, the Tune-Signal de-
scribed in this article—which
is designed to set off a musi-
cal chime—will prevent that
from happening by alerting
you when your signal has
been left on a little too long.
The circuit uses a small, inex-
pensive, pleasant-sounding,
musical chime, rather than
an irritating buzzer; you
probably already have
enough irritation while drive
without adding more irrita-
fion to it.

About the Circuit. A schematic di-
agram of the Tune Signal is shown in
Fig. 1. The circuit consists of U1 and U2
(@ 4093 quad two-input Nnanp Schmift
frigger and a 4040 12-stage ripple-
carry counter/divider, respectively),
Q1 (a TIP42 PNP silicon power tran-
sistor), BZ1 (the aforementioned
chime module), and a handful of sup-
port components.

The input to the circuit—a series of
pulses plucked from the load (or out-
put} wire of the auto’s flasher mod-
ule—immediately divides along two
signal paths. In one path, the signat is
applied to gate U1-d, which is config-
ured as an inverter. The output of that
gate is fed through diode D1 and
used to charge C2, a 470-wF capaci-
tor. The charge on C2 is applied to
both inputs of U1-¢ (also set up as an
inverter), pulling its output low, in
effect, enabling U2.

In the second path, the signal is fed
to U1-a, which squares the applied
signal in preparation for its applica-
tion to the clock input of counter U2.
The squared-up pulses applied to U2's

BUILD A

TURN-SIGNAL
REMINDER

BY JiM STEPHENS

If you often neglect to turn off your car's
turn signal, then perhaps this easy-1o-
build reminder is just what you need!

clock input cause the counter to ad-
vance one count for each clock pulse
received. When both pins 3 and 4 (the
as and q7 outputs, respectively) are
high at the same time, the output of
U1-b is pulled low. That low is applied
to the base of @1, causing the tran-
sistor to turn on. With Q1 turned on,
power is applied to the chime mod-
ule (BZ1). causing it to sound. The
chime module—which puts out
enough volume to be heard over the
road noise—will chime twice, wait a
few seconds and chime again if the
circuit is not reset.

After the chime has sounded, and
the turn signal is switched off, the
charge stored in C2 is bled off through
R3. With C2 no longer charged, the
output of U1-c goes high, resetting U2.
When U2 is reset, its outputs (at pins 3
and 4) go low. That low, which is ap-
plied to the base of the tfransistor,
causes Q1 to turn off, removing power
from the chime module.

The number of flashes that the cir-
cuit counts depends on which two of
U2's outputs are connected to U1-b.
With the circuit wired as shownin Fig. 1,
about 70 flashes are allowed to occur

before the chime sounds.
The number of flashes that
the counter counts before
triggering the chime can be
altered by connecting pin 6
of U1-c 1o another of U2's out-
puts. For example, con-
necting pin 13 (the @7 output)
of U2 to pin 6 of U1-b, rather
than to pin 4, directs the cir-
cuit o count 144 flashes be-
fore sounding the chime.
Even greater counts can be
achieved by connecting to
the higher a outputs (say, the
@11 and @12 outputs, at pins 15
and 1, respectively) of U2 to
pins 5 and 6 of U1-b.

Power for the circuit is
taken from any keyed
(switched) power line at the
vehicle’s fuse panel, so that
the circuit receives power
only when the ignition key is
in the on position. Fuse F1 is
included in the circuit in
case of a wiring error or
short.

Circuit Assembly. The au-
thor's prototype of the Tune
Signal was hard-wired on a
small section of perfboard. Use Fig. 1
as a guide when assembling your unit.
It is recommended that sockets be
provided for the two integrated cir-
cuits (U1 and U2). That will prevent
thermal damage to the IC in the
event that a component is miscon-
nected to an IC pin. The IC’, being
CMOS units, are highly susceptible to
damage due to heat and elec-
trostatic discharge.

The chime module (BZ1) was not
mounted to the perfboard along with
the other components, but was in-
stead mounted to the front panel of
the enclosure in which the circuit was
housed. You could, however, mount
the chime module remotely in some
other position that allows it to be
heard. The circuit was housed in a
small plastic enclosure with a metal
lid. The only enclosure preparation re-
quired is to make a hole (or slof) in the
enclosure for the wires that connect
the circuit to a keyed (switched) 12-
volt power source, ground, and the
flashers load wire, and (as appropri-
ate) a cutout for the chime module or
a second hole for the connecting
wires between the circuit and a re-
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Fig. |. As shown by this schematic diagram, the circuit consists of Ul and U2 (a 4093
quad two-input NAND Schmitt trigger and a 4040 [2-stage ripple-carry counteridivide,
respectively), QI (a TIP42 PNP silicon power transistor), BZI (the chime module), and

a handful of support components.

Here is the author’s perfboard assembly. The chime module can be installed in a
cutout in the front panel of the enclosure, and secured in place with silicon cement, as
shown here, or mounted remotely in some other convenient location within earshot.

Here's the completed unit just prior to
installation.

motely located module.

Note that fuse F1 (a fast-blow unit) is
not mounted to the circuit board, but
is instead an in-line unit that should be
connected to the far end of the cir-
cuit's power-supply line (near the +V
feed point) to minimize the chance
that a short could occur between the
fuse and the connection.

Installation. The first step in installing
the circuit is to locate the venhicle's
flasher module. Connect the project’s
positive-supply line to a switched
power source (the 12-volt power line
that feeds the flasher module is ideal)
and the negative line to ground (pref-

PARTS LIST FOR THE
TUNE-SIGNAL

SEMICONDUCTORS

U1-—4093 quad 2-input NAND Schmitt
Trigger, integrated circuit

U2—4040 12-stage, ripple-carry,
binary counter/divider, integrated
circuit

Q1—TIP42 PNP silicon, power
transistor

D1-—1N4006 1-amp, 800-PIV,
rectifier diode

RESISTORS

(All resistors are Ys-watt, 5% units.)
R1--2200-ohm

R2—I100-ohm

R3—10,000-0hm

R4—470-ohm

CAPACITORS

Cl—5-pF, 25-WVDC, electrolytic

C2—470-pF 25-WVDC, radial lead
electrolytic

ADDITIONAL PARTS AND
MATERIALS

Fi—I-amp, fast-blow fuse

BZ1—Chime module (Radio Shack
270-071)

Pertboard materials, enclosure. in-
line fuse holder, snap-on
connectors, wire, solder, hardware,
etc.

erably somewhere on the chassis).
Then connect the Tune Signals input
wire to the load (or output) of the vehi-
cle’s turn-signal flasher module. The
signal and power connections can
be simplified by using small “self tap”
snap connectors,

To test the operation of the circuit
simply turn the vehicle ignition on,
and activate the turn signal (any di-
rection will do). After a predetermined
number of flashes, the circuit should
activate the chime. Let the turn signal
remain on for a while. The module will
chime, wait a few seconds, and the
unit should chime again if the circuit is
not reset. If the circuit works as out-
lined, you can turn off the turn signal,
and mount the unit near the bottom
of the dash so that sound will be di-
rected into the car and not up info the
dashboard. The author used Velcro
fasteners to attach the unit to the un-
derside of the dash. That allows the
project to easily be removed should it
become necessary o service the unit.

That's all there is to it. Once the Tune-
Signat is intalled, you and your fellow
drivers should enjoy safer and saner
moftoring. -



Replace that raspy sounding mechanical buzzer with a
pleasant-sounding electronic substitute.

the umpteenth time by the Joud

rasping noise produced by our
bedside tea-making machine. My
wife and | would hate to be without
our morning resuscitator. However, |
thought that it deserved a more civi-
lized sounding device than an elec-
fro-mechanical buzzer. So, | decided
to replace it with a less crude alter-
native—the Electronic Gong de-
scribed in this article.

I was awakened one morning fot

Circuit Operation. Figure 1 shows a
block diagram of the Electronic
Gong, which is comprised of a power
supply, an oscillator, an active filter,
and an audio-output amplifier.

Figure 2 shows a full blown sche-
matic diagram of the Electronic
Gong. Power for the circuit is provided
by a 12-volt stepdown transformer (11)
coupled with a fullwave bridge rec-
fifier (BR1). The power supply provides
a non-criticat DC voltage, which is fil-
tered by capacitor C1, and is used to
power the rest of the circuit.

Electronic
cong

BY TERRY PINNELL

Application of power causes an
asymmetrical astable multivibrator or
oscillator (formed around U1-a and
U1-b) to begin generating puises. Re-
sistor R1 is included in the osciliator
circuit to minimize voltage depen-
dency. Components R2 and D1 pro-
vide afast alternative discharge path,
causing the circuit to produce a series
of very sharp output puises, about 12
seconds apart.

One requirement of simple CMOS
astables is that the timing capacitor
be non-polarized. For short periods
that's not a problem, since the value
of capacitance would be low (e.g.
below 1 pF). The timing period (1) in
seconds is roughly equal to 0.7RC,
where Risresistance in megohms and
C is capacitance in microfarads. That
means that the capacitance would
have to be about 14T/R.

Unfortunately, for periods of more
than, say, 5 seconds, with the value of
R kept below 5 megohms, the value of
the timing capacitor would have to
be greaterthan 1.4 wF. That would-nor-

mally call for an electrolytic unit. How-
ever, that problem is easily circum-
vented by using a pair of equal value,
back-to-back electrolytics In series
(C2 aid C3 in Fig. 2). That produces
an effective capacitance thats half
the value of the individual units, while
at the same time, doubling the effec-
five voltage rating; in effect, the volt-
age ratings of the two units are
additive. (Incidentally, the capacitors
Jo not have to be equal in value,
however, equal values make the cal-
culation simple)

For any two values given C2 and
3, the resulting capacitance is cal-
culated like resistors in parallel, from 1/
C = 1/C1 + 1/C2. (That can also be
quite a handy dodge when you have
no capacitor on hand with a high
enough voltage rating; just use two
back-to-back units and treat the result
as having twice the rating)

The output of the oscillator (at pin 4
of U1-b) is coupled via C4 to the base
of @1 (a BC108 NPN silicon fransistor),
causing it to briefly conduct. With 1
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Fig. 2. The Electronic Gong is comprised of a power supply (made up of a 12-volt
stepdown transformer coupled with a fullwave bridge rectifier), an oscillator (built
around half of a 4001 quad 2-input NoR gate), an active twin-T filter (built around an
LM741), and an audio-output amplifier (consisting of an LM380 low-voltage audio-

power amplifier).

conducting, pin 2 of U2—a 741 gener-
al-purpose op-amp, which forms the
heart of the active twin-T filter circuit—
is pulled close to ground which is all
that is needed to strike the gong.
The twin-T filter configuration, see
Fig. 3, is normally used as the basis for
notch filters (or sometimes as a sine-
wave generator). In our application,
however, the filter it is set up to be on
the threshold of oscillation. In the twin-
T circuit, two separate T-filter ele-
ments—lowpass (Fig. 3A) and high-
pass (Fig. 3B) filters—combine to
produce a bandpass filter. Figure 3C

shows the basic configuration for the
twin-T filter used in the Electronic
Gong. Also shown in that figure is the
relationship between the compo-
nents values of the two filter elements.
The bandpass frequency of the circuit
is given by:

f = YorRC

where fis frequency in Hz, R is resis-
tance in ohms, and C is capacitance
in farads.

Table 1 gives the bandpass fre-
quency of the filter network base on a
fixed capacitance (in our case, 1500

MATERIALS
T1—12-volt, 100-mA, stepdown
transformer
F1—200-mA PC-mount fuse
SPKR1—Speaker, see text
Perfboard materials, enclosure, AC
power source, 1C sockets,
grommet, stand-offs, wire, solder,
hardware, etc.

pF) and various resistor values. For ex-
ample, if you want to try for a bass-
drum sound, you might try replacing
R7 and R8 (220k, respectively) with 1-
megohm (1000k) resistors. You would
additionally have to alter the values of
R and R10 so that their combined
resistance could be adjusted to about
500k; that could probably be best
achieved by making R9 a fixed 470k
unit and presetting R10 to 47k. (Natu-



