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“Blectronics:Workbench
is the best sirnulgtor to

design and verify circuits.”
Gordon MacDonald
Production Engineer Technician

Electronics Workbench is a highly productive
bench where you design and verify circuits
in a fraction of the time. Connections are alwiys
perfect. Wires route themselves. And the
simulated components and test instruments
work just like the real thing.
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Dl Digital Module: Analyzing a logic circuit.
i % It’s faster than building with actual components
3 because you change connections and
q e il component values instantly. And since the
| . -
simulated components are free, you don't need
l I to replace burnt-out parts or keep an extensive
b e . 5 2 e
= - inventory. The result: You save precious time
- Bode Plotter R ‘“’ 1
— = and money. Guarantced!
HODE PHASE iy
JEREECAL MORTZOIIAL e The standard for simplicity and power for over
fLocitin] {toajfin §€ R k X
Y L R i six years, Electronics Workbench is the most
N Tois? db E 120 Mz Ly - popular tool of its kind. It has gained
~— | EEI=] Cio.onn: ¥ worldwide acclaim as the ideal complement
- <@ G out® o~ | to any test bench. Fact: Over 90% of our
-, ! . -
T ] il ] customers recommend it to their
Analog Module: Tuning an RF front end. friends and colleagues.
Electronics

'3 Workbench

Just $299*

For DOS, Windows or Mac Version.
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Electronics Workbench

The electronics lab in a computer™

Call: 800 263-5552

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

*30-day money-back guarantee.

Prices in U.S. dollars, shipping $15. Offer valld in U.S. and Canada only.
All trademarks are the property of their respective owners.
**With the purchase of Electronics Workbench. Offer valid until October 15, 1994,
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this modern version of a test-gear classic—Fabio Veronese

51 Build a Eattery Amp-Hour Meter
Know the true state of your rechargeable batteries with this handy
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EDITORIAL

TEST GEAR FOR YOUR WORKBENCH

This month, Popular Electronics turns its attention to a topic
that is at the top of most hobbyists’ lists-test gear. Without ad-
equate, properly operating test equipment, it is often impossi-
ble to troubleshoot or even align our projects and circuits.

Of course, you can go out and buy virtually anything you need,
especially if you are relatively well-off. On the other hand, we
are hobbyists, which means that most of us like to build what-
ever we can, whenever we can. That's why you are sure to
love this month'’s lineup,because it presents several pieces of
test gear that shouid be welcome on every builder’s bench.

For starters, there's our Autoranging Digital Capacitance
Meter. It takes the guess work out of selecting capacitors. No
more deciphering cryptic markings. No more wondering about
the true value of a component. It does its work in seconds and
displays the value in an easy-to-read format. The story begins
on page 62.

Then there’s our Autoranging Digital Frequency Counter.
Easy-to-build, easy-to-use, it gives a fast, accurate readout of
the input frequency. With a range of up to 50 MHz, it is suit-
able for most hobbyist applications. it can also be used as a
frequency readout for your older, non-digital radio equipment.
The story begins on page 33.

Speaking of radio; in days gone by, no ham or radio shack
would be compiete without a grid-dip meter. That vacuum-
tube-based unit was indispensable for getting a readout on the
resonant frequency of any tuned circuit, including the antenna.
While grid-dip meters may be harder to come by these days,
the function they perform is stili important. This month, we pre-
sent a modern, solid-state version of the grid-dip meter—The
“Gate-Dip” Meter. The story begins on page 37.

Add to that our Battery Amp-Hour Meter on page 51 and you
have a true builder’s bonanza. Enjoy!

GZB=

Carl Laron
Editor

SURVEILLANCE

& SECURITY

FM TRANSMITTERS
MINIATURE (KITS)

+ 3-VOLT FM XMTR, up to 300 ft. indoors,
1500 ft. outdoors

* PHONE XMTR, range to 500 ft., uses
phone-line power

= Sound-Activated XMTR, range to 500 ft.

« 2-STAGE XMTR, 9-Volt, very powerful

All above require simple soldering
at 2 to 4 places. Broadcast on std
FM band. Assemble in less than 5
minutes. Any of the above $29.95**

TELE CALL FORWARDER. Transfers
incoming calls to any number you
select. $99.00*

CALLER ID. Registers incoming
number and stores to 50 numbers.
$99.00*

TEL REGISTER WITH PRINTER.
Records dialed number, duration, and
prints record. 16-digit display with
security lock control. Stores up to 40
calis. $149.00*

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

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Tel Rec
Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH.
Makes recorder self-activating with
voices or other sounds. Great for
radios and scanners. Provisions for
external mike and/or patch cord.
$28.50**

TELEPHONE RECORDING ADAP-
TER. Records incoming and outgoing
calls. Use of handset controls
recorder and records both sides of
conversation. $28.50*

TELEPHONE SCRAMBLERS. Over
4,000 separate codes; impossible to
break code. Assures utmost privacy.
$199.00*

VOICE CHANGER. Changes man's
voice to lady’s and vice versa. 4 sep-
arate settings. Ideal for disguising
voice. $29.95**

RF BUG DETECTORS,
AND MUCH MORE
For Shipping and Handling add *$5.00 and
**$2.00 per item. Colo. residents add sales tax.
Mail Order. VISA, M/C, COD's o.k. Inquire for
dealer prices. Free catalog

TOLL FREE 1-800-926-2488

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

Mon-Fri 8 a.m. - 5 p.m. Mtn. Time

CIRCLE 151 ON FREE INFORMATION CARD

$OIU0JI03|] 1eNdod ‘661 JOGUIBAON



& Popular Electronics, November 1994

WHY 110 VOLTS?

In the article, “AC or DC" (Pop-
utar Electronics, September
1994), [ think that | might have
found the answer to a minor-
league question about elec-
tricity that has been bugging
me—and about which | have
sought information from various
sources, including the West-
inghouse Company, without
response.

As | have gone about my
electronic tinkering, | began to
wonder why the juice supplied
to me in my various homes has
been 110 volts. Why not 75, or
50, or 1507 (Actually, it has
varied between 112 and 120
volts, but one usually speaks of
it as 110.)

The article stated that Edison
had designed his light bulbs to
work on 110 to 125 volts, which
was the largest voltage that he
cornsidered could be used safe-
ly. (In view of his later
generation of hoopla about the
hazardous nature of AC, it is
curious that he would consider
safety in the usage of DC.) So |
must assume that his domina-
tion of the bulb business
resulted in the determination of

LETTERS

the voltages put to use by any
outfit entering the electric-il-
luminaticn or power business.

It is interesting how some
small things can have lasting
effects on larger matters. We
drive our cars on the right-hand
side of the street because of the
placement of the teamster’s
seat on the Conestoga wagon.

| enjoyed the article, which
presented a welcome review of
the history of electricity. It in-
cluded some people who do not
often get noticed—but | kept
waiting for Telsa to turn up. Not
a word. Or was he the person
referred to in the first column on
page 46, disquised as . .. a
man who had worked with
Gaulard and Gibbs."?

F.G.H.
Redwood City, CA

LOOKING BACK

Thank you for bringing back
Popular Electronics, the best
electronics magazine of them

all. | started reading Popular
Electronics back in 1959, and
continued until about 1984,
when they began focusing on
computers.

| was born in 1925, the same
year as the Grand Old Opry in
Nashville.  used to listen to it
on my grandfather's old Zenith
floor radio, with a wind charger
on the roof. When the wind
wasn't blowing, Grandpa would
take the battery out of the old
Willis-Overland. As | listened, |
wondered how they made music
in other parts of the worid and |
could hear it coming out of the
speaker at home.

I first learned about elec-
tronics in Popular Electronics.
| read the magazine, and start-
ed buying transistors and other
parts and building projects. In
1960 | bought a CB and | began
fixing antenna cables and mi-
crophones for myseif and
others.

Then a good friend urged me

Heathkit”

Heathkit
course.
Using
videos,
computer-
aided
instruction,
trainers,
test instru-
ments, and

sHeathkit
Full-Line Cata

Heathkit

What You'll Learn;
“_.;_' This value-packed ourse aifers.

=455 Riverview Drive

Heathkit

Master Course in

Electromcs Technology

Smkmuﬁmr‘, Lircits, and
]J‘ig:lu.i Techiigues tm-:;:i
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Heathkit® Heathkit®

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

iBentan Harbor, MI 49023-1288
g of Electronics and C

to go to electronics school. |
was forty when | graduated sec-
ond in my class. | went to work
for RCA for ten years and then
into medical electronics until |
retired in 1988. That's when |
finally got a computer—now |
have to learn to program this
wild machine.

Thanks again for teaching un-
educated kids like me how to
get started in electronics. Keep
it going—I learn more all the
time!

By the way, | have built sev-
eral of Charles D. Rakes
circuits from Circuit Circus, and
every one of them worked great!
AG.

Fortville, IN

I need a schematic and manual
for an Eico model 460 os-
cilloscope. | will gladly pay for
any postage and copying costs.
Thanks in advance.

ROBIN EVANS

622 Stevenson

Jacksonsville, AR 72076

I'm in desperate need of the
schematic for a Motorola busi-
ness-band transceiver. The
outside front says “WPAR 223."
The tag on the top is missing. A
black stamp on the chassis
says TUD2042AB. | will pay for
the schematic.

DON GAGNON, KB7WGM
HCR-579-B

Payson, AR 85541
602-474-6526 (reverse charges)

I have an Intellivision video-
game system, model 2609,
manufactured by Mattel Elec-
tronics ten years ago (serial #
1554778). If anybody knows
where | could find a schematic,
or has one they could send me,
| would be very grateful. I'd also
like to find out how to program
the cartridges, or at least what
the programming language is.
F'll refund any postage
charges, and even pay for the
schematic if necessary. Thank
you in advance.
ARISTARCO PALACIOS
Hidalgo No. 116
Coatepec, Veracruz 91500
Mexico |
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By Marc Spiwak

PC Expo, and
More!

MULTIMEDIA
WATCH

went to the PC Expo in

New York this past week.
As usual, it was a mob
scene. Overall, | would say
that some of the most inter-
esting stuff | saw ot the
show was real-time video
hardware and software. It
seems that everyone wants
to be able to display real-
time video on their PC.
Boased on what | saw, | pre-
dict that within a year or
two, we'll be able to play
full-length movies from a
single CD-ROM, and watch
high-resolution real-time
video on our monitors. Of
course, the audio will be
CD-qguality, and we'll be
able to edit and process
the video to our heart's
content.

These Yamaha YST-M10 speakers deliver surprisingly good sound

considering their size and weight.

In addition, | think that
MPEG, JPEG, AVI, QTW, and
many other video formats
and compression schemes,
for both play and record,
will be built into the aver-
age video card. After all, in

the same way that we don't
need a separate video
card or monitor to handle
CGA, EGA, VGA, SVGA, or
whatever, we shouldn’t
have to use up an expan-
sion slot to see real-time
video. Anyway, at the rate
that real-time video and
PC’s in general are evolv-
ing, I'm sure this stuff will be
standard in a $2000 PC real
soon.

I'l be reviewing some of
the things that | saw at PC
Expo in future columns. For
this month, though, | have
some interesting hardware
and software, To begin with,
I've installed a 3X CD-ROM
upgrade in my PC and |
really like it. It doesn’t make
CD-ROMs as fast as light-
ning, but with 2X drives
being as slow as they are,
I'd certainly prefer 3X any
day.

MEDIA VISION PRO
DELUXE

Before | talk about the
hardware included with
Media Vision's Pro Deluxe
Multimedia Kit, I'd like to say
that the thing | like best
right off the bat about this
package is that it's com-
plete. The first upgrade
package from Media Vision
that | looked at didn’t come
with a microphone or
speakers, and only in-
cluded four or five discs—
and none of them very
exciting.

The Pro Deluxe comes
with a microphone and a
small pair of speakers, and
plenty of neat discs to play
with. An upgrade package
as complete as this makes
a great gift, because the

new owner can jump right
into multimedia as soon as
the package is installed,
without needing to buy
discs for a while.

Software for the entire
family is included in the Pro
Deluxe package. To begin
with, there’s Jron Helix, o
great game | looked at a
couple of months back. This
game sets the mood in a
deserted spaceship that re-
minds me of the visuals
from the movie “Alien.” It's
up to you to find DNA keys
that reveal how to destroy a
mechanical killer. (Spec-
frum Holobyte, 800-695-
GAME).

Return To Zork is another
great interactive fantasy
game included with the Pro
Deluxe. This game has real-
time video and real-life dig-
itized actors. | also just
happened to receive the
MPEG version of this game
that runs on the ReelMagic
cord from Sigma Designs.
MPEG allows full-screen vid-
eo playback at 30 frames
per second. MPEG Zork is
the same game, but with
much better video. The only
problem is that you must
have the ReelMagic card
to play the MPEG version.
Otherwise you have to buy
the regular version. (Activi-
sion, 800-447-3650).

Mad Dog McCree is an
arcade-type shoot-em-up
game with good live-action
video. You play the “Strang-
er” who just entered town
and must save the town
from Mad Dog and his
men. (American Laser
Games, 505-265-7215).
Mega Rock, Rop, & Roll lets
anyone compose music in




minutes. (Paramount Inter-
active, 415-813-8040). A
copy of the very useful
Compton’s Interactive Ency-
clopediais also included
with the Pro Deluxe up-
grade. (Compton’s New
Medic, 800-929-2500). The
Home Survival Toolkit (Books
That Work) makes estima-
ting time and materials
easy, and the Mayo Family
Clinic Health Book (Sony
Electronic Publishing) is a
complete home medical
reference on CD-ROM.

Media Vision also bun-
dles some of their own CD-
ROMs with the package.
Crifical Path, Quantfum
Gate, and Forever Growing
Garden are all included. A
bunch of other children’s
discs are also thrown in.
Overall, it's a nice assort-
ment of software.

PRO DELUXE
HARDWARE

The hardware included
with the Pro Deluxe is just as
impressive as the list of soft-
ware. To begin with, the
drive is a 3X, or triple-speed
drive, which is 50% faster
than a 2X. The drive is defi-
nitely snappier than my
older 2X drive, but only for
certain things. For example,
the 3X drive has an access
time of only 195 millise-
conds, so it does look up
and transfer data to my PC
faster than my old drive.
However, for things like real-
time video played from a
CD, the video is recorded
so that owners of 2X drives
will get the best possible
performance, and so the
added speed of a 3X drive
for now does nothing to
improve real-time video.

Another unusual piece of
hardware included with the
Pro Deluxe upgrade is Me-
dia Vision's new 3D sound
card. This new card is sim-
ilar to the older Pro Audio
Spectrum, but it now in-
cludes built-in SRS circuitry.
SRS, or the Sound Retrievat

Discoveries of the Deep from
Capstone lets you explore the
mysteries of the sea from the
comfort of your PC.

System, was originally de-
veloped by the audio
division of Hughes Aircraft
Company.

The first time | saw SRS
being demonstrated was at
a Sony show a few years
ago where SRS had been
incorporated into a high-
end Sony V. The demon-
stration was amazing. With
SRS turned on, a movie
soundtrack sounded full
and surround-sound-like
from anywhere | stood in
the gymnasium-sized room;
as soon as the SRS was
turned off, the sound was
“sucked” back into the TV
cabinet—a very impressive
demonstration indeed.

SRS Labs now holds the
keys to SRS, and I'll be play-
ing with SRS Labs' stand-
alone SRS decoder during
the next few months. t'll let
you know what | think. Any-
way, the SRS built into the
3D sound card does the
same thing for PC audio as
it did to the movie sound-
track at the Sony demon-
stration. The effect is neat,
so why not have it in your
PC! The 3D sound card is
not compatible with the Pro
Audio Spectrum, but it is
Sound Blaster-compatible,
and | haven't had any in-
compatibility problems with
it yet,

The Pro Deluxe Multi-
media Kit has a list price of
$799, and you can get it at

street prices that are much
lower than that. If you're in
the market for a new up-
grade, then you should
seriously consider this one
for its combination of per-
formance and extensive
software.

OTHER NEW
HARDWARE

I've been testing another
pair of multimedia speak-
ers, this time from Yamaha.
The YST-M10 speakers deliv-
er surprisingly good sound
for their relatively small size
and light weight. As any
multimedia speakers should
be, the YST-M10’s are mag-
netically shielded so that
they can be placed right
next to a monitor.

The speakers must be
used in left and right posi-
tions, accordingly. The right
speaker contains a 10-watt
amplifier that serves both
speakers. The two speakers

are connected by a cable.
A DC adapter plugs into
the right speaker, which has
a power-indicator LED on its
front panel above the
power switch. Also housed
on the front panel of the
right speaker is a presence
control, which adjusts the
apparent separation of the
sound, and a volume con-
trol.

The speakers have fabric
grilles and come in gray or
black. They look great and
accent any multimedia sys-
tem quite well. And like
anything else, their list price
of $§99 can be reduced
quite a bit by shopping
around. | recommend the
Yamaha YST-M10's to any-
one looking for good mid-
range multimedia speakers.

NEW STUFF

This month I've got some
software that might be of
particular interest to read-

© 3M 1994

3M breadboards
for less dough.

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

Remember, 3M Breadboards carry a lifetime warranty.
For more information, call 1 (800) 328-0016, ext. 103.

3M Reliability

CIRCLE 164 ON FREE INFORMATION CARD
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ers of this magazine. To
start, there's Get Wired and
The Home Survival Toolkit,
both from Books That Work.
Both of those Windows
products are available on
floppy disk only, but they
are useful nonetheless. The
Home Survival Toolkit is @

WHERE TO GET IT

Asymetrix

110-110th Avenue, Suite 700
Bellevue, WA 98004
800-448-6543

Books That Work

285 Hamiiton, Suite 260
Palo Alto, CA 94301
415-326-4280

Capstone/intraCorp. inc.
Airport Corporate Center
7200 Corporate Center Drive,
Suite 500

Miami, FL 33126
800-591-5900

Cinerom, Inc.
2809 Main Street
irvine, CA 92714
714-660-7111

Graphix Zone, Inc.
38 Corporate Park, Suite 100
Irvine, CA 92714

Hearst Business Publishing
645 Stewart Avenue
Garden City, NY 11530
516-227-1300

Inset Systems

71 Commerce Drive
Brookfield. CT 06804-3405
203-740-2400

LucasArts Entertainment
Company

P.O. Box 10307

San Rafael, CA 94912
415-721-3300

Media Vision

47300 Bayside Parkway
Fremont, CA 94538
510-770-8600

Quanta Press, Incorporated
1313 Fifth Street SE, Suite 223A
Minneapolis, MN 55414
612-379-3956

Sigma Designs, Inc.
47900 Bayside Parkway
Fremont, CA 94538
510-770-0100

Sony Imagesoft
2100 Colorado Avenue
Santa Monica, CA 90404

310-449-2999

Yamaha Electronics Corporation
6660 Orangethorpe Avenue
Buena Park, CA 80620

$30 multimedia guide to
home repair and remodel-
ing. No home repair is left
undone in this package.
Get Wired is simply a subset
of The Home Survival Toolkit
that sells for under $20. Get
Wired covers everything
concerning home wiring,
and presents it via multi-
media.

Another product | thought
readers of this magazine
would find useful is the 1994
IC Master on CD-ROM, pub-
lished by Hearst Business
Publishing. The IC Master for
1994 runs under DOS or
Windows, and is a pleasure
to use. Anyone who has
used the book version of
this product knows how
cumbersome it can be, but
only because of the vast
information contained in it.
The CD-ROM houses all the
information on a single disc,
and lets your computer do
the searching for you. The
disc can be had for the
introductory price of $395.

I've been testing out a
neat little stripped-down, in-
expensive, and fast file-
viewing utility from Inset Sys-
tems called OOgler 1.0 for
Windows. (They're the same
folks that publish HiJaak
Pro) OOgler lets you view
necarly any conceivable file
format, requires very little
hard-disk space, and has a
list price of only $37.50. You
can't do any file conversion
or printing with it, but
nothing beats it for viewing.

On a more political note,
The Haldeman Diaries: In-
side The Nixon White House,
is now available on CD-
ROM from Sony Imagesoft.
The disc contains the com-
plete 22-page text from
Haldeman'’s personal di-
aries plus 45 minutes of
never-before-seen home
movies shot by H.R.
Haldeman, the Chief of
Staff for former President
Richard Nixon during the
Watergate years. There’s
also 700 photographs and

Dinosaur mania comes to
your PC courtesy of Jurassic
Park The Screen Saver from
Asymetrix.

2000 pages of additional
text. The Haldeman Diaries
has a suggested retail price
of $69.95.

If you're interested in the
invasion of Normandy,
France, and are into multi-
media, then you might be
interested in Normandy—
The Invasions of France
June 6, 1944 on CD-ROM
from Quanta Press. All major
events are covered in text,
photos, audio, and video.
The disc has a suggested
retail price of $69.95.

The music industry is em-
bracing multimedia faster
than many others, and
many artists have interac-
tive multimedia discs
already available. One
such disc is from the artist
who used to be known as
Prince but now goes by an
unpronounceable and, for
us, unprintable, symbol.
{Symbol) Inferactive from
Graphix Zone lets you navi-
gate through a bizarre
building solving mysteries,
puzzles, and riddles as you
go. You can also listen to
music and watch videos,
and | believe that if you
unlock the “mystery” of the
disc, you get to see a nev-
er-before-seen (Symbol)
video.

Capstone sent me @
bunch of their new CD-
ROM’s. The CD Game Col-
lection includes five games
on one disc: two Trump Ca-
sino simulators; Bill and Ted's
Excellent Adventure; Search
for the Titanic, where you
get to see actual footage
of the ship; and Exofic Car,
which lets you check out 15
high-performance auto-

mobiles. Terminator 2 Chess
Wars turns an ordinary
game of chess into a futur-
istic battle zone of cyborgs,
endoskeletons, and special
effects. Finally, Discoveries
of the Deep lets you ex-
piore the mysteries of the
sea from your PC; the
deep-sea missions can be
quite involved.

If you can’t get enough
dinosaurs or Jurassic Park in
your life, then you need
Jurassic Park The Screen
Saver for your PC from
Asymetrix. This piece of soft-
ware captures ail of the
excitement from the movie
on your PC screen, and
might even keep it from
getting damaged.

Sam & Max Hit the Road
from LucasArts is interactive
cartoon fun for the entire
family, although it might be
too violent for some chil-
dren. The detective
comedy adventure also lets
you play mini games such
as Car Bomb, Sam and
Max Dress Up, Highway Surf-
ing, and others. Sam & Max
has a suggested list price of
$69.95,

Last but not least, The
Gospels, A Multimedia
Guide to the Bible from
Cinerom, Inc., speaks for it-
self. Nearly one hour of
video, one hour of audio,
over 85 illustrations, and the
complete text of both the
Old and New Testament fill
the disc. The disc sells for

$49.95. ]

“Of course, you realize that the
software is interactive?’”
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A CHRONICLE OF CONSUMER ELECTRONICS
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The Summer
Consumer
Electronics

Show 1994

The end of a tradition,
and the start of
something new

The last Summer Consumer Electronics
Show to be held in Chicago’s lake-front
McCormick Convention Center, was
called, unofficially, the ‘“Wake on the
Lake.” SCES 1994 was the end of a tradi-
tion that had lasted more than a quarter
century. The mood wasn’t funereal, but
the show certainly was smaller and less
upbeat than its predecessors.

Ironically, the last show in Chicago also
marked the 50th CES. The Consumer
Electronics Show began 27 years ago—in
New York City, instead of Chicago, as had
originally been intended. Unfortunately, a

major fire at McCormick Place a few
months before the scheduled show ren-
dered the convention hall unusable. The
show was moved to Chicago in 1971, and
two years later a winter show was added. In
1978, the Winter CES was moved to Las
Vegas, where the climate in January is
more hospitable.

LOOKING BACK

The first Consumer Electronics Show
covered 100,000 square feet in two major
New York hotels, and lured some 15,000
attendees, many of whom already were in
town for the North American Retail Deal-
ers Association’s (NARDA) trade show.
Large exhibitors included the companies
at the heart of the American television
industry, including Westinghouse (the
largest exhibitor), GE, RCA, Admiral,
Motorola, Sylvania, Philco, and Magna-
vox. Also on hand were a handful of Japa-
nese newcomers, such as Sharp, Sony, and
Panasonic. The year was 1967, and the hot
new products were color TV’s and audio
tape recorders.

Over the next quarter century, the Con-
sumer Electronics Show was the chosen
venue for dozens of new-product introduc-

tions. Just a bare sampling might include
solid-state televisions in 1967, vid-
eocassette recorders and electronic cal-
culators in 1972, CB radio in 1975, the
Sony Walkman in 1979, camcorders in
1980, home computers in 1981, stereo tele-
vision in 1984, multimedia CD-ROM sys-
tems in 1991, MiniDisc and Digital
Compact Cassette in 1992, and widescreen
TV in 1993. The summer shows, in par-
ticular, became known as the place for new
technology introductions.

WHAT WENT WRONG?

After so many years of successful
shows, why pull the plug on the Summer
CES? Several factors contributed to the
decline of the summer show, but the pri-
mary cause is the lack of support from the
big players—the major manufacturers of
traditional audio and video products on
both sides of the Pacific.

In recent years, the consumer-elec-
tronics marketing schedule has shifted:
Summer is no longer the prime selling
season, and buyers had made their plans
for the Christmas selling rush long before
the Summer CES rolled around. Most
manufacturers find it more efficient and
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Thomson Consumer Electronics, one of the few traditional video manutacturers with

o

o,

an exhibit at SCES 94, was demonstrating a distinctly nontraditional system: DSS, or

Digital Satellite System.

profitable to hold private **shows™ for their
buyers in the early spring, so setting up a
huge exhibit a month or so later at SCES
had become redundant—and expensive as
well.

The general consensus is that the Winter
Consumer Electronics Show, held each
January in Las Vegas, along with those
spring sales meetings, provides sufficient
opportunity for manufacturers to do busi-
ness with retailers.

Over the past several years, each suc-
cessive summer show has seen more and
more major manufacturers pulling out. At
SCES *94, the major video manufacturers
stayed away in droves. and the only audio
products worth mentioning were the high-
end items displayed in suites at the Chi-
cago Hilton.

Despite its relatively small scale—only
about 35,000 attendees over three days.
compared to the 50,000 who came to last
year’s four-day show—SCES 94 was not a
washout by any means. What was lacking
in audio/video products was made up for in
non-traditional, but fast-growing, con-
sumer-electronic product categories.
Those included “*interactive multimedia,”
a catch-all phrase covering everything
from video games to on-screen TV pro-
gram guides: SOHO (small office/home
office) products; PCC (personal commu-
nications and computers) gear; and ac-
cessories. There were a few traditional
video manufacturers at the show—includ-
ing Thomson and Philips—but they were
there primarily to showcase some non-tra-
ditional items of their own. Let’s take a
look.

Gizmo is published by Gernsback Publica-
tions, Inc., 500-B Bi-County Blivd., Farm-
ingdale, NY 11735. Senior Writers: Chris F.
O'Brian and Teri Scaduto. Copyright 1994
by Gernsback Publications, inc. Gizmo is a
registered trademark. All rights reserved.

ON THE FLOOR AT SCES 94

Chicago’s McCormick Place conven-
tion center is divided into two distinct
sections: the East Hall and the North Hall,
connected by a labyrinth of hallways and
staircases. In past years, virtually the en-
tire main level of the East Hall was devoted
to the large exhibits set up by the big
players in mainstream audio and video.
Demo rooms on the lower level of both
halls were used by smaller companies—or
those seeking to restrict visitors to invited
guests—to showcase new products. The
North Hall, in recent years, was home to
small-office products, computers and soft-
ware, multimedia, and games.

This year, however, a small number of
A/V exhibits shared the East Hall with the
PCC “‘show,” SOHO products, furniture
displays, and the Innovations exhibit
(which previously was in the North Hall’s
lower level). There was still plenty of room
to spare. The North Hall was the exclusive
province of video games, including multi-
media software and hardware.

LET THE GAMES BEGIN

With so much of the show-—perhaps
half or even more—devoted to gaming, it’s
not surprising that the keynote address was
given by Howard Lincoln of Nintendo.
Lauding the video game as the ““first true
form of interactive multimedia,” Lincoln
predicted that gaming is no passing fad,
and that it will remain a lucrative business
for years to come. He went on to address
the challenges faced by those in the video-
game business, citing the call for cen-
sorship of games, the consolidation of
small firms into large conglomerates, the
introduction of new technologies, and the
heightened competition between pur-
veyors of old and new types of game sys-
tems.

Comparing the situation to that faced in
the 1920’s by the budding motion-picture

industry, Lincoln said that a “golden age
of video games” is in the near future—if
the video-game industry learns from the
early Hollywood experience. Speaking for
Nintendo, he cited the need for a ‘‘video
game rating system . . . that'’s independent
and honest and . . . that applies to all forms
of digital entertainment software, whether
played on Nintendo or Sega . . . or on IBM
PC’s or Apple computers.”

Lincoln stressed that new technology
won't change things overnight. Instead,
after the introduction of a new technology,
consumer acceptance follows a “predicta-
ble learning curve.” Taking the position
that ““the first technology to market does
not necessarily win,”* Lincoln, noting that
movie-goers are drawn to theaters by con-
tent—not screen size or sound systems—
said that “only hit games will get you
customers.”

He went on to introduce what Nintendo
hopes will be the next huge video-game
hit—Donkeyv Kong Country. Expected to
be released in November, the game will be
played on 16-bit Super NES. (The jungle
theme of Nintendo’s huge booth at the
show, which dominated the North Hall,
was inspired by Donkey Kong Country.)

Nintendo isn’t sticking its head in the
sand and hiding from new technology,
however. The company claims to be on
schedule with the fall 1995 release of its
64-bit system called “Nintendo Ultra64.”
The first title for the new system will be
Turok: Dinosaur Hunter, from Acclaim
Entertainment.

Meanwhile, Nintendo’s chief com-
petitor, Sega, was noticeably absent from
the SCES floor. Instead, the company held
private meetings at a lower-level deme
suite, at which the focus was on the 32X
32-bit adaptor for the Genesis, and a
wealth of new software for Sega’s Genesis,
Game Gear, CD/CDX, and 32X products.
Sega also introduced a line of children’s
toys, including early discovery learning
games for young children and electronic
entertainment for older kids. One of the
first introductions will be Pico, “The
Computer that Thinks It’s A Toy,” a com-
bination of an interactive storybook and
paint/animation program designed to look

Nintendo hopes to have the next smash
video-game hit with the release of Don-
key Kong Country for Super NES.




Your own TV station |
for less than $1007?

Recoton’s engineering breakthrough transmits cable, TV, VCR i
and satellite programs throughout your home...without wires!

By Charles Anton

oday television choices are virtually un-
limited. With cable, satellite TV, videos

and network programing to choose
from, it’s a full-time job just trying to keep up
with everything. And it promises to get worse
from here. Newly developed fiber optic tech-
nology will bring more than 500 TV channels
to your home.

Home broadcasting breakthrough. The
only problem with all this technology is the
expense. Now, a newly developed wireless
video broadcasting system gives you the pow-
er to utilize this technology, without the has-
sle and expense of wiring your entire home.

Recoton’s research and development team
brings you the next generation in wireless
broadcasting. The

Recoton’s research and devel-
opment group took advantage
of the 1989 FCC ruling by cre-
ating and introducing wireless
home transmission equipment
that could transmit pictures
and sound in the prescribed
frequency over distances of 150
feet or more.

One transmitter, unlimited
receivers. One transmitter
operates an unlimited number of receivers.
That means one transmitter in the den can
send signals to the TVs in the bedrooms,
kitchen and wherever else. Put your favorite
programs in the places you want them most.

Even more choices.

wireless video broad-
caster enables you to
transmit (re-broadcast)
cable, TV, VCR or satel-
lite programs to any
other TV in your
home, without wires!

Wave of the future.
Never again will you
have to drag your VCR
from room to room, or
have to buy more
than one. With the
wireless video system
you can broadcast u
videos to any other TV
in your home.

You won’t have to
worry about running )
cable wire all over the
place either. Besides,
who could afford to
install cable in every
room anyway? With
the wireless video sys-
tem, you won’t have
to. You can even
watch one program on
your main TV and
watch a different pro-
gram or video on the
other. It’s like having
a personal broadcast-

Wireless Video Breakthrough...
watch what you want, where you want

B Cable. Broadcast cable channels to the
other TVs in your home that aren’t wired
for cable... even premium channels.

B Videos. Transmit VCR signals to rooms
that have no VCRs. Watch videos in any
room of the house, even if someone’s
watching TV in the room with the VCR.

B Satellite programs. Watch satellite

programs throughout your home without

stringing cable everywhere.

Network programing. If you havea

house full of TVs but only one is hooked

up to an antennae, you can broadcast the
clear signal from that TV to all the others.

Live video. Watch your home videos as

you film them. Or turn your camcorder

into a security camera.

Since the system uti-
lizes the latest 900 MHz
frequency signals, no
time-consuming or
complicated wiring is
required. The receiver
can be moved from
one TV to another as
your needs change. Or
the transmitter can
broadcast to multiple
receivers, so that you
can watch the same
program on many TVs
simultaneously. The
transmitter simply
connects to the source
TV; the receivers con-
nect to the others.

Easy-to-use. With
state-of-the-art res-
onator quality, both
the transmitter and the
receiver provide users
with a small, easy-to-
install product that
does not require the
adjustments that com-
petitor’s models do.
This latest version
incorporating space-
age styling with the
latest miniaturized de-

ing system in your
own home- and it’s legal in every state.

Hi-tech home broadcast. Recently, the
Federal Communications Commission allocated
a band of radio frequencies specifically for
wireless, in-home product applications.

sign circuitry, enables
the transmitter and receiver to be substantial-
ly smaller than previous models.

Exclusive direct offer. With this break-
through in home video broadcasting technol-
ogy, you can have the convenience of your

Size: 1054 feat
Waight: 260 tons
Cost: $3.5 million

Size: 4.5 inches
Weight: 3 pounds sach
Cost: 599

Home Video
Broadcasting System

TV broadcasting comes to the home.

own personal wireless broadcasting system
for a fraction of the cost of owning your own
TV station. For a limited time, we are offering
the Recoton wireless video broadcasting sys-
tem direct-to-the-public for only $99. Remem-
ber, one transmitter will operate an unlimited
number of receivers, you can order addition-
al receivers for other
TVs for only $59. So or-
der now and puta per-
sonal broadcasting
system in your home.

Risk-free offer. We
are so confident that
you will love the wire-
less video broadcaster
that we back it up with
our “"No Questions
Asked” 30 day money-
back guarantee. If you
are not completely sat-
isfied for any reason,
just return it within 30
days for a full refund.
It also comes with a
one year manufactur-
er’s limited warranty.

Video Broadcasting
Cost: 599

Cable and VCRs for
every room Cost: $799

Video Broadcasting System............ $99 39 S8H
Includes one transmitter and one receiver.
Additional Receiver..................... $59 $7 s&H

To receive this special pricing, you must
mention promotional code 172-PL1101.

800-992-2966
‘_1 F"‘: @

To order by mail send check or money order for the to-
tal amount including S&H (VA residents add 4.5% sales
tax). Or charge it to your credit card by enclosing your
account number and exp. date.

CORETRED
INDUSTRIES »

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113
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Sega’s new line of toys includes Pico,
“the computer that thinks its atoy.” Pico
combines a book reader and a paint pro-
gram for young chiidren.

| b
The CyberM:zxx headset from Victor-
Maxx Technologies was one of the many
virtual-reality accessories showcased
at SCES.

like a colorful laptop computer. Other in-
troductions will be PODS, a sound-and-
light game that tests the player’s memory,
and Beamers. which are colorful elec-
tronic organizers that allow users to send
messages across the room to a friend who
also has a Beamer.

Virtual-reality systems for the home
were also seen around the floor at CES.
That product category, still in its infancy, is
one of the “‘emerging technologies” that
will be a primary focus of future summer
shows. The lines of people awaiting an
opportunity to don a virtual-reality headset
were long, even on the last day of the show
when many booths had a difficult time
attracting a crowd.

A formidable presence on the North-
Hall floor was Philips Interactive Media,
which introduced new CD-i (Compact
Disc-Interactive) titles in each of its four
publishing categories: Games, Family En-
tertainment, Home Entertainment, and
Video CD. New CD-i game titles include
Burn:Cycle, a cyberpunk action/adven-
ture game (with Macintosh and PC CD-
ROM versions to follow); Litr’l Divil a hu-
morous adventure game (also available on
PC CD-ROM and PC floppy); Mutant
Rampage (a.k.a. Body Slam), an action-
packed, arcade-style fighting game; and

International Tennis Open (2 Player).
which allows two players to compete in
tournament simulations (also on PC CD-
ROM).

New CD-i titles from the Family Enter-
tainment division include Surf City,
Crayon Factory, Max Magic's Electronic
Magic Kit, The Joker's Wild Jr., and
Muzzy in Gondoland. The Family Enter-
tainment label has also begun releasing
several CD-ROM titles.

Under its Home Entertainment label,
Philips Media introduced Time-Life As-
trology, an interactive excursion into the
world of astrology; Joy of Sex, an interac-
tive version of the best-selling book; and
Titanic, in which Star Trek TNG’s Patrick
Stewart narrates a multimedia exploration
of the famous shipwreck.

The Video CD group announced the
availability of a set of “‘value-added fea-
tures” that can be incorporated into any
movie releases on the platform. The viewer
can use an on-screen control bar to tap into
information about the movie: its cast, the
history of the period, and more. Also, the
contro! bar can also provide access to a
display of any available movie-related
merchandise.

For example, we saw a demonstration of
a Video CD of the film Posse. With a
couple of cursor clicks we were able to call
up information about African-Americans
in the Old West, actor and film-maker bi-
ographies, wild-west photographs, and an
on-screen “‘General Store.” Those fea-
tures can be accessed at any time during
viewing. Star Trek VI: The Undiscovered
Country will offer similar features, includ-
ing access to “Trekkie™ trivia and a be-
hind-the-scenes “featurette.”

Thanks to Philips’ agreements with ma-
jor motion-picture studios such as Para-
mount and MGM/UA, some big-draw
attractions will be coming soon on Video
CD. Wayne’s World, Addams Family Val-
ues, A Fish Called Wanda, Trading
Places, and Moonstruck are all due in the
stores this summer. Fall releases will in-
clude Dances with Wolves, Rainman.
Thelma & Louise, Silence of the Lambs,
Apocalypse Now, and Raging Bull.

\"-‘_ /

The Magnavox CDI450 Compact Disc-In-
teractive (CD-i) player easily accommo-
dates an add-on full-motion video
cartridge for watching Video CD’s.

Throughout the second half of the year,
several collectors’ series will also be re-
leased. including James Bond, Star Trek,
and Naked Gun.

The software introductions from Philips
Interactive Media coincided with several
hardware announcements from Philips,
whose booth was back in the East Hall.
Let’s cross back over and see what was
displayed on what used to be the **main
floor’" of SCES.

GO EAST, YOUNG MAN

Philips Consumer Electronics intro-
duced two new CD-i players. and
previewed several “*future” models that
combined CD-i with audio. video, and
computer products. Marketed under the
Magnavox label, the CDI450 and CDI550
players offer all the functions of the origi-
nal CD-i player, but, at 11.75x7.5%2.6
inches, are about a quarter of the size. The
CDI450 will go on the market this summer
for just $299 including copies of /nterna-
tional Tennis Open (2-Player) and Comp-
ton’s Interactive Encyclopedia. The unit is

"7 R 3
Gex, a smart-mouthed bad
movies and TV shows in the 3DO game
named after him.

Tetragon’s Gridders is one of the new
crop of games for 3DO.

designed to easily accept the second-gen-
eration Digital Video Cartridge
($249.95), which will allow it to play ad-
vanced video games and Video CD's. The
CDI550, available this fall. will come with
the Digital Video Cartridge installed. as
well as the encyclopedia and the CD-i ver-
sion of Space Age. Each model accepts the
CD-i Touchpad video-game controller
($24.95) and splitter ($12.95) for two-
player capability.

Prototypes on display included a com-
bination TV/CD-i, which will be intro-
duced this year in Europe; no plans for
U.S. marketing have been announced to



Consumer acceptance of small-dish digital satellite serv ces is likely to drive sales of
high-end home-theater gear, such as the RCA 52-inch rear-projection TV, VCR, tower
speakers, and storage cabinet, shown here with the DSS satellite-receiving system.

date. We also saw a CD-i plug-in PC card
that would give a multimedia PC full CD-i
capability and a stereo mini system that
incorporated a CD-i changer. Again, mar-
keting plans are not yet announced.

Philips also was showing its latest Dig-
ital Compact Cassette (DCC) products, in-
cluding its first portable recorder/player,
the DCCI70. A new DCC home deck, the
second-generation DCC95/ recorder, adds
four new features: Turbo Drive, which pro-
vides direct-access track search at three
times the previous speed; User Text Re-
cording, which allows owners to input up
to 40 alphanumeric characters for each
track recorded from a digital source; mi-
crophone inputs; and 18-bit digital-to-ana-
log conversion. Both are scheduled for fall
delivery, at as-yet-unannounced prices. Fi-
nally, Philips Car Systems introduced the
second-generation DCC aftermarket car
stereo. The DCC 821, which features a
built-in CD-changer control to operate a
Philips six-disc changer, has a suggested
retail price of $999.99.

Not far from the Philips booth, its com-
petitor, 3DO, was attracting the usual
crowds, lured by new and upcoming soft-
ware introductions. Our personal favorite
was Crystal Dynamics’ Gex, a wise-crack-
ing, three-dimensional video lizard who
must battle his way out of the Media Di-
mension (a retirement haven for B-movies
and bad TV shows), armed with his suc-
tion-cup paws, regenerative limbs, thrash-
ing tail, and smart mouth. Gex will be
available in November.

More than 25 new 3DO titles were
shown at the 3DO booth. They included
Shock Wave, Road Rush and FIFA Interna-
tional Soccer from Electronic Arts; Demo-
lition Man from Virgin Interactive
Entertainment; Way of the Warrior from

Large crowds turned out for the intro-
duction of DSS at participating dealers
in Jackson, Mississippi, including Cow-
boy Maloney’s.

Universal Interactive Studios; Gridders
from Tetragon; and Mathemagics: An In-
teractive Learning Crnbe from L3 Interac-
tive. Of course, one of the most popular
games being showcased was Universal In-
teractive Studio’s Jurassic Park {nterac-
tive, which was included, along with
Crash ‘N Burn, with Panasonic’s FZ-/
REAL 3DO Interactive Multiplavers pur-
chased between July 1 and August 31. The
price of the FZ-1 was reduced last spring
from $699.95 from $499.95.

Also on the hardware side of 3DO,
Goldstar announced during the show its
plans to expand the availability of its li-
censed Interactive Multiplayer in the
United States and Korea. Exact pricing
and availability dates were not released as
we go to press, but Goldstar plans 1o mar-
ket its 3DO machine through mass mer-
chandisers and toy stores. And a relatively
new 3DO licensee, Creative Technology,
announced plans to develop a 3DO-com-
patible PC card.

VIDEO VISIONARIES
What about those of us who use our
TV’s not to play games or otherwise inter-

act, but simply to watch programs? Never
fear: Despite the small number of video
exhibitors, there was plenty of gear at
SCES to keep the couch potato happy for
years to come.

The biggest news at Summer CES was
the recent national roll-out of Primestar,
and the initial launch of DSS. Both of the
digital direct-broadcast satellite (DBS)
systems enable homeowners to use small
satellite dishes to directly receive dozens
of stations of programming, with far better
video and audio quality than that offered
by cable companies.

PRIMESTAR

Primestar Partners is a joint venture of
the subsidiaries of six national cable-tele-
vision companies and G.E. American
Communications, a subsidiary of General
Electric, which owns the Satcom K-1 Ku-
band sateliite used by Primestar.

Although the first generation of
Primestar systems was introduced four
years ago and has a customer base of close
to 70,000 subscribers, Primestar is in the
process of upgrading all subscribers with
digital receivers. The digital system will
allow Primestar to increase its channel

Zenith introduced a line of eight TV’s
equipped with the StarSight interactive
on-screen program guide, including this
27-inch model.

5'/“

Cobra s radar/laser detector picks up all
types of speed-monitoring signals and
features a digital data display that
graphically depicts all functions and
signals.
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The Personal Comunicatiéns and
Computing Show occupied a few aisles
on the main floor of SCES.

lineup to more than 70 channels in 1994
and more than 150 in 1996.

Primestar’s program lineup includes
CNN, Headline News, TBS, The Cartoon
Network, TNT, The Discovery Channel,
The Learning Channel, C-Span, 15 re-
gional sports networks, USA Network,
The Family Channel, two Disney Chan-
nels, Arts and Entertainment, The Sci-F
Channel, Turner Classic Movies, Encore,
The Nashville Network, Country Music
Television, three HBO channels, two Cin-
emax channels, and TV Japan (in English
and Japanese). In addition, ABC, NBC,
CBS, Fox, and PBS will be available to
viewers who cannot get them over-the-air
in their local areas. Six audio channels and
ten “‘PrimeCinema” pay-per-view chan-
nels are also available to subscribers.

To receive Primestar broadcasts, the
consumer must rent a 36- to 39-inch satel-
lite dish and a set-top receiver (which is
currently being manufactured by General
Instruments.) Of course, viewers must
also subscribe to programming.

The price? “‘Local Primestar dis-
tributors set prices for their area based on
competition, customer preferences, and
the cost of doing business.” (Those local
Primestar distributors are cable compa-
nies.) Basic service, including equipment
rental, starts at about $1 a day. The one-
time installation charge ranges from $150
to $300, also depending upon location.

Primestar offers more channels and bet-
ter reception than that provided by stan-
dard cable TV. But little else differentiates
it from the cable-monster we all love to
hate. Viewers are still required to lease
their equipment from the same company
that’s supplying the programming. And
that company is the sole provider of pro-
gramming.

Of course, the largely rural viewers who
are not currently served by cable TV—the
primary initial target customers of both

Primestar and DSS—will be glad for any
opportunity to have better programming
selection and quality than their cable-
equipped urban and suburban counter-
parts. And rental equipment—with *‘wor-
ry-free service,” no maintenance costs,
and free upgrades to digital service—is
certainly appealing.

DSS

Thomson Consumer Electronics, Di-
recTV, and USSB are taking a somewhat
different tack with the RCA DSS Digital
Satellite System, which was all-digital
from the start. Consumers will have to
make an initial investment of about $700
t0 buy an 18-inch dish and a remote-con-
trolled set-top receiver. Maintenance and
upgrades are the owner’s responsibility.

The flip side to those drawbacks is
choice in both hardware and program-

Positive Communications hopes to at-
tract teens—and anyone else who
doesn’t have a credit card—with their
cash-voucher programs for pager ser-
vice.

ming. Early adopters will be able to opt for
the standard or high-end RCA system.
And, in 18 months (or after the first million
RCA units have been sold), other DSS
licensees will begin to sell compatible re-
ceivers under their own brand names.
(Sony is the first licensee.) Competition
should result in lower prices for the hard-
ware.

Similarly, DSS offers a choice of two
program suppliers. A total of about 75
channels are currently available, but by the
time you read this, the second DSS satel-
lite should be in operation, bringing the
channel capacity to about 150.

DirecTV offers a host of popular cable
networks, including CNN, ESPN, The
Disney Channel, The Discovery Channel,
A&E, and USA Network, along with a
wide selection of pay-per-view movies,
sports. and special events. USSB offers a
similar selection of ‘“*standard’ cable
channels, as well as premium services,

including multi-channel versions of HBO,
Showtime, Flix and The Movie Channel.
DSS programming is structured to be more
flexible than cable; viewers can select vari-
ous packages from one or both providers.
Subscription rates for DirecTV range from
$5.95 to $21.95 a month, pay-per-view
movies cost $2.99, and sports and special
events ““will be competitively priced.”
USSB subscription rates range from $7.95
to $34.95 per month.

The big DSS news at the Summer Con-
sumer Electronics Show was the highly
successful opening weekend of RCA DSS
sales at stores in Jackson, Mississippi and
Shreveport, LA; all available units were
sold out. The June 17th retail launch was
timed, not coincidentally, to precede
SCES 94 by a few days. The next few
markets will include Little Rock, Tulsa.
and Albuquerque; nationwide availability
is scheduled for the fourth quarter of this
year.

Of the opening weekend séll-out. Di-
recTV president Eddy Hartenstein re-
marked, “Results in these initial markets
attest to our belief that not only are people
ready for better TV technology, they are
eager for more programming options.”

STARS IN THEIR EYES

Those of you who already are over-
whelmed with programming choices will
be glad to hear that Zenith announced dur-
ing SCES its nationwide launch of Star-
Sight-equipped “‘interactive televisions.”
StarSight Telecast Inc. provides an on-
screen programming guide that offers
viewers seven days of continually updated
program schedule information that can be
used for direct tuning by title, theme, and
channel number. It also allows one-touch
time-shifted VCR programming of any
show listed in the guide.

Zenith will be including the StarSight

G & Pt
e Products Sector
introduced the Lingo line of wireless de-
vices that connect users to voice dis-
patch, wireless phone, Message Mail,
and data services that are available on
Motorola’s MIRS network.

Motorola’s Land M




900 MH: breakthrough!

New technology launches
wireless speaker revolution. ..

Recoton develops breakthrough technology which transmits
stereo sound through walls, ceilings and floors up to 150 feet.,

By Charles Anton

f you had to name just

one new product "the

most innovative of the
year,” what would you
choose? Well, at the recent Internationat
Consumer Electronics Show, critics gave Recoton’s
new wireless stereo speaker system the Design

Crisp sound throughout your
home. Just imagine being able to
listen to your stereo, TV, VCR or CD
player in any room of your home with-
out having to run miles of speaker wire.
Plus, you’ll never have to worry about range
because the new 900 MHz technology allows
stereo signals to travel

and Engineering Award
for being the “most in-

over distances of 150 feet

novative and outstand-
ing new product.”

Recoton was able to
introduce this whole
new generation of
powerful  wireless
speakers due to the ad-
vent of 900 MHz tech-
nology. This newly
approved breakthrough
enables Recoton’s wire-
less speakers to rival the
sound of expensive
wired speakers.

Recently approved
technology. In June
of 1989, the Federal
Communications Com-
mission allocated a
band of radio frequen-
cies stretching from 902
to 928 MHz for wireless,
in-home product ap-

150 foot range through wallis!

Recoton gives you the freedom to lis-
ten to music wherever you want. Your
music is no longer limited to the room your
stereo is in. With the wireless headphones
you can listen to your TV, stereo or CD
player while you move freely between
rooms, exercise or do other activities. And
unlike infrared headphones, you don't have
to be in a line-of-sight with the transmit-
ter, giving you a full 150 foot range.

The headphones and speakers have
their own built-in receiver, so n¢ wires are
needed between you and your stereo. One
transmitter operates an unlimited number
of speakers and headphones.
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Recoton’s transmitter sends music through walls
to wireless speakers over a 75,000 square foot area.

plications. Recoton, one

or more through walls,
ceilings and floors with-
out losing sound quality.

One transmitter, un-
limited receivers. The
powerful transmitter
plugs into a headphone,
audio-out or tape-out jack
on your stereo or TV com-
ponent, transmitting mu-
sic wirelessly to your
speakers or headphones.
The speakers plug into an
outlet. The one transmit-
ter can broadcast to an un-
limited number of stereo
speakers and headphones.
And since each speaker
contains its own built in
receiver/amplifier, there
are no wires running from
the stereo to the speakers.
Full dynamic range.
The speaker, mounted in

of the world’s leading wireless speaker man-
ufacturers, took advantage of the FCC ruling
by creating and introducing a new speaker
system that utilizes the recently approved fre-
quency band to transmit clearer, stronger
stereo signals throughout your home.

AWARD WINNING WIRELESS SPEAKER
I

a bookshelf-sized acoustically constructed cab-

inet, provides a two-way bass reflex design |

for individual bass boost control. Full dynamic
range is achieved by the use of a 2" tweeter
and 4" woofer. Plus, automatic digital lock-in

Built-int recciver  Volume ey Tunmg .. Tuned ports Don’t take our word for it. Try it yourself.
and amplifier: k" . — o We're s0 sure you'll love the new award-winning
The wireless -~ " foceter Recoton wireless speaker system that we offer
speaker and =T 47 woofer you the Dare to Compare Spea} halienge.

headphones =
both contain
a budt-in
recever and
amplifier
Signals are
picked up and
transmitted
as far as 150
feet away
througlh walls
withont the
use of wires.

== Ind Ludual left, right

. & mong switch and

e Intdivudnal bass boost
cattrol fon back) |

Size: H X 6"W x 5.5"L
Stgmal-te-nose ratio: 60 dB
Channel Separation: 30 dB

Two-way bass reflex design
10 wattsfchannel RMS amps
Frequency Response:

50 Hz-15 KHz

Compare Recoton's rich sound quality to that of
any $200 wired speaker. If you're not completely
convinced that these wireless speakers offer the
same  outstanding
sound guality as wired
speakers, simply retum
them within 30 days for
a full "No Questions
Asked" retund.

Recoton’s Design and
Enginecring Award

Breakthrough wireless speaker design
blantkets your lome with music.

tuning guarantees optimum reception and
eliminates drift. The newv technology provides
static-free, interference-free sound in virtual-
ly any environment. These speakers are also
self-amplified; they can’t be blown out no mat-
ter what your stereo’s wattage.

Stereo or hi-fi, you decide. These speak-
ers have the option of either stereo or hi-fi
sound. You can use two speakers, one set on
right channel and the other on left, for full
stereo separation. Or, if you just want an ex-
tra speaker in another room, set it on mono and
listen to both channels
on one speaker. Mono
combines both left and
right channels for hi-fi
sound. This option lets
you put a pair of speak-
ers in the den and get
full stereo separation or
put one speaker in the
kitchen and get com-
plete hi-fi sound.

These wircless sterco
headphones have a
built-in receiver.
Factory direct savings. Our commitment
to quality and factory direct pricing allows us
to sell more wireless speakers than anyone!
For this reason, you can get these speakers far
below retail with our 30 day “Dare to Compare”
money-back guarantee and full one year man-
ufacturer’s warranty. For a limited time, the
Recoton transmitter is only $69. It will operate
an unlimited number of wireless speakers
priced at $89 and wireless headphones at $59
each. Your order will be processed in 72 hours
and shipped UPS.

Recoton Transmitter (you must have a transmitter

to operate speakers and headphonesi............ $69 $75s8H
Wireless products compatible with the Recoton transmitter:
Recoton Wireless Speaker................ $89 $9 saH

Recoton Wireless Headphones..... $69 $6 saH
Please mention promotional code 165-PL1100.
For fastest service call toll-free 24 hours a day

'800-992-2966
o o=

VisA
To order by mail send check or money order for the total
amount including S&H (VA residents add 4.5% sales tax).
Or charge it ta your credit card by enclosing your account
number and expiration date. Send to:

COMYEAD
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113
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You’ll be able to dial directly into the
“information superhighway” without a
PC, using the multi-service PhonePlus.

Move over, Dick Tracy! The TELEwatchis
a full-featured cordless telephone and
personal intercom packaged in a wrist-
watch.

circuitry in eight top-of-the-line models in
its Advanced Video Imaging (AVI) line.
The sets, which were slated to hit the
stores in July, include two 27-, two 32-,
and two 35-inch direct-view sets as well as
52- and 60-inch rear-projection models.
' The StarSight-equipped sets will send an
infrared code to any VCR to instruct it to
record single programs, daily series, or
weekly programs, with a single command.
Zenith expects the StarSight feature to
command about a $50 retail price pre-
mium over comparable models without
the electronic programming guide. Sug-
gested list prices will start at $799.
Built-in StarSight capability is also of-
fered in some models of cable boxes from
Jerrold, satellite IRD’s from Uniden, and
StarSight Telecast’s own stand-alone re-
ceiver. Philips Consumer Electronics has
announced plans to incorporate the tech-
nology into Magnavox and Philips VCR’s
and color TV’s beginning in 1995.

ELSEWHERE AT THE SHOW

While traditional consumer-electronics
companies were few and far between at
SCES 94, Cobra was a notable exception.
Positioning itself for added consumer ap-
peal, the company is boasting a new name
(Cobra Electronics replaces Cobra Dyna-
scan), a new line of clothing featuring the
well-recognized snake logo, and a host of
new products with an emphasis on safety.

Cobra’s RDL-712SW “Intelligent Radar
Detector”, for instance, not only alerts
drivers to the presence of police equipped

NAMES AND ADDRESSES

ACCLAIM ENTERTAINMENT, INC.
71 Audrey Avenue

Oyster Bay, NY 11771
516-624-8888

COBRA ELECTRONICS
6500 West Cortland Street
Chicago, IL 60635
312-889-8870

COMPTON'S NEW MEDIA, INC.
2320 Camino Vida Roble
Carlsbad, CA 92009
619-929-2500

CRYSTAL DYNAMICS
87 Encina Avenue
Palo Alto, CA 94301
415-473-4192

DIRECTV

2230 East Imperial Highway
El Segundo, CA 90245
310-535-5113

ECONOLOGIC TECHNOLOGIES, INC.

2370 Watson Court
Palo Alto, CA 94303
415-843-6800

ELECTRONIC ARTS

1450 Fashion Island Blvd.
San Mateo, CA 94404-2064
415-571-7171

GOLDSTAR ELECTRONICS
INTERNATIONAL, INC.
1000 Sylvan Avenue
Englewood Clifts, NJ 07632

INGENIOUS IDEAS INC.

7373 East Doubletree Ranch Road
Scottsdale, AZ 85258
602-922-9250

MICROTALK TECHNOLOGIES INC.
10001 Wayzata Blvd., Suite 210
Minnetonka, MN 55305
612-545-2627

MOTOROLA

Land Mobile Products Sector
1301 East Algonguin Road
Shaumburg, IL 60196
708-576-1000

NINTENDO OF AMERICA, INC.
Consumer Products Division
4820 150th Avenue N.E.
Redmond, WA 98052

NORRIS COMMUNICATIONS
CORPORATION

12725 Stowe Drive

Poway, CA 92064
619-679-1504

PANASONIC COMPANY
One Panasonic Way
Secaucus, NJ 07094
201-393-6415

PHILIPS CONSUMER ELECTRONICS
One Philips Drive

with X- and K-band radar, SuperWide Ka,
Stalker, and PhotoCop Ka-band systems,
but will also be able to warn them of poten-

Knoxville, TN 37914-1810
615-521-4316

PHILIPS INTERACTIVE MEDIA
11111 Santa Monica Blvd. #400
Los Angeles, CA 90025
310-444-6600

POSITIVE COMMUNICATIONS, INC.
5753 West Las Positas Blvd.
Pleasanton, CA 94588
510-416-8686

PRIMESTAR PARTNERS
100 North Presidential Blvd.
Bala Cynwyd, PA 19004
215-660-6100

SEGA OF AMERICA, INC.
255 Shoreline Drive, #200
Redwood City, CA 94065
415-802-3653

STARSIGHT TELECAST
39650 Liberty Street, 3rd Floor
Fremont, CA 94538
510-657-9620

TETRAGON, INC.

296 West Renner Parkway, #200
Richardson, TX 75080-9604
214-680-8101

THOMSON CONSUMER
ELECTRONICS

10330 North Meridian
Indianapolis, IN 46290
317-267-5000

THE 3DO COMPANY
600 Galveston Drive
Redwood City, CA 94063
415-261-3000

US ORDER

13873 Park Center Road
Suite 230

Herndon, VA 22071
703-834-9480

UNITED STATES SATELLITE BROAD-
CASTING COMPANY INC. (USSB)
3415 University Avenue

St. Paul/Minneapolis, MN 55114
612-645-4500

VICTORMAXX TECHNOLOGIES
510 Lake Cook Road

Suite 100

Deerfield, IL 60015
708-267-0007

VIRGIN INTERACTIVE
ENTERTAINMENT
18061 Fitch Avenue
Irvine, CA 92714
714-833-8710

ZENITH ELECTRONICS
CORPORATION

1000 Milwaukee Avenue
Glenview, IL 60025
708-391-8181

tially dangerous moving emergency vehi-
cles and stationary roadside hazards, such
as construction sites. **Cobra has initiated




an effort to employ radar detection tech-
nology for accident prevention,” said
Doug Marrison, vice president of market-
ing and sales. ““We have developed an
Emergency Vehicle/Road Hazard Alert
Transmitter for use by public safety agen-
cies and highway departments. The trans-
mitter will emit a signal that can be
received and interpreted by the new Intel-
ligent Detector.”

The detector’s alphanumeric digital
data display indicates whether the signal is
standard K-band or an emergency vehicle
or road hazard. The display also lets the
driver know what frequency is being de-
tected, its strength, and its place on the
frequency spectrum. The Intelligent Radar
Detector will be available in September at
a suggested retail price of $219.95.

Cobra was also exhibiting new models
of CB radios, marketing some tradi-
tionally—as truckers’ companions—and
others as family communications tools.
Aimed at professional drivers, the “*Clas-
sic”” line now includes an integrated
Weather Alert receiver with automatic ac-
tivation to warn users of severe weather
conditions. Family CB radios include
emergency communications kits to be
stored in the trunk of cars, and portable
units that allow busy family members to
stay in touch—or groups of teens to
*power shop” by splitting up to search out
the best merchandise at the local mall, and
calling their friends by radio to fill them in
on their finds.

THE PCC SHOW

Staying in touch seemed to be the theme
of the Personal Communications and
Computer **Show’—actually a couple of
aisles on the main floor of CES, identifia-
ble only by a large banner. (Most PCC
activity took place off the show floor, in a
series of workshops on emerging tech-
nology, converging technologies, and
marketing strategies.) Computer ex-
hibitors were in the minority; most PCC
exhibitors were showing pagers and cel-
lular phones.

Teens were being targeted by several
companies offering pagers and accessories
in bright neon colors. Positive Communi-
cations has also initiated a voucher pay-
ment program with teen appeal. The
program allows customers who don’t have
credit cards to pay cash for paging ser-
vices. Two types of vouchers are available
through retailers. Existing owners of
Positive Communications pagers can buy
a voucher to cover one month of basic
service. First-time buyers can buy a
voucher that includes a one-time activa-
tion fee and the first month of basic ser-
vice. After purchasing the voucher, the
customer dials a tool-free number and en-
ters the code found on the voucher; the
account is instantly credited.

tf you dom’t like the show that’s on, shoot
it off the air with the trigger channel
changer on this Gunverter universal re-
mote control.

The Flashback is a digital replacement
for magnetic tape-based voice record-
ers.

One of the largest PCC exhibitors was
Motorola, which introduced its Lingo line
of multi-service portable phones. Com-
bining voice and data capabilities into one
compact device, Lingo phones provide
users with access to the Motorola Inte-
grated Radio System. or MIRS.

MIRS allows service providers around
the world to offer customers two-way ra-
dio, phone, paging. and data capability in
a single compact device. A menu-driven,
three-line display guides the user through
the available features and services. In
North America, service providers will in-
clude Nextel Communications,
OneComrm, DialCall, and Clearnet. The
equipment is designed to operate in the
800-MHz trunked radio band. Motorola’s
top-of-the-line model offers all four ser-
vices, while lower priced models allow
consumers to pay only for what they need.

Another telephone device displayed on
the PCC side of SCES was PhonePlus,
from US Order. According to the compa-

ny’s vice president, Scott Corzine,
“PhonePlus delivers ‘information super-
highway’ services two to three years ear-
lier than consumers expect them”—and
does so with no intimidating computer in-
terface. The PhonePlus allows consumers
to pay bills, shop from any catalog, and
conduct ATM transactions without leaving
their homes. The speaker phone features a
32-bit Motorola 68000 CPU, 256K mem-
ory, a full alphanumeric keyboard, a four-
line by 20-character display, one-touch vi-
sual access to advanced telephone services
such as Call Forward and Three Way Call-
ing, built-in Caller ID, and an encrypted
credit-card and ATM reader. Later this
year, EmailPlus, FaxPlus, and InfoPlus
will be added, allowing consumers to send
e-mail messages over the Internet and to
transmit faxes without using a PC or fax
machine. InfoPlus will provide one-button
access to sports scores, weather reports,
stock quotes, and news.The phone itself
costs less than $200, and the services (in-
cluding BankPlus and ShopPlus) are avail-
able with a small one-time activation
charge and monthly fee of less than $12.

ODDS & ENDS

CES always provides a showcase for
some off-beat new items, and SCES 94
was no exception.

MicroTalk Technologies, for instance,
was demonstrating a prototype of a mini-
ature cordless telephone/wristwatch, a la
Dick Tracy. The TeleWarch measures only
2.2x%1.6%0.25 inches, yet offers some
features not found in all full-sized cordless
phones. Those include a scrambler circuit
for privacy, speed-dial, a hold function,
and an intercom feature that allows users
to communicate with one another through
their TeleWatches. In addition, the wrist
communicator eliminates the problem of
misplaced handsets—at least while it's
strapped to your wrist.

Anyone who relates to Bruce Springs-
teen’s **57 channels and nothing on” la-
ment has probably had the urge to toss the
offending TV out a window. or take a shot
at it. The latter can now be done safely,
with the Gunvertor remote control from
Ingenious Ideas. Don’t like what’s on?
Simply aim at the TV and pull the trigger
to change channels. Shaped like a hand-
gun, the Gunvertor also features a 25-but-
ton keypad used to control all major
functions of a TV, VCR, and cable box.
Despite the national call for handgun con-
trol, the company expects them to fly off
the shelves at the suggested retail price of
$69.95.

What can you do if you can’t bear to
miss your favorite shows and haven’t fig-
ured out how to program your VCR? You
could try Econologic’s TELEmate, a radio
accessory for receiving TV audio signals.
You won't get the picture, but the device is
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wireless, inexpensive, easy to use, and
works with every radio that you already
own, including the one in your car. When
placed within 12 feet of any AM/FM radio.
the TELEmate allows the radio to pick up
the audio portion of on-air television sig-
nals. Up to five TV channels can be stored
as favorite stations. The device is expected
to retail for less than $60.

Keep track of your brilliant ideas with
the Flashback digital voice recorder from
Norris Communications. The palm-sized
device, which weighs only three ounces, is
intended to replace the microcassette re-
corder—if the company’s steamrolling of
a pile of such recorders at a press event is
any indication. The Flashback allows for
up to 30 or 60 minutes of recording on
removable flash-memory cards called
“SoundClips.” Because the recording is
digital, it’s possible to insert a “thought
within a thought” anywhere on the record-
ing. Playback can be done in regular, slow,
or fast speed without changing the voice’s
pitch. A PCMCIA interface will allow
users to download recorded messages to a
PC or PDA. Flashback will be available
later this year at a suggested retail price of
$249.95, including a 30-minute Sound-
Clip, batteries, and accessories.

LOOKING AHEAD

SCES '94 was smaller than previous
shows, and—with the exception of the
DSS launch—it lacked the excitement of
major new technology introductions.
(Some of the products that won Innova-
tions awards for design excellence are
highlighted in the Wish List section that
appears at the end of Gizmo.) The show
also represented the death of a consumer-
electronics tradition—the annual summer
showcase for audio and video gear. But it
also foreshadowed the birth of what might
prove to be another tradition—a late spring
show dedicated to interactive consumer
products.

Out of the ashes a new show is rising.
Next year we’ll be reporting all the action
from Philadelphia, the site selected for the
first “CES Interactive.” |

Tuning in the

World

SONY ICF-SW100S WORLD-BAND
RADIO RECEIVER. From: Sony Corp.,
1Sony Drive, Park Ridge, N] 07656. Tel:
201-930-1000. Price: $449.95.

We have always enjoyed shortwave (or
world-band) listening. Back when we first
got involved in the hobby, hearing a broad-
cast from half-way around the world was
exhilarating. During the Cold War days,

the alternative opinions presented on
world-band radio helped us keep the prop-
aganda in perspective.

These days, when satellite communica-
tions has made the world an even smaller
place, world-band radio can sometimes
seem almost quaint. But world-band radio
still has its place. Turn off the ABC com-
mentators and listen to the World Cup
games on the BBC, for instance, and
you’ll know what we mean.

Shortwave radio listening has gone
through booms and busts in pepularity. In
the 1940’s, for example, shortwave
coverage was a common feature for a radio
receiver. Here in the U.S., the latest surge
in interest was brought about by the Guif
War—even though Americans saw the war
start on their living room TV’s and were
provided almost 24-hour-a-day coverage
on CNN and other networks.

One reason that world-band radio isn't
as popular as it could be is that many
people who gave it a chance in the past
were turned off because they purchased a
poor performing receiver. Although there
are still plenty of junkers on the market,
it’s not as much of a problem today as it
used to be. If there is any exception to that
general rule, it is with portable receivers,
which have often been poor performers.

Sony’s new ICF-SW100, however, is an
incredible receiver, especially when its
size is taken into consideration; the re-
ceiver measures only 4% X 27%:-1%e
inches, which is small enough to fit com-
fortably in a shirt pocket. 1t weighs just
under eight ounces, so it makes an ideal
travel companion.

The receiver is designed something like
a tiny notebook computer. The top cover
contains a small (1¥-inch) speaker and an
LCD that measures about 1¥4 X 2 inches.
The top cover folds back to an angle that is
ideal for use on a desktop—something that
makes it different from other shirt-pocket-
portables. The bottom half of the receiver
contains a 28-button keyboard. On each
side edge of the bottom half are a handful
of switches and jacks. The receiver
doesn’t have to remain opened when you
are listening to it, thanks to speaker vents
in the top cover and a headphone jack.

The receiver tunes continuously from
140 kHz (longwave) to 29,999 kHz. lt also
tunes the FM band from 76 MHz (the
beginning of Japan’s FM band) to 108
MHz. The frequency coverage is broken
into 16 bands: longwave, medium wave
(standard AM broadcast). FM, and 13
shortwave bands (120, 90, 75, 60, 49, 41,
31, 25,22, 19, 16, 13, and 11 meters). The
SWI00 is, however, a general-coverage re-
ceiver, so the frequencies outside the
bands can also be tuned. The separate
band designations are provided on the
SWI00 for several reasons. First, they al-
low novice users to immediately find
where the international broadcasters are.
Second, they allow the band of interest to
be scanned. They also allow users to
switch quickly between frequencies.

There are several ways to tune the ICF-
SWI100. One way is to enter the desired
frequency directly on the keyboard. For
example, to tune to 11,730 kHz, you could
press DIRECT-1-1-7-3-0-EXE. Alternatively,
you could use the tuning buttons.




A diagonal row of four tuning buttons is
located on the right side of the keyboard.
The buttons have several operating modes.
The outer two buttons allow the frequency
to be increased or decreased in relatively
coarse 5-kHz increments. The inner two
buttons allow tuning in 1-kHz increments.
On the AM band, the outer buttons provice
10-kHz tuning increments, and the inner
ones provide I-kHz increments. Because
the spacing of AM stations in much of the
world is 9 kHz, itis also possible to config-
ure the SW100 to tune in 9-kHz incre-
ments. Finally, in the SSB-receiving
mode, the outer buttons are used to tune in
1-kHz and the inner ones in 0.1-kHz incre-
ments. However, the display cannot show
the 0.1-kHz steps.

The tuning buttons can also switch the
SWI100 between shortwave bands. When
the AM BAND button is held down, the
outer tuning buttons become band-chang-
ing controls. So, to tune to the same
11,730-kHz frequency of our previous ex-
ample, you would first tune to the 25-
meter band and then use the outer tuning
buttons to reach the frequency.

A third way to tune 11,730 kHz would be
to choose it from a memory location in
which it was stored. The receiver offers 50
memories, organized as ten ‘‘pages” of
five locations each. That memory organi-
zation is particularly sensible for world-
band listeners because many international
broadcasters transmit on multiple frequen-
cies. Storing multiple frequencies for a
single station would allow that station to
be tuned in at any time of day, as propaga-
tion conditions change. For example, we
stored five frequencies for Radio Moscow
in one page. During the day, we could
listen to Radio Moscow on the 19-meter
band. Frequencies in the 25-, 31-, 41-, and
49-meter bands were more useful as the
evening approached and the propagation
in the lower-frequency bands improved.

The radio comes pre-programmed with
30 frequencies for the BBC, Voice of
America, and Radio Japan. but those
memories can be reprogrammed easily. A
six-character label can be stored with each
memory location. After the LABEL EDIT
button is pressed, the numeric keys be-
come alphanumeric keys. For example,
the I key, can input eitheran A, B, C. or |
on subsequent pushes. The tuning mode is
also stored in each memory.

There is yet another way to tune the
SWI100: by scanning. The receiver enters
its scan mode when either of the outer
tuning buttons is held down for about two
seconds. The receiver will scan in either
direction until a station is detected. Then it
will stop for about three seconds. Scan-
ning will continue unless one of the tuning
buttons is pressed. When the top of a band
is reached, the scanning will resume at the
bottom of the band.

One of the few complaints we have
about the SW100 is with the scanning. We
would have preferred to see separate scan
buttons. Instead, because the tuning but-
tons must be held down before the scan
mode is entered, we often found ourselves
tuning past stations as we were trying to
initiate the scan mode. We also would have
preferred to have an option of scanning
past the edges of the band instead of al-
ways returning to the beginning of the
band being scanned. A DX/LOCAL slide
switch on the right edge of the receiver
allows the scanning sensitivity to be set.

One of the high-tech features that makes
the SW100 special in its size class is a
synchronous detector. One of the biggest

problems with shortwave reception is sig- -

nal fading. Synchronous detection reduces
the problem by replacing the carrier of the
received signal with a perfectly syn-
chronized, stable carrier generated by the
receiver itself.

Another problem that plagues reception
is interference from adjacent stations.
However, the synchronous detector circuit
locks onto only the upper or lower side-
band of the station. So if an interfering
adjacent station is higher in frequency, you
would want to lock on to the lower side-
band. Conversely, if the interfering station
was lower in frequency, you would want to
lock on to the higher sideband.

The receiver’s USB and LSB/CW
modes allow single-sideband and continu-
ous-wave (Morse-code) signals to be re-
ceived. Single-sideband and CW trans-
missions are commonly used by amateur
radio operators (hams).

The receiver’s display is side-lit by two
green LED’s. When the radio is being
powered by two AA batteries, the light
stays on for about 30 seconds. When
powered by the supplied AC adapter. the
light is always on when the radio is on.
Because the light button is the only control
located on the cover, it’s easy to find in the
dark—when you: need it most.

i
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Audio Technica’s ATH-P5 headphones
allowed us to listen and DX for hours in
comfort.

The tiny front-panel speaker is sur-
prisingly adequate for casual listening.
However, it certainly doesn’t provide high-
fidelity, and it distorts at high volumes. A
headphone jack is provided on the right
edge of the receiver. Although small “ear
bud™ headphones are provided with the
receiver, we found them uncomfortable.
Most of our listening was done with the
superbly comfortable ATH-P5 head-
phones from Audio-Technica (1221 Com-
merce Drive, Stow, Ohio 44224). FM-
stereo broadcasts are received in stereo
through the headphone jack. The audio
quality is pleasant enough for casual lis-
tening. It is, however, lacking in bass out-
put. No tone controls are available for FM
broadcasts. A NEwS/MUSIC tone control is
provided for AM reception. The same
switch acts as a STEREO/MONO selector in
the FM mode.

The built-in 26-1/2 inch telescopic whip
antenna performs well for casual listening,
as does the built-in foopstick antenna for
AM-band and longwave reception. For
better results on the shortwave bands. a
Sony AN-100 active (amplified) antenna is
provided with the receiver. The active an-
tenna receives its power from the SW100
ACTIVE ANT jack. Because that jack always
supplies 3 volts DC when the radio is on. it
cannot be used to attach other external
antennas to the receiver.

For listening to mainstream world-band
broadcasts. the active antenna, with its
26-1/2 inch whip hardly performs better
than the receiver's built-in telescopic
whip. The active antenna can help pull
weaker signals out of the mud. however.
The connecting cable is almost twelve feet
long, and stores on a reel inside the
AN-100. The AN-100 has four bandpass
settings: Wide (0.15-30 MHz), Low
(0.15-5.5 MHz). Mid (5.5-11 MHz), and
High (11-30 MHz.)

The SW100 contains a built-in 24-hour
clock. Unfortunately, the clock cannot be
set—or even seen—when the radio is
turned on. Thus, it can’t be set with the
help of WWV, WWVH, or other standard
time-and-frequency stations. The clock is
set by using the inner tuning buttons in
conjunction with the TIME SET button to
change the radio to indicate the proper
local time zone (as identified by the name
of a city in each zone). The outer tuning
buttons adjust the time.

Coordinated universal time can be
called up with the touch of a button (again,
only when the radio is off). Another button
lets you automatically compensate for
daylight savings time. The tuning incre-
ment in the AM band (9 or 10 kHz) is
determined by the time-zone setting.

A standby function allows two stations
to be stored in timer memories. At the
appropriate time. the radio will come onto
the stored frequency. If the radio is already
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on, it will switch to the stored frequency. If
only a time is stored in memory without a
frequency, the SW-100 will act as a simple
alarm clock, and beep at the stored times.

The receiver offers a line-level output
jack for connecting the receiver to tape
recorders, an audio amplifier, or other
" equipment. The output could also, for ex-
ample, provide an input for a radioteletype
decoder.

The SWI00 is an incredible radio. Al-
though it’s somewhat expensive, it has
something for everyone. Because it’s easy
to use and performs so well, first-time lis-
teners won't be frustrated trying to find
something to listen to. With its diminutive
size and time/alarm functions, the receiver
makes an ideal travel companion for short-
wave enthusiasts.

The receiver does have what we think
are a couple of minor problems. As men-
tioned earlier, you can’t see the clock
when the radio is on. Also, it lacks a sig-
nal-strength meter (although it does have a
TUNE indicator). Also, the AM band tunes
only to 1630 kHz—only a drawback wher:
in the scanning mode. None of those prob-
lems is significant enough to take away
from the best portable shortwave receiver
we’ve ever tried. B

Team Player

TEAM MONITOR AND TEAM BASS
SUBWOOFER SPEAKERS. From Rock
Solid Sounds of America, 54 Concord
Street, North Reading, MA 01864-0008.
Tel: 508-664-3406. Price: $199/pair
(Team Monitor), $250 (Team Bass Sub-
woofer).

Of all the products that come through
Gizmo for evaluation, speakers are the

most difficult to review. [aboratory mea-
surements tell precious little about how a
speaker will sound in real listening situa-
tions. In fact, speaker placement and room
acoustics have a more dramatic influence
on speaker performance than virtually any
other factor.

Instead of putting our speakers in an
anechoic chamber with test generators and
microphones. we generally put speakers to
the test with our ears in a variety of listen-
ing areas. with a variety of program
sources. What those tests have showed us
is that Rock Solid Sounds of America has
created an incredibly versatile speaker
system with its Team Monitor speakers
and the Team Bass subwoofer. Together or
separately, they are ideal for a variety of
listening applications and environments.

The Team (Total Entertainment Audio
Monitor) Monitor is housed in an attrac-
tive cabinet that measures about
8 X 5% % 5% inches. Built-in hanging
brackets allow the speakers to be placed on
a wall with a minimum amount of fuss—
they can easily be mounted at ear level.
Although the speakers are rather small,
they nonetheless boast a power-handling
capability of 75 watts.

The Team Monitors are two-way bass-
reflex speakers. They have a rated frequen-
cy response of 80 Hz to 20 kHz (=3 dB)
and a rated sensitivity of 87 dB (1 watt, |
meter). Their nominal impedance is 8
ohms.

The Team Monitor speakers by them-
selves would be a good choice for rooms
where space is at a premium but accurate
speaker performance is equally important.
They would be a sensible choice for one
zone of a multi-room audio system, for
instance. They also would be an excellent
choice to serve as speakers for a video
system—they are magnetically shielded
so that they won’t distort the monitor’s
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display. The Team Monitors would also be
a good selection for use as surround speak-
ers because of their convenient mounting
brackets.

Another example of the speakers’ ver-
satility is that they can be mounted out-
doors. They do have to be somewhat
sheltered., however, as they cannot with-
stand direct rainfall or immersion. They
should be able to withstand the environ-
ment of a steamy bathroom or a kitchen
without any problem. To show how se-
rious Rock Solid Sounds is about outdoor
mounting, the company includes a *‘bug
plug” with the speakers. The small,
round, metal screen is intended to be in-
stalled in the speaker’s port to keep in-
sects—perhaps even small birds—from
calling the Team Monitors their home
when they are used outdoors.

The Team Monitors can also more than
meet the demands of being placed in the
main listening room when they are teamed
up with the Team Bass Subwoofer. Such a
setup, in effect, becomes a top-notch
three-speaker, subwoofer/satellite com-
bination.

The subwoofer, with a frequency re-
sponse of 45 Hz to 180 Hz (+3 dB). ac-
cepts the left- and right-channel outputs
from a stereo amplifier. Outputs are avail-
able to drive the Team Monitor speakers.
In this configuration, the power-handling
capability of the system is boosted to bet-
ter than 100 watts.

Unlike most subwoofers that incorpo-
rate a dual voice-coil, the Team Bass sub-
woofer incorporates two 5-inch drivers.
They fire up from a rectangular base into
the tubular top of the subwoofer cabinet.
(Actually, “‘base” and “top” are subjec-
tive terms. The subwoofer can be mounted
in virtually any position.)

As with any subwoofer—or any speak-
er—its performance is greatly influenced
by placement. The placement is especially
critical for subwoofers, because bass re-
sponse is greatly affected by a speaker’s
proximity to walls and corners. Also, the
wavelengths of the signals that the sub-
woofer handle are of the same order as
room dimensions, so standing waves can
be set up in the listening room, affecting
how the subwoofer sounds at different lis-
tening positions.

The combination of the Team Monitor
and Team Bass subwoofer yields a high-
performance loudspeaker system. The
highs were crisp (but not excessively so)
and well-defined. The bass was free of
boominess, and the stereo imaging was
excellent. The transition from bass to tre-
ble frequencies was seamless—the com-
ponent speakers were truly designed as a
team. As good as the Team Monitor speak-
ers are, the addition of a Team Bass sub-
woofer makes a combination that is tough
to beat. [ ]



TECHNOLOGY UPDATE

How to get surround
sound without buying

the theater. ..

Chase Technologies brings you an amazing new
surround sound decoder that turns your stereo

into a multi-channel home theater.

By Charles Anton

s much as [ love renting videos, it’s just l

Anot the same as seeing a movie in a

theater. | remember the first time | saw
Jurrasic Park. 1 nearly jumped out of my seat
when the dinosaurs roared. One of the reasons
movies seem so real is because surround sound
makes it seem like you're actually there when
events are happening. Now there’s an incredi-
ble new device that

signals in stereo sound-
tracks. Because the circuit
was patented, it was only
available on expensive
Hafler products. Now
that the patent has expired, Chase can make this
amazing decoding system available at a frac-
tion of the cost of other systems!
Breakthrough. The

lets you use a stereo
receiver to get that
same surround sound
in your home.

It takes more than
four speakers to get
surround sound; there
needs to be a way of
separating the signals.
The new Chase Tech-
nologies HTS-1 de-
coder does just that,
and in a revolution-
ary way that rivals the
best Dolby Pro-Logic
and THX systems.
Wins over critics.
Gary Reber, editor
and publisher of the
most authoritative
magazine on home
theater systems, Wide-
screen Review, stated,
"...passive matrix de-
coders such as the
new Chase HTS-1
work great as Dolby
Surround™ extrac-
tors, and sound ex-
ceptionally natural
when used for sound-
tracks and music.”
Passive circuit. In 1972, legendary
audio pioneer David Hafler invented a pas-
sive circuit to extract the “L minus R” difference

Submerge yourseif
In rich surround
sound.

THE PASSIVE

" Passive. Chase Technologies’ passive
1 fome theater system elintinates signal
processing, yielding better
clarity and detail.
The effects sound
amazingly real.

The HTS-1 decoder
makes your movies
come to life.

The secret of surround sound
Surround sound has become the rage of the
90’s because it adds depth and realism to
stereo sound, giving you the home theater
experience. It makes you feel like you're ac-
tually at a concert or theater. To “fill a room”
with surround sound, you need more than two
channels. The HTS-1 provides four channels
of sound from any two-channel stereo source,

Free center channel. By connecting your
VCR or laserdisc player to your TV, you get
sound from your TV speaker; this acts as the
fifth or “center channel.” Adjusting your TV’s
volume gives you as much or as little “center
channel” localization as you desire, withoul
extra speakers or amps. There are also no
extra costs with the “fifth” channel. When used
with the HTS-1, you'll have a true state-of-
the-art five-channel system.

—

HTS-1 is able to decode
the Dolby Surround™
signal in a videotape or
laserdisc because the
spatial and depth cues
have been matrixed
into the “L minus R”
portion of the two-
channel stereo sound-
track. By decoding
passively, the HTS-1
avoids costly and noisy
signal processing. Plus
you don’t need any
additional amps! Just
connect the HTS-1 to
your existing stereo
system, add two speak-
ers for the rear, and
you'll experience the
magic of home theater
ey at a fraction of the cost.
| Concert sound. The
HTS-1 also decodes the
ambience found in all
music recordings. This
sense of space, or “con-
cert hall acoustics,” is
present in all CDs and
cassettes, especially live
recordings. John Sunier,
the leading authority on

surrcund sound and producer of
Audiopiiile Audition, a nationally syn-
dicated radio program for audio
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Active. All Dolby Pro-Logic decoders
(even the built-in units) are active, mean-
ing they decode and amplify
the signal electronically.
Noisy and expensive signal
processing actually degrades
the home theater experience.
It's like putting a blanket
over your speakers.

$79HOME THEATER

SURROUND :SOUND
BREAKTHROUGH !

enthusiasts, says, “...the new Chase HTS-1,
when used to decode the hidden ambience in
all musical recordings, definitely outperforms
all the Dolby and THX processors (which could
cost you up to $3,000)... I am impressed!”

Easy installation. Hooking up the HTS-1 is
easy. Simply connect the speaker outputs of
vour receiver
or amp to the
HTS-1, then
connect speak-
er wire to the
front and rear
speakers. The
rear channel
speakers don't
have to be big.
In fact, we rec-
ommend the
Chase ELF-1 in
either black or white finish to match your decor.
They can be mounted with enclosed color-
matched mounting brackets or can be flush
mounted on the wall. They are also water and
weatherproof; they can be used indoors or out.

The ELF-1 rear channel
speakers Integrate perfectly
with the HTS-1.

| Risk-free home trial. Let's face it— the best

way to evaluate surround sound is in your
home, not in a showroom. That's why we're
offering this risk-free home trial. We're so sure
you'll be delighted with the quality of these
products and the surround sound experience
that we are giving you 30 days to try them for
yourself. If they’'re not everything we say,
return them for a complete “No Questions
Asked” refund.

HTS-1 Home Theater Decoder............ $79 $9 S&H

Speakers designed by Chase for the HTS-1:

ELF-1 Rear Channel Speakers ......... $99 $10 S&H
Please mention promotional code 165-PL1102.

For fastest service call toll-free 24 hours a day

800-992-2966
2o e

To order by mail, send check or money order for the
total amount including S&H (VA residents add 4.5% sales
tax.) Or charge it to your credit card, enclosing your
account number and expiration date.

CORETRAD
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midiothian, Virginia 23113
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Bogen Cordless Friday

22 Ace Trident Receiver

ELECTRONICS WISH LIST

Cordless Friday

Friday, the electronic " Personal/Office Receptionist™ from Bogen Communica-
tions, Inc. (50 Spring Street, P. O. Box 575, Ramsey, NJ 07446) is now available
as Cordless Friday, an integrated, pocket-sized, cordless telephone and digital
answering system. Cordless Friday offers home-office workers and members of
busy households the freedom of a cordless phone and the electronic-receptionist
features of the original Friday. Those include call forwarding, pager notification,
fax switching, and digital voice mail. The small, 10-channel cordless handset fits
conveniently in a shirt pocket and boasts a transmission range of up to 1000 feet.
The messaging unit allows users to selectively skip, save, and delete messages,
and provides eight mailboxes for greater control of business and personal commu-
nications. Voice and visual prompting simplify setup and on-going use. A
dataport allows Cordless Friday to be connected to a fax machine or PC to allow
remote access to the computer. Price: N/A.

Muilti-Format A/V Disc Player

Aimed squarely at the Asian-American market, the KDC-/ disc player is the
first product to incorporate Samsung Electronics America’'s (106 Challenger
Road, Ridgefield Park, NJ 07660-0511) CD-OK format. CD-OK discs store the
musical information as MIDI data, and high-resolution video images are stored as
MPEG-compressed data. A proprietary graphics system displays lyrics and cuing
information. The format allows Samsung to **exponentially improve both capacity
and functionality over older laserdisc and CD + G systems”—in other words, o
create karaoke discs that contain up to 3000 songs and 4000 images. The multi-
format, five-CD carousel is compatible with audio CD’s and CD+ G discs in
addition to the CD-OK format. The first CD-OK releases will feature Chinese,
Korean, and other Asian songs; the copyright problems—and costs—inherent in
producing a 3000-song disc could delay the release of any American CD-OK
discs, perhaps indefinitely. Price: $1199.

Full-Spectrum Receiver

The Trident TR2400 handheld receiver from Ace Communications (6975 Hills
dale Court, Indianapolis, IN 46250) can receive virtually any legal broadcast
frequency. (Cellular frequencies are disabled to conform with current FCC regula-
tions.) With a frequency range from 100 kHz to 2.060 GHz, it covers the radio
frequency spectrum from below AM broadcast to above the new Personal Commu-
nications services in the microwave range. Users can tune in to nearly every kind
of voice broadcast from all over the world. The TR2400’s demodulation modes are
AM (for broadcast and world-band radio plus civil and military aviation), narrow
FM (for police, fire, and emergency transmissions), Wide FM (for radio and TV-
audio broadcasts), and single sideband (for transoceanic-aircraft, ships-at-sea,
and ham-radio communications). Tuning increments are selectable in steps as low
as 1 kHz. The receiver offers 1000 permanent memory locations for storing active
channels. Up to ten different search ranges can be set and entered into the unit’s
memory. Memorized frequencies are scanned at up to 25 channels-per-second,
and the radio will lock on active calls to receive the broadcast. The TR2400 comes
with a 12-volt adapter, an AC battery charger, four “AA” batteries, an earphone, a
built-in speaker, a belt clip, a flexible antenna, mounting hardware, operating
instructions, and a listing of allocated uses for all the frequencies covered. Price:
$799.



Tornado Warning

Dorothy sure could have used KBA Inc.’s (256 Commerce Drive, Suite 471,
Peachtree City, GA 30269) Final Alert. The device warns homeowners in both
urban and rural areas that a tornado is very near and approaching, and is par-
ticularly useful in rural areas where coverage by a central warning system is not
available. Similar in size and appearance to a smoke detector, Final Alert is
installed unobtrusively on the southwest eaves of a home. It works by detecting the
characteristic audio frequencies produced by tornadoes. An individual household
is alerted to the presence of a tornado in ample time to take immediate action to
prevent injury or loss of life—or unplanned trips to Oz. Price: $139.

No-Skip CD Player

Fisher AudiolVideo (21350 Lassen Street, Chatsworth, CA 91311-2329) has
introduced a personal CD player with the upgraded “Opti-Trac " anti-skip
system. The PCD-60 contains a buffer memory that keeps the music playing even
during the bumps and shakes associated with portable listening. The Opti-Trac 11
system resists interruption by storing CD music data in a memory chip with the
capacity to store 10-seconds of audio data. (The original Opti-Trac system had
only a three-second buffer.) Using a fast-read multi-trace (FMT) system, musical
data is read at twice the normal speed and stored in memory before digital-to-
analog conversion. If the player is jarred and mistracking occurs, the memory
plays on as the pickup moves back to its original position. Other features include a
line-out jack that allows the personal player to be used with an existing home or
portable audio system; and a three-position (rock, jazz, and classical) electronic
equalization system. Price: $219.95.

Kid-Style Keyboard

You don't have to know how to read to use a computer—ask any preschooler.
There’s plenty of kid-oriented software out there, and now there’s some hardware,
as well. The kidBoard from KidBoard, Inc. (6545 France Avenue South, Suite
376, Edina, MN 55435) is a computer keyboard specifically designed for kids
aged three to eight. It combines the capability of standard **grownup™ keyboards
with kid-friendly features such as bright primary colors, clever icons on the
alphabet keys (an apple for A, eic.), a cartoon-like face incorporated into the
housing, and fun software to help children become more comfortable using a
computer. lts creators compare the kidBoard to “*a set of training wheels for young
computer users.” The industry-standard, 101-key keyboard resembles a large
yellow face, complete with blue hair, blue button eyes, and a “smiling blue chin”
that serves as a hand rest for smal! hands. The keys are color-coded to differentiate
groups of keys. The Board Games software package includes three programs to
help kids become more familiar with the alphabet, the keyboard, and computer
operations. Price: n/a.

CB Emergency Kit

Cobra Electronics (6500 West Cortland Street, Chicago, IL 60635) dubbed its
Model 10 SOS citizen’s band radio an “Emergency Kit,” emphasizing its poten-
tial role in calling for roadside assistance, and positioning it as an affordable
alternative to a cellular phone. The 10 SOS Kit contains an ultra-compact, 40-
channel CB radio, a microphone, a magnetic-mount antenna, and an emergency
“Help" flag. The radio is packaged in a durable storage carton, which can be kept
in the glove compartment, under a seat, or in the trunk until needed. When the
radio is needed, it can be powered through a 12-volt cigarette lighter plug. The
radio offers one-touch tuning of channel 9, the universal emergency channel on
the citizen-band frequency. Price: $69.95.

KBA’s Final Alert

i -L.--.e -
Cobra CB Emergency Kit
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CIRCLE 119 ON FREE INFORMATION CARD

A great project for the beginning or intermediate builder.

e know that many of the
readers of this magazine
enjoy building kits and proj-

ects. We know that because building
is alarge part of what this magazine is
all about, Whether you like the com-
fort and convenience of building
from a kit or the challenge of building
a project from scratch is largely a
matter of personal preference. The
bottom line is that you like to build.

That said, there are quite a few ad-
vantages to working with a kit, es-
pecially for less experienced builders.
For one thing, buying a kit is some-
times cheaper than gathering indi-
vidual parts together. For another,
there's the convenience of having ev-
erything in one package, including
the etched PC board or boards,
ready to go. What's more, going the kit
route should in no way limit what you
can build. There are hundreds, if not
thousands, of interesting kits available
through advertisers in this magazine
and elsewhere. But with so many kits
around, you may wonder what kit of-
fers that something special that
makes building it a worthwhile en-
deavor, and just what is that special
something?

A Kit Classic. For this reviewer, one

type of kit that offers something spe-
cial, especially for a beginner, is a ra-
dio kit. That's because radio kits were
among the very first kits around, and
the emergence of radio was what
largely started the electronics hobby
that we all enjoy so much. Where
would we us a group of hobbyists be
today if it weren't for those early radio
pioneers?

Nothing makes you feel more like
an electronics hobbyist than power-
ing up aradio you built yourself for the
first time. And even though you've
heard radio a million times before,
there's nothing that matches the thrilt
you get when you hear a radio signal
for the first time on that receiver.

One kit that can give you all of that
exciternent and fun, and help you
learn more about electronics in the
bargain, is the AM/FM-108 Radio Kit
from Elenco Electronics Inc. (150 W.
Carpenter Ave., Wheeling, IL 60090
Tel. 708-541-3800). That kit lets you
build a superheterodyne AM/FM radio
from the PC board up. The radio is
built on a single-sided PC board that'’s
about 5 by 11 inches. It features 14
transistors and 5 diodes, built-in an-
tennas for both AM and FM, a speaker
and earphone jack (with an included
earphone), and it's powered from a 9-

volt battery. A “classic” kit like this de-
serves a classic battery, and an “Ever-
eady Classic” 9-volt is included with
the kit. A roll of solder is also included.
The price of this kit is very easy to swal-
low, as it will cost you only $29.95,

An added bonus with this kit is what
you can learn about radio. The in-
struction manual contains over 50
pages, and most of itis filled with tech-
nical information on radio theory. The
manual begins with a block diagram
of the receiver and briefly explains
what each section does.

More in-depth information is of-
fered as the radio is built. During as-
sembly, each section is explained,
built, and tested before going on tc
the next. The AM portion is fully func-
tional before a single FM part is in-
stalled. That method of construction
gives the builder a thorough under-
standing of how each section works,
and also eliminates problems along
the way—while they're easy to track
down and repair—so ifs unlikely that
you'll have any trouble getting the ra-
dio to work. Optional quizzes to see
how much you have learned are aiso
presented.

One unusual feature of this kit is how
the actual schematic of the circuit is
silk-screened right on the PC board.



Be a computer pro

Only NRI gives you hands-on
e latest
programming tools:

ive ® Windows = Visual Basic
2 Power C ® QBasic = DOS = And much more!

training with

200 meg hard

nly NRI at-home

training gives you

real-world program-
ming skills in three in-
demand languages: QBasic,
C, and Visual Basic,
today’s hot new
language designed
for writing
popular Windows
applications. Best of

, you qet hands-on training with a

powerful Intel-based 486sx com-
puter system, complete with Super
VGA color monitor, 200 meg hard
drive, Windows, and professional
programming software you keep!

NRI, the leader in at-home
computer training, shows you how
to take advantage of today’s
newest programming opportunities

Get in on the ground floor of computer
programming one of today’s fastest-growing
career fields. The Bureau of Labor Statistics
forecasts that job opportunities for program-
mers will increase much faster than average
over the next 10 years, with as many as
400,000 new jobs opening up by 20085.

And the fastest-growing segment of
programming jobs will be PC programming,
fueled by the phenomenal popularity of
Windows, the efficient power of C, and the
ascent of exciting new languages like QBasic
and Visual Basic.

Now, with NRI at-home training, you
can get the new skills you need to build a top-
paying career — even a full- or part-time
business of your own — in this high-

and clients demand...including programs
designed for use in a Windows environment!

Only NRI gives you first-hand program-
ming experience with a state-of-the-art Intel-
based 486sx computer system, complete with
Super VGA color monitor, 200 meg hard disk
drive, a full megabyte of RAM, 1.44 meg 3.5"
floppy drive, mouse, and more — all yours to
train with and keep!

Plus you explore the extraordinary
capabilities of three in-demand programming
languages. You learn to design, code, run,
debug, and document programs in QBasic, C,
and Visual Basic. Best of all, since Visual Basic
is specifically designed for creating Windows
applications, you learn to generate fully
functioning Windows programs, complete
with text boxes, command buttons, and other
sophisticated graphical interface elements.

No previous experience necessary
Train with NRI, and immediately start getting
the money-making job skills you need to be a
computer programmer — no matter what
your previous background.

Super VGA
Celor Monitor,
200 Meg
‘Hard Drive!

NRI's step-by-step lessons and hands-on
programming projects help you first master
the design concepts used every day by
successful PC programmers. Then, with the
support of your experienced NRI instructor,
you quickly move or to learn programming in
three of today’s hottest languages.

By the time you complete your course,
you have a clear understanding of program-
ming methods, languages, and techniques. ..
and you're ready to handle any programming
task with confidence.

|
Send today for your FREE catalog

See how NRI at-home training gives you the
programming know-how, the computer, and
the software you need to get started in this top-
paying field. Send today for your FREE catalog!
If the coupon is missing, write to us at
the NRI School of Computer Programming,
McGraw-Hill Continuing Education Center,
4401 Connecticut Avenue, NW, Washington,
DC 20008.
IBM PC/AT 'sa re?stered trademayk of the IBM Corporation. Windows,

QBasic. and Visual Basic are trademarks of Microsoft Corporation. Intel
Inside togo i a registered trademark of Intel, Inc.
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/ Mini Long Range FM Volce

Transmitter (3 mi) Ultra Sensitive -
with fine tune, range control, more! Detects
even whispers! FMX1 Kit and Plans

(3 mi) - automatically operates when phone is
used. Crystal clear clarity with fine tune and
range control. TELX-1 Kit and Plans........$43:80

Both Easy-to-Build Kits Above only $49 501

| Extended Play
Telephone
Recording System - $1 29 50

- Automatic - Crystal Clear - Easy to Use -
Connects to Ary Phone - Automatically controls
and records both sides of the conversation on our
extended play recorder. Caution - check local
laws as some states require an alerting beeper.
TAP20X Ready-to-Use System ........ only $129.50
£ ) FREE CATALOG with order - or send $1.00 P&H
! TION MC.VISA, Check, Cash or C.0.0.
/YNLIMITED Send or Fax Orders to: Dept pet6

PO Box 719, Amherst, NH 03031
OrderS' 800-221 -1705 FAX 603-672-5406 Tel 6036734730

Satellite Images On Your PC

i : » K ‘.‘_‘A' ¥
PC HF Facsimile 7.0 $99
acs c/.

‘SSC has interfaces and software to allow you to
receive vivid satellite images on an IBM PC computer
Just plug the interface into the senal port of a PC and
into the audio output of @ shortwave receiver. The
package includes the interface, manuals, schedules
and software. SSC also makes systems for reception
with VHF scanners. Call or write for our free catalog.

Visa and MASTERCARD accepted

Software Systems Consulting
615 . El Camino Real, San Clemente, CA 92672
Tel: (714)-498:5784 Fax: (714)-498-0568

.weather
e curious

The professiong
station for

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

FEATURES INCLUDE:

e inside & * Inside * Instant Metric
Outside Temps ~ Humnidity Conversions

* Wind Speed ¢ Wind Chill * Qutside Hum.
& Direction o Alarms & Dew Point

o Barometer « Highs & Lows OP‘!O“

* Time & Date Rainfall Option ﬁ:fé:mael RE

Order today:

1-800-678-3669

M-F 7 am. to 5:30 p.m. Pacific Time » PE647E
FAX 1-510-670-0589 ¢ M/C and VISA
One-year warranty ¢ 30-day money-back guarantee

Davis INSTRUMENTS

3465 Diablo Ave., Heyward, CA 94545

TANDY

NATIONAL PARTS
We have tools & test
equipment for your workbench
OSCILLOSCOPES
POWER SUPPLIES
POWER INVERTERS
CHEMICALS / SOLVENTS
SOLDERLESS COHNNECTORS
CRIMP TOOLS METERS
WIRE STRIPPERS SOLDER

NO MINIMUMS
ORDER TOLL FREE

1-800-322-3690
ASK FOR OPERATODR %733

The parts fit on the board right over
their symbols, making this quite a con-
versation piece for anyone into elec-
tronics. Not only does that enhance
the builder’s familiarity with radio cir-
cuitry, it also reduces the chance of
incorrectly installing components, as
the resistors go down on resistors, ca-
pacitors on capacitors, and so on.

Testing and Alignment. Two meth-
ods of testing are possible with this kit.
If you have access to such test equip-
ment as audio generators, variable
power supplies, oscilloscopes, and
the like, the manual includes detailed
information on how to use that equip-
ment to align the radio fo tight specifi-
cations.

However, because most peogle
who would want to build this kit would
not have access to most of that test
equipment, the manual also includes
information on how to test and align
the circuitry with only a multimerer
and your ears. As alast resort, you can
even align the radio entirely by ear.

Even though we do have access to
the required equipment, we wanted
to make sure that anyone could build
and align the radio, so we did our
alignment using the second method
(multimeter and ears). We found that it
was very easy to get the radio to work
without any fancy equipment.

We kept ourselves busy for two
nights building the radio kit, which
makes it a good entertainment vaiue.
Its unusual PC board also makes itone
of my favorite display items and an
interesting conversation piece.

For more information on the AM/
FM-108 kit, contact Elenco directty, or
circle No. 119 on the Free Information
Card. ]

CIRCLE 162 ON FREE INFORMATION CARD

HOME FIRE
SAFETY.
ACTON IT!

. United States Fire Admlnlstratlon &a Q!
P.O. Box 70274
Washington, DC 20024 2




The Four-Year Electronics Degree
Program That Really Hits Home!

Bring The Technology Home With A Bachelor Of Electronics
Engineering Degree. No Hassles. No High Cost!

A 1
Now’s the time to prepare for a profitable career

We've lowered the cost of
higher education.

It's true! You can earn a four-year
Bachelor of Electronics Engineering
Technology degree today ... and
prepare yourself for a high-paying
electronics career ... without quitting
your job or ever leaving your home.
Because World College, an aifiliate of
the Cleveland Institute of Electronics,
offers you the total flexibility of indepen-
dent study programs proven effective for
people like you who truly want to suc-
ceed! World College independent study
lessons help you build valuable skills

Mail/Fax Today
or Call

1-800-696-7532

step-by-step, and expert instructors are
personally available to you with a toll-free
call. What a way to earn an education!

Aworid of opportunity.
Where is your career headed?
With a four-year bachelor's deg-ee
irom World College, you call the shots,
choosing from incredible, high-paying
opportunities in electronics, tele-
communications, computer, electrical
power, and many other growing fields.

World College gives you the skills,
the knowledge, the power to take
advantage of your best opportunity in
electronics. And you can do it all at
your own pace!

Without leaving home.

World College continually works
to provide its students with the most
advanced education tools. From the
latest equipment and reference books
14 breakthrough computer-simulated
experiments, students are exposed to
the latest technological advancements.

All the equipment, parts, and soft-
ware you need are included i your
affordable tuition, including more than
300 hands-on lab experiments you
can complete in your home.

Choose your own pace.

Earn your bachelor's degree
on your time — and at your pace —
because you pay tuition to World
College only as you complete the
upper-level semesters close to
graduation. The faster you make it
through, the less you pay. So you
have an incentive to make your future
happen quickly — yet the freedom
to choose your own pace!

Send today for your FREE
course catalog — and give yourself that
future you've always wanted —
with an electronics degree education
from World College.

Take charge of your future in electronics.

FourPowerful Reasons

To ConnectWith
World Coliege Today:

I Earnyour four-year
= degree!

Self-paced

& training!
3 independent study in
= your home!

Expert
& instruction!

i

-

Give MeThe

Power! —_
Send me a FREE /STUD'T/
World College course 9
catalog today!

CATay
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(Please Print Neatly)
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Address
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For faster service, call
1-800-696-7532,
orcall
1-804-464-4600.

Or fax this coupon to
1-804-464-3687.
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Lake Shores Plaza
5193 Drive, Suite:113
Virginia Beach, VA 23455-2500
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Cleveland Institute of Electronics
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By John J. Yacono,
Technical Editor,
Windows Magazine

Some Shop
Circuits

THINK TANK

ast month | began a

tutorial in basic elec-
tronics. | described
electrons, nuclei, and the
electrostatic force. This
month I'll continue the dis-
cussion of that sub-
microscopic world, and
then we'll turn our attention
to some circuits for the
workbench. | hope the mix
will make both experienced
and beginning hobbyists
happy.

c4 J2
041 Vout

* = 1% MYLAR

Fig. 1. Need a nice THD analvzer but haven't got thousands of
dollars to spend? Try adding this to your multimeter and

pocket the difference.

CONDUCTORS AND
CURRENT
As | mentioned |ast time,

electrons orbit nuclei. More
times than not, more than
one electron orbits the
same nucleus. How many
depends on how positively
charged a nucleus is. Ele-
ments we typically call
metals have very positive
nuctei, so they tend to have
a large number of elec-
frons. So many in fact, that
the outer most ones are
only loosely held in orbit. It
doesn't take much energy
for one electron to go wan-
dering off unmissed.

Another property of met-

als is something called
"metallic bonding” (which
has nothing to do with
atoms playing sports to-
gether). Atoms in a metallic
bond share their outer
electrons so that for every
positive charge in the nu-
cleus, there is a full
complement of electrons in
orbit at least part of the
time. Generally, a metal
atom will form metallic
bonds with each of its
neighbors. Effectively, that
means that the outer elec-
trons in a metal are fairly
free to migrate from one
atom to the next, and they
do. If electrons can move
freely through a substance,
we can call it a “conduc-
tor”

Now let's say we take
blocks of two different met-
als and metalically bond
them together. If we dip the
assembly in a puddle of the
right acid, both will have a
tendency to dissolve. That is,
the nuclei of each will tend
to move into the acid, leav-
ing their outer electrons
behind. That will continue
until the acid becomes sat-
urated with nuclei because
(being all positively
charged) they don't like
being crowed together.
Also, the electrons saturate
the blocks, so the blocks
become a more attractive
place for the positively
charged nuclei to stay than
the acid.

Since the metals are dis-
similar, one will have a
greater tendency to move
into the acid than the other.
So the metal with the great-
er tendency to dissolve will
start “pushing” the nuclei of
the other metal (lefs call it
metal A) back onto the
block forcing it to accept

some foundling electrons.
The electrons will migrate
through both blocks toward
the adoptive nuclei. The
flow of electrons is called
“current.”

If we disconnect the two
blocks from one another
before all the nuclei of met-
al A are re-attached to the
block, the assembly (sloppy
as it is) could be called an
“acid battery.” Any conduc-
tor attached between the
blocks will experience a
flow of current {electrons).
That flow can be made to
do work, as we'll see next
time.

We'll that's enough to ab-
sorb this time. Let’s dissoive
into some shop gear!

THD ADAPTER
One of the most impor-

tant criteria of audio-
amplifier performance is
the harmonic distortion it
introduces to a signal. This
simple circuit (see Fig. 1) lets
you accurately measure
the total harmonic distor-
tion (THD) using your true-
RMS voltmeter. All the parts
are available from Mouser
Electronics (800-346-6873).

This THD circuit is some-
what different from the
usual types: it can operate
at the standard frequency
of 1000 Hz, but is also tuna-
ble from 970 Hz to 1030 Hz,
and has an adjustable "Q”
factor of 0.3 to over 50. That
makes the circuit much
easier 1o use than standard
units and allows very accu-
rate results. Op-amp U1, @
TLC272 CMOS unit, contains
the two voltage-followers
required to buffer the input
to the bootstrapped twin-T
notch filter. The power sup-
ply is made of two CR2032
Lithium coin cells, and if you




want to maximize their
shelf-life, you can substitute
a TLC27M2 for U1.

Tuning is accomplished
by R1, R2, and R3, which are
standard linear-taper slide
pots “ganged” together by
mounting them side-by-side
and gluing their sliders to-
gether. The only other
important construction hint
is to use twisted pair at the
circuit’s input and output.

To calibrate the circuit,
input a 1.000-volt RMS sig-
nal at 2000 Hz, set 51 to TesT,
and adjust R7 for a reading
of 0.99-volts RMS on a true-
RMS voltmeter at the out-
put. That sets the Q of the
filter so it can pass all of the
harmonics, but reject the
fundamental, or first har-
monic, at 1000 Hz.

To use the circuit, set $1 to
TUNE, input a 1000-Hz sine-
wave signal to the amplifier
under test, and set the am-
plifiers output for less than
1.50-volts RMS (1.000-volt
RMS is convenient). Con-
nect the amplifier’s output
to the THD Adapter and
tune R1/R2/R3 for the lowest
output signal. Then set §1 to
TesT and read the RMS volt-
age. To calculate the
percent THD use:

THD = (V,/V,) X 100

—Skip Campisi, South
Bound Brook. NJ

Of course if the input sig-
nal is 1-volt RMS, the
reading at the output will
be the THD as a decimal
percent, so just shift the
decimal point two places
fo the right. Thats as simple
as measuring THD can gef!

You always seem fo
come out with the neatest
stuff, Skip. Your circuits are
usually easy to build and do
interesting things. (Forgive
me if I'm slow to include
them in the column; thats
one of the pitfalls of trying
to compose a planned col-
umnj In fact, this circuit |
actually have a use for,
we'll be quality-testing

computer sound cards
where | work, so this one
might end up in the test lab
until we buy a manufac-
tured unit.

METER ADAPTER

| am enclosing a simple
circuit that recently solved
a problem for me. | had an
appliance motor that
would run for a few sec-
onds, then trip the
overload. | wanted to mea-
sure the current draw, to
determine if the problem
was in the motor, or an
overload that tripped too
soon. | did not have a
clamp-type AC ammeter,
and the current maximum
for my digital meters is 10-
amps AC. If the motor was
bad, it would draw over 10
amps, as its rated current
was 6.8 amps.

R1
0.1Q

HOT 20WATT

NEUTRAL
Fig. 2. Testing heavy-load
devices with a ten-amp
maximum meter can be
accomplished with this
straight-forward meter add-
on. If done right, it could be
made from a high-current
extension cord.

As a solution, | came up
with the enclosed circuit
{see Fig. 2). which | put in a
plastic project box. Jacks J1
and J2 are well-insulated
pin units that accept my
meter’s probe tips. | did not
have a 0.1-ohm 20-watt re-
sistor, but | had two 0.2-ohm
resistors, which | connected
in parallel. Plugging the test
leads from my digital VOM
into the jacks, | read 1.4
volts AC during the few sec-
onds before the overload
tripped, indicating a cur-
rent of 14 amps! The
problem turned out to be
sticking contacts on the
starting relay for the motor.

OUTPUT

A
c2
TO , 13 12 1|2
OUTPUT - P {3
ut-d SPKR1
Y6 7404

B
Fig. 3. Thought TTL-based audio oscillators would be impossible
to build? Trv the one shown in A, and if vou need an annunciator.
connect the circuit in B to its output.

—Bill Stiles, Hillsboro, MO

Just a couple of weeks
ago | was checking the
current draw of an amplifier
that had a discrete power
supply. | naturally blew the
meters fuse during turn on,
so | convinced myselt the
test wouldn't be too impor-
tant. Well, now | want fo
add another amplifier fo
the set up and need fo
determine if the power sup-
ply can handle it. You can
bet I'll be using your circuit
to find ouf! Thanks.

TTL AUDIO
OSCILLATOR

Many inverting-type TTL
integrated circuits will oscil-
late if three gates are
cascaded, with the output
of the third connected
back to the input of the first.
But the frequency will be
high—many megahertz in
fact—and attempts to use
resistors and capacitors to
slow it down to the audio
range can prove frustrating
for the experimenter who
wants a simple audio-fre-
quency source.

Using either a 7404 hex
inverter or a 7400 quad 2-
input nanD IC with the inputs
of each gate tied together,
the circuit of Fig. 3A seems
to be nearly foolproof. The
circuit will positively oscillate
nicely at an audible fre-
quency. You can change
the resistor value to get the
frequency you want, or use

a 2000-ohm potentiometer
in place of the fixed resistor
to vary the frequency from
a low grow! to beyond the
highest audible pitch. If the
capacitor used is an elec-
trolytic type. keep
tolerance in mind; its actual
capacitance could vary by
a considerable amount,

—C.C. Stalder, Way-
nesville, NC

Short, sweet, and com-

pact: If you use surface-
mount parts and a potenti-
ometer for R1, the whole

circuit could be built on the |
back of the potentiometer, | |
like your optional output cir- |
cuitin Fig. 3B as it doesn't l
require an extra IC.

SHORT-CIRCUIT
PROTECTOR

Do you need a short-
circuit protector for your
regulated-DC power sup-
ply? Well, the circuit in Fig. 4
is very versatile, inexpensive,
and rugged. All the
components are easy to
get at any electronics-sup-
ply store. When S$1is
pressed, the coil of K1 is
energized, closing its nor-
mally open contacts. If the
regulated DC input is be-
tween 1 and 24 volts, that
voltage feeds the base of
1 through R4, turning on
the transistor and latching
the relay. When that occurs,
LED2 glows indicating that
all is okay.

(Continued on page 91)
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special project

READERS: TELL US
WHAT YOU THINK ABOUT THIS ISSUE

Are you interested in
helping us make this
magazine as good for you as
it can be? Then be one of the
first to join the 1994

Popular Electronics Reader
Council. Twice a year you'll
be asked to complete a
detailed questionnaire. It will
tell us about the things in this
magazine that are important
to you and give us the
information we need to make
this your best possible
reading.

If you would like to be
considered for this special
Popular Electronics project,
take a few minutes to answer
the questions on this page
and return it to us.

While we cannot accept
everyone, we will randomly
select our participants, giving
each one of you an equal
chance of being selected.

Please mail the completed
questionnaire no later than
November 30, 1994, to:

Total Recall Research Group
Box 4079
Farmingdale, NY 11735-9622

Thank you, and | am
looking forward to hearing
from you!

Larry Steckler,
Editor-in-Chief

1.

2.

8a.

Where did you get this
magazine?
Subscription [J Newsstand [J

Are you:
Male (J Female [
How old are you:

Iam years old

. Highest education achieved?

Attended technical school
Graduated technical school
Attended College
Graduated College

Earned PhD

ooooo

. Doyou

Hold FCC license
Hold other license, Certif.

ood

What is your total household
income?

Total household income, before
taxes is $

Name the article in this issue
that you liked the best.

Name the article in this issue
that you liked the least.

Name the department or
regular column in this issue
that you liked the best.

9. Do you earn your living
working in the electronics
industry?

Yes [J No I

10. If you were the editor, would
you make the articles:
More complex

Simpler

Longer
Shorter

More build it
Less build it
More how to
Less how to

oo oo oo

11. What articles would you
publish?

12. What new columns would you

add?

13. What else would you change?
Use a separate sheet for your
comments. Please give as

much detail as possible.

Name
Name the department or Address
regular column in this issue City
that you liked the least.

State, Zip




est equipment can really
I take a huge bite out of the
experimenters’ budget. For
example, a typical basic fre-
quency counter can run any-
where from a hundred to several
hundred dollars. However, with a
little effort, you can put together
a very inexpensive 7-digit, 50-
MHz frequency counter, based
onthe new PIC16C5x series of mi-
crocontrollers manufactured by
Microchip.

The microcontroller provides
an auto-ranging, direct-display
feature—i.e., the frequency is dis-
played with the actual suitable
suffix (Hz, kHz or MHz) and with
floating decimal point, instead of
the old “number as an exponent”
method. That makes for a substantial
improvement in the readability of the
displayed frequency. In addition, the
gate time automatically changes
from 0.1 second to 1 second at the low
end of the frequency range to pro-
duce measurements with a resolution
extending down to 1 Hz. All that is
made possible using just a couple IC's
and a couple transistors linked to a
display module,

About the Circuit. A schematic di-
agram of the 50-MHz Frequency
Counteris shown in Fig. 1. The signal in
question is coupled through C1to a
resistor network comprised of R1 and
R2, which is used to set the input im-
pedance to greater than 1 megohm.
Capacitor C2 improves signal gain at
the higher frequencies. while D1 and
D2 clip signals greater than 1-volt
peak-to-peak (p-p). After that, the sig-
nal is applied to the gate of Q1 (an
MPF102 N-channel JFET), which is con-
figured as a common-source ampli-
fier that is self-biased by its source
resistor, R4.

The output of @1 (taken from its
drain) is direct-coupled to the base of
Q2 (o 2N4403 PNP transistor), which is
configured as a common-emitter
amplifier and whose output is nega-
tively fed back to the source of @1
through Q2's collector resistor. RS. That
negative feedback helps to flatten
the frequency response throughout
the 50-MHz bandwidth. A 500-ohm
trimmer potentiometer (R3) sets the
bias of both @1 and @2, while a de-
coupling capacitor (C4) further im-
proves gain at the higher frequencies.

Builg A

5OMHz FREGUENCY COUNTER

Frequency
Gounter

Add this auto-ranging,
digital, frequency counter
to your troubleshooting
arsenal!

BY TERRY WEEDER

Note that this input-amplifying
stage (@1, Q2) is powered by 9 volts as
opposed to the 5 volts used by the
remaining circuitry. That allows the
counter’s front-end to have greater
overall gain than would otherwise be
possible. The circuit's sensitivity is
about 100 mV rms at frequencies from
100 Hz to 2 MHz, decreasing to about
800 mV rms at 50 MHz.

The output of the Q1/Q2 amplifying
stage is coupled through C5 to a
Schmitt trigger nanp gate (U2), which,
in turn, converts the signal to a 5-volt,
square-wave signal that can then be
processed by the microcontroller. A
voltage-divider network (consisting of
R6 and R7) holds the input level at pin
1 of U2-a to the midway point be-
tween its high and low triggering
thresholds. The function of the four
NaND gates in U2 will be explained ina
moment.

50-NHz

Microcontroller. At the heart of
the circuit is U1—a PIC16C54
EPROM-based 8-bit CMOS micro-
controller manufactured by Mi-
crochip—which has one 8-bit /0O
port and one 4-bit I/O port,
whose pins can be individually
configured as either inputs or out-
puts at different times during the
execution of its program. The pro-
gram is stored in 512 x 12 bits of
internal EPROM. The chip aiso
contains 32 x 8 bits of RAM that is
used as a general-purpose regis-
ter in the execution of its pro-
gram.

An RTCC (Real Time Clock/
Counter) input pin is available on
the chip together with its own

asynchronous ripple-counter/pre-
scaler. The prescaler is completely in-
dependent of the microcontrofler’s
operating speed and is what makes it
possible to count the pulses of a signal
being tested even though it may be
atamuch higher frequency than that
of the microcontroller’s clock.

The clock is set by a 4-MHz crystal
(<TAL1), and trimmer capacitor (C12) is
used for final calibration. The
FIC16C5x's instruction time is equal to
four clock pulses, so with a 4-MHz
clock, one instruction is executed
every microsecond. That makes it
easy to get the exact gate times of 0.1
and 1 second.

The microcontroller starts the count
of the test signal by driving bit 3 of port
A (pin 2 of U1) high, which enables U2-
a. In addition, that logic level is inver-
ted by U2-d, and then applied to U2-
¢, which disables it (explained later).
The output of U2-a passes through U?2-
b and is placed on the RTCC input
(pin 3) of the microcontroller. The in-
ternal prescaler assigned to the RTCC
pin counts the pulses and automat-
ically increments the RTCC’s main reg-
ister every time the prescaler reaches
a full count of 256. The micro-
controller's program is designed to
watch the RTCC register and incre-
ment an additional register every
time the RTCC register rolis over. 5o, in
effect you have three 8-bit PIC16C54
registers in which to store the count—
the maximum count being
16,777,245, or over 167 MHz when
using a 0.1-second gate. Thats maore
then adequate for our 50-MHz coun-
ter.

The programming loop that the mi-

soILUONOa|T Jeindod ‘P61 JOGUISAON

w
[A]



Popuiar Electronics, November 1394

w
&

crocontroller goes into when per-
forming the count function ferminates
after an exact, predetermined time
thats equal to the gate time (0.1 or 1
second), after which, bit 3 of port A is
driven low, preventing any additional
input-signal pulses from being ap-
plied to U1 pin 3 (RTCC).

A flowchart of U1's operating pro-
gram is shown in Fig. 2, Among other
things, that chart shows which of the
two gate times is used at any par-
ticular moment and which suffix is
added to the end of the count when
displayed.

After accumulating the count for
the duration of the gate time, the
RTCC's prescaler holds the least-sig-
nificant 8 bits of that number. To re-
trieve that number, the micro-
controlier must toggle the RTCC input
externally while keeping a count of
the cycles required to force a rollover
of the prescaler, which is detected by
an increment of the main RTCC regis-
ter. The actual number is then derived
by using the two's complement.

As mentioned earlier, while the mi-
crocontroller was in the count mode,
U2-c was disabled by the low-going
output of U2-d. At the end of the gate
time, however, bit 3 of port A was driv-
en low, causing a high at the output of
U2-d, which enables U2-c. The micro-
controller can then toggle bit 2 of port
A, passing that pulse through U2-c
and U2-b to the RTCC input.

The count (representing the fre-
quency of the signal under test) con-
tained within the three 8-bit registers
must now be converted to a binary-
coded-decimal (BCD) number in
order to be displayed. That is done via
a complex subroutine that stores the
results in seven different 8-bit registers,
one for each digit in decimal nota-
tion. The most-significant four bits of
each register is set to 3 hexadecimal,
creating the actual ASCIl equivaient,
which can then be sent to the display
module.

Note: For those who have the
equipment and wish to program their
own microcontroller, the source and

object code files for the PIC16C54 are
available on the Popular Electronics
bulletin board (516-293-2283). Alter-
natively, you can obtain a pre-pro-
gramed chip from the source
mentioned in the Parts List.

LCD Display Module. The display
(DISP1) is a DMC16117 4-line, 16-
character LCD module. That unit,
which accepts standard ASCIl code
equivalent on its 8-bit port, has a built-
in controller and is designed to dis-
play both numbers and letters. Datg,
including the ASCIi codes, are sent to
the display via port B of U1. The first
three bits of U1, port A, are used as
control lines for the display (Data/in-
struction, Read/Write, and Enable).
Writing a character to the display
consists of first placing the 8-bit ad-
dress (location for the character on
the display) on port B, setting the cor-
rect status on the control lines, and
strobing the enable line. Then the ac-
tual ASCIl character code is placed
on port B, and the process is repeat-
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Fig. 1. The counter’s input signal is amplified by QI and Q2, and clocked into Ul
through its RTCC input where the count is accumulated. Then the 7-digit ASCII
equivalent is sent 10 and displayed on the 16-character LCD (DISP1).
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Fig. 2. This flowchart shows the operating program stored in the microcontroller (Ul).
Note the conditions that change the gate time andlor the suffix (Hz, kHz, or MHz).

ed. The microcontroller (U1) then
changes port Bto an input, setting the
status lines to read the busy flag from
DISP1, as U1 strobes the enable line
until the busy flag indicates DISP1's in-
ternal operation has finished writing
the character to the screen. That all
takes less than 100 ps.

Depending on the range of the

count (see Fig. 2) that was stored in
U1s seven ASCII registers earlier, the
count together with its appropriate
suffix (Hz. kHz, or MHz) with the correct
positioning of the decimal point are
sent to the display module. Micro-
controller U1 then jumps back to the
beginning of the program and cap-
tures another frequency count.

Construction. The author's pro-
totype unit was assembled on a dou-
ble-sided printed-circuit board mea-
suring about 2% by 1'% inChes. A full-
size template of the foil side of the
board is shown in Fig. 3, while the
component side is shown in Fig. 4. If
you wish, you can fabricate your own
board using the artwork provided, or
you can purchase a pre-fabricated
board from the source mentioned in
the Parts List.

After you've obtained all the neces-
sary parts for the project, assemble
the unit guided by the parts-place-
ment diagram shown in Fig. 5. Note:
Because the circuit may be used to
test relatively high frequencies, it's rec-
ommended that you follow the layout
procedures closely —especially
where the input stage (@1 and Q2) is
concerned.

Start by mounting IC sockets for U1
and U2 on the component side of the
board. Next, mount the resistors and
the diodes, paying attention to the
diodes’ orientation. The trimmer po-
tentiometers (R3 and R9) can be sol
dered in next along with the frimmer
capacitor (C12). Avoid excessive
heating when installing the trimmer
capacitor. Install the rest of the ca-
pacitors, making sure that the polar
ized capacitors (C1 and C8) are
properly oriented.

Follow that by mounting the reg-
utator (U3) and the transistors (Q1 and
Q2), again paying particular atten
tion to their orientation. The crystal
(XTAL1) should be mounted with a
small gap beftween the bottom of its
case and the circuit board. There is @
chance that the crystal's metal case
could short the circuit-board pads if it
were pushed all the way down onto
the board when soldering.

After soldering all the components
to the board, carefully check for cold
solder joints (indicated by dull blobs of
solder) and solder bridges betweery
cads and/or traces. Re-solder any
creas that appear suspect.

Cut two pieces of 22-gauge.
stranded, hookup wire to about 6
inches long and twist them together.
Strip about Y4 inch of the insulation
from both ends of both wires. Then tin
each end and use the wires to con-
nect S$1 to the appropriate circuit-
board terminals. Solder a battery clip
to the appropriate circuit pads, as in-
dicated in Fig. 5 (with the red iead
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Fig. 3. The author’s prototype was assembled on a double-
sided printed circuit board, measuring about 2% by 1'%
inches. Shown here is a full-size template of the foil side of the

board.

going to the "+ ” side and the black
lead going to the " -~ " side).

In the author’s prototype, the input
fothe circuitis handled by a couple of
test leads soldered directly to the cir-
cuit board. For a test lead, a piece of
shielded cable (such as Radio Shack’s
cat. no. 278-512) is ideal. Solder the
cable’s center conductorto the J1 po-
sition, and solder the shield to the J2
position. Tie a knot (which will be used
as astrain relief) in the test lead about
4 inches from the board. There are a
number of different clips that can be
soldered to the end of your test lead.
The author used an alligator clip on
the shield, and a micro-hook clip on
the center conductor.

A length of 14-conductor ribbon
cable was used to connect the dis-
play (DISP1) to the circuit board:; either
25-conductor ribbon cable (Radio
Shack cat. no. 278-772) or a 36-con-
ductor (cat. no. 278-774) will work fine.
Simply peel off and discard the un-
used wires. Strip about % inch of in-
sulation from each conductor, then tin
and begin soldering the individual
wires to the board and the display
module. Pin 1 on the board is indicat-
ed by a rectangular pad as opposed
to an oval one. Be sure to match that
pad with the pad labeled "1” (V) on
the display module.

The author's unit was housed in a 3-
x 4- x 2-inch plastic enclosure (Digi-
Key cat. no. SR232G-ND); however,
any enclosure will do, provided it has
the space for the circuit board, dis-
play, battery, and any part of the
switch (S1) that protrudes into the en-
closure. Avoid using metal stand-offs.

Y

27/8 INCHES

Fig. 4. The component side of the author's double-sided
layout is shown here full size. You can fubricate your own
board using the artwork provided, or you can purchase a pre-

fabricated board from the source mentioned in the Parts List.
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Fig. 5. Once you've obtained all the paris, assemble the unit guided by this parts-

placement diagram.

They could short traces on the under
side of the board to the ground plane
on the top of the board. Cut a rec-
tangular hole in the top of the en-
closure for the display to show through
and a hole below that for the switch.

Label the enclosure using dry-trans-
fer lettering, and then cover the front-
panel labeling with a thin coat of
clear enamel for protection. Give the
enamel plenty of time to dry, then
mount and hook up the toggle switch.
The display should be mounted to the
inside of the enclosure and posi-
tioned so that all characters can be
seen through the rectangular open-
ing in the case. The author used RTV
silicon adhesive to hold the display in
place. Finish by cutting a slot in the
back of the bottom half of the en-

closure for the test lead to exit; then
mount the board in its enclosure.

Testing. Before installing the U1 and
U2, connect a fresh 9-volt alkaline
battery to the circuit, turn on $1, and
check for 5-volts at pins 4 and 14 of U1,
and pin 14 of U2, If there is no voltage
at those points, try the opposite posi-
tion of S1. If there is still no reading,
check the orientation of U3 (the reg-
ulator) and C8. If the voltage is less
than 4.5 volts and U3 begins to heat
up. remove power and check for a
short (such as a solder bridge) some-
where on the board; be sure to check
both the top (the component side)
and bottom (the foil side) of the
board.

(Continued on page 94)




enuine radio enthusiasts often

daydream about sophisti-

cated and costly test equip-
ment like wideband oscilloscopes or
professional-quality spectrum ana-
lyzers. Perhaps you can afford such
equipment, then again maybe you
can not. Fortunately, the average ra-
dio hobbyist rarely if ever needs such
equipment for his/her radio activity. As
to the test gear most often used by
radio hobbyists, much of it is relatively
inexpensive to buy or build. One such
instrument is the Gate-Dip Meter de-
scribed in this article. But what is @
Gate-Dip Meter?

A Little Background. The Gate-Dip
Meter is @ MOSFET version of the tried-
and-true grid-dip meter (also known
as a GDM)—a simple circuit built
around a triode tube that was once
extremely popular among radio am-
ateurs and experimenters. Basically, a
GDM is a very stable RF oscillator that
can be tuned over a wide range of
frequencies, usually by means of a se-
ries of interchangeable tuning coils.
The tuning coils were connected to
the GDM through a plug in the top of
its enclosure (as shown in Fig. 1A),
which also allows the coils to easily be
coupled to external circuits.

Figure 1B shows a simple block di-
agram of the GDM's basic subassem-
blies. Note: the connected inter-
changeable tuning coil is part of the
RF oscillator. The RF output of the os-
cillator is fed to a diode detector that,
in turn, is used to drive a meter through
a DC amplifier stage (not shown).

When the oscillator is working, and
the coil is not coupled to an external
circuit, the oscillator generates an RF
signal whose total energy is applied
to the diode, producing a maximum
reading on the meter. However, if the
tuning coil is brought near a tuned
circuit that is resonating at the exact
same frequency as the oscillator, it
absorbs a good portion of the RF sig-
nal, making the meter reading fall
(dip) almost to zero (see Fig. 1C). The
frequency at which the dip occurs
(which is the resonant frequency of
external tuned circuit) can then easily
be determined using a digital fre-
quency meter or a radio receiver.

A GDM can also be used to mea-
sure the resonant frequency of an an-
tenna by simply coupling the GDM’s
tuning coil to the coaxial feed line

BUILD A

“GATE-DIP”
METER

Check the resonant fre-
quency of tuned circuits
and antennas,or use it as

an RF-generator or an

absorption wavemeter!

BY FABIO VERONESE

using aninsulated wire, asillustrated in
Fig. 1D. Because a GDM contains a
variable-frequency oscillator (VFO), it
can be used as an RF signal gener-
ator, or as a local oscillator for simple
conversion receivers, or whenever a
stable RF signal is needed.

In most GDM circuits, the oscillator
can be temporarily shut down and
the GDM’s tuned circuit connected di-
rectly to its the detector stage, allow-
ing the GDM to be used as an

absorption wavemeter or a field-
strength meter.

Circuit Description. A schematic di-
agram of the Gate-Dip Meter is
shown in Fig. 2. At the heart of the
circuitis a Colpitts oscillator that is built
around Q1 (an ECG222 dual-gate
MOSFET). The Colpitts oscillating fre-
quency is determined by the circuit's
tuning section, which is comprised of
C1 (the tuning capacitor), C2, and C3
in conjunction with the interchangea-
ble coils (designated L1 in Fig. 2). The
tuning-section components are con-
nected to gate 1 of @1 through C4.AC
feedback for the oscillator is applied
to the junction of C2/C3 (which are in
parailel with C1 and L1). From the C2/
C3 junction, the feedback signal
travels through C4, returning to gate 1
of Q.

Potentiometer R3 is used to vary the
DC bias applied to gate 2 of @1, al-
lowing the frequencies of oscillation
to be set over a wide range. Resistcr
R5 serves as a load for the drain of Q1,
which is RF-bypassed via Cé. When $1
is in the per position, the drain of Q1 is
isolated from the positive supply. That
switches off the oscillator and directly
connects the gate-1 tuning circuit (L1
and C1) to the detector.

The DC content of the RF signal
generated by the oscillator, appear-
ing at the source of Q1, is shunted to
ground via L2. The remaining RF signal
component of the output then divides
along two paths. In one path, a small
amount of the output signal is fed
through C8 to J1, where it can be ap-
plied to a digital frequency counter. In
the other path, the RF signalis applied
to D1, a Germanium diode that serves
as the detector. The output of D1 is
filtered by C7, and then used to drive
a common-base amplifier (com-
prised of Q2), which, in turn, controls
the amount of current through M1. Po-
tentiometer R8 allows M1 to be ad-
justed for a full-scale reading on all
frequency ranges.

Building the Gate-dip Meter. The
GDM'’s layout requirements are non-
critical and the circuit could be built
on a small section of perfboard. If you
decide o go that route, however, be
sure that the oscillator leads are kept
as short and direct as possible. The
author's prototype, on the other hand,
was assembled on a small printed-
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Fig. 1. The typical dip meter is comprised of a wning coil, RF oscillator, a detector.
and a meter as shown in A. When the meter's tuning coil is in free space, the meter
gives a full-scale reading (B). When the coil is coupled 10 a tuned circuit resonating at
the same frequency as the GDM, the reading dips (C). The GDM's tuning coil can be
coupled 1o the coaxial feed line of an antenna through a few (perhaps 2-3) turns of
wire, and used to determine the antenna’s resonant frequency (D).

TABLE 1—COIL WINDING DATA

Band (MHz) Turns Wire Size/Type
35 65 45 32-enameled
6.5 11 32 26-enameled
1119 14 20-enameled
15 24 10 20-enameled
21 36 7 insulated connection wire
32 56 4 insulated connection wire
60 110 U-shaped* 16 enameled

*1.8-inches long

circuit board, measuring about 174 x
3% inches. A template for that
printed-circuit layout is shown in Fig. 3.

After etching the board and ob-
taining the necessary parts (see the
Parts List), begin construction using
Fig. 4 as a guide. It's recommended
that construction begin with the smali,
non-polarized parts (fixed resistors
and ceramic capacitors). Once that is

done, install L2, D1, and Q2, making
sure that they are correctly oriented.
Following that, install @1.

Installing the variable capacitor
(C1) on the board may require a little
ingenuity, since the physical dimen-
sions and structure of such units vary
widely from one manufacturer to an-
other. Because of that, extra room has
been provided on the board for C1.

PARTS LIST FOR THE, "
GATE-DIP METER * . -

SEMICONDUCTORS .

QI—ECG222, 40673, BF961, or
3N204 dual-gate, N-channel,
enhancement MOSFET

Q2—2N2222, 2N2904, or BC548 ~
general-purpose NPN silicon

transistor &
D1—AAI117 (or any other)
germanium diode 2
RESISTORS s
(All fixed resistors are Va-watt, 5% -
units.) % :
R1—220,000-ohm
R2--27,000-ohm E
R3—47,000-ohm linear _,
potentiometer )
R4—39,000-ohm s
R5-—270-ohm ’
R6-56,000-0hm g
R7—1000-ohm *

R8-—4700-ohm linear potentiometer
R9—12,000-ohm

CAPACITORS %
C1—50-pF, air-variable tuning
C2—12-pF, ceramic-disc
C3—47-pF, ceramic-disc
C4—38.2-pF, ceramic-disc -
C5—0.01-p.F, ceramic-disc
C6—0.0047-pF, ceramic-disc
C7—0.0033-uF, ceramic-disc
C8—10-pF, ceramic-disc |
C9—0.1-pF, ceramie-disc’

ADDITIONAL PARTS AND
MATERIALS

L1—See text

L.2—100—puH, RF choke °

MI—I-mA panei-mount
milliammeter

S1—SPDT toggle switch ,.

J1—Panel mount BNC connector (see
text)

Printed-circuit materials, metal .
enclosure, knobs, Y-inch plastic
tubing, plugs and panel-mount
jack, enamelled wire, 9-12-volt
power source, wire, solder,
hardware, etc.

4

Py

The chassis of C1 should be elec-
trically connected to the large
grounding area of the printed circuit
by a couple of screws, which will alsc
block it in place on the board. Once
C1is mounted to the board, connect
the stator lug of C1 to the point indi-
cated on board using a very short
length of bare-copper wire.
Afterward, connect alt off-boarc
components to the points shown ir
Fig. 4 using 3- to 4-inch lengths of insu-
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Fig. 2. The Gate-Dip Meter (a variation of its wbe predecessor) is built around u
dual-gate MOSFET (Ql) which is configured as a Colpitts oscillator.
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Fig. 3. The author’s prototype of the
Gate-Dip Meter was assembled on a
small printed-circuit board, measuring
about I’/s X 3% inches.

lated wire. Once that is done, mo-
mentarily set the board to one side,
and get ready to wind the coils.

Winding the Coils. For his unit. the

ToLt* c1

o MOUNTING
X | HOLES
= c1*

!
cs

3 M1

*SEE TEXT

inch long cylinders made of Y2-inch
diameter plastic tubing. Table 1 gives
the winding data for the complete set
of seven coils used in the author’s pro-
totype.

Before winding your coils, consider
the type of plug that will be con-
nected to the coil leads to allow for
easy coil swapping; the type used is
up to the builder. Just remember that
the plug that is used for the coils must
mate with the jack that will be in-
stalled on the top of the project’s en-
closure. When alf the coils have been
wound, solder the leads of each of
them to the lugs of a suitable plug,
then secure the windings in place at
the bottom of the coil form using ep-
oxy. Once the coils are complete
(olugs and all). prepare the enclosure
that will house your GDM.

The GDM should be housed in a
metal enclosure to prevent the RF
generated by the oscillator from leak-
ing out and raising havoc with other
nearby devices. Provisions will have to
be made in the enclosure for R3, RS,

DIP i ODET

R2
| 3
——3
R8
>
R4 R9 __._,::
«

+ -V +V

Fig. 4. Begin construction by installing the fixed resistors and ceramic capacitors,
followed by the RF choke and semiconductors. Take special care to avoiding

overheating Q1.

author wound a set of seven inter-
changeable coils, allowing the GDM
to be tuned from approximately 3.5 to
110 MHz. All of the coils—except for
one (the 60-110-MHz coil, which is self-
supporting)—were wound on 2%-

C1. J1. 81, and M1; and don't forget to
make an appropriate-sized hole for
the coil jack that you select. Once all
the openings have been made,
mount the off-board components

(Continued on page 92)
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Building

Stable

RF Oscillators

Learn how to ensure the stability of your signal-generating
circuits with these easy-to-apply design technigues.

adio-frequency-oscillator sta-
Rbillty is always important in

radio clrcuits. In both CW and
(especidlly) single-sideband circults, it
is down-right critical. Frequency sta-
bility is one of the principal specifica-
tions that defines the quality of radio
receivers and transmitters, as well as
signal generators and other RF de-
vices.

Frequency stability generally refers
fo freedom from frequency changes
(or drift) over a relatively short périod
of time (e.g. from a few seconds to
dozens of minutes). That problem is
different from drift due to component
aging, which takes place over rela-
tively long periods of time (say a hertz
per year).

Several factors can upset oscillator
statility. We'll review them in this arti-
cle along with guidelines for reducing
their effects. If the guidelines are fol-
lowed, it will result in stable oscillator
operation. For the most part, the infor-
mation provided applies to both crys-
tal oscillators and LC-tuned oscillators,
such as variable-frequency os-
ciligtors, or VFO's. When that is not the
case, the oscillator type will be indi-
cated in the text.

Temperature. Excessive tempera-
tures and temperature variation have
a tremendous effect on oscillator sta-
bility, so an oscillator should be con-

BY JOSEPH J. CARR

structed to prevent temperature
variation. At one time, it was common
practice to use a constant-tempera-
ture oven for crystal oscillators. The
oven kept the piezoelectric resonator
at a constant temperature of 75 or
80°C. I've only seen one, now very
obsolete, piece of equipment that
housed an LC VFO resonating circuit
in an oven environment. In some
equipment today, the internal tem-
perature is allowed to build up to a
certain level and then remain stable
as long as there are no air currents
circulating through #, achieving an
oven-like effect. In your own designs,
just avoid locating an oscillator circuit
near any source of heat within equip-
ment. In other words, keep it away
from power transistors, IC’, rectifiers,
lamps, etc.

If you have preassembled equip-
ment suffering from heat-induced
drift, you can insulate its oscillator.
There was one tube-type ham SSB-
fransceiver kit (not a Heathkit by the
way) that drifted terribly because the
VFO circuit was located only two
inches or so from the IF-amplifier’s
vacuum tubes. (The heat involved was
fremendous) Using a bit of insulation
1o cover the VFO housing noticeably
reduced the dirift of that rig. In fact, |
saw more than a few radios come
into a shop where | once worked that
had Ya-inch sheets of Styrofoam glued

over all surfaces of the VFO housing
(see Fig. 1). in those days, the
“Styrofoam job” was nearly always a
mess because only salvaged coffee
cups and ¥a-inch builder’s Styrofoam
were easily available.

Today, however, art-supply stores
sell a kind of posterboard that makes
the job really neat and easy. The
poster board is glued to a backing of
Styrofoam o give it support. It is easy
to cut using a hobby or razor knife (|
used a scalpel in some experiments).
You just cut the pieces to size and glue
them 1o the metal surface of the os-
cillator cabinet using any cement that
will cause metal and paper to adhere
to one another.

Also, operate the osclilator at as low
a power level as can be tolerated to
prevent seif-heating of the main ac-
five device and its associated com-
poneris. It is generally agreed that a
power level on the order of 10 mW is
sufficient. if more power is needed,
then a buffer amplifier can be used
(which is a good idea for other rex-
sons that we'll discuss shortiy).

Oscillator Operation. In generl,
VFQO's should not be operated at fre-
quercies above about 12 MHz. Above
that, itis better to heterodyne a lower
frequency VFO against a crystal os-
cillatar to produce the needed fre-
quency. For example, to make a 20-
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Fig. 1. A VFO should be thermally isolated by using insulation around the shielded

enclosure housing the oscillator circuitry.
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Fig. 2. A DC power-distribution system for a stable oscillator should use a separate
voltage regulator just for the oscillator circuit.

meter VFO, you could beat a 5- t0 5.5-
MHz VFO against a 9-MHz crystal to
get 14- tc 14.5-MHz operation.

Also, allow just enough feedback in
the oscillator to quickly start it when
turned on (or keyed in the case of
CW transmitter), but not so much as to
“pull” the frequency when the load
impedance changes. In some de-
signs, that is accomplished by placing
a 2-to 3-pF NPQO ceramic-disc capac-
itor between the LC tank and the gate
or base of the active device. It lightly
loads the tuned circuit to prevent drift.
However, for best stability in your own
designs, use a 2-12-pF air-dielectric
frimmer capacitor and adjust it for the
minimum value that ensures good
starting and frequency stability under
varying load conditions.

A buffer amplifier, even if it is @ unity-
gain emitter follower, is also highly
recommended. It will permit building
up the oscillator signal power, if that is
needed, without loading the os-
ciliator, and isolates the oscillator from
variations in the output load.

The Power Supply. Power-supply

voltage variations have a tendency to
frequency-mcdulate the oscillator
signal. Because dynamic circuit con-
ditions often result in @ momentary
transient drop in the supply voltage,
and because line-voltage variations
can cause both transient drops and
peaks, it is a good idea to use a volit-
age-regulated DC power supply for
the oscillator.

It is also a very good idea o use a
voltage regulator to serve only the os-
cillator, even if a voltage regulator is
already present for the other circuits
(see Fig. 2). Although this double-reg-
ulator approach may have been a
significant cost burden in times long
ago, it is now reasonable to do. For
most low-powered oscillators, a sim-
ple low-power "L-series” (e.g., 78L06)
three-terminal voltage regulator is suf-
ficient (see U2 in Fig. 2) as they can
provide up to 100 mA of current.

Capacitors on both the input and
output sides of the voltage regulator
(C1 and C2 in Fig. 2) add further prc-
tection from noise and fransients. The
values of those capacitors should be
selected according to the amount of

current drawn. The idea is to have @
local supply of “stored” current to
temporarily handle sudden demand
changes or fo allow time for a tran-
sient to pass.

A requirement for varactor-based
oscillator circuits is a clean, noise free,
separately regulated DC power sup-
ply for the tuning voltage itself. In most
cases, one can use a low-powered
three-terminal IC fixed-voltage reg-
ulator for that purpose, or alternatively
an LM317 programmed for the specif-
ic voltage.

Inductors. The frequency-setting
components of an oscillator can also
offect its stability. For that reason, in-
ductors should be rigidly mounted to
prevent vibration. While that require-
ment means different things for dif-
ferent coil styles, it is nonetheless
important.

Air-core coils are generally superior
to those with either ferrite or
rowdered-iron cores because the
magnetic properties of an air core
are hardly offected by temperature
variation. Of all the coils with material
cores, slug-tuned units are sald to be
best because they can be operated
with only a small amount of the core
irside the coil windings, reducing the
vulnerability to temperature effects.
Still, toroidal cores have a certain en-
d=aring charm, and can be used
wherever the ambient temperature is
relatively constant. The type-SF mate-
rial is said to be the best in this regard,
and it is easily available as Amidon
Associates (P.O. Box 956, Torrance, CA
90508) type-6 material.

One source recommends tightly
winding the coil wire onto the toroidal
core, and then annealing the assem-
bly. That means ploacing it In boiling

COIL TURNS

LUCITE MOUNT
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Fig. 3. This is an example mounting for

Buarker and Williamson Pi-Dux coils

used in VFO circuits. Note how stable it
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water for several minutes, and then
allowing it to cool in ambient air while
sitting on an insulated pad. | haven't
personally tried it, but the source did
and reported remarkable freedom
from inductor-caused thermal drift.

For most applications, especially
where the temperature is relatively
stable, a coil with a core can be
wound using enameled wire (No. 20
to No. 32 wire is usually specified), but
for best stability it is recommended
that Litz wire be used. Although a bit
hard to get in small quantities, Litz wire
offers superior performance over rel-
atively wide changes in temperature.,
Be aware that this nickel-based wire is
difficutt to solder properly, so be pre-
pared for a bit of frustration.

For air-core coils, use No. 22 or
larger bare wire. It is probably best to
use the Barker & Williamson (10 Canal
Street, Bristol, PA, 19007; Tel.
215-788-5581) pre-wound air-core
coils for that. They make a wide range
of air-core inductors under the Airdux,
Miniductor, and Pi-Dux brand names.
The Pi-Dux coils are especially suited
o use in VFO's—even though intend-
ed for transmitter pi-network applica-
tions because they have an easy-to-
use plastic mounting plate.

Recently | bought a length of their
type-816A Pi-Dux product for a VFO
circuit. It is 3% inches long, and has
sixteen turns-per-inch (16 tpi) of No. 18
AWG bare wire on a one-inch diame-
ter form. The total inductance is about
17 uH., so with taps it can be used to
accommodate almost any frequency
within the HF spectrum. Figure 3 shows
how the Pi-Dux coil was mounted in
my project. A pair of one-inch insu-
lated stand-offs provided adequate
clearance for the coil, and held it
rigidly fo the chassis. The Lucite mount,
shown in Fig. 3, is integral to the
type-816A Pi-Dux coil. Any other form
of mounting will also work, as long as
it’s rigid.

Capacitors. Since solid dielectrics
cause drift with age and temperature
changes, the trimmer capacitors
used in an oscillator should be air-
dielectric types rather than ceramic-
or mica-dielectric trimmers.

The small fixed capacitors used in
an oscillator should be either NPO ce-
ramic discs (i.e., zero temperature co-
efficient), or polystyrene types. Sil-
vered-mica units can also be used but
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Fig. 4. This typical HF VFO circuit has several stability-enhancing features, including

well-chosen capacitor types.

they tend fo be a bit quirky with re-
spect to temperature coefficient;
even out of the same batch they can
have widely differing temperature
coefficients on either side of zero.

Sometimes, you will find fixed ca-
pacitors with a non-zero temperature
coefficient in an oscillators frequen-
cy-determining circuit. They are used
to make temperature-compensated
oscillators. The temperature coeffi-
cients of the capacitors are selected
o create a counter drift that cancels
out the natural drift of the circuit.

The variable main-tuning air ca-
pacitor should be an old-fashioned
double-bearing type (i.e., with a
bearing surface on each end-plate)
made with either brass or iron stator
and rotor plates (not aluminum). The
capacitor should be rugged. If possi-
ble, use surplus military-grade VFO
capacitors for that. An excellent
choice, where still available, are the
tuning capacitors from the World War
I AN/ARC-5 series of airborne transmit-
ters and receivers.

Today, voltage-variable-capaci-
tance diodes (varactors) are often
used instead of mechanical main
tuning capacitors. In such cases, it be-
comes critical 1o control the tempera-
ture of the osciliator’s environment. it
seems that temperature variations will
result in changes in the diode’s PN-
junction capacitance, and that con-
fributes much to thermal drift.

An Example. Figure 4 shows a sam-
ple VFO circuit with several stability-

enhancing features. This circuit is a
Hartley oscillator, as identified by the
fact that the feedback to the JFET
fransistor(@1) is supplied by a tap on
the tuning inductance (L1). The posi-
tion of the tap is usually between 10
and 35 percent of the total coil
length. The exact position is some-
fimes a trade-off between stability
and power output. Always opt for the
stability unless it is absolutely impossi-
ble to provide a power boost (as
needed) with a buffer amplifier. A
buffer/ampilifier is included in the Fig.
4 circuit, and it provides two basic
functions: it boosts the low output
power from the oscillator to a higher
level, and it isolates the oscillator from
changing load impedances.

The capacitorsin Fig. 4 are selected
according to the criteria discussed
above. The main tuning capacitor
(C1) is a 100-pF qir-dielectric variable
unit of heavy-duty double-bearing
construction. The trimmer (C2) is used
fo set the exact frequency, especially
when using a dial that must be cali-
brated. Note several of the fixed ca-
pacitors are indicated as NPO
ceramic-disc, polystyrene, or silvered-
mica (in order of preference).

Note also that there is a voltage
reguiator that serves the oscillator, but
not the buffer92 packages, and gen-
erate very little heat. Nonetheless, it is
still a good idea to mount the reg-
ulator (U1) away from the actual os-
cillator circuit.

The small frimmer capacitors (C2

(Continued on page 92)
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AN INTRODUCTION TO
IC SYM

SCH
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Schematic symbols are a form of electronic shorthand; once you’ve uncovered their
meaning, analyzing a schematic diagram is no more difficult than reading text!

BY ROBERT A. YOUNG

nyone entering the elec-
A tronics field, whether for fun or

for profit, is immediately over-
whelmed with the many symbols used
in schematic diagrams (sort of an
electronics blueprint). But it doesn’t
end there; once you are able to rec-
ognize individual symbols, you must
further dedicate yourself to under-
standing how the various compo-
nents interact within a given circuit.
The ability to analyze a circuit through
a knowledge of the operation of its
components will greatly enhance
your ability to troubleshoot and repair
most electronics equipment.

The aim of this article is to familiarize
you with the more-common symbols
that you are likely to encounterin both
hobby- and commercial-grade elec-
tronics circuits.

Starting From Scratch. Figure 1
shows many of the schematic symbols
that you are likely 1o encounter in an
electronics diagram (they are not the
only ones, but merely the more com-
mon ones). The symbols shown are
standard for this publication.

The component symbols are
broken down into families: some fam-
ilies can be broken down into sub-
sefs; the transistor family, for instance,
consists of bipolar, FET, and MOSFET
types. Regardless of the breakdown
of the individual families, each mem-
ber of that family is capable of per-
forming essentially the same func-
tions. For example, transistors are
commonly used in amplifiers or buffer
applications, but can also be used as
electronic switches.

Another example is the op-
toelectronics family: optoisolators/
couplers are often used as isolation-
type interfaces between two dis-

similar circuits (analog and digital, in
many cases). However, a light-emit-
fing diode (LED) paired with a pho-
todiode or phototransistor, for in-
stance, might be used to perform the
same function as an optocoupler.

While different members of a given
family may perform a particular func-
fion, they often do it in slightly different
ways. To illustrate, take the switch fam-
ily: compare the toggle switches to
the relay switches. if you were to com-
pare the action of a single-pole, sin-
gle-throw (SPST) toggle switch to a
reed relay, you'd find that they per-
form the same function: the former
manually and the latter electrically.
And if you compare the operation of
a single-pole double-throw (SPDT) to-
ggle switch to that of the relay pic-
tured in the switch section of Fig. 1,
you'd find that they both perform the
same function {again the former,
manually and the latter elec-
tronically).

As another example, there are also
components—known as thyristors—
similar in composition to transistors—
that are intended to function as
switches. The most common member
of that family is the silicon-controlied
rectifier (SCR), which can be looked
upon as a rectifying one-way switch; if
an AC signal is fed to an SCR that has
been gated on, the result is a half-
wave rectified DC output. The SCR,
once turned on, (llke any diode) only
conducts during half of the AC cycle.

Its switch characteristics differ from
a conventional mechanical switch in
that when the current through the SCR
drops below a specific level (called

the holding current, 1}, the SCR cufs
off and conduction can only be re-
establish by feeding a trigger voltage
to the gate of the SCR.

Family Portraits. Now lets take &
closer look at the various famities and
their members. Transistors are among
the most commonly used compc-
nents in electronics. And while they
can be used as switches, they are
more widely configured for ampilifier
operation,

An amplifier is a circuit that draws
power from @ source other than the
input signal and produces an output
that's usually an enlarged reproduc-
fion of the input signal. We say usuatty
because not all amplifiers are used to
magnify the input signal. Buffers are
one type of amplifier not designed to
magnify the input signal.

When operated as a buffer, the
transistor is used to isolate the signat
source from the next stage of the cir-
cuit. A buffer is said to have unity gain:
there is no increase in signal level.
Buffers are often referred to as unity-
gain amplifiers. If a 10-millivolt (mv)
signalis applied to the input of a unity-
gain amplifier, the signal is output at a
10-mV level.

In a Class-A amplifier—which is the
least efficient, but offers the least dis-
tortion—the transistor is biased so that
its operating point is in the mid-linear
region. Because of that, output cur-
rent flows for the full input cycle, and
the entire input signal is output at
some higher level with minimum dis-
fortion. Such amplifiers are well suited
to audio applications.

Fig. 1. The schematic symbols shown in this chart are standard for this publication, and
make up many of the symbols that you are likely to encounter in an electronic diagram.
They are not the only ones, but merely the more common ones.
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Transistors are among the most commonly
used components in electronics. Most are
three-terminal devices, but there are some
special types that have four or more termi-
nals.

In Class-B operation, the transistor is
biased so that output current flows
during only half the input cycle. It is
used where high efficiency and low
distortion is required—for instance, in
audio-output amplifiers.

In Class-C operation—which has
the highest efficiency, but offers the
greatest distortion—the fransistor is bi-
ased beyond the cutoff region. Be-
cause of that, the output current flows
during less than half (about a third) of
the input cycle, making it unsuitable
for amplifying signals of varying am-
plitude (like audio). It is usually used to
amplify a signal of fixed amplitude.
The efficiency and distortion charac-
teristics of the Class-B amplifier lie be-
tween that of Class-A and Class-C
amplifiers.

Optoelectronics. This family of com-
ponents is a rather diverse one, which
includes optocouplers, light-acti-
vated diodes and transistors, light-
emitting diodes (LEDS), and seven-
segment displays. There are others,
such as the light-activated SCR
(LASCR), which is shown in Fig. 1 under
the thyristor heading.

The optocoupler has two main
functions; to provide isolation and
serve as an interface between two
dissimilar circuits (for example, digital
control of analog circuits). Photocells
have been used in many applica-
fions; including light-activated switch-
ing circuits, where the switch is
triggered by an increase in light inten-
sity.

The LED can be used as an indica-
for lamp or, in ifs infrared (IR) form, in

remote-control applications, cou-
pled with a phototransistor (which
serves as the remote-control re-
ceivers detector element). As men-
fioned earlier, they are occasionally
combined (by hobbyists) with LED's to
form optocouplers,

The tri-color LED (which shares its
schematic symbol with the bi-color
LED) can take the place of three in-
dicator lamps. Its internal make-up is
such that the application of a DC volt-
age in one direction produces a
green glow; in the other direction it
produces a red glow; and an AC volt-
age produces a yellow glow.

Seven-segment displays come in
two “flavors:” the liquid-crystal display
(LCD) and the LED types, which are
available in either common-anode or
common-cathode configurations.
Common anode means that the
anode of the seven LED's (segments)
that make up the display are tied to-
gether; for common-cathode types,
all cathodes are tied together. The
type required (common anode or
common cathode) depends on the
display driver used in the circuit.

Here are some the principle players in the
optoelectronics family of components.

Amplifiers. It may seem strange to
see logic gates and flip-flops under
the amplifier heading, but consider
this: logic gates consist of networks of
fransistor-based buffer amplifiers, and
a flip-flop is nothing more than some
combination of basic logic gates. In
fact, the basic logic gates, in various
circuit configurations, make up the
entire logic family.

Logic gates have many sub-divi-
sions—DTL, RTL, TTL, CMOS, etc—TTL
and CMOS being the most popular,
with each having branches of its own.
The TTL type (based on bipolar tech-
nology) is limited to + 5-volt opera-
tion, therefore the high and low
output states of TTL devices are rigidly

defined. CMOS logic (based on
MOSFET technology), on the other
hand, can be safely operated from
supply voltages ranging between +3
and +15 volts, so the high and low
output states of such devices are de-
fined as a percentage of the supply
voltage.

The amplifier/buffer, like the single
fransistor type, is used to isolate one
stage from the next and is used to
schematically indicate a buffer stage
or gain block. The integrated-circuit
package ouiline is used to sche-
matically represent specific inte-
grated sub-assemblies (or blocks) of a
circuit; for instance, counter IC’s, dis-
play driver IC’, efc.

Semiconductor Resistors. The
semiconductor-resistor family is a spe-
cial breed of resistive elements fab-
ricated from semiconductor material.
Such devices are widely used as sen-
sors. For example, a thermistor is a
heat-sensitive resistive semiconductor
element that’s designed to vary the
voltage across it in accordance with
the surrounding thermal condition.
Therefore, it is well suited to applica-
tions where temperature must be
taken into consideration: in an elec-
tfronic thermometer or perhaps a
thermal shutdown circuit.

A humidity sensor is a semiconduc-
tor device that is designed to vary its
resistance in proportion to the
amount of moisture sensed. Such de-
vices have found application in
equipment where high moisture lev-
els can do great harm; VCR dew-sen-
sors, for example. Other applications
might include flood alarms, and auto-
matic flood-pump devices.

The varistor is a semiconductor de-
vice designed to alter its resistance in
accordance with the agpplied volt-
age. Some applications for such de-
vices might be to automatically limit
current to the succeeding circuitry or
o shunt excessive voltage spikes.

The light-dependent resistor (LDR) is
a semiconductor device whose resis-
tance varies with light intensity. Be-
cause of that characteristic, it has
found widespread use in circuits
where light is a factor; automatic por-
ch-light systems that turn on at dusk
and off at dawn, for example.

Thyristors. The thyristor (its name
derived from THYRatron-transISTOR)




family of devices includes the SCR (Sil-
icon-Controlled Rectifier), widely used
in power-control applications: CSCR
(Complementary, Silicon Controlled
Rectifier), a negatively-triggered SCR;
Triac (also called a bilateral switch);
SCS (Silicon Controlled Switch); SAS
(Silicon Asymmetrical Switch); SUS (Sil-
icon Unilateral Switch) and SBS (Silicon
Bilateral Switch, not to be confused
with the Triac), commonly used as
gate-trigger devices for power-con-
trol elements:

And thats not all there is to this fam-
ily: There are a few other devices
{(some shown in Fig. 1 and some not)
that can be used as solid-state switch-
es, in variable power-control circuits,
and for low-voltage control of high-
power circuits.

The SCR—the first developed, and
probably the most common member
of the thyristor family—is essentially a
gate-triggered rectifier; a four-layer
diode with a gate connectedto the P-
section nearest its cathode. When suf-
ficient trigger current is applied to its
gate, the SCR conducts. Removing
the trigger does not cause it to turn-
off; instead, current through the de-
vice must fall below the holding level
tc tumn the device off.

The Light-Activated Silicon Con-
trolled Rectifier (LASCR) can be trig-
gered by either a beam of light or an
electrical pulse applied to its gate. Its
applications include power switching
and control in optical sensing, phase
control, computers, and related dig-
ital-electronic control systems.

The Triac—the name of which was
derived from TRlode AC semiconduc-
tor—can be triggered by positive or
negative gate signals, and is used to
control AC current in either direction.
Precise Triac control is often achieved
by using a special trigger-control de-
vice, the diac. The diac—sometimes
referred to as a bidirectional diode—
is used extensively as a trigger device
for the Triac in AC-control circuits such
as lamp dimmers, heating controls,
motor-speed controls, etc.

The silicon controlled switch (SCS) is
a dual-gate switch that's primarily
used in low-power switching applica-
fions. Either gate can be used to turn
on or turn off the main current through
the device. The SCS may be used in
applications where a low-level SCR
with gate turn-on/turn-off capability is
required.

The silicon unilateral switch (SUS)
and the silicon bilateral switch (SBS)
are actually small integrated circuits
confaining transistors, Zener diodes,
and resistors. The SBS is simply two SUS'’s
in a single package connected for
bilateral current transfer. Both are de-
signed for high-speed signal-switch-
ing applications and are capable of
producing fast-rising, high-current
trigger signals for power thyristors such
as SCR's and Triacs. They are also used
in digital circuits involving frequency
dividers, ring counters, bistable mem-
ory circuits, and pulse generators,
and for voltage sensing in electronic
crowbars (overvoltage protection for
DC power-supply circuits).

Diodes. The symbol for the standard
diode is a triangle with a bar across
one corner, as shown in the lower right
corner of Fig. 1. The diode is designed
to conduct current in one direction
and one direction only, and only
when forward biased. Because of the
diode’s opposition to a change in di-
rection of current flow, it is often used
for rectification—the process by
which AC is converted to DC.

A single diode can be used to half-
wave rectify an AC voltage, produc-
ing a pulsating DC (a voltage that
swings between some minimum and
maximum level, but does not pass
from positive 1o negative, or vice ver-
5a). A pair of diodes can be used to
form whats termed a full-wave rec-
tifier, one version of which—the full-
wave bridge—is shown in the lower
right corner of Fig. 1. The other version,
which is less efficient than the bridge
type, but more efficient than the half-
wave type, is fabricated from two indi-
vidual diodes.

There are also special diodes, like
the Zener. What makes this diode spe-
cial is that it is designed to be oper-
ated reverse biased—its cathode tied
positive with respect to its anode—
and regulates the voltage across it at
some predetermined level, Therefore
Zener diodes are offered according
to voltage and power {which indi-
cates the maximum safe-operating
current of the device) ratings. When a
Zener is forward biased (its cathode
negative with respect to its anode), it
behaves like any other diode.

The surge (transient) suppressor, as
its name implies, is used 1o lessen the
effects of sudden power fluctuations.

15t SIGNIFICANT DIGIT
/m SIGNIFICANT DIGIT
MULTIPLIER

TOLERANCE

7l

RESISTOR COLOR CODE

3rd BAND
1st & 2nd
BANDS MULTIPLIER
COLOR MULTIPLIER
0 = BLACK . BLACK 1
1 = BROWN BROWN 10
2=RED RED 100
3 = ORANGE ORANGE 1000
4 = YELLOW YELLOW 10,000
5 = GREEN GREEN 100,000
6= BLUE BLUE 1,000,000
7 = VIOLET SHVER 0.01
8 = GRAY GOLD 0.1
9 = WHITE
4th BAND
_TOLERANCE

NO BAND +/- 20%
SILVER +/~ 10%
GOLD +/- 5%

Fig. 2. Color-coded bands on the resistor
body are used to indicate the resistor value
and tolerance. The illustration shows
what each band represents.

(You might think of such a device as
the electronic equivalent of a shock
absorber) The Schottky diode is de-
signed for unilateral, or half-wave op-
eration, and is often used in SCR
frigger circuits.

Passive Components. The resistor,
often set up in various series and/or
parallel combinations, is probably the
oldest regulating electronics device
in existence. One of its major uses is in
voltage-divider networks—series-
connected strings of resistors, which
play a major role in VOM', DVM’,
DMMS, etc. The resistor family consists
of many types: carbon composition,
carbon film, metal film, wire wound,
wire-wound ceramics, etc. Resistors
are available in various wattage rat-
ings, from less than a Ya watt to well
over 250 watts. The type and wattage
used in a circuit is dictated by the type

-of circuit and expected peak power

through it.

A resistor's value is usually indicated
by colored bands around the resistor
body. The first band represents the first
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CAPACITOR NUMERICAL CODE

10 4= 100000pF=.ipf _ * 7
X @ . S P

TRty o

MULTIPLIER {ADD ZEROS FOR VALUE 1N PICORRADS)
nd SIGNIFICANT DIGIT
i T 1gt SIGHIFICANT DIGIT

P
PR A S A TR R

3

(MOVE DECIMAL LEFT & FLACES TO CONVERT TU MICRORARADS) . i 2

Fig. 3. Unlike resistors, a special numerical code is used on a capacitor’s body indicate its
value. The illustration shows what each digit in the code represents.

digit of the resistor value; the second is
the second digit of the value. The third
digit is the multiplier; and the forth is
the tolerance band (which indicates
the percent error in the parts marked
value). Figure 2 gives the values repre-
sented by the various colors used in
the resistor color code, and shows
how the color bands are read.

The first band represents the most-
significant digit of the resistors value;
the second digit represents the sec-
ond-most-significant digit; and the
third represents the multiplier (the
number by which the first two digits
are multiplied to the give the resistor
value). The forth band (if there is one)
gives the resistors folerance, which is
the percentage by which the unitcan
deviate from its coded value.

For example, say that a resistor is
coded brown-red-green-gold; the
first band (brown) represents a value
of one (1), the second (red) represents
avalue of two (2), the third color band
(green) tells you to multiply the first two
digits by 100,000, giving a resistance
of 1,200,000 or 1.2 megohms (the pre-
fix “meg” means million). Finally, the
gold folerance band fells us that the
value can deviate from the 1.2-
megohm rating by 5%, meaning that
the resistor's actual value can fall be-
tween 1,080,000 ohms (1.08
megohms) and 1,320,000 ohms (1.32
megohms).

Capacitors, because of their will-
ingness to pass AC while blocking DC,
are offen used in audio coupling ap-
plications—where it is desirable to
block DC and pass AC. They exhibit a
high resistance (called capacitive re-
actance) fo DC. But for AC, as fre-
guency increases, opposition to
current flow (capacitive reactance) in
the capacitor diminishes. Another
useful characteristic of capacitors is
their ability to store a charge, much
like a battery stores a charge. Be-
cause of that, they are useful in fitter
applications.

Electrolytic capacitors (such as alu-
minum and tantalum units), have their
values printed right on the body of the
unit. Those capacitors—which usually
range in value from 0.1 microfarad
(dencted 0.1 uF) to 1 farad (1 F)—can
be polarized or non-polarized; polar-
ized units will have either the positive
or negative lead indicated on the ca-
pacitor body. Smalier-value capaci-
tors use a three-digit numerical code
fo indicate their value, as shown in Fig.
3., and may or may not have its rated
voltage printed on its body.

Inductors (or retardation coils) are
simply coils of wire wound on various
core materials: paper, iron, etc. They
are found almost exclusively in Circuits
where varying signals are present: au-
dio, video, RF efc. An inductor exhibits
some resistance (opposition) to a
change in the direction of current
flow. The amount of electrical resis-
tance (known as inductive reactance,
and measured in ohms) depends
upon the frequency of the applied
signal. The higher the frequency, the
greater the reactance, and vice ver-
sa; thus, an inductor offers no opposi-
tion to DC current flow (other than the
characteristic resistance of the wire
from which it is formed).

Transformers, which are simply two
inductors placed in close proximity to
each other, are used in many ap-
plications; for example, isolation, cou-
pling, voltage step-up/step-down,
efc. Transformers can be thought of as
“magnetic-transfer” devices. Placing
the two coils in close proximity to each
other allows current flowing in one
coil to induce current to flow in the
other coil. That is, if an alternating sig-
nal is fed through one coil of the trans-
former, a signal of the same shape is
created in the other coil. The magni-
tude of the induced signal depends
on the turns ratio of the two cails.

Other Items. Switches are devices
(mechanical or electromechanical)

that either pass or prevent the flow of
current by opening or closing a circuit
path. Switches are available in many
configurations: slide, toggle, pushbut-
ton (both normally-open and nor-
mally-closed types); there are also
electromechanical types like mercu-
ry switches, relays, and reed relays
and switches, Some switches—such
as relays—are designed to activate
upon the application of a signal of
sufficient magnitude to energize a
coil; others react to other trigger
mechanisms, For instance, the mercu-
ry switch (which is composed of two
electrodes and a blob of mercury en-
capsulated in a glass envelope) re-
sponds to movement; that is, when
held in one position, the blob of mer-
cury does not bridge the two elec-
frodes and no current flows. However,
when the switch is tilted so that the
blob of mercury bridges the elec-
trodes, electrical contact is estab-
lished, and current flow is permitted.

Connectors come in many forms,
and vary nearly as widely as the ap-
plications in which they are used. Re-
gardless of the configuration, they all
do one thing: provide an electrical
connection between devices. Ba-
nana jacks, for instance, are a main-
stay of test instruments, but are also
used with other equipment where
quick connect/disconnect capability
(signal patching) is desirable. Other
connectors are designed for specific
applications; coaxial jacks, for exam-
ple, are used in high-frequency cp-
plications, where fransmission losses
can greatly affect circuit operation.
Such applications require shielding to
help minimize signal loss.

Under the miscellaneous heading
are components that don't quite fit
into the other families. Among those
components are the neon lamp and
incandescent lamp; batteries;
meters; antennas; and transducers ,
including speakers, headphones, mi-
crophones, and more.

Conclusion. Schematic diagrams
are like electronics road maps. But
what good are they if you've never
learned to read the signs? Being able
to recognize schematic symbols and

“equate a specific function to that de-

vice will greatly improve your ability to
interpret schematic diagrams. That
franslates into time saved in the repair
of any electronic equipment. [ |




Build a
Battery
Amp-Hour
Meter

Know the true state of vour

BATTERY AMPERE-HOUR METER §

rechargeable batteries with this handy test accessory.

echargeable batteries do not
R last forever, and begin to lose

capacity from day one. How-
ever, if being absolutely sure of relia-
ble battery operation is important to
you, the project described in this arti-
cle can make an excellent addition to
your arsenal of test gear. The Battery
Ampere-Hour Meter can be used with
all batteries to measure and display
continuously the cumulative number
of ampere-hours that are being deliv-
ered by the battery into aload. It can
also be used in reverse, to provide a
continuous display of the total
number of ampere-hours delivered to
G battery during recharging.

The Battery Ampere-Hour Meter is a
small, lightweight, portable device
thatcan be built and used as a stand-
alone instrument. It can also be per-
manently wired into equipment that is
battery powered and used as a dedi-
cated battery-monitoring system. An-
other use would be fo build it into a
battery charger, which in effect will
make that charger the “smartest one
on the block.”

The Ampere-Hour Meter contains a
two-digit LCD display and has a reso-
lution of 0.1 Ah. With it you will be able
to monitor the total amount of energy
delivered by the battery, and know
when it is near exhaustion. That can
help avoid situations such as losing
vital data in your laptop computer

BY ANTHONY J. CARISTI

should the battery suddenly go dead.

Circuit options allow the display of
the total number of ampere-hours
(from zero) used, or the remaining
battery capacity in ampere-hours. Al-
ternatively, the display can show bat-
tery-charge time remaining with a
resolution of Yo hour. The maximum
display in ampere-hours or real-time
hours is 9.9.

The circuit is powered by a stan-
dard 9-volt transistor-radio battery,
which provides many hours of use,
Even when the unit is turned off, the
Ampere-Hour Meter will retain the ac-
cumulated total. A switch is provided
to reset the display at any time and to
start the measurement process from
the beginning. When used with bat-
teries or power sources that deliver
between 7- and 15-volts DC, a circuit
option allows the instrument to oper-
ate without the built-in 9-volt battery.

Battery Fundamentals. The elec-
frical capacity of rechargeable bat-
teries, such as NiCd's or lead-acid
cells, is rated in ampere-hours. For ex-
ample, a typical camcorder re-
chargeabie battery may have a
rating of 1.5 ampere-hours, which is
sometimes specified as 1500 milliam-
pere-hours. The terminal voltage of
the battery is not a factor in the am-
pere-hour rating, and measuring a
batterys terminal voltage is a very

poor method of determining its re-
rmaining charge.

What does all that mean? The am-
pere-hour rating of a NiCd battery is
usually specified using the 10-hour dis-
charge rate. Other types of re-
chargeable batteries, such as lead-
acid, may be rated at a different dis-
charge rate. In the case of the NiCd
camcorder battery mentioned
above, that battery is able to deliver
0.15 amperes (150 milliamperes) into
a load for a period of 10 hours. Thus
0.15 amperes fimes 10 hours equals
1.5 ampere-hours.

The battery is, of course, able to
deliver currents far in excess of its am-
pere-hour rating (1.5 Ah in the above
example). Such a battery can deliver
possibly 50 amperes into a short cir-
cuitl However, at higher discharge
rates, the ampere-hour capacity of
the battery can be significantly less
than its rating.

As an example, a typical cam-
corder current draw might be 0.5 am-
peres. That could easily lead one to
assume that the operating time of a
camcorder with a fully charged 1.5-
Ah battery is 3 hours. That is not so,
since at that current level, the dis-
charge rate is more like a 3-hour rate
rather than the standard 10-hour rate.,
As aresult, the total battery capacity is
less, and might be as little as % of the
rated capacity. Thats why the fully
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charged 1.5 Ah camcorder battery
under a load of 0.5 amperes may last
only 2 hours.

There are other factors that can of -
fect the capacity of the battery. For
one, there is some permanent deteri-
oration of the battery as it charged
and recharged many times. Thus,
total battery capacity is continuously
decreasing due towear and tear,and
when it is reduced to a low amount
over a period of time, it has no effec-
tive service life and must be replaced.
Also, there is the inherent “self dis-
charge” characteristic that slowly de-
pletes battery charge during idle
fime and makes periodic recharging
to restore full capacity necessary. Self
discharge increases dramatically at
higher ambient storage tempera-
tures.

The Battery Ampere-Hour Meter
can provide a meaningful measure-
ment to determine if there is indeed
some deterioration of battery capac-
ity due fo aging. it can also be used to
determine the true ampere-hour cao-
pacity at the discharge rate that the
battery normally sees. That, as you
can see from the above, is vital infor-
mation that is just not otherwise avail-
able to the consumer!

About the Circuit. The Battery Am-
pere-Hour Meter consists of six major
sections. Those are a current-to-volt-
age converter, a voltage-to-frequen-
cy converter, a binary divider, a
binary-coded-decimal (BCD) coun-
ter, a liquid-crystal display system, and
two regulated power supplies.

Refer to Fig. 1 as we proceed. Power
to operate the circuit is provided by a
9-volt battery that drives a fixed 5-volf
regulator chip, U1. A voltage-convert-
er chip, U2, contains all the necessary
passive components, except C3 and
C4, to convert the positive 5-volt sup-
ply to — 5 volts. The regulated output
of U1 feeds the entire circuit, while U2
is used to provide a negative supply
for U3 and U4,

The battery current that is to be
monitored is passed to U3, which, in
conjunction with R1, forms a current-
to-voltage converter with a gain of 10
as determined by the resistance ratio
of R2 and R3. The output voltage at
pin 1 of U3 is equal to the number of
amperes flowing through R1. Over a
range of 0 to 5 amperes, the voltage
at pin 1 will be 0 to 5 volts. That voltage
is a true representation of the current
flowing out of (or into) the battery un-
der fest.

We have established one param-
eter of the ampere-hour equation:
current. The other, time, must also be
taken into account. That is the func-
tion of U4, a linear voltage-to-fre-
quency converter that is the heart of
the Battery Ampere-Hour Meter.

In order to measure ampere-hours
in digital form with a resolution of 0.1
Ah, it is necessary to produce 1-pulse-
per-hour for a battery current of 0.1
ampere. That franslates to a frequen-
cy of 1-pulse/3600-seconds or about
0.000278 Hz. Additionally, the frequen-
cy must be alinear function of current.

The TC9402TCPD, U4, connected as
a voltage-to-frequency converter, fills
that requirement ideally. It generates
an output pulse at pin 8 whose repeti-
tion rate is a function of the current
flowing into pin 3, a reference voltage
fed to pin 7, and the value of the ca-
pacitor connected between pins 3
and 5. Additionally, a square-wave
output waveform at one-half the gen-
erated frequency is available at pin
10.

For reasons that soon will become
evident, the output frequency at pin
10 of U4 is adjusted to 5825 Hz when
the voltage present at pin 1 of U3is 1.0
volt. Since the voltage-to-frequency
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Fig. 1. Here’s the schematic diagram of the

Battery Ampere-Hour Meter. The circuit

can be operated in three different modes, depending on the configuration of the two

counter IC’s, U6 and U7.
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Fig 2. Use this foil patiern 1o eich the main circuit board. The patiern is shown here

full size.
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Fig. 3. The LCD display is mounted on
its own board. The pattern for that
hoard is shown here full size.

relationship is linear, when pin 1 of U3
is 0.1 volt, the frequency oufput at pin
10 will be 582.5 Hz. The output fre-
guency of U4 is adjusted by placing a
variable resistance in the path be-
fween U3 pin 1 and U4 pin 3 to control
the IC’s input current. Potentiometer
R4 can therefore be used as a cal-
ibration adjustment to set the operat-
ing frequency of U4,

The pin-10 output of U4 is fed to the
clock input, pin 15, of U5, a CD4045BE
21-stage binary divider. The division
ratio of U5, 2 raised to the 21st power, is
2,097,152 When the frequency output
at pin 10 of U4 is 5825 Hz (with 0.1

ampere of current flowing through
R1), the output frequency of U5, at pin
8, is 5825/2,097,152 or 0.000278 Hz.
That is equal to 1 pulse-per-hour,
which is what is needed o produce a
digital increment of 0.1 each hour for
0.1 amperes of battery current.

Two CD4029BE programmable bin-
ary/decade up/down counter chips,
U6 and U7, are cascaded and are
operated in their decade mode to
produce a BCD count of the number

12
—R10—

of pulses appearing at the clock input
terminals (pin 15) of each chip. The
up/down-count input terminal, pin 10,
is hard wired to V4, to count up, or to
ground to count down inaccordance
with the three available circuit options
as earlier described. The operating
range of the counter is 0.0 to 9.9, or
vice versa.

Preset BCD data is hard wired to
input terminals 4,12, 13, and 3 of each
chip. called g, b, ¢, and d respectively.
These are the BCD 1, 2, 4, and 8 preset
inputs. For applications requiring
counting up from zero, all eight input-
data terminals are grounded. To
count down from a preset number,
the input terminals are hard wired to
Vgq @nd ground in accordance with
the desired BCD number. Hard-wired
preset data is entered into the coun-
ters when the load input, pin 1, is taken
high by means of reset switch S2.

The BCD output of the cascaded
counters appears at pins 6,11, 14, and
2 of each chip. That data is fed to the
BCD input of the LCD decoder/driver
chips, U8 and U9.

A 10-megohm resistor, R9, is con-
nected between the positive battery
terminal and the V supply terminals
of US, U6, and U7. That provides a
“keep ative” trickle current of less than
1 microampere, which preserves the
memory of the chips when the instru-
ment is not in use. That ensures that
the total accumulated ampere-hour

D Rls
)
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F u10
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B uD cB UD
o o 00 o
us R9 ue u7 8
| c
(o] [o2e]
~—R8—— D D A I
: G
{ ‘ °
c5 u4 U2 R4 U3 *
i Ca O it e
! |
-C6— +-Ca- —R2—
Py e g R3—
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Fig. 4. Use this parts-placement diagram when installing the board-mounted

components on the main circuit bouard.
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countis refained until the instrument is
reactivated.

A CMOS 555 timer chip, U10, which
operates as a 130-Hz square-wave
generator, supplies the required
backplane drive for the LCD readout.
The backplane signal is also fed to pin
6 of each decoder/driver chip, which
inverts the signal fed to each segment
of the particular LCD digit that must
be activated. The segments that must
be extinguished are driven by the un-
changed backplane signal.

A TMOS field-effect transistor, @1, is
used to invert the backplane signal
for the decimal point. That is fed to pin
6 of the display to activate the deci-
mal point.

Construction. Building the Battery
Ampere-Hour Meter consists of stuff-
ing the main-circuit board, which
contains the bulk of the circuitry,
mounting the LCD module onto the
other board, and making 16 hard-
wire connections between the two
boards. The circuit also may be hard
wired on a section of perfboard if
good wiring techniques are used.

Figures 2 and 3 are the printed-cir-
cuit layouts of the fwo boards, shown
full size. Etched and drilled PC boards
are also available from the source
giveninthe Parts List if you do not care
o etch and drill your own.

The component layout of the main
circuit board is shown in Fig. 4, which
also serves to identify the proper ori-
entation of all polarized components
such as IC’s, the transistor, electrolytic
capacitors, and the diode. It is impor-
tant that these components be
placed onto the board correctly to
avoid possible component damage
and a non-operating circuit.

Note that the board contains a
number of jumper wires. The locations
of those wires are listed in Table 1, and,
along with the off-board connections,
are shown in Fig. 5. The outiines of the
DIP IC’s are also shown in that figure to
help locate the proper connection
points. To prevent breakage, use
stranded wire for the jumpers.

Be sure fo use sockets for ail DIP
integrated circuits. That will allow ease
of troubleshooting and servicing
should it become necessary. It is ex-

TO DISPLAY BOARD

gl | d1

f1 el c1 al g2 e2

f2 [d2 | b2 | BP

+l o -

—_———
INPUTS

Fig. 5. The locations of the numerous jumpers and the connections to the off-board
components are shown here. The outlines of the DIP IC's are also shown as reference

points to aid the builder.

fremely difficult to remove a muiti-pin
IC that has been soldered directly
onto a printed-circuit board without
damage to the board or the chip.

0.1Ah 1Ah
COUNTER COUNTER

]_1:13 3

‘Eiba_lw}g 3

Fig. 6. For options 2 and 3, U6 and U7
must be pre-programmed as described in
text. This example shows how to pre-
program the chips for a starting value of
1.5 Ah.

The 0.1-ohm wirewound resistor, R1,
is commercially available as spec-
ified in the Parts List. Alternatively, it can
easily be fabricated by taking 29%2
inches of #26 enameled magnet
wire and winding it on an ordinary Y-
watt carbon resistor of any value. To
check the value of your home-made
resistor, pass 1.0 ampere DC from a
power supply through it and measure
the voltage drop across the resistor
with a digital voitmeter. (A 5-ohm 5-
watt resistor can be connected in se-
ries with the power supply to make
adjusting the current easier) In accor-
dance with Ohm’ law; if R1 is of the
correct value, the voltage reading
across it should be 0.1-volts DC. Bearin
mind that if several amperes of cur-
rent {the maximum aliowable is 5
amps) are to be monitored, choose a
heavier gauge wire to wind the re-
sistor. Additionally, a large heating
effect due to power dissipation
should be avoided, since the resis-
tfance of copper wire will increase
slightly with temperature.

To complete the circuit, the builder
must select one of the following op-
tions and wire the circuit accordingly:

1. Display total accumulated am-
pere-hours, starting from 0.0, and
count up.

2, Display the remaining number of
ampere-hours left in the discharging
battery, from a pre-programmed vai-
ue (up to 9.9), and count down.

3. Display the operating time left in
the discharging battery, counting
down from a pre-programmed value
of up o 9.9 hours.

For option 1 {count up), pin 10 of Ué
and U7 must be hard wired to pin 16
(Vad) of each chip and pins 3, 4, 12,




TO MAIN BOARD
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Fig. 7. Here is the parts-placement
pattern for the LCD-display board.

and 13 of each chip must be
grounded for a preset BCD number of
00.

For option 2 (count down) pin 10 of
each counter chip (U6 and U7) must
be grounded. Pins 3, 4, 12, and 13 of
those IC’s must be hard wired for the
battery’s nominal ampere-hour ca-
pacity, up to 9.9, in BCD format. Coun-
ter U6 is the tenths counter, and U7 is
the units counter. Pin 4 ("a") of each
chip is the least-significant bit in the 4-
bit BCD code; pin 3 ("d") is the most-
significant bit.

As an example, to pre-program 1.5
Ah, follow the wiring shown in Fig. 6.
That shows 0.5 Ah preprogrammed
into U6 and 1 Ah into U7 for a value of
1.5 Ah (in BCD).

For option 3 (count down) pin 10 of
each counter chip must be
grounded. The pre-programmed
number must be calculated using the
following relationship:

Preprogrammed Number In Hours =
Battery Capacity in Ah/Actual Load
Current In Amperes

The calculated number, not greater
than 9.9 hours, must be hard-wired
into the preset BCD input terminals of
the two counter chips as described
under option 2 above.

R lb
EXTERNAL oL f
BATTERY T q
oR | v llm 2
POWER _I_
SUPPLY T l

R=V ;
[

Fig. 8. A calibrated current source is

required to check out the meter. Use the

circuit shown here.

Additionally for option 3, the value
of R2 must be changed so that the
voltage at pin 1 of U3 is 1.0 volt when
the actual load current that will be
delivered by the battery is flowing
through R1. That s easily calculated by
the relationship:

R2 In Ohms = 100,000/Actual Load
Current In Amperes

Use a 1% metai film resistor for stability.

Figure 7 is the parts-placement di-
agram for the LCD board. Note that
the LCD has an indentation marked in
the border, similar to that found on
many DIP IC’s, to identify the location
of pin 1.

The LCD is made of glass and is very
fragile; handle it carefully and do not
place excessive strain on it during in-
stallation. It may be soldered directly
onto the printed-circuit board, or, at
the builder’s option, a socket can be
fabricated by cutting an 18 pin IC
socket in half lengthwise.

Use small gauge stranded wire to
make the connections between the
two boards, following Figs. 5 and 7.
Again, use stranded wire for that.

The entire assembly of two boards
makes alow profile package that can
be placed into a small enclosure. The
two boards may be stacked, or
placed next o each other. Cut a suit-
able-size rectangular opening in the
enclosure to allow the readout to
show through.

The input terminals can be brought
out to binding posts on the exterior of
the enclosure. Be sure o use at least
#20 wire for those connections.

Mount $1 and S2 on the enclosure
and wire them to the appropriate
points on the circuit board. Finally,
connect a 9-volt battery clip to the
appropriate points as shown in Fig. 4
and you are done.

When the assembly and wiring of
the circuit is complete, examine the
circuit board very carefully for any

possible opens, shorts, or cold-solder
joints, which can appear as rough,
dull blobs of solder. Re-do any joint
that is suspect. It is far easier to correct
assembly problems at this time rather
than later on if you discover that the
project does not work.

Test and Calibration. The best way
to check out the circuit is to do it in
stages, rather than trying to operate
everything at once. A DC voltmeter or
VOM will be required; an oscilloscope
and/or frequency counter will be
needed to calibrate the oscillating
frequency of U4.

A calibrated current source is Qlso
required. That can be as simple as a
battery and an external load resistor
that will drow 1 ampere (or any other
desired value) of current. See Fig. 8.

T BATTERY
| UNDER
|

TEST

LT

Fig. 9. This diagram shows how a load
and a power source (the battery under
test) are connected to the meter.

Use Ohm’s law to calculate the resistor
value:

External Resistance in ohms = Battery
Voltage Under Load/Load Current

Be sure to use a resistor that can safely
dissipate the heat generated by the
current,

Alternatively, the device that is to be
driven by the battery can also serve
as the load. Figure 9 shows the proper
connections if you choose 1o go that
route. Note that this is the same set up
that will be used during operation of
the instrument. Also, note that you will
have to determine the actual current
being drawn by the load. Todo that, a
DC ammeter must be connected in
series with one of the battery leads to
measure the current. The measured
value will be what you will use in the
tests that follow.

Procedure. First check out the regu-
lated power supplies by removing all
chips from the board except U1 and
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Fig. 10. The internal battery can be
omitted when the battery-under-test
delivers 7 to 15 volts. The wiring for that
option is shown here.

U2. Install a fresh 9-volt battery and
turn power on. Verify that U1 is deliver-
ing 4.75 to 5.25 volts (with respect to
the circuit common) to the positive
side of C2. Measure the voltage atthe
negative side of C4. That should be a
negative voltage of the same magni-
tude as the positive supply.

Do not proceed with the checkout if
you do not obtain the correct read-
ings. Troubleshoot the circuit by
checking the orientation of U1, U2,
and C1-C4. Measure the battery volt-
age under load and verify that it is
connected to the circuit with the cor-
rect polarity and that it is delivering at
least 7 volts to the circuit. The normal
current draw of the instrument is
about 8 milliamperes. Check for short
circuits between the regulated output
lines and ground.

Insert U3 in its socket. Be sure to ori-
ent it properly as illustrated in Fig. 4.
Connect the calibrated current
source, or the load and the battery,
and set $1 to the on position. Be sure
that the load current through R1 flows
in the correct direction as indicated in
Figs. 8 or 9 (depending on the set up

POWER
SUPPLY
OR R2

" CHARGER

+ =

l v
AAA

+ vy

TBATTERY
| UNDER &
oL_CHARGE T;

—

Fig. 1. To modify a bantery charger so
that it will display the ampere-hours
delivered into a rechargeable battery,
configure the circuit as described in
option 1 and wire it to the charger as
shown here.

PARTS LIST FOR THE BATTERY AMP-HOUR METER

sy

SEMICONDUCTORS

Ul—ANT78L0S 5-volt regulator,
integrated circuit

U2—ICL7660SCPA voltage
converter, integrated circuit
(Harris)

U3—LM358N op amp, integrated
circuit ’

U4—TC9402CPD voitage-to-
frequency converter, integrated
circuit (Teledyne)

U5—CD4045BE 2l-stage binary
divider, integrated circuit

U6, U7—CD4029BE binary/decade
up/down counter, integrated circuit

U8, U9—CD4543BE decoder/driver,
integrated circuit

UI0—LMC555CN CMOS timer,
integrated circuit

QI—BS1H TMOS field-cffoct
transistor

DISPl—2-digit, liguid-crystal
display. Digi-Key LCDOM or
equivalent

D1—IN4148 peneral-purpose
silicon diode

RESISTORS

(All fixed resistors M-watl 3% units
unless otherwise specified.)

R1——0.1-ohm. 3-watt wirewound,
Dale UW-2B or cguivalent (see
text)

R2, RS—= 1, 000-ahm §% mezal-Alm

R3—I10 00-ohm 15 metal-film

R4—200,00))-0hm cermet

H

you are using). It is assumed that the
builder has verified the level of load
current if the actual load is used. Mea-
sure the voltage appearing at pin 1 of
U3.The voltage reading should be the
same as the level of load current (1
volt-per-ampere within the tolerance
of R1).

Failure to obtain the correct read-
ing can be caused by incorrect resis-
tance values at R1, R2, and/or R3, or a
defective or improperly oriented U3,
Check also the power-supply voltage
to pins 8 and 4, which should be
about +9 and — 5 volts, respectively.

Next we have to set the frequency
of U4. For options 1 and 2 described
earlier, use the following procedure:
With power off, insert U4 into its socket.
Reapply the load current and battery
power, and check pin 10 of U4 for the
presence of a squarewave. Adjust R4
for a frequency of 5825 Hz (172-us
period) if the calibrated load current
is 1.0 ampere. For any other load-cur-

B1-—9-volt transistor-radio battery
S1—SPST toggle or slide switch
52---5PST normallv-open pushhutton

PC Board, bateery ¢lip. enclosure, IC

L

potentlometer PC mount

R6—10,000-ohm CsEEE L,
R7, R12--100,000-ohm - !

S

R8, R9—47,000-ohm  *© P
R10, R11—47,500-ohm 1% metal-

film

R13—10-megohm @ «

CAPACITORS ¢
C1-C4—10-pnE 25-WVDC, radlal

electrolytic ‘

C5—270-pF NPO ceramic-disc R
C6—56-pFE NPO ceramic-disc
C7, C8—0.1-uF ceramic-disc

ADDITIONAL PARTS AND 5

B

MATERIALS

switch

TR g

sockets, binding posts, hardware,
solder. wire, etc.

Naote: The following parts are -

available from A. Caristi, 69 White
Pond Road, Waldwick NI 07463;
Set.of 2 printed civcuit boands, g
$20.95; 11, 32.25; U2, $7.25; &t
U3, 82.25, 14, $8.75; US, 8275,
Ua, 5275, U7, $2.75, UR, $2.75; -
U9, 32.75; U0, $2.75; sct of five
15 metal-film resistors, $2.95, " <
Flease add $5.00 postage/ e
handling, NI residents must add = o
appropriate sales tax. !

rentvalue, set the frequency in accor-
dance with the following relationship:

Frequency = 5825 x Current

For option 3, with a modified value
for R2 as described earlier, adjust the
R1 current to obtain 1.0-volt DC at pin 1
of U3. Then set U4's output frequency
{at pin 10) to 5825 Hz by adjusting R4.

If no square wave is evident at pin
10 of U4, carefully check all compo-
nents associated with that chip. Also,
be sure that the IC is properly oriented
in the circuit as shown in Fig. 4. If possi-
ble, try a new chip.

If the frequency cannot be set as
directed, check the voltage at pin 1 of
U3 to verify that it is 1 volt-per-ampere
of load current. The maximum allowa-
ble load current is 5 amperes. Check
the values of C5 and C6.

If all is well to this point, turn off all
power and insert all remaining IC’s
into their respective sockets. Be very

(Continued on page 92)




0

Learn how researchers are making it possible to survive even severe automobile
crashes through the use of air bags, automatic roll bars, and more.

ntilock braking systems (ABS)
Anow, and collision-avoidance

systems in the future can help
you avoid an accident. However, if a
collision is unavoidable, air bags and
seat belts are your first line of defense
in surviving the: crash,

Statistics from the Insurance Institute
for Highway Safety and the National
Highway Transportation Safety Ad-
ministration show the effectiveness of
air bags. With air bags, the likelihood
that you will receive moderate to se-
vere injuries is reduced by 25% to
29%. The chances of going tothe hos-
pital are reduced by 24% if the crash
occurs in a vehicle equipped with air
bags compared with one with only
seat belts. Between 1985 to 1991, there
were 28% fewer fatalities in frontal

BY WILLIAM D. SIURU, JR.

crashes with cars equipped with air
bags compared to those with seat
belts alone. Seat belts are now worn
by about 65% of US. drivers. This is up
from only about 10% in 1986.

Itis getting harder to find a new car,
truck, van, or sport/utility vehicie with-
out at least a driver-side air bag. Air
bags for front-seat passengers are
also becoming common in cars and
some minivans. By the 1997 model
year, Federal law will require that all
new cars sold in the U.S. have dual air
bags. That will extend to light trucks
and vans in 1998.

Air Bags for Older Vehicles.
People who have vehicles they love

but that lack air bags can install after-
markat air-bag systems that are start-
ing to appear on the market. Breed
Technologies, a company that is a
major supplier of air-bag systems and
crashsensors, is offering its SRS-40 Sup-
plerrental Restrcint System. The
SRS-4) is now available for over sixty
Amer.can car ard fruck models, and
the list is growing. Currently available
are units for most of the 1987 and after
GM passenger cars that did not origi-
nally come with driver-side air bags.
Also available are units for most
Chevrolet and GMC pickups, Subur-
bans, vans, and Blazers/Jimmys, plus
Jeep Cherokees.

The SRS-40 is nat a full-sized air bag,
nor does it have knee bolsters like fac-
tory-irstalled air bags sold in the US,,
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and it does not meet all the Federal
standards. Therefore, it must be used
with seat belts. Then again, all air bags
are Supplemental Restraint Systems
(SRS) and must be used with seat belts
to be fully effective. However, the
SRS-40 is virtually identical to the air
bags installed in Europe and Asia,
where virtually everyone fastens up. In
any event, the SRS-40 can definitely
reduce face and head injuries.

The SRS-40 costs just under $600 in-
stalled, and installation must be done
by a trained specialist; this is not a do-
it-yourself operation. On the plus side,
however, installing it might even save
you some money; check your insur-
ance carrier to see if you quaiify for a
discount by installing this retrofit sys-
tem.,

The SRS-40 including the air bag,
inflaror, iogic circuitry, and crash sen-
sor are all contained within the steer-
ing wheel itself. The installation
requires replacement of the steering
wheel so, obviously, one size does not
fit all cars. The system has to interface
with vehicles that have different con-
frols on the steering wheel. The SRS-40
is distributed by Applied Safety, Inc. of
Ventnor, NJ (Tel: 800-723-3611) or
Wynn's Climate Systems, Inc. of Ft.
Worth, TX (Tel: 800-347-3883). Nation-
wide distribution will follow shortly
through car dealers as well as auto-
service chains.

Air-Bag Technology. Today, most
air-bag systems are decentralized in
that the components are found in
various locations on the vehicle. For
instance, crash sensors are located at
the front of the car, white the micro-
processor is located under the instru-
ment panel. The air bags themselves
are in the steering wheel, and in front
of the passenger when dual air bags
are installed. However, the trend is to-
wards single-point sensing systems
with the sensors, and in some cases
the logic circuitry as well, located with
the air bag.

Few things in life are as reliable as
air bags. In 1200 investigations of air-
bags crashes, there were no situations
where air bags failed to inflate. On the
other hand, air bags should deploy
only in a severe crash when you must
be protected from injury, or worse.
They should not deploy if you hit a
curb or a pothole. A deployed air bag
could even cause a collision if it im-

While not a jull-sized air bag like those installed in new cars and trucks, the
aftermarket SRS-40 from Breed Technologies can provide air bug protection if seat
helts are worn.

pairs the view out the windshield. Pre-
venting unneeded deployment, such
as during parking-lot fender-benders,
is important since replacing an air
bag is expensive, with costs starting at
$600. Incidentally, because of their
value, thieves are now breaking into
venhicles to steal the air bags, leaving

expensive sound systems behind.
Putting air bags on trucks and sport/
utility vehicles represents an adai-
fional challenge. They have to deploy
in a crash, but not when pushing a
snowplow or offroading over rugged
territory. Enginsers have been able to
design crash sensors that can reliakly

What Happens In A Crash With Air Bags

® Crash sensors sense that a crash is starting to happen.

® Crash sensors are triggered to send impulses to an electronic control module.

® The module evaluates the situation, and if air-bag deployment is needed, triggers an
impulse. The module usually includes a sensor that prevents false deployments of

the air bag.

® The impulse causes a central igniter or squib to fire.

® The igniter burns, penetrating the propellant chamber.

® The propellant ignites, producing and expelling hot, yet harmless, nitrogen gas
(we normally breathe 78% nitrogen). The “smoke” produced is a harmless
powder used to lubricate the air bag so it will deploy easier.

® The gas passes through a filter and enters the nylon air bag through inftator ports.

® The pressurized bag inflates, emerging from the center of the steering wheel, or in
the case of dual air bags, through the dashboard panel.

® Once deployed, the bag cushions the occupant's impact using pneumatic damping

effects from the air cushion vents.

® |Immediately afterwards, the bag's vents release the remaining pressure, deflating the

bag.

All this happens in 40 to 50 milliseconds for front air bags, and much faster for side-
impact air bags. Depending on the manufacturer, air bags are deployed in sudden stops

from speeds above 10 to 15 mph.



tell the difference between a crash
and “normal” bumps and jolts.

One example is the deer/car en-
counters that occur over 300,000
times a year in this country. A while
back, GM demonstrated the sen-
sitivity of its air bags with tests using
Styrofoam and sand bags to simulate
a deer. The sophisticated sensors and
triggering logic in the air-bag system
was quite able to discern when the
collision with the “deer” was severe
enough to deploy the air bag or not
deploy the bag, which was most of
time.

The Robert Bosch Corp. has de-
veloped a seat-occupancy sensor to
detect whether a passenger-side
seat is occupied and then com-
mands air-bag deployment accord-
ingly. The sensor prevents air-bag
deployment if the seat is detected as
unoccupied, even if the seat contains
a rear facing child-safety seat or
heavy objects, both occasions when
air-bag deployment is not desirable.

The sensor uses a capacitive mea-
suring principle, rather than mass-
sensitive sensors to determine seat
occupancy. The sensor is easily inte-
grated into the seat, has no mechan-
ical switches, and works with heated
seats. Bosch will infroduce the tech-
nology in Europe this year.

Air Bags and Children. Un-
fortunately, a new danger is surfacing
as vehicles are being equipped with
air bags for front-seat passengers
While air bags are unquestionably
saving adult lives, that may not be the
case for infants. A deploying air bag
can transmit sufficient forces to a rear-
facing infant safety seat to severely
injure or even kill a baby. Air bags liter-
ally explode at speeds of 100 to 200
mph in about 0.05 seconds. In the
process, forces equivalent to over 300
G's can occur because the child's
head is so close to the air bag in a
rear-facing seat. The current solution,
of course, is to place the safety seat
on the back seat. The National High-
way Traffic Safety Administration re-
cently announced requirements that
new rear-facing child-safety seats
have labels warning that deployment
of passenger-side air bags pose risks
to children. Occupancy sensors like
the one from Bosch will also prevent
that dangerous problem.

Some pregnant women believe

By mounting the bag in the seat rather thun the door, the Vohvo side-impact air bag is

alwavs in the same, optimum position relative to the person in the seat. no matter how

the seat is adjusted.

that they should not wear lap belis
because of possible harm to the un-
born child. GM and the University of
Michigan Medical School are now
doing research to improve the safety
of pregnant women in vehicle
crashes. In future crash tests, measure-
ments will include acceleration of the
fetus’ head and pressure applied to
the mothers abdomen. The informa-
fion will identify the relative safety of
different restraint designs.

While the results of the study are not
yet in, the experts say that the benefits
of wearing safety belts far outweigh
the risks of not wearing them. Preg-
nant women should wear lap belts
under the bulge in the fummy and
over the pelvic bones. The shoulder
belt should fit between the breasts
and over the shoulder. Indeed, every-

one should wear the shoulder belt
over the shoulder, not under it.

Side Air Bags. After frontal collisions,
side impacts are the next most dan-
gerous. The statistics show that about
a tird of all car deaths and serious
injuries occur during side-impact ac-
cidents; that is about 8,000 fatalities
and 24,000 serious injuries. The imme-
diate, but not complete, solution is the
“side-impact reinforcements” that are
appearing on cars now and will be
required on all cars by 1997. The ulti-
mate solution may be side-impact air
bags. The air bags may be located in
seats, backrests, doors, or pillars.
However, transferring the already
well-developed air-bag fechnology
for frontal collisions to side air bags is
notsimple and represents areal engi-
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In BMW’s Rollover Protection System, if a sensor detects an impending rollover,
rollbars located in the seats are released and extend 10 inches above the headrests.

neering challenge. First, the space
between the door and occupant is
considerably less than the space be-
tween the occupant and the steering
wheel or dashboard. That means
there is far less time for the sensors to
detect a side impact, for the system
logic to determine if air-bag deploy-
ment is needed, and to deploy the
bag. Toward that end, TRW, Inc. has
developed an ultra-fast electronic
crash sensor that can detect a side
impact and deliver a deployment sig-
nal in 4 milliseconds.

Another problem that must be over-
come is that the system must have a
very low false-alarm rate so the air
bag does not go off when someone
carelessly opens a door into yours, a
child on a bicycle rides into the door,
or you accidentally open the door
into a pole or another obstruction.
However, it must detect and discern
when there is a real side-impact colli-
sion,

Work is proceeding on that prob-
lem as well. Morton International, a
leading supplier- of air-bag compo-
nents, has developed side air-bag
modules that deploy within 10-12 milli-
seconds after receiving the trigger
command from the electronic control
unit, Prototype testing shows promis-
ing results using accelerometers lo-
cated at the pillars or in the doors.
Those sensors, located behind the
outer panel of the vehicle, detect ac-
celerations due to side impacts. The
electronics are able to discern the dif-

ference between simple blows and
life-threatening side-impact collisions
through the distinct increase in accel-
erations caused by the latter. The
side-mounted accelerometers are
connected with the central sensing
unit that also triggers the drivers and
passengers frontal-collision air bags.
The final trigger decision and com-
mand is made in this single electronic
control unit

Safety-pioneer Volvo plans to intro-
duce a seat-mounted air bag system
on its 1995 850 sedans and station
wagons. The Volvo SIPS (Side Impact
Protection System) BAG is located in
the outer edge of the back of both
the driver and front-passenger seats.
There it acts as a cushion, helping pre-
vent contact between the chest and
the door. As a secondary benefit, the
SIPS BAG helps reduce head injury by
holding the occupants away from the
door, pillar, and side window. The SIPS
BAG is mechanically triggered, requir-
ing no electrical hook-up and the en-
tire system is contained in the seat.
The SIPS BAG uses a sensor built into
the two front-seat frames and two gas
generators in the seat back to inflate
each air bag. If the side-impact force
hitting the door exceeds a pre-set
threshold, the inner door panel will
strike the sensor with sufficient force to
trigger the system to fire the
pyrotechnic charge activating the
twin gas generators and expanding
the bag. The bag deploys through a
seam in the upholstery. The bag in

flates within 4-6 milliseconds and the
total time to activate from first contact
to full inflation is less than 12 millise-
conds. The deployed bag is about a
foot long and 5 inches in diameter.

Safer Convertibles. Convertibles
are very popular in Germany, but te-
cause of the Germans’ concern for
safety, most offer more protection
than convertibles built in other parts
of the world. German automakers like
Opel, Porsche, and Volkswagen pro-
vide rollover protection with fixed
rollbars. BMW and Mercedes-Benz
use sophisticated automatically-acti-
vated systems that offer closed-car
rollover protection without sacrificing
any openness.

Mercedes-Benz uses an "Automatic
Roll Bar” in its two-seat 300SL/
500SL/600SL roadsters and the four-
passenger 300CE Cabriolet. Sensors
on the rear axle sense when the car is
in a potential rollover situation as de-
termined by the car exceeding a
specified roll angle and one wheel
lifting to the point where it is about to
lose contact with the road. The rolibar
will also pop up if accelerometers that
measure lateral and longitudinal de-
celeration show that a threshold has
been exceeded, indicating a front-
end, rear-end or side impact. The
rollbar is spring-loaded, so it can de-
ploy in about a third of a second. Not
only does the rollbar pop up, but seat
belts lock automatically and the
doors, if locked, are unlocked (but still
latched) to make it easier for rescuers
to gain entry.

The driver can raise and lower the
rollbar hydraulically via a console
switch in about three to four seconds.
With the rollbar in place, air draffs are
reduced for more comfort in chilly
weather. If a crash situation occurs
during these brief seconds, the auto-
matic system will take over and the
rollbar will spring into action much
faster,

BMW' Rollover Protection System
(RPS), offered as an option on its 318i
and 325i convertibles, has twin mod-
ules behind the rear headrests. Each
module is fitted with a mechanically
actuated rollbar. If the sensor located
in one of the modules senses an im-
pending rollover, the rollbars, which
are normally held in their retracted
position, are released, deployed up-

(Continued on page 94)
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Fun this Christmas=

Does fighting the crowds at Christmas short-cir-
cuit your holiday fun? Don’t blow a fuse this
year...for the friend who shares your love of
project-oriented electronics — or a youngster
who may need only a spark to ignite a life-long
interest — give a gift subscription to Popular
Electronics.

Popular Electronics readers get the know how

. \ they need to build exciting, educational, and

" useful projects like these. . .a professional-qual-
ity home-security system. ..an autoranging fre-
quency counter...a nine-band shortwave re-
ceiver...a radio-controlled car...a telephone
scrambler...an aviation receiver...and even a
robot!

PLUS...Gizmo, our honest and straight-shoot-
ing review of the latest consumer-electronics
gear...Market Center, featuring mail-order
merchants that are ready to help you in all your
hobby activities. ..articles and columns cover-

#=ing every aspect of the electronics hobby —

including antique radio, shortwave listening,
_ham radio, computers, scanners, circuit de-
sign, and more!

SAVE MONEY.. A great gift to receive, Popu-
lar Electronics is also a great gift for you to
give! The Special Holiday Rate saves you
$25.05* off the newsstand price on each gift.
You can save another $25.05* when you start or
extend your own subscription at the same time.
It’s our “thank-you” for sharing Popular Elec-
tronics with a friend at Christmas.

Send no money, unless you prefer. We'll be glad
to bill you in January, 1995. Just take a brief
moment to go over your gift list and make sure
you haven’t forgotten anyone who might ap-
preciate the many benefits of Popular Elec-
tronics. Then write the names on the attached
Gift Certificate and mail it back in the postage-
paid reply envelope...we’ll take it from there!

Your friends will receive a handsome gift an-
nouncement card signed with your name just
before Christmas. And all through the new year
they’ll remember and appreciate your thought-
ful gift! So don’t blow a fuse...take it easy and

enjoy the holidays. Give Christmas gifts of Pop- /47 &

ular Electronics!

Popular Electronics

*Basic sub rate—1 yr/$21.95
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@ Digital Capacitance Meter |

Auto-Ranging
Digital Capacitance Meter

An easy-to-build, easy-to-use addition to your workbench that performs as well as
commercial units but at a fraction of their cost.

tfance meter as an essential piece
of test equipment for the elec-
fronics hobbyist, even though such
units could help to take the guesswork
out of selecting capacitors, par-
ticularly in those instances where
matched pairs are required. Still,
being able 1o test capacitors before
placing them in a circuit under de-
velopment or in a circuit that you are
trying to repair does have its appeal.
But after seeing how much a decent
meter can cost, | figured that it was not
one of my more pressing needs.
However, since building the Digital
Capacitance Meter described in this
articte, | wonder how | ever got along
without one. The Digital Capacitance
Meter, whose performance rivals that
of commercial units costing hundreds
of dollars, can read capacitor values
from 1 pF to 1000 pF with surprising
accuracy (plus or minus 1 pF in the
lowest range). It Is compact, light-
weight, portable (powered from a 9-
volt transistor-radio battery), and best
of all, it can be put together for under
$50.

I had never considered a capaci-

Circuit Operation. Figure 1is a sche-
matic diagram of the Digital Capaci-

tance Meter. In that circuit, U1 (a 555
oscillator/timer configured for astable
operation and serving as the “System
Clock”} feeds a 5-Hz square-wave sig-
nal fo “Test Sequencer” U3's clock in-
put at pin 14. Integrated circuit U2 (a
4017 counter/dividerj serves as a
“Range Sequencer,” automatically
kicking the meter circuit into the next
higher range when the value of ca-
pacitor-under-test is too large to be
measured on the present range.
That's done ty activating the appro-
priate relay (either K1 or K2).

Because the 4017 is incapable of
providing sufticient current to trigger
the relays, each relay is driven by a
2N3904 gen=ral-purpose NPN tran-
sistor (either Q2 or Q3). A trio of 15-turn
trimmer potentiometers (R1-R3) are
used tc provide the proper resis-
tances for th= three different ranges.
Note that R1 is always in the circuit,
and that each relay has a reverse-
biased diode connected across its
coil to protect the circuit from elec-
tromagnetic kick-back.

Integratec circuit U4 (a 556 dual os-
cillator/simer) serves as the “Capaci-
tance Tester” Half of U4, in conjunc-
tion with the resistance switched into
the circuit (via the relays) and the un-

known vcilue of the capacitor-undsar-
fest, generates an output whose dura-
tion depends on the values of the
connected resistor/capacitor com-
bination. The other half of the chip
proddces an output whose duration
depends on the values of R8 and R11.
Those two outputs are nanped to-
gether via U7-a (Yath of a 74HCO0
high-speed CMOS quad 2-input NAND
gate) anc inverted by U8-e (Ysth of a
74HCO04 high-speed CMOS hex inver-
ter). ond then fed to the enable input
of U6 (o 74C947 4-digit CMOS up-
down counter/latch/decoder/driver),
which is used to produce the appro-
priate display on a 4-digit LCD read-
out [DIiSP1). Integrated circuit US (a
PXO-1G03 programmable puise gen-
erator that is used as the "Count
Clock”} feeds the clock input of Ué.
Incidentally, the PXO-1000 offers
several advantages over traditional
clock-oucillator circuits. That 16-pin DIP
contains a 1-MHz laser-trimmed crys-
tal and internal logic and dividers that
allow you to get 57 different frequen-
cies depending on the logic levels at
its program pins. Additionally, the chip
has good temperature stability,
doesr't suffer from the start-up grob-
lems et standard crystal oscillators
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Fig. I. Here's the schematic diagram for the Auto-Ranging Digital Capacitance Meter.
It can be built for under $50 but can outperform instruments cosling many times more.

sometimes do, and draws only about
700-pA of current. Using that chip lets

us get the frequencies we need for
our meter with a minimum of fuss.

When the meter is in the lowest
renge (range 1), neither relay is ener-
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gized, so the only resistance con-
nected in the circuit is R1. If the
combination of R1 and the value of
the capacitor-under-test cause U6 to
produce a carry output (at pin 25),
that signal is fed to U2 (the "Range
Sequencer”), which then activates
the appropriate output to push the
meter into the next higher range.
When the output of U2 at pin 2 goes
high, Q2 turns on, energizing K2. With
K2 energized, R2 (which is adjusted so
that the R1/R2 combination provides
the proper resistance for range 2) is
placed in parallel with R1,

If the value of the capacitance-un-
der-test is too large to be measured
onrange 2, another puise is sent to U2,
causing pin 4 to go high and pin 2 to
go low. That causes K2 to drop out
(removing R2 from the circuit) and K1
to energize, placing the meter into
range 3 and R3 in parallel with R1.
Note that only one relay is ever acti-
vated at a given time.

Potentiometer R10 (another 15-turn
unit) in the “System Clock” circuit is
used to adjust the output of U1 at pin 3
for 5 Hz. Another 15-turn frimmer (R11)
is used in the capacitor-less 555 circuit
to subtract circuit capacitance.
Needless to say, the better the quality
of the trimmers, the more accurate
and reliable the meter.

Lets look in more detail at how the
range-sequencing circuitry works, At
power-up or when 51 (rReseT) is pressed,

C1and R4 reset U2 and U3, After that,
U3 resets U6 and pulses the trigger
lines of U4. If no capacitor is con-
nected across J1 and J2, U6’s enable
input remains low, inhibiting the chip,
sO no counting takes place and zero is
displayed on DISP1.

If. on the other hand, a capacitor is
connected across J1and J2, U4 sends
a trigger pulse to the enable input of
Ué, causing it to count for the duration
of the trigger. One second Iater, U3's
Q7 output goes high. If the enasie input
of U3 is also high (indicating an over-
range condition), U3 resets, and the
clock line of U2 is pulsed. That means
that U3's @9 output has not yet been
activated. So U6 does not latch and
display the count, and the display
continues to read zero. At that point,
U2 activates K2, kicking the circuit into
the next higherrange, and U3 starts all
over, resetting the counter, and re-
peating the test sequence.

A second after the new sequence
starts, U3's @7 output again goes high.
If its enaBLE input is low, no reset occurs,
and U3’ a¢ output goes high, latching
the counter output into the display,
indicating the value of the capacitor-
under-test. Depending on U2's output
condition, an LED lights to signify “pF”
or "uk”

If U2 cycles through all three ranges
and determines that the value of the
capacitor-under-test is beyond all
ranges, its @3 output (which is con-

nected directly to U3's enaBLe input Qs
well as its own), goes high, causing the
meter to freeze and LED3 (OVER RANGE)
to light. The circuit remains in that cen-
dition until manually reset or power is
toggled off and on.

As you can see, U2 performs a
number of functions in the circuit, Ad-
ditionally, its outputs also control the
output of US. For range 1, US outputs o
1-MHz signal; for range 2, U5 outputs a
10-kHz signal; and for range 3, U5 out-
puts a 1-kHz signal.

Also of interest is the unorthodox
scheme used to turn on the decimal
point. Normally, an LCD segment is
furned on by feeding the segment a
square-wave signal that is 180° out of
phase with the back plane. For our
circuit, however, it was easier to use
the pulse generator’s output and gate
it to the LCD's decimal point via Q1.
The back-clane frequency is about 60
Hz; since the PXO-1000% output fre-
quencyinrange 2 is 10 kHz, the two will
never be in phase, and the decimal
point lights.

Circuit Construction. The Auto-
Ranging Digital Capacitance Meter
was assembled on a double-sided,
printed-circuit board measuring
about 5% by 2'%e inches. A full-size
template of the foil side of the board is
shownin Fig. 2, and of the componant
side in Fig. 3.

All components, except the LCD
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Fig. 2. The Auto-Ranging Digital Capacitance Meter was assembled on a double-
sided, printed-circuit board measuring about 5'2 by 2'%is inches. A full-size template

of the foil side of the board is shown here.
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Fig. 3. Here is u full-size template of the component side of the board.

readout and LED indicator, were
mounted to the component side of
the board; the others were mounted
on the foil side. The board was then
mounted in a cabinet with the LCD
facing front. That prevents having to
run a bunch of wires to a second
board for the LCD, but it also makes
construction a little trickier.

Using the artwork provided, etch
and drill the board as you would any
other. After etching. use a continuity
tester and check all of the traces for
shorts and opens. When you are sure

that you have a good board, begin
instaling the IC’s where indicated in
Fig. 4. It is recommended that sockets
be used for all DIP components.
Since most of the power and
ground connections for the IC's are
located on the component side of
the board, it will be necessary to first
solder the power- and ground-pin
connections of each IC socket on that
side of the board. Next, solder the rest
of the pins that are on the component
side of the board; all of those have an
extra-large pad to make identifica-

tion and soldering easier. As you sol-
der, use a continuity tester to make
sure that you have a good connec-
tion from the trace to the pin, and also
make sure that you haven't created
any solder bridges between pins or
traces. When all of the pads that need
to be soldered on the component
side of the board are done, turn the
board over and solder the pads on
the bottom (foil) side. Note that some
IC pins (as well as the leads for some
discrete components) are soldered
on both sides of the board.
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Fig. 4. All components. except the LCD readout and LED's, mount on the component

side of the board.
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PARTS LIST FOR THE
CAPACITANCE METER

SEMICONDUCTORS

UI—ICMTS551PA or [MA35
oscillaordimern, miegrated circuat

L2, U3—CD4N7 decade counter
divider, integrated circuit

U4+ ICM7556IPD duat CMOS.
oscillatortimer, inteprated circudl

U5 PEO- 1000 or SE3 02
programmable standard pulse
generator, imlegrated circii {see
fextd :

US—T4CU47, 7400946, or [CMTI24
4-digit CMOS up-down counter”
latch/decoder driver, imegrated
CITCLIL (5 et}

UT—T4HO high-speed CMOS

quad 2-input NAND Eate, intcgrated

circuit

U, U9--T74HCO4 high-speed CMOS
hes inverter, integrated circuit

L10—7805T 5-volt |-amp voltage
tegulator, inegraled circuil

QI-0Q3—2N39%4 general-purpase
NPM siticon transistor :

Dl D2—1N914 silicon diode

DISPI—LCDO03 4-digit Hguid
crystal display

LEDI, LED2---Green 0.125-inch, 50-
medy, diffused lighi-emitting diogde

LED3—Red () 125-inch, S0-mA,
diffused light-emitting diode

RESISTORS

(ALl fixed resistors are Ve-watl, 5%
UnItE.)

Rl. R0, Ril—[-megohm 15-tum
rimmier polentiometer (Boirns -
A006P or sintilar)

R 2100, 000-0hm [5-tum irimmer
putctitiometer

R3—1000-ohm, |3-turn trimmes
potentiometer :

R4—22Ki-ohm _

R5-R7, R12, RI13—-220-0hm

E&—1-mezohm

RS—6& 000-ohm

Ri4-Rif—1iHH-ohm

R17. R18-— 100y 000-ohm

RI%—10,000-0hm

CAPACITORS

Cl—0d-pF, 35-W¥DC, tantalum

C2, C5—1-uF 35-WVDLC, tantalum

CH—{L05-pF, Mylar :

C4—0.01-pF, Mylar

CH—IKK-pF mica

ADDITEONAL PARTS AND MATERIALS

K1, K2—5P5T 5-volt reed relay
{Radin Shack 273-232 or similar)

Sl-Normally-open SPST
momentary pushbutton switch
BE—Miniature 5PST (opgle swiich

11, 12—See 1ex

Printed-circuit materials, enclosure,
IC sockets, 9-volt transistorradio
battery and holder, wing, solder,
ElL. :

Next, mount the LCD (indicated in
Fig. 4 with dashed lines) on the foil side
ofthe board, and solder it in place. All
of its pads are soldered on the board’s
component side. Once the LCD is sol-
dered in place, you will not have ac-
cess to the pins of U6 (the 74C947), so
make extra sure that all of its pins are
correctly soldered before the LCD is
mounted.

Next, mount all discrete compo-
nents and solder them in place. A few
of them need to be soldered on both
sides of the board. Be careful not to
miss any. When installing any polar-
ized unit, be sure that it is properly
oriented before being anchored in
place.

The board is designed to accom-
modate either a 74C947 (as in the
authors unit) or, if you can't find one of
those, a 74C946 or ICM7224 at U6,
Assuming that you have been suc-
cesstul at finding 74C947, install a
jumper wire at JU1. If you use the
74CQ46 or the ICM7224 omit JU1; in-
cluding that jumper when either of
the latter two chips are used could
result in “fried silicon.” Do not install
jumper JU2 yet. Instead, mount
LED1-LED3 on the same side of the
board as DISP1. They should be
mounted so that they hover about Va
to ¥ inch above the board.

Now take time to closely inspect ev-
erything again. Double check for
shorts, opens, solder bridges, missed
solder joints, etc. When you are satis-
fied that all is well, prepare the cab-
inetyou have selected and mount the
off-board components. When that is
done, connect the off-board compo-
nents to the appropriate points on the
board. Those include switches 51 and
S2, and test jacks J1 and J2. Also con-
nect a 9-volt battery clip (but do not
install the battery as of yef) where indi-
cated. Then mount the board to the
front panel of the cabinet with the
display and the LED's facing outward.

Incidentally, the author used color-
coded, spring-loaded, speaker termi-
nals for J1 (black) and J2 (red). You can
use your imagination when it comes
to the capacitor test socket. For in-
stance, you might consider using a 10-
terminal SIP socket, soldering 5 termi-
nals to each side. That allows you to
test various sizes of capacitors hands-
free. If you get a betteridea, great, but
make sure that whatever you use
does not have a whole lot of its own

capacitance, and be sure that at
lecast one side is marked to make test-
ing polarized electrolytics simple.

Calibration. Without a battery con-
nected to the circuit, connect an
ohmmeter (@ DVM is best) between
U10s (the regulator) output and U4,
pin 1. Adjust R1 until you get a reading
as close to 909.09k as possible. Place
a jumper across the contacts of relay
K2. Without changing the setting of R1,
adjust R2 until you get a reading as
close to 90.909k as possible. Remove
the jumper from K2, and install it
across the contacts of relay K1. Then
adjust R3 until your meter reads 909
ohms. Remove the jumper and your
DVM and install jumper JU2.

Connect a fresh 9-volt battery to
the clip, and turn the power on. The p¢
indicator (LED2) should light and the
display should glow (probably dis-
playing zero or a low value). If nothing
lights up, check all power and ground
connections to the ICs to make sure
everythingis working. If that isn't it, you
have a short or open somewhere,
and you'll have to trace it down.

Once everything appears to be
okay, check the output of Ut at pin 3,
using an oscilloscope or a frequency
counter, for a 5-Hz square-wave out-
put. If neither instrument is available,
place an LED connected in series with
a 330-ohm resistor between V__ and
pin 12 (the carry out) of U3. That pin
should output a square wave at Yioth
the clock frequency. Adjust R10 until
the LED blinks on for one second and
off for one second, over and over. You
can use your watch to time the alter-
nations. Note that the meter will gen-
erally work all right if U1's output is
slower than 5 Hz, but if it's faster, it will
fend to advance to the next range
prematurely.

Lastly, without a capacitor con-
nected across J1 and J2, press S1
(reser), and adjust R11 until the display
reads more than zero, and then back
it off until it just reads a stable zero. You
must be in range 1 for this to work
correctly.

With that complete, try some ca-
pacitors of known value and ac-
curacy foreach range. You may need
to do a little tweaking of the trimmer
potentiometers, but experience has
shown that unless the values are way
off, you should trust the meter first, and

{Continued on page 93]



HOW TO START YOUR OWN
PROFITABLE DESKTOP
PUBLISHING BUSINESS.

Start with at-home training
that gives you hands-on design
and layout experience. Training
that builds the business skills
and confidence you need to he
your own boss. Training that
even includes a poweriul
486sx-based computer system
with 200 meg hard drive,
desktop publishing software,
mouse, and printer you keep.
The kind of real-world training
only NRI provides.

il
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Imagine a morning commute that's a 10-
second stroll from your breakfast table 1o your
own home office. ..

For more than 25 million home-based
professionals, this scenario is not fantasy.
What's more, experts predict the number of
home workers will reach a phenomenal 40
million by the year 2000. Why?

The computer.

Being your own boss, making more
money, having a flexible schedule—they’re all
advantages of working at home. But what's
really fueling the home-based business boom
is the explosion of opportunity sparked by the
computer revolution. Now, with NRI's
breakthrough training, you can earn top doliar
as creative master of one of today’s hottest
computer technologies: desktop publishing.

Cash in on a mulfibillion-dollar industry

Large corporations, small businesses,
community associations, hospitals, universi-
ties, restaurants. ..

Just about every organization you can
think of publishes something—from menus,
flyers, and brochures to newsletters, catalogs,
and annual reports. They're all looking for
people 1o publish them faster and better than
ever before. Now with NRI, you can cash in on
this demand. You can become a professional
desktop publisher, using a computer to
transform words and pictures into the kind of
eye-calching, results-getting publications that
can earn you good money.

No design or computer experience
necessary—you begin with the basics

Your NRI training begins with the basic
knowledge you need to produce the kind of
exciting, high-quality publications your clients
expect—whether you're designing by hand with

traditional tools or electronically on a computer.

Step-by-step
lessons and hands-
on creative projects
help you first
master the fundamentals of publishing:
editing, design, and layout. From T-square
and pica ruler to X-Acto knife and adhesives,
you get all the professional graphic arts tools
you need to translate designs into mechani-
cally perfect, camera-ready paste-ups. As you
master lime-tested design and layout
techniques, you learn how to use type,
graphics, color, photos, and special effects to
make all your publications their creative best.
And that’s only the beginning.

Powerful 486sx IBM-compatible
computer, 200 meg hard drive included

With a firm foundation in traditional design
and layout, you're ready to make the leap to
contemporary publishing methods using the
486sx computer — the most powerful system
available in home study — desktop publishing
software, mouse, and printer included in your
course.

Even if you've never worked with a
computer before, you'll be astonished at how
easily and quickly you can apply your design
skills to create visually appealing, multipage

NOW! Includes
486sx computer,
200 meg
hard drive!

AN

layouts and print out finished
artwork — at the touch of a
button. From importing
documents and setting up
electronic stylesheets to
wrapping text and drawing
freehand graphics, you learn

..L'-—"" ~—=———_ every desktop publishing skill

you need to make money
producing professional-quality
publications for a growing list of
clients. But that’s not all!

Get the business know-how
you need to succeed

NRI even gives you the skills and
confidence to turn your technical
expertise into a successful home-
based business. You get expert,
practical advice on setting up the
ideal home office, getting and kecping good-
paying clients, marketing your services,
managing your time, growing your profits, and
more. Whether you want to make money
running a full-time desktop publishing service,
boost your current income with part-time
work, or just move up to bigger and better
responsibilities in your present job, NRI gives
you everything you need to succeed in this
revolutionary .

computer career field.\ \

Send today
for your
FREE NRI catalog

To find out how NR1 at
home training can help you cash
in on the desktop publishing
revolution, send today for your free
catalog. In it you'll find all the details abou
NRI's Desktop Publishing and Design course,
including descriptions of your computer
system, lessons, and hands-on projects.

If the coupon is missing, write to us at
NRI Schools, McGraw-Hill Continuing
Education Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

IBM and AT are registered trademarks of IBM Corp.

|

YES' Please rush m[ezfny free catalog. I'm

% interested in (check one only):
O Desktop Publishing and Design

Other NRI computer-based
career COUrses:

ﬁ’Schools

McGraw-Hill Continuing Education Center
4401 Conneclicut Ave. NW » Washington, DC 20008

'A'A'ﬂ
HH

iJ Word Processing Name
(J Computer Programming
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By Marc Ellis

Resurrecting
a Capacitor
Analyzer

ANTIQUE RADIO

‘ve gotten along without

a capacitor analyzer in
my workshop for quite a
few years. But I've certainly
wished for one on many
occasions. Not only will
analyzers measure the val-
ue of unknown capacitors
(thats very handy when se-
lecting vintage parts for use
in making repairs or build-
ing replicas of old
equipment), most can also
check for leakage under
actual working-voltage
conditions. That is much
more reliable and positive
than an ohmmeter check.

Such leakage testing is a
valuable trouble-shooting
tool. It's also invaluable for
checking replacement ca-

The Sprague TO-4 as received. Its phvsical condition was good,
except for the pushed-in glass window on the meter at the upper

right.

pacitors (which, even if
unused, may very well be
old stock) prior to installing
them in a radio. Capacitor
analyzers usually measure
resistance, too, and often
also assess something
called the power factor (to
be discussed later) of elec-
frolytic capacitors.

| took steps to correct the

lack of an analyzer in my
workshop when | picked up
a Sprague Model TO-4 Tel-
Ohmike at the AWA
Rochester conference last
September. Let's go through
this piece of equipment to-
gether and, | hope, put it in
good working order. Most
capacitor analyzers have
similar features (though cir-
cuitry details will certainly
vary), and you should find
this experience helpful in
selecting and restoring a
unit of your own.

FINDING THE
EQUIPMENT

Before we get into my
unit, here are some sugges-
fions on acquiring your
own. Capacitor analyzers
are not hard to locate. Look
on and under the tables at
the next hamfest or an-
fique-radio meet you
attend, and you're almost
certain to spot at least one.
Most have a prominent
knob attached to a large
plastic cursor that sweeps
over several concentric re-
sistance and capacitance
scales. Another standard
feature is a “tuning-eye”
tube, the use of which will
be described a bit later.

Most hobby-kit makers of
a few decades (or more)
ago—Heathkit, Knight, and
Eico, for example—had ca-
pacitor analyzers in their
lines. Today, those units can
often be picked up for un-
der ten dollars (which is less,
in fact, than you would
have to pay a tube dealer
for the 6ES tuning eye that
many of them contain). But
I'd suggest that you hold
out for one of the units
manufactured for the radio/
TV-service trade.

The professional units typ-

ically sell for just a bit more |
(in the $20-$30 range) than i
the hobbyist-grade kits.
Though, as you might ex-
pect, design and
construction are much
more sophisticated, and
you get more features for
your money. Those units
were generdlly offered by
the major capacitor man-
ufacturers. Solar, for one,
had quite a few models on
the market, as did Aerovox
and Sprague.

Of course, you might also
consider a modern digital
capacitance or capaci-
tance-inductance meter.
Some digital volt-ohm
meters offer capacitance
and/or inductance scales
as well. Such equipment
has become very afford-
able in recent years, but its
unlikely that these meters
(especially the portable
hand-held versions) would
be able to check leakage
under working-voltage con-
ditions. Since the digital
meters generally operate
from a couple of "AA” cells
or a 9-volt battery, the nec-
essary high voltage simply
wouldn't be available.

EXPLORING THE TO-4

I've included a shot of
the TO-4 as it looked when |
found it. As you can see, it
came to me in pretty good
shape. For the most part,
there were no scratches,
bumps, or other signs of
rough treatment. Apart from
the deteriorated and mostly
missing leather carrying
handle, the only physical
problem seemed to be the
pushed-in and loose view-
ing window (not visible in
photo) on the leakage
meter (upper right-hand
corner of panel).




The front panel as stripped for cleaning. The eye tube, meter,
control knobs, and buttons have been removed.

At that point, | wasn't con-
cerned with the operation
of the meter or the func-
tioning of its various
controls. What | wanted to
do was open up the unit so
that I could continue my
physical inspection of the
various components. | was
able to do so quite easily
after removing the few re-
taining screws located on
the front edge and rear of
the cabinet. A gentle push
on the rear apron of the
unifs electronic chassis
(which was accessible
through the line-cord open-
ing in the cabinet back)
released the front panel
from its friction fit in the
cabinet. | was then able to
slide the cabinet away from
the front-panel and chassis,
exposing the interior to
view.

Let me now digress just a
bit to stress the importance
of securing an instruction
manual to go with your
newly-acquired piece of
test equipment. It will be
invaluable in helping you
not only identify and cor-
rect any problems that exist,
but also (it goes without
saying) understand and
properly use all the features
that have been buitt into
the unit.

If you didn't get the in-
struction book along with

With the cabinet re-
moved, | immediately
began examining the wiring
behind the panel and un-
der the chassis for signs of
tfampering or tragedy. Most
of us have experienced
that sinking feeling when,
on first opening up an excit-
ing flea-market find, we
discover fell-tale signs that
a failed component has
caused a chain reaction of
burn-out and destruction or
that an unskilled dabbler
has preceded us—upset-
ting factory calibrations,
making difficult-to-reverse
changes, and generally de-

The rear view of the 7‘0-4 with its case removed. The assembly at
the top of the panel is the pushbutton-switch unit.

your capacitor analyzer,
one of the most reliable
ways of obtaining one is
through Hi-Manuals, Box
L-802, Council Bluffs, 1A
51501. To do business with
Hi-Manuals, you must first
order their current catalog
at a cost of $2.00 postpaid
(§3.00 outside USA). The cat-
alog will provide you with a
listing of all manuals in
stock, along with price and
ordering information. | or-
dered one for the TO-4
immediately after purchas-
ing it, so the manual was
already waiting in my file
when | was ready to give
the unit some attention.

stroying the integrity of the
piece. However, so far as |

can fell right now, nothing

like that has happened to
this instrument

FIRST MOVES

With the initial inspection
completed, | immediately
removed the leakage
meter so that | could turn
my attention to the loose
viewing window. It took only
a moment to release the
three retaining screws so
that | could slide the
Bakelite housing off the
meter movement. | was
concerned that the
pushed-in glass might have

bent the meter pointer or
otherwise damaged the
movement.

Fortunately, | needn't
have worried: The pointer
was undistorted and still
swung freely on its bearings.
Not only that, but the loose
glass was a snap to correct;
its spring-loaded retaining
ring had merely been
pushed back a bit—a situa-
tion that was easily restored
with a little gentle screw-
driver pressure. After
cleaning both sides of the
glass, | quickly reassemblea
the meter case and put it
aside for reinstallation at
the appropriate time.

Next | removed and test-
ed the three tubes: the 1619
beam-power tube used as
a rectifier (to be discussed
later), the 12J5 that serves
as a meter amplifier during
insulation-resistance tests,
and the 1629 tuning-indica-
tor tube. All of those tubes
bore military “VT" numbers,
by the way, suggesting that
Sprague made some ad-
vantageous surplus buys
when purchasing parts and
materials 1o produce this
instrument sometime in the
early 19505.

The 1619 tested quite
weak, giving an indicator
reading of less than half
that specified for a good
tube. The 12J5 was fine,
though, as was the 1629—
which lit up brightly in the
checker and produced a
strong shadow. | was a bit
dubious about the 1619%
low reading; for one thing,
I've never seen a tube test
quite as low as that one did
without being completely
burned out. For another, the
black paint on that metal
tube still looks fresh and
shiny—not at all like the
dull, oxidized finish | have
learned to associate with
metal tubes that have seen
extensive use. However, my
military TV-7 tube checker
has always been quite re-
liable, so | plan to have a
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F NEW BOOKS

Electronic
Board Games

BP350—ELECTRONIC BOARD

R BEABINGTON

Twenty novel electronic board games
that you can build from the plans in this
book. Whether you are interested in
motor racing, searching for buried trea-
sure on a desert island or for gold in Fort
Knox, spinning the wheel of fortune, or
doing a musical quiz—there is some-
thing for you to build and enjoy!

PCP119—ELECTRONIC MUSIC

AND MIDI PROJECTS.......$14.95 |
Save cash by building the MIDI| gadgets |
you need. Want a MIDI THRU box, pro-
gram change pedal, Metronome, analog
echo’unit, MIDI patchbay or switcher?
Ov\e% 6-practical and very useful music ==
and MIDI projects—all in this book! The
projects are explained in detail with full
instructions on assembly.

Antennas for AND UHF..........oereeennee. $6.00
VHF and UHF From installing a TV or FM antenna to
setting up a multi-antenna array for

shortwave listening or amateur radio,

. ~ = ]| thisbook explains the basics of VHF and
4 \\ UHF antenna operation and instalfation.

A g%fgﬁfﬁ The text describes in easy-to-understand
“@ -\'*m-;n';l terms the essential information about
| [I]| how antennas works, the advantages of
i1 different antenna types, and how to get
the best performance from an antenna.

N

for the Project Builder

Mmail to: Electronic Technology Today, Inc.
P.0. Box 240 « Massapequa Park, NY 11762-0240

Shipping Charges in USA & Canada

$0.01t0 $5.00.............. $1.50 $30.01t0$40.00......... $5.50
$5.01t0 $10.00............ $2.50 $40.01t0$50.00 ......... $6.50
$10.01t0 $20.00......... $3.50  $50.01 and above ........ $8.00
$20.01 t0 $30.00........... $4.50

Sorry, no orders accepted outside of USA and Canada. All
payments must be in U.S. funds only.
!:] Number of books ordered.

Total price 0f DOOKS ......ecvevrviriiict e
Shipping (see chart)...

Subtotal ......ooooii
Sales Tax (NYS only) c.ccvcriiiicicceee

Total enclosed.........ccooevvvveviveciecceee
Name
Address
City State ZIP
Please allow 6-8 weeks for delivery.
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new 1619 tube on hand in
time for next month.

With the tubes still out of
their sockets, | plugged in
the line cord and fried to
switch the analyzer on so
that | could check the sec-
ondaries of the power
transformer. The slide switch
used for “power” moved to
the “on” position only with
great difficulty and could
be switched off again only
through the use of brute
force. So before proceed-
ing to the transformer
testing, | decided to try

some contact cleaner/lubri--

cant spray.

The spray nozzle slipped
neatly through a hole in the
switch housing, and a light
touch on the button satu-
rated the space within with
the magic preparation.
Working the switch back
and forth a few times took
care of the problem, and
the control now slides quite
easily. While | was at it, |
gave all of the other switch
and pushbutton contacts in
the instrument a similar
treatment.

Turning my attention to
the transformer again, |
switched on the power and
got out the VOM so that |
could check out the sec-
ondaries. There were
several of them, but it was
easy to tell which was
which because the lugs on
the transformer are num-
bered to match
corresponding points on
the schematic diagram. All
of the secondaries check-
ed out okay, and the main
high-voitage winding as-
tonished me by reading
almost 800 volts. It was the
first time in a long while that
I've found it necessary to
switch the VOM to a 1-kV
range. But when | remem-
bered that the instrument
was designed to check ca-
pacitors at DC working
voltages of up to 600, the
800-volt secondary made
more sense.

GETTING READY FOR
NEXT TIME

To finish off this month’s
work session, | removed the
knobs, buttons, and tuning-
eye bezel from the front
panel, then gave the pan-
el, cabinet, and all the
removed knobs and but-
tons a good soap-and-
water cleaning. Brillo pads
(well-moistened to prevent
scratching) were very help-
ful in removing some of the
more serious grime from the
cabinet. After drying, the
panel and cabinet cer-
talnly looked a good deal
brighter and trimmer.

The layer of dust covering
the chassis and some of the
assemblies in back of the
front panel was removed
next, with cloths and Q-Tips.
As a final step, the meter,
tuning eye, and all the
knobs and buttons were re-
assembled on the panel in
preparation for next month's
work session.

Next month, the new 1619
will be on hand, and I'll also
have a couple of fresh
electrolytic capacitors to re-
place the pair of 12-uF units
used in the filter circuit. |
don't know that the origi-
nals are bad, but 40-year-
old electrolytics certainly
have to be a bit suspect. I'd
just as soon have new ones
in place before putting the
analyzer into service again.

As for the other capaci-
tors in the instrument, most
of which are molded pa-
per, I'm leaving them in and
keeping my fingers crossed.
Many of them are used as
standards for capacitance
measurement or used for
calibration purposes. I'll just
have to assume that
Sprague installed some of
its best-quality capacitors in
those spots and that they're
probably still okay.

We'll be back on this proj-
ect next month, at which
time we'll begin to check
out the various features of
the instrument. [ 1]




L GEY 9% LATEST AOVANCES (N FLFCVRONKS |




