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There are copies and then there are
originals. Only Fluke meters — the original
and most copied DMMSs in the world — deliver
the safety, quality and value they promise.
They're built tough enough to achieve
C.S.A. and U.L. listings, not to mention the
considerable on-the-job punishment they
endure. Each meter is loaded with features, of
course. But those features are also designed
to work together intelligently, so your job is
easier. Faster. And safer

If you're going to spend your hard-earned
money on a mu'timeter, why buy an inferior
copy when you can own an original? See
Fluke's full line of handheld meters and
accessories at your local distributor; or call
1-800-87 FLUKE for the name and number.
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EDITORIAL

INTERACTING WITH TOMORROW

While this summer’s Consumer Electronics Show was largely
billed as devoid of excitement, the trends that were
established or better-defined there will likely determine the
shape of the consumer-electronics industry, and more, for the
next decade. Those trends revolve around the concepts of
“interactivity” and “multimedia.”

Interactivity, in particular, was pervasive. Most of us have seen
those catchy AT&T television ads highlighting future
technology. However, in some cases the future may be closer
than you realize. Do you want to jot down a note, have it turn
into typewritten text, and fax it to your office, all while relaxing
on a pristine beach? You can do that today, courtesy of AT&T's
EO Personal Communicator. Casio, Tandy, Apple, and others
are not far behind with similar products expected either by the
time you read this or by the end of the year. In fact, the EIA,
recognizing the importance of the budding industry, set-up a
separate Personal Communications and Computing Show
within CES.

Then there’s interactive multimedia. Don’t like the way a movie
ends? Then change it. Need an exercise video that tailors
itself to your goals and preferences? No problem. You can do
all of that and more with the 3DO Multiplayer and the Full
Motion Video (FMV) add-on for the Philips CD-I machine, both
available by the end of the year.

Add to that Thompson's digital direct-broadcast satellite
service (the first satellite is scheduled for a December launch),
more widescreen TV's, the on-going battle between Mini-Disc
and DCC, the Innovations exhibition, and more, and you can
see that there really was quite a bit of excitement at CES. For
the whole story, turn to Gizmo, which begins on page 5.

Q0 L

Carl Laron
Editor




ADDRESS OMISSIONS

Due to oversights, two ad-
dresses were omitted from
recent issues of Popular Elec-
tronics. In the May 1993 Gizmo
section, the address for 50/50
Micro Electronics, Inc. should
have appeared in the manufac-
turers box. The address is 1249
Innsbruck Drive, Sunnyvale, CA
94089, the phone number is
408-730-5050.

The address for Advanced
Electronic Applications (AEA)
was left out of the article "Com-
puter Software for Hams and
SWL5," which appeared in the
July 1993 issue. Their address
is P. O. Box C2160, 2006 196th
St. S.W, Lynnwood, WA 98036,
phone 800-432-8873.

We are sorry for any inconve-
nience this might have
caused.—Editor

KEEP PC’S IN THEIR
PLACE!

When | read the cover of my
just-received (July 1993) Popu-
lar Electronics, | thought | had
mistakenly received Byte, but
with the Popular Electronics
masthead. The editorial pointed
out, however, that the July issue
was a “dedicated issue’—to
PC’s. Good. Don't fall into the
trap that the old Popular Elec-
tronics did. There are dozens
of PC magazines out there.
Keep the emphasis on hobby
electronics. (| like RF and radio
circuits.)

L.C.

Kissimmee, FL

You're doing it again! Why all
the computer articles? Aren't
there enough computer rags out
there without you deserting us
electronics hobbyists to pander
to the computaholics?

As this letter was done on a
Commodore 128D, it is not that
we are against computers. We
just want more radio, TV, and
many more hobby projects.
How about some tube projects
for nostalgia’s sake? What will it
take to convince you that some
of use still like simple, useful
projects?

G.W.
Evergreen Park, IL

No, we're not! Simple, useful
projects remain the backbone of
this magazine. But we also

LETTERS

strive to provide balanced
coverage of all areas of the
electronics hobby, including
computers. However, if you like
projects and project building,
you'll love next month’s edition
of Popular Electronics, and if
you're nostalgic about tubes,
check out "Vacuum-Tube
Basics” in this issue.—Editor.

METRIC: JUST DO IT!

Thanks for John lovine’s article
“Experimenting with Shaped
Memory Alloys” (Popular Elec-
tronics, June 1993). He did a
great job of explaining a subject
that, although around since the
1930's, has received little
coverage of practical use to the
hobbyist and home experi-
menter.

But the article brings up an
issue that has been growing in
the back of my mind. In the
“Parts” side bar, Flexinol 150
wire is listed as being “40
inches’ long—but all our liter-
ature says “1 meter.” Sure, one
meter and 40 inches are almost
exactly the same, but there is a
greater difference here. Don't
you expect your readers to be
metric literate?

Those in scientific and medi-
cal fields probably use metric
every day. Engineers, especially
recent graduates, also have ex-
perience with kilograms,
newtons, and meters. But con-
sider this: The U.S. is the only
country on the planet that does
not use the metric system;
phone, fax, and television sys-
tems bring that all-metric world
into our living rooms every day,
all science and most medicine
is performed in metric; and
breakthroughs still do come
from hobbyists and garage ex-
perimenters. Your readers (and
technically inclined people
across the U.S.) should have
complete familiarity with metric
measures, not protection from
them!

| asked a friend who teaches
grade school if kids in the U.S.
learn metric today. Her answer

was positive: "l think the sixth
grade curriculum spends a
whole week on metric.” One
whole week? Watch out, Japan!
We worry about our world com-
petitiveness today, yet we're
brining up our next generation
of scientists, engineers, and
consumers on a system that will
only be more out of date, and
further from the world standard,
when they graduate in the 21st
century.

Put aside metric's ease of use
{try to figure out how many
tablespoons are in two gallons
versus how many milliliters in
two liters), and the fact that all
our scientists and medical prac-
titioners use it regularly. What
can the interested layperson do
to make it their standard?

Start using and “feeling” met-
ric every day, and notice where
we use it already. Cars and
motorcycle engines are mea-
sured in cubic centimeters, and
you intuitively know the size and
feel of a two-liter bottle of your
favorite soda. A hair on your
head is probably 50-100 mi-
crons in diameter. An average
male stands around 1.8 meters
tall; a basketball player, 2
meters or more. 20°C is a nice
day, but when it gets to 32°C,
it's time to head for the beach!
Drive 88 kilometers per hour on
the freeway and you're legal, but
go 130 KPH and you'd better
watch out for flashing red lights!
Incidentally, most new cars from
Detroit with electronic instru-
ment panels can switch to
metric at the press of a button.
Start using it now. To borrow a
marketing phrase: Just do it!

After selling over 3000 copies
of our Muscle Wires Project
Book (it's completely in metric),
I've heard only one complaint
about the “funny numbers.”
Maybe the fact that the caller
lived just outside Washington
D.C. indicates where we most
need metric education!

I look forward to hearing what
other hobbyists think. I invite
interested readers to write to
me for a free metric-U.S. con-
version chart.

Roger G. Gilbertson
Mondo-tronics, Inc.

524 San Anselmo Ave.,
#107-18

San Anselmo, CA 94960

HAVES & NEEDS

Being a technician. | own two
oscilloscopes—unfortunately,
they are both out of order. They
are a Unilab Model 032-601 and
a Tektronix Model 465. | will be
grateful to any Popular Elec-
tronics reader who can help
me obtain the schematics.
JOSEPH ANIE

Fire Service Box 383

Tema, Ghana, West Africa

| am looking for schematics for
several pieces of test equip-
ment: RCA Model #WR-61A
color bar generator and Model
#WR-46A video dot/crosshatch
generator; Philco Model # 7100
color bar and dot bar generator
and Model #7170 FM/AM gen-
erator; and EICO Model #950-
B RCL bridge and comparator.
CRAIG K. SELLEN

Box 1038, RR-1 58-B

Waymart, PA 18472

| am searching for the sche-
matic diagrams and alignment
instructions for two pieces of
test equipment from EICO.
They are the Model 565 multi-
meter and the Model 320 signal
generator. I'm hoping that a
fellow Popular Electronics
reader might have the manuals.
| would gladly pay for copying
and postage costs.

I am also interested in build-
ing an interface box for use with
a PC to display the diagnostic
codes provided from car-engine
computers with a diagnostic
connector. | have the factory
service manuals for GM and
Chrysler minivans. which de-
scribe how to use the displayed
codes. The units that | have
found are not economical for a
do-it-yourself person.

TED MARTIN
3800 S. Ceylon Way
Aurora, CO 80013 u
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ATTENTION

PUBLIC SAFETY ANNOUNCEMENT

Tampering with Motorola’s
Communication Technology is

Nothing Short of a Crime.

Motorola has been at the forefront of communications
technology for more than 60 years. Today, we offer a
greater array of communications products than ever
before. We are proud of our products and the vital
services they bring to our customers which are of
unparalleled public importance.

Theft of communications services and so-called
High-Tech piracy threaten the entire communication
industry’s reputation for reliability. This conduct

/IM@

not only damages the reputation of Motorola, Inc.
and the communications industry, but undermines
the very integrity of America’s public and private
communications services.

Motorola intends to combat this conduct by
aggressively maintaining and enforcing its proprietary
rights to its hardware and software technology. Anyone
who has knowledge of illegal activities or has questions
concerning such activities is urged to contact Motorola
Inc. immediately at 1-800-325-4036. Contacts will be
kept confidential and may be made anonymously.

@ MOTOROLA

M) and Motorola are trademarks of Motorola, Inc., © 1993 Motorola, Inc.
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Highlights of the

Summer
Consumer
Electronics

Show

The Summer Consumer Electronics
Show, held for four days each June in Chu-
cago, is more than just a trade show. Of
course, itz main purpose is the buying and
selling of consumer-electronic gear to fill
the shelves of stores in the next few
months; after all, that’s the backbone of
any industry. But in a field as fast-chang-
ing as consumer electronics, such a gather-
ing also provides a showcase for new
technologies, foreshadowing the products
that will be filling the shelves in years to
come. At SCES, buyers, dealers, re-
tailers, the media, and-—for one day
only—the general public, can meet with
industry trendsetters, browse through this
year’s Innovations Award-winning pred-
ucts, learn about new technologies, and
perhaps catch a glimpse of the future.

SCES 1993 fuifilled those expectations.
Alongside today’s staples—TV’s, VCR’s,
audio gear, and telephones—were ex-
hibited a host of products that just might
change the way we will work, play, and
interact in the years to come. Reflecting
the merging of telecommunications and
computers, a separate pavilion was set up
on the main floor to house a show-within-
a-show: the Personal Computing and
Communications (PCC) show. Interactive
devices were prominently displayed, with
Philips debuting full-motion video for
their CD-I machine, and 3DO and Pan-
asonic regaling show-goers with their
soon-to-be-released interactive multi-

players.

ACTIVATING INTERACTIVITY
“Interact” is the key word here. The
highlights of the Summer Consumer Elec-
tronics show were new devices and tech-
nologies that promise to open new avenues
of interactivity: people interacting with
people, people interacting with machines,
and machines interacting with machines,
and ‘“‘interactive’’ strategic alliances

formed between companies that might
previcusly have been considered strange
bedfellows.

The past decade has brought about the
beginaings of a communications revolu-
tion. Tellular phones and pagers have al-
lowed pecple to be accessible wherever
they may be—at home, at work. commut-
ing, or even out jogging. Mobile elec-
tronics have fostered the concept of the go-
anywhere office, with laptop computers,
modems, and portable fax machines and
printers. But all of that—impressive as it
is—is just the tip of the iceberg. The EIA
recognized the future impact the budding
industry coulé have, and decided to create
the Fersonal Communications and Com-
puting Show, at which the first generation
of handheld personal communicators were
demonstrated

INTRODUCING THE PCC SHOW

At the Keynote address for the Personal
Communications and Computing show,
AT&T’s Gordon Bridge, citing the “awe-
some” advarces that have already been
achieved in signal compression, real-time
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language translation, fast data transmis-
sion, and intelligent networks, heralded
the dawning of a new era. “‘anera in which
the exchange of data using wireless voice-
data devices will become more and more
abundant—even common place.” Bridge
noted that, “'the marriage of communica-
tions and computer technology . . . has
created a paradigm shift that has forever
changed the way we do business and is
changing the very fabric of our society.”
Alain Rossman. president and CEO of EO,
Inc., spoke of the convergence of satellite,
computer, telephone, and consumer-elec-
tronics technologies that would allow peo-
ple to *‘control time and space” in their
personal communications. The keynote
address ended with a demonstration of the
EO personal communicator.

EO ON THE GO

The AT&T EO 440 personal commu-
nicator is the first device of its kind to hit
the market, oftered at select AT&T Phone
Centers and EO resellers since June.
Based on a Hobbitt microprocessor {rom

The AT&T EO 440 bridges the world of
computing and communications.

AT&T Microelectronics and the Penpoint
operating system from Go Corp., the EO
440 contains 4MB of RAM in its minimal
conliguration. lts processor runs at 20
MHz and delivers two 10 three times the
performance of a 20-MHz Intel 3865X.
‘The top-of-the-line EO 880, available later
this year. runs at 30 MHz and is compara-
ble in power to a 33-MHz Intel 4868X.
Equipped with serial port and cable, a
parallel port, a keyboard port, and VGA
output {(EO 880 only). and available with
an optional 20- or 64-megabyte hard
drive. the device can be linked to a PC, or
it can serve as a portable computing center.
An industry-standard Personal Computer
Memory Card International Association
(PCMCIA) type-2 slot allows future ex-
pansion by plugging in credit-card-sized,
application-specific PCMCIA cards.

Nine applications reside along with the
operating system in an 8-megabyte ROM.
Those programs provide for faxing. clec-
tronic mail, calculation, note-taking,
scheduling. an address book, and to-do
list management. The EO contains a built-
in, high-speed modem; an optional cel-
lular modem is available for wireless net-
working, fax, and E-mail. The purchase
price includes a free subscription to AT&T
Mail from Easylink Services.

What all of that means to the user is the
ability to stay in touch not only by phone,
but through fax, E-mail, and computer
networks, from virtually anywhere. An
cditor attending a press briefing might
have the office fax magazine proof sheets.
He could check the overall layout. zoom in
on parts of the screen for closeups, mark
any changes—on screen. printing with a
pen-like stylus—and then fax the cor-
rected proofs back to the office, all while
waiting for the briefing to begin. He could
make phone calls, access electronic mes-
sages. jot down hand-written notes, record
spoken reminders via the built-in micro-
phone—all without leaving the room. The
notes he took during the briefing could be
transcribed into type, and faxed back to the
oftice, or he could connect the EO to a
keyboard and type up the story on the spot.

With prices starting at $2000 (for an EO
440 without a modem) and ranging to
$3300 (for the 880 with 8 MB RAM), and
$800 for the cellular phone module, EO is
firmly aimed at business executives, al-
though both AT&T and EO hope it will
trickle down to the point where everyone
carries around an EO personal commu-
nicator.

ZOOMING IN

Casio and Tandy, on the other hand,
scaled their Zoomer Personal Digital As-
sistants (PDA) to consumer proportions,
in terms of size, price. and functionality.
While Casio’s XL-7000 has a suggested

retail price of $900, Tandy’s Z-550 Zoo-
mer PDA will carry a list price of under
$700 at its September introduction. Both
Zoomers weigh less than a pound and
measure 1 X 4.2 X 6.8 inches (compared
with the EO 440, which measures
0.9x7.1%10.8 and weighs 2.3 pounds,
and the EO 880, which measures
1.1 x 9 x 13 and weighs four pounds). The
Zoomer also runs for an incredible 100
hours on three standard “AA™ batteries.
With | MB RAM and 4 MB ROM, itcan’t
compete in computing power or cellular

Jointly developed by Tandy and Caslo,
the Zoomer Personal Digital Assistant
brings pen-based technology to con-
sumers.

potential with the EO. But the Zoomer also
features a PCMCIA type-2 slot that can be
used for various applications including
memory expansion and the addition of fax/
modem or pager capabilities.

Developed with the consumer and small
businesses in mind, the Zoomer performs
six basic functions: organization, calcula-
tion, communication, information, enter-
tainment, and management. To keep
social and business appointments orga-
nized. the Zoomer acts as a datebook, to-
do list. address book, and notebook . Infor-
mation can be input using “electronic
ink” or a pop-up on-screen keyboard;
hand-printed text is recognized and can be
translated to typewritten text. The user
isn’t limited to letiers and numbers, but
can also store drawings. The PDA can
“communicate”” with a PC via an RS-232
port, PC Link software, or an optional
modem; it communicates with other
PDA'’s via infrared transfer. Built-in soft-
ware allows modem-equipped Zoomers to
access America Online for E-mail, stock
quotes, news, and an on-line encyclope-
dia, and Motorola plans to develop a Zoo-
mer-compatible version of their EM-
BARC wireless data service, which will
allow users to receive wireless electronic
messages and other automated informa-
tion services. Other information is pro-
vided by the device’s buili-in dictionary,



thesaurus. 26-language translator, and ref-
erence material. Three games are built in
as well. And personal financial manage-
ment is possible with Pocket Quicken, an
on-the-go version of Intuit’s Quicken soft-
ware. The user can keep track of day-to-
day expenses on the Zoomer, and transfer
that data to a PC on which Quicken is
installed.

APPLE PIE

Although they chose not to participate
in the PCC show (or CES), Apple held an
off-site press conference during the show
to provide an update on the Newton per-
sonal digital assistant developed by the
companies Personal Interactive Elec-
tronics (PIE) division. The Newton that
will finally be available by the end of the
summer has been expanded to include a
screen-based telephone system, thanks to
joint ventures with Bell South, US West,
and Ameritech. Newton users will have
access to fax, electronic messaging, and
other information services. Bell South’s
Intelligent Messaging Services Group is
testing a display telephone that will pro-
vide banking and communications ser-
vices, and is eventually expected to allow
Newton users to access account balances,
check ATM transactions, and order
checks. When Ameritech’s messaging
system is made available to Newton users
early next year, an on-screen message will
alert them when messages are received.
Other capabilities that have been added to
the Newton include an infrared-based
beaming feature that provides communi-
cations between two PDA’s, and a PC link
to transfer information to and from a PC.

INTERACTIVE MULTIMEDIA

Interactive multimedia was the theme of
the Summer CES keynote address, given
by Tripp Hawkins, president and CEO of
The 3DO Company, who preditted that it
has the potential to become the fastest
growth industry in the 1990's thanks to its
potential to change the way consumers
learn and are entertained. Hawkins em-
phasized the need for standardization in
multimedia, nominating his company’s in-
teractive hardware and software tech-
nologies as the models on which those
standards might be based.

3GET REAL!

3DO is not a hardware or software man-
ufacturer; instead, it is in the business of
licensing the technologies needed to create
products that fit the 3DO standard for an
interactive multiplayer and related sofi-
ware. The technology is said to offer speed
and performance S0 times greater than
conventional CD-ROM and video games.
The system can process an average 50 mil-
lion pixels per second and deliver more
than 16 million colors. (It out-performs its

delivery medium, the television. which
can process only 6 million pixels per sec-
ond.) The system uses custom animation
processors operating in parallel, and a 32-
bit Reduced Instruction Set Computer
(RISC) processor to exccute normal com-
puting code. Future applications are ex-
pected to include networking. home
shopping and banking, video on demand.
full-motion video, video editing and spe-
cial effects, and MIDI capability.

At a Summer CES press conference,
3DO announced several major develop-
ments, including their intention to enter
the coin-operated arcade market within
the next year. This spring. 3DO went pub-
lic. raising more than $48 million at their
initial public stock offering. Back in Janu-
ary. the budding company already had
strategic alliances with the backing of a
host of impressive companies, including
Matsushita, Time Warner, AT&T, MCA,
and Electronic Arts. Now. Sanyo is nego-
tiating a hardware license, and motion-
picture giants Universal and Warner
Brothers have expressed serious interest in
3DO. AT&T has signed a hardware li-
censee agreement, and intends to man-
ufacture a network version of the
interactive multiplayer that would allow
access to a wide variety of interactive en-
tertainment and education services via the
telephone network. More than 300 sofi-
ware companies are 3DO licensees, and 91
titles are currently in development.

Panasonic’s REAL 3DO interactive mul-
tiplayer promises 50 times the speed
and performance of today’s CD-ROM
and video games.

Software demonsirations were im-
pressive, but not quite up to our high ex-
pectations (having heard (he system’s
capabilities praised to the sky). But
Hawkins repeatedly reminded the au-
dience that the programs were still in the
development stage. and the software com-
panies had another six months of fine-
tuning before release. We wonder, then,
how ten titles will be ready to accompany
the product introduction in October. just
four months from the demo.

Matsushita-owned Panasonic exhibited
the world's first interactive 3DO multi-
player, and confirmed that it is on schedule
for October sales. Their FZ-1 REAL 3DO
(REAL stands for Realistic Entertainment

Electranic Arts’ Worldbuilders 3DO pro-
gram lets players ‘‘terraform’ new-
found planets to make them habitable
for humans, while learning the princi-
ples of physics and astronomy.

Active Leaming) will be actively marketed
with an ad campaign based on the slogan
“Get REAL!"" The player, intended to be
hookzd up to a color television in the fam-
ily room, ofters full 3DO capabilities. and
is compatible with audio and Photo CD's.
as well as motion video CD’s. For whole-
family entertainment. up to eight control
pads can be linked; a headphone jack is
provided for unobtrusive single-player
use.

(INTER)-ACTIVE IMAGINATION
White 3DO has becn hustling to reach
the market, CD-1 has slowly, but steadily.
penetrated the market. Sales might get a
boost from the major developments in
Compact Disc-Interactive technology an-
nounced by Philips at SCES. Most impor-
tant is the introduction of a full-motion
video (FMV) add-on cartridge for their
“Imagination Machine.” The book-sized
cartridge will cost about $250 when it
becomes available this fall. Installation
can be done by the consumer, who plugs it
intc a slot ou the back of the CD-I player.
Full-motion video was achieved by
Laser-Pacific Media Corporation in its
digital-compression facility (a joint de-
velopment zffort with IBM Research).
Laser-Pacific used the IBM POWER-
Visualizalicn supercomputer system 1o
provide digital encoding-services based

With the addition of a plug-in adaptor
cartridge, Philips CD-| player is updated
tc provide full-motion video and extra
memory storage.

$01U01123|3 1e|NdOd ‘€661 48GOIS0

~



@ Popular Electronics, October 1993

on the iaternational MPEG-1 standard.
Five-inch FMV CD-I discs, when played
on a CD-1 player equipped with the add-on
FMV adaptor, provide 72 minutes of full-
motion video, of at least VHS quality, and
CD-quality audio. The cartridge also pro-
vides 1.5 MB of memory for faster re-
sponse tme and more activity on the
screen at any one time.

Robert Culp and Grace Zabriskle star in
the interactive political thriller “Voyeur,”
the first interactive film for CD-I.

The first FMV cartridges were shipped
to software developers back in April, and a
host of soon-to-be released FMV-based
programs were previewed at the con-
ference. Paramount Pictures and Philips
interactive Media of America (PIMA) an-
nounced an agreement that wiil put 50
Paramount films on CD-I in the next two
vears. The first releases, due this fall, are
Top Gun, Apocalypse Now, and Beverly
Hills Cop. Several celebrities were on
hand to introduce the CD-1 titles in which
they were involved, including Robert
Culp, who stars in *“Voyeur,” an interac-
tive mystery game said to offer the sus-
pense of Hitchcock's Rear Window.
Flayers spy on the unsavory activities—
and try to salve a murder—that take place
(in full-motion video, of course) at presi-
dential hopeful Reed Hawke’s family es-

Biliy Ray Cyrus’ “Live on Tour” is one of
the full-motion music videos for CD-l.

tate. Kathy Smith, who has starred in and
produced a popular line of exercise videos
for the past decade, introduced the “Kathy
Smith Personal Trainer,” an interactive
disc that can be customized o take into
account the user’s weight-loss and fitness
goals, preferred type of exercise, level of
difficulty, length of workout, musical ac-
companiment, and whether or not to in-
clude vocal instructions. The program lets
users know how many calories fat grams
they are burning off and provides nutri-
tional tips. Full-motion video also is used
in the “‘sports fantasy™ program called
“Caesar’s World of Boxing,” and a chil-
dren’s title called “Hanna-Barbera’s Car-
toon Carnival” that includes six games
featuring the Flintstones. Yog: Bear, the
Jetsons, and other favorite animated
characters. Finally, a full-motion video
concert series will initially feature music
videos from Sting. Bryan Adams, Eric
Clapton, Tina Turner, Billy Ray Cyrus,
Diana Ross, U2, Bon Jovi. Paul Mc-
Cartney, Andrew Lloyd Weber, and Shari
Lewis.

Not all of Philips new software an-
nouncements concerned full-motion vid-
eo. Musician Todd Rundgren, (or TR-I,
his self-christened interactive persona) an-
nounced at the conference that he will re-
lease his latest album, No World Order,
both as a standard audio CD and as a CD-1
compatible disc. Using a technology that
he developed and is trying to patent,
Rundgren broke the music up into 4-bar
segments, which can be manipulated and
rearranged to create a virtually infinite
number of song versions. Users can opt to
passively listen to the songs just as they
appear on Rundgren’s non-interactive CD
or to alternate versions created bty several
well-known music producers. Or they can
take full advantage of the interactivity and
their own creativity. Philips also an-
nounced that they would be offering CD-1
versions of the popular Nintendo games
**Link: The Faces of Evi{” and “Zelda:
The Wand of Gamelon: a Star Wars-like
game from PIMA and LucasArs Enter-
tainment Company called *“Rebel As-
sault,” and a line of adult titles that will
include an interactive version of The Joy of
Sex.

WATCHING TV

Not all of the interaction between con-
sumers and their televisions will require
interactive multimedia devices. A new sat-
ellite-based television service will provide
pay-per-view events as well as up to 100
channels of programming. And another
new service will help those folks who al-
ready have trouble keeping up with ali of
the channels they receive.

Thomson announced at the Summer
Consumer Electronics Show that all prep-
arations for DSS (Digital Satellite Service)

The RCA Digital Satellite Service system
will Use a stationary, 18-inch dish anten-
na tc pick up as many as 150 TV chan-
nels fzom two high-powered direci-
braadcast satellite services, DirecTv and
US3B.

are procezding on schedule, including the
December launch of the nation’s first kigh-
pewered direct broadcast satellite TV ser
vice, dubbed DirecTv. Two high-powered
satellites, each equipped with 16 120-wait
transponders, are being built by Hughes.
The first will be launched in December,
and the digital service will be in operetion
by Aaril 1964, by which time Thomscn’s
RCA-brand DirecTv deceder and 18-mch
sateilite dish will be commercially avail-
able. The second satellite will be launched
nextJare. Because all of the programmung
is beamad dewn from those two satellites,
the dish remains stationary once it is ini-
tially aligned. The small antennas make
installaton possible in places where sran-
dard 8- or iG-foot dishes can’t be used, and
the entire System is expectad to cost about
$700.

DirecTVv is capable carrying more than-
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100 channels, and DirecTv (a subsidiary of
GM Hughes Electronics) has been busy
lining up programmers. Distribution
agreements with The Discovery Channel,
The Learning Channel, C-SPAN, C-
SPAN-2, and E! Entertainment Television
were announced at the show. That brings
the number of programmers to 16, includ-
ing The Disney Channel, CNN, The Sci-F
Channel, USA Network, The Family
Channel, and the Canadian Broadcasting
Corporation. Various programming pack-
ages will be offered by subscription. In
addition, pay-per-view films will be pro-
vided by Paramount Pictures, Sony Pic-
tures (which includes Columbia/TriStar
releases), and Turner Broadcasting. Suffi-
cient channel capability will be dedicated
to pay-per-view to provide a wide selection
of programming with more convenience
than a video store.

Many people have trouble deciding
what to watch on television with the mea-
ger 30 or 40 broadcast and cable stations
they now have, and others have still not
mastered the art of programming their
VCR’s. An on-screen program-listing/
VCR-programming service from Star-
Sight Telecast Inc. provides both an inter-
active program guide and automatic VCR-
timer setting. The StarSight programming
information is delivered over the vertical
blanking system of a local Public Broad-
casting Service or over cable. The signal
can be picked up by subscribers (the ser-
vice is expected to cost about $5 a month)
who have StarSight-enabled televisions,
VCR’s, cable converters, or stand-alone
decoders. The on-screen programming
guide can be customized by the user to
show favorite channels or types of show,
such as sports, movie, comedy, or news.
Users can point and click on a program
that sounds interesting to get more details
about it. If the user wanted to decide what
to watch right now, he could scan the guide
until he came to a program he wanted to
see, and then press the TUNE button to go
right to it. And if he wanted to tape a show
that came on now or later, a press of the
RECORD button makes sure that it will be
taped. The system1 was demonstrated live
at CES, and will be launched Ilater this
year, first to purchasers of select Zenith
TV's that have the technology built in, and
then to cable TV subscribers using cable
converters made by Jerrold, Zenith, and
Scientific Atlanta. Next in line: those who
buy StarSight-equipped TV’s or VCR's
from Mitsubishi, who reached a prelimin-
ary agreement just before Summer CES.

COUCH POTATOES—RELAX!

Even those folks who are content to
spend the rest of the century being pas-
sively entertained, and who prefer to re-
main totally incommunicado when away
from home or the office, will be faced with

Quasar’s 58-inch rear-projection set was
one of many 16:9 TV’s exhibited at SCES.

some technology decisions when buying
their next TV, audio receiver, partable lis-
tening device, and the like.

Next time you shop for a TV, you won’t
only have to decide what size scrzen to get,
but also what shape. Widescreen (16:9 as-
pect-ratio) TV's might noi really catch on
until HDTV becomes a reality—or at least
until more laserdiscs and videptapes are
released in that format. (The old program-
ming = consumerdemand = lower prices
routine.) But manufacturers area't waiting
around until then. Following Thomson’s
lead with their Pro Scan and RCA models,
Quasar, Samsung, and Panasonic were
among the exhibiters showing 16:9 sets.
Quasar’s entry is a 58-inch diagonal proj-
ection set that offers several viewing
modes that allow the user to alter the pic-
ture to compensate for various aspect
ratios. Equipped with two tunzrs. the set
allows viewers to make the most of pic-
ture-in-picture and picture-outside-of-pic-

ture functions (a headphoae jack is
DOLBY STEREO

DUDIGITAL

Dolby’s digital optical soundtrack, used
in such films as Batman Returns, Alad-
din, The Bodyguard, and Under Siege, is
currently being installed in theaters and
should find its way into home theaters
well before the turn of the century.

provided for the audio accompanying the
inset picture). Also included is Quasar’s
Techno-Surround Sound, as well as Dolby
Pro Logic center channel input for use
with home-theater systems. The unit’s
stim (21.6-inch) depth will allow it to fit
into smaller rooms, even if its high
($6500) price tag won't fit smaller bud-
gets.

COMING SOON TO A THEATER
NEAR YOU?

Those of us who still frequent movie
theaters might also be in for some
changes, courtesy of Dolby Laboratories.

Dolby Sterea Digital, demonstrated at a
local theater, promises “‘a giant step for-
ward” in movie sound

Along with the Dolby Stereo sound-
track that is contained as analog informa-
tion on a nagnetic track, Dolby Stereo
Digital prints have a six-channel digital
track that is focated between the sprocket
holes and is read by an optical sensor. The
six channels are left, center, right, left-
surround, right-surround, and subwoofer.
The results, as demonstrated, were
nathing short of impressive. We can hard-
Iy wait until the process finds its way into
home applicatians. In the meantime, con-
sumers will have to be content with the
latest digiral-audio products for the
home-——and for the road.

DIGITAL AUDIO: RECORDABLE
AND PORTABLE

Since the demise of eight-track and reel-
lo-reel recarders, the audio cassette has
been the medium of choice—virtually the
only choice—for at-home music record-
irgs. But we're in the digital age now, and
if you're thinking of buying a new record-
ing device, you might want to consider a
digital conmpact cassette (DCC) deck or a
MiniDisc player/recorder. No longer the
big news mukers at CES, both formats are
moving steadily ahead, and both were
shown at several exhibits. Insiders give
MD a slight edge over DCC, but it’s still
o soon ta know whether one format will
win out in the end or if there’s room for twa
recordable formats.

Philips’ first portable DCC player is the
Model DCC130.

For on-the-go listening, Philips debuted
a portable DCC player, to be marketed this
fall at a suggested price of $549. The unit
weighs only 1.1 pounds including battery
and provides skip-free digital sound. The
smallest pertable MiniDisc player is
Sharp’s MD-S10, which weighs only 10.2
ounces and has been selling since the
spring at a suggested price of $549.
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Sharp’s MD-S10 has the distinction of
being the world's smallest and lightest
MiniDisc player.

PICTURE THIS!

¥et another portable-listening option
was introduced at Summer CES—the por-
table Photo CD Player from Kodak. The
unit is both a full-featured CD player, but
also can be connected 10 any television for
viewing Fhoto CD discs. The portable
deck offers all the features of the top-of-the
line full-sized Photo CD player—allowing
on-screen panning, rotating, zoom, and
editing. It also adds a feature not found in

Kodak’s portable Photo CD player pro-
vides contanuous sound while the pic-
tures change.

any previous Photo CD player—it can play
continuous sound while pictures are being
viewed, so that the sound is not interrupted
as the picture changes. That makes sense
for showing photos at Grandma's house as
well as for portable business presenta-
tions. The PCD 970 wil! have a suggested
retail price of $449.

RADIO REVOLUTION
Those folks who prefer the status quo (o

anything new and improved might be
thinking about now: “Well a1 least there’s
still good ol’ radio. That never changes.”

Wrong! Whether you’re shopping for a
home or car receiver, there’s a new option
to consider: Radio Broadcast Data Ser-
vice, or RBDS. The system permits en-
coder-equipped FM stations to send text
data to RBDS receivers. So, for example,
instead of seeing only 92.3, a listener
might also see “K-ROCK” and call letters
“WXRK” displayed when tuned to that
frequency in New York. Stations would
also be able to send their program format,

RBDS—Radio Broadceast Dats Service—
was demonstrated live on the show
floor. Denon’s TU-550RD home tuner
was displayed at the RBDS booth, along
with models from five other manufac-
turers.

allowing listeners to scan by formats such
as “classic rock™ or “jazz” instead of just
by frequency.

Perhaps because the ability to scan by
format rather than frequency will be par-
ticuiarly convenient on long car trips, the
ElA’s Consumer Electronics Group (EIA/
CEG) set up an RDBS booth (named,
somewhat misleadingly, *“Video Radio™)
in the Car Audio & Security pavilion. Fif-
teen Chicago radio stations were on the air
with RBDS during the show, and six man-
ufacturers were represented in the booth:
Axxess U.S.A., Delco, Denon, Goldstar,
International Jensen. and Sony. RBDS au-
tomotive AM/FM/cassette units from De-
Ico and Jensen are expacted to be available
early in 1994, Denon's TU-650RD home
unit features an 8-character alphanumeric
display on which the RBDS-broadcasting
station’s call letters or logo will appear.
For non-RBDS stations, the user can input
a identifying code. The TU-650RD will
sell at a suggested retail price of $375.

Onkyo previewed its new procucts, in-
cluding this home RBL'S tuner, in a suite
at a nearby hotel.

Hoping to beat Denon to the market is
Onkyo, who demonstrated its T450RDS
AM/FM tuner in an off-site hotel suite.
The radio-text feature will allow the tuner
to pick up additional information includ-
ing artist, song and album title, and traffic
reports, when breadcast by RBDS sta-
tions. The tuner, which also features 30
random station presets, direct-access tun-
ing, automatic scan tuning, dial tuning,
battery-free memory backup, and an FM-
bandwidth switch, will carry a $350 sug-
gested retail price.

THAT’S NOT ALL, FOLKS!

It’s impossible to sum up the entire
Summer Consumer Electronics Show in
one article—and we haven’t even at-
tempted to do so. There was plenty more to
see at the show. We’ll allow the high-end
audio, computer, car-audio, and video-
game magazines to cover those specialty
areas. But for a round-up of some of this
year’s Innovation winners, read on. Il

And The
Winners

Are ...

Highlights from Innovations 93,
an exhibition of 1993’'s Most
Innovative Consumer
Electronics Gear

One of the highlights of the annual
Summer Consumer Electronics Show is
the Innovations exhibit, where scores of
new products, chosen by a panel of judges
for excellence in design and engineering,
are on display. The following is a small
sampling of some Innovations 93 award
winners, arranged alphabetically by man-
ufacturer.

WANTED: GUY/GAL FRIDAY

Not all small businesses can afford a
receptionist, and a mere answering ma-
chine can’t do an adequate job. Bogen
Communications calls its Model FR 2000




digital answering system Friday, the Per-
sonal/Office Receprionist. I provides call-
forwarding, remote notification, and FC

fax switching functions. Eight voice mail-
boxes are provided, and urgent messages
can be sent to a pager. Voice and visual
prompts make it easy to set up and use.
Friday can remind users of pending ap-
pointments, provides music-on-hold via
an audio input, and never takes a cofTes
break, vacation day, or, we hope, a sick
day.

TAKING IT (ALL) ON THE ROAD

If you can’t bear the thought of missing
your favorite sit-com or Howard Stem's
morning tirade, you can carry around Crs-
io's CD-TV-100 portable AM/FM/CD/cas-
sette-deck with a built-in 2.2-inch calor
LCD TV. The video boom box offers a
bass-boost system and a stereo headphone
jack. And should you get bored with TV,
radio, tapes, and CD’s, a video-game fea-
ture provides two video games.

FEEL THE SOUND

Although many people are content
merely listening to movie soundtracks.
others want to fee/ them. That's what Cer-
win-Vega's six-piece Sensurround Com-
pact Speaker System is designed for. The
system teatures a low-prafile center-chan
nel speaker; four satellites for the left,
right, and surround channels; and a sub-
woofer. The magnetically shielded center-
channel speaker obtains its low profile
thanks to a4 X 10-inch elbiptical full-range
speaker. The satellite speakers, which fea-
ture a five-inch woofer and one-inch doms
tweeter, are also magnetically- shielded.
The system is available with a choice af
two subwoofers. either a 10-inch or a i2-
inch bass-reftiex design. The dual veice-

coil design makes it easy to mstall the
subwoofer in virtually any system.

ALL THAT JAZZ

Many titles contain audio and video just
so they can use the term “Muliimedia.”
That’s not the case with Jazz: A Mulni-
media Hisrory from Compton’s New-
Media. The CD-ROM disc contzins an in-
depth written history of jazz from 1923 to
1991, as well as photos, sound effects,
and, of course, music. The disc also con-
tains several short video segmeants of jazz
legends incluaing Charlie Parker, Dizzy
Gillespie, Miles Davis, and Louis
Armstrong. The multimedia features com-
plement the text in an intelligent manner.
For anyone seriously interested in jazz, we
can’t think of a better way to learn more
about it.

NEXT GENERATION INTENNA
Cobra made a name for itself in the
cordless phone market with its Intenna
phones—the antenna is inside the handset,
so there’s no awkward telescoping antenna
to break off or knock knick-knacks off
shelves. The newest addition to the line is
the Inienna Model CP-910, a digital 900-
MHz cordless phone. The extended-range
phone uses digital spread-spectrum tech-
nology for private, interference-free con-
versations. The relatively less crowded
900-MHz spectrum has less sources of in-
terference than the standard 46/49-MHz

band, and spread-spectrum techniques
make eavesoropping very difticult.

HOME-STYLE JUKEBOX

Take charge of your CD collection with
Fisher's Studio 24. The 24-CD changer
stores and plays discs by input names or
categories. The vertical-oriented carousel
makes it easy to keep track of whichCD is
which—and whaose is whose. Discs can be
categorized by type of music, owner, occa-
sion, ar disc name. Each family member
can keep his or her own discs categorized
eliminating the chance of Dad acciden-
tally stumbling on Metallica when he was
expecting vintage Beatles.

1l

PORTABLE REZADER

Franklin’ssecond-generation Digital
Book System (DBS-2) has two significant
improvements over its predecessor: It costs
less ($129). and it talks! The pocket-sized
device “plays” tiny ROM cards that snap
into the back of the unit. Each matchbook-
sized card is a digital book containing up
to 200 megabytes of information—the
equivalent of 20 printed Bibles. Some of
the digital books contain audio informa-
tion, such as language translations or
nature sounds. The DBS-2 also features a
serial port for hookup to a PC.

HOME COMMUNICATIONS

The average size of houses might be
decreasing, but the noise level sure seems
10 be on the rise. To make yourself heard
over the din o stereos. TV's. Nintendos.
and tae like, you can shout—or you can
install Liovd's Clock-Radio/Intercom Svs-
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tem (Mode! CR-400). The inexpensive sys-
tem sends voices over household AC
wiring between the base clock-radio and
the remote intercom station. Additional
remote stations can be added throughout
the house. Besides saving your vocal
cords. the system can serve as a baby
monitor.

KEEP IT SIMPLE

Remote controls are meant to make life
easier, but today’s complex models with
dozens of tiny. closly-spaced buttons can
make things difficult for anyone with re-
duced mobility, poor eyesight, or a low
tolerance for complex electronics. Mista
Products came to the rescue with the Re-
mote Idea, which slips over the existing
remote and provides large buttons to ac-
cess the most important remote-control
features. including power, volume. and
channel controls. Young children, the el-
derly, and the technologically-impaired
will find it a useful add-on.

TUBE TALK

Proion Corporation, a highly regarded
manufacturer of high-end video equip-
ment, came up with a winner: the MT-297
27-inch, high-performance, PIP, stereo
monitor/receiver. The monitor contains
the performance-oriented advanced cir-
cuitry for which that Proton is famous,
including ABCL (automatic brightness
and contrast limiting) and DBLE (dynam-
ic black-level extension). ABCL automat-
ically adjusts the maximum level of the
video signal to fit the linear range of pic-
ture-tube operation. DBLE compensates
for shifts in black-level that can occur with
various video media, especially VCR’s.

IT PAX A PUNCH

“PAX™ is Quasar’s (somewhat stiited)
acronym for its line of Phone/Answering/
Fax machines aimed at small businesses
and home offices—two of which won In-
novations awards. Each features an an-
swering machine with digital outgoing
message, toll-saver, and remote-caller
functions, automatic switching between
phone and fax. and a ‘“‘help” command
that prints out a brief set of instructions at
the push of a button. Pictured here is the
top-of-the-line Model PAX410, which
adds a two-way speaker phone, 12 one-
touch and 100 speed-dial numbers, an au-
tomatic paper cutter, and a two-line LCD
that can display phone numbers and the
corresponding names.

—
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MINI MINIDISC

One of the highly touted attributes of
MiniDisc is its portability. Sanyo is trying
to make the format even more portable
with its MDG-PI MiniDisc player. Thanks
in part to two Sanyo-designed LSI (large-
scale integration) integrated circuits, the
player weighs just under 13 ounces and
measures 3.4 X 1.4 X 5.2 inches. A two-
line dot-matrix LCD readout can display
track titles, the artist name, or other text
included on the disc. Track number, elap-
sed time, and operating mode are also
displayed. A remote control is contained ir
line with the stereo headphaones, making it
easier to control the player when you're on
the go.

SHARP’S CUTTING EDGE
CAMCORDER

Having spent several weeks using and
reviewing the Sharp Hi8 ViewCam VI.-
HLIOOU (see Gizmo, September 1993),
we definitely agree with the judges who
presented it with an innovations award.
The ViewCam eliminates the traditional
camcorder viewfinder, replacing it with a

4-inch color LCD screen. That takes the
camconder out of the videographer’s face,
and allows him to see and experience the
big picture as he tapes it. Even shy sub-
jects feel more camfortable with the View-
Cam—which conveniently doubles as an
8mm VCR for pkyback of homemade or
rented iapes.

PROFESSIONAL POST-
PRODUCTION

‘The modestly priced Video Pro-Magic
digital-art effecis generator and audio
mixer from Sima brings professional re-
sults to home-edited videos. Available ai
the touch of a button are three speeds of
strobe effect, a paint function that allows
“MTV-like” effects to be created in a vari-
ety of colors and forms, and mosaic effects
using large and small patterns of both
positive and ‘negative images, picture-in-
picture. and a multiscreen effect. The mix-
er lets you add music, narration, or both to
an original soundtrack, using the included
microphone.

Il T
DSP-EAKERS

Even the best speaker can sound awful
in a poor listening environment.-But not if
Snell Acaustics has its way. The company’s
DSP LoudspeaderiRoom Correction Sys-
rem CQI0 addresses the interaction be-
tween the speaker and the listening room’s
acaustics. The system contains four inde-
pendent digital signal processing IC’s run-
ning at 50 MHz—the ‘“‘most powerful
digital signal processing hardware ever
made available for consumer audio ap-
plication.” according to Snell. The CQ 10
teatures both analog and digital inputs and
outputs.



Be a computer prog
Only NRI gives you hands-on f
training with the latest '
programming tools:

m A 486sx computer with 80 meg hard drive m Windows
® Visual Basic m Power C m QBasic m MS-DOS

® And much more!

nly NRI at-home
training gives you
real-world
programming skills in
three in-demand
languages: QBasic,
C, and Visual A
Basic, today’s hot
new language

designed for —

writing popular
Windows applications. Best of all,
you get hands-on training with a
powerful new 486sx- computer
system, complete with 80 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 one of today’s

fastest-growing carcer fields: computer
programming. 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 2005.

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-growth,
high-opportunity field.

-

NEW! The only programming
course that includes a powerful
486sx-based computer,

80 meg hard drive, Windows,
Visual Basic, and more —

all yours to keep!
Right from the start, NRI gets you actively
involved in the challenge of real-world
programming. Step by step, you learn to
create the kinds of full-featured, powertul
programs today's employers and clients

RS

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 486sx
mini-tower computer system, complete with
hard disk drive, a tull megabyte of RAM, high-
density floppy drive, mouse, monitor, 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.

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

486sx/25 MHz
cemputer — the most
powerful computer
included in any
at-home training
program!

(

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 on to learn programming in
three of tocay’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.

i
Send tcday 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 is a registered trademarh of the [BM Corporation. Windows
QBasic, and Visual Basic are trademarks of Microsoft Corporation

SEND COUPON TODAY FOR FREE NRI CATALOG!

”R’ Schools

McGraw-Hill Continuing Education Center
4401 Connecticut Avenue, NW, Washington, DC 20008

o Check one FREE catalog only
QO COMPUTER PROGRAMMING

0 PC Applications Specialist
Q Programming in C++ with Windows

:J'f- For career courses

o
Hall | O approved under Gl Bill,
check for details

Other Computer Career Courses
O Microcomputer Servicing

1 Desktop Publishing

QO Bookkeeping and Accounting

Q Computer-Aided Drafting

Name

Address

lease print Age

City/State/Zip

Accredited Member, Natiopa Home Study Council

" 5413-1093
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APPLE COMPUTER INC.
20525 Mariani Avenue.
MS 482
Cupertino, CA 95014
CIRCLE 50 ON FREE INFORMATION CARD

AT&T
Consumer Products Division
5 Wood Hollow Road
Parsippany, NJ 07054
CIRCLE 51 ON FREE INFORMATION CARD

BOGAN COMMUNICATIONS, INC.
50 Spring Street
P.O. Box 575
Ramsey, NJ 07446
CIRCLE 52 ON FREE INFORMATION CARD

CASIO, INC.
570 Mt. Pleasant Avenue
P O. Box 7000
Dover, NJ 07801
CIRCLE 53 ON FREE INFORMATION CARD

CERWIN-VEGA
55 East Easy Street
Simi Vatley, CA 90010
CIRCLE 54 ON FREE INFORMATION CARD

COBRA ELECTRONICS
CORPORATION

6500 West Cortland Street

Chicago, IL 60635
CIRCLE 55 ON FREE INFORMATION CARD

COMPTON'S NEWMEDIA
2320 Camino Vida Roble
Carlsbad, CA 92009
CIRCLE 56 ON FREE INFORMATION CARD

DENON AMERICA, INC.
222 New Road
Parsippany, NJ 07054
CIRCLE 57 ON FREE INFORMATION CARD

DIRECTV, INC.
P O. Box 92424
Los Angeles, CA 90009
CIRCLE 58 ON FREE INFORMATION CARD

DOLBY LABORATORIES

100 Potrero Avenue

San Francisco, CA 94103-4813
CIRCLE 59 ON FREE INFORMATION CARD

EASTMAN KODAK COMPANY
343 State Street
Rochester, NY 14650
CIRCLE 60 ON FREE INFORMATION CARD

EIA/CEG
2001 Pennsyivania Ave. NW
Washington, DC 20006-1813

CIRCLE 61 ON FREE INFORMATION CARD

NAMES AND ADDRESSES

ELECTRONIC ARTS
1450 Fashion Island Blvd.
San Mateo, CA 94404-2064
CIRCLE 62 ON FREE INFORMATION CARD

EO, INC.
800A East Middlefield Road
Mountain View, CA 94043

CIRCLE 63 ON FREE INFORMATION CARD

FISHER
21350 Lassen Street
Chatsworth, CA 91311-2329
CIRCLE 64 ON FREE INFORMATION CARD

FRANKLIN ELECTRONIC
PUBLISHERS, INC.

122 Burrs Road

Mt. Holly, NJ 08060
CIRCLE 65 ON FREE INFORMATION CARD

LLOYDS ELECTRONICS
Division of Cobra
6500 West Cortland St.
Chicago, iL 60635
CIRCLE 66 ON FREE INFORMATION CARD

MISTA PRODUCTS INC.
27 East Mall
Plainview, NY 11803
CIRCLE 67 ON FREE INFORMATION CARD

MITSUBISHI ELECTRONICS
AMERICA, INC.

5757 Plaza Drive

Cypress, CA 90630
CIRCLE 68 ON FREE INFORMATION CARD

ONKYO U.S.A. CORPORATION
200 Williams Drive
Ramsey, NJ 07446

CIRCLE 69 ON FREE INFORMATION CARD

PANASONIC COMPANY
One Panasonic Way
Secaucus, NJ 07094
CIRCLE 70 ON FREE INFORMATION CARD

PHILIPS CONSUMER ELECTRONICS
COMPANY

One Philips Drive

Knoxville, TN 37914
CIRCLE 71 ON FREE INFORMATION CARD

PROTON CORPORATION
16826 Edwards Road
Cerritos, CA 90701
CIRCLE 72 ON FREE INFORMATIGN CARD

QUASAR COMPANY
1707 N. Randall Road
Elgin, iL 60123-7847
CIRCLE 73 ON FREE INFORMATION CARD

SAMSUNG ELECTRONICS AMERICA,
INC.

105 Challenger Road

Ridgefield Park, NJ 07660
CIRCLE 74 ON FREE INFORMATION CARD

SANYO FISHER (USA) CORP.
21350 Lassen St.
P O. Box 2329
Chatsworth, CA 91311-2329
CIRCLE 75 ON FREE INFORMATION CARD

SHARP ELECTRONICS
CORPORATION

Sharp Plaza

Mahwah, NJ 07430
CIRCLE 76 ON FREE INFORMATION CARD

SIMA PRODUCTS CORPORATION
8707 North Skokie Blvd.
Skokie, IL 60077

CIRCLE 77 ON FREE INFORMATION CARD

SNELL ACOUSTICS
143 Essex Street
Haverhill, MA 01832
CIRCLE 78 ON FREE INFORMATION CARD

SONANCE
961 Calle Negocia
San Clemente, CA 92673
CIRCLE 79 ON FREE INFORMATION CARD

STARSIGHT TELECAST, INC.
39650 Liberty Street
Third Floor
Fremont, CA 94538
CIRCLE 80 ON FREE INFORMATION CARD

TANDY CORPORATION
700 One Tandy Center
Fort Worth, TX 76102
CIRCLE 81 ON FREE INFORMATION CARD

THE 3DO COMPANY
1820 Gateway Drive
San Mateo, CA 94404
CIRCLE 82 ON FREE INFORMATION CARD

THOMSON CONSUMER
ELECTRONICS/HUGHES
COMMUNICATIONS

600 N. Sherman Drive

Indianapolis, IN 46201
CIRCLE 83 ON FREE INFORMATION CARD

TURBO TECHNOLOGIES, INC.
6701 Center Drive West
Suite 500
Los Angeles, CA 90045
CIRCLE 84 ON FREE INFORMATION CARD

VIDEONICS, INC.
1370 Dell Avenue
Campbell, CA 95008-6604
CIRCLE 85 ON FREE INFORMATION CARD

ZENITH ELECTRONICS
CORPORATION
1000 Milwaukee Avenue

Glenview, IL 60025
CIRCLE 86 ON FREE INFORMATION CARD



A MOVING SPEAKER

In-wall speakers can’t be moved around
once they’re installed. But the Sonance
8$3500 in-wall high-fidelity loudspeaker
provides some welcome flexibility. The
speaker incorporates a pivoting tweeter
that allows the high frequencies to be di-
rected toward the listening area, even if
aesthetics dictate that the speaker be
mounted in a less-than-optimum position.
The pivoting tweeter might be especially
useful for in-ceiling mounts. High- and
low-frequency adjustments are also fea-
tured.

DOUBLE YOUR FUN

With this item, your kids will be in
double the trouble if you’re already on
their case about spending too much time
video-gaming. Turbo Technologies Duo
is an integrated CD-ROM and cartridge-
based video-game system. It not only
plays video games. including SuperCD’s.

but alse plays audio CD's and CD+G
discs. A karaoke attachment is available,
and next up is an interface device that will
convert the Duo into an external CD-ROM
crive far personal computers.

DIGITAL VIDED-MIXER

Now you can take all of your boring
camcorder footage and turn it into excit-
ing, professional-looking entertainment.
Videoncs' Digital Video Mixer can create
over 200 broadcast-quality special cffects.
Its dual-field timebase corrector (TBC)

makes it possibie to mix two video images
without glitches. One image can be dis-
solved into another, or a new image can
wipe over an old one. Chroma keying
makes it possible to add a new background
to existing footage. Up to four sources can
be switched by the mixer. ]

You Beeped?

BRAVO EXPRESS PAGER. From:
Motorola, americas Paging Products Di-
vision, 1500 N.W. 22nd Avenue, Boyn-
ton Beach, FL 33426-8292. Price:
$199.99.

Contrary to popular belief, pagers aren’t
Just for doctors. In fact, more construction
workers use pagers than doctors and other
medical workers combined. Lawyers use
pagers to receive new facts even while they
are in coust. Stockbrokers use pagers to
keep up to date on stock prices and finan-
cial news. Home-office workers keep in
touch with clients even if they leave home.
Other businesses have found innovative
uses for pagers. Car-repair shops provide
pagers 1o customers who are having their
cars repaired. And restaurants who don't
want their waiting arcas overflowing pro-
vide customers with pagers so that they
can wander or shop nearby. More
nefarious users—ones who have given
pagers a bad rap with potential custom-
ers—include drug dealers and call girls.

In reality, roughly 14 million Americans
use pagers. Drug dealers account for a
scant 1%. Interestingly, about 20%-25%
use pagers not for business, but for person-
al communications. In the busy 1990,

teenagers, single parents, two-career
spouses, and housewives have begun car-
rying beepers to help them kezp in touch
with their family and friends. In fact, it’s
the consumer market that’s expected to
create a surge of growth in the pager indus-
try, with Motorola predicting that 50 mil-

lion of the littie devices will be beeping
away by the turn of the century, and prom-
ising to make pagers ‘‘as common as
phones by the end of the decade.™

The industry is doing all it can to make
those predictions a reality. Compared to
the 1970’s, when pagers cost about $300

-
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and monthly service fees ran between $30
and $50 a month. pagers in the 90's are
available for less than $100—in a choice of
designer colors. no less—and fees are as
low as $10. Some service companies have
even tailored special rate structures for
consumers. who are unlikely to receive
anywhere near the number of pages per
month as a doctor would. Such services
charge a low, flat rate per number of pages
(30. 60. or 100). even if it takes two years
for the owner to receive that many pages.

In their aggressive pursuit of consum-
ers. pager manufacturers have formed the
Paging Services Council, to actively edu-
cate the public about the advantages of
pagers. We’ll help them out by explaining
precisely what pagers are. how they work,
what options are available, and how con-
sumers can put them to use. Then we'll
discuss our try-out of Motorola’s Bravo
Express..

A PAGER PRIMER

Pagers are not particularly high-tech
cadgets. In general, a person buys or
leases a pager and he signs up with a local
paging service that covers an area with up
to a 200 mile radius. There also are some
national and even global services. Every
pager has its own dedicated phone number
(their rise in popularity contributed to the
need for the addition of a **718" area code
to supplement New York City's **2127).
and every pager service is assigned its own
radio frequency. When someone calls a
pager number. after a short tone, the caller
enters the phone number where he can be
rcached. The paging company routes that
information to a radio transmitter to be
relayed to the pager. The pager then beeps
(hence the nickname ‘“‘beeper”) or vi-
brates to alert the user to a message.

There are four basic types of beepers:
numeric, alphanumeric, tone-only, and
tone and voice. They differ primarily in the
way that messages are received.

The numeric pager. which has a small
screen on which up to 20 numbers can be
displayed. is by far the most popular type
(77% of total sales). Among consumer
users. numeric pagers.account for a whop-
ping 95%. When a page is received. the
caller's phone number appears on the
screen. The extra space on the screen can
be used to input coded messages. For ex-
ample. children or teenagers might see
their home phone number displayed tol-
lowed by *“1-2-3”, the family’s code for
“Come home immediately.” Busy. but
still romantic, couples have devised codes
for I love you™ and various other sweet
nothings. A man who had to attend a
church function that unfortunately coin-
cided with a big football game managed to
stay tuncd by having his son (at home in
front of the tube) page him after each
touchdown or field goal. Their pre-ar-

Basic Radio Paging System

Paging
Transmitter

Link Receiver

DPublic

Phone

Phone Link Transmitter

Company
Central
Office

Link Receiver

N

Link Receiver

Transmitter
Paging
Service
Company
Paging
Terminal

Paging
Transmitter

Transmitter Antenna

Sane Pagng Senves Commk

When a caller dials the pager number, the call is received by a paging terminal or control
center. The center then sends the message by wire or radio signal to a paging transmitter.
From there, the message is broadcast over the radio waves on a frequency dedicated to
the paging service. As long as the pager is in the coverage area, it will receive the

message.

ranged code was the home team’s score. a
star, and then opponents score. With the
pager, in its vibrating mode, attached to
his shoe, the man could see the score with-
out disturbing the meeting. Numeric pag-
ers cost about $100; monthly local service
fees average $11-$17.

Second in popularity is the tone-only
pager, the least sophisticated and least ex-
pensive ($70-80) type. The unit simply
beeps to indicate that a call has been re-
ceived. The user then knows to call the
pre-determined number—the home office.
for example. Obviously. a tone-only pager
is not useful if you want to be in contact
with several people, although most of to-
day’s tone-only pagers can emit two dif-
ferent tones, to indicate one of two
numbers to be called. Hospitals that pro-
vide beepers to expecting couples in the
last month of pregnancy—so that the hus-
band can always be reached for the big
event—often use tone-only pagers for that
purpose.

A tone-and-voice pager emits first a
tone, and then an actual voice message. A
person calls the pager number and leaves a
recorded message. The pager plays back
the message in the caller’s own voice. The
average price of tone-and-voice pagers
ranges from $225 to $300, and monthly
service costs average $25-$30-—one fac-
tor that keeps their market share low.

Primarily used by business people, al-
phanumeric pagers cost between $200 and
$250. Both numbers and letters can be
displayed on a relatively large screen.
Some alphanumeric pagers can receive
messages up to 80 characters long. so the

user can get a complete message without
having to return a call. The caller speaks to
an operator at the paging service. who
types the message into the system’s net-
work. (Some paging companies offer soft-
ware that can be used to enter messages
from a computer. Dedicated portable key-
boards are also available.) The pager alerts
the user that a message has been received.
and the text appears on the screen. Fairly
standard alphanumeric features include
the ability to store up to 20 messages, and
an on-screen time and date display. Alpha-
numeric service starts at about $25 per
month. If an operator is required to input
text messages, the cost increases to about
$38 per month.

Most pagers are used locally, and the
fees quoted in this article are for local
scrvice. There are some nationwide pag-
ing companies. however, and a six-year
old service called Skypager will beep a
pager user anywhere near a city in the
United States, Mexico. Canada, Sin-
gapore, and Hong Kong. For consumer
use, local service is generally sufficient.
unless, of course, a person travels fre-
quently or wants to keep in touch with out-
of-town family members.

It’s possible to subscribe to more than
just the basic service. Some pager compa-
nies charge a monthly fee to send weather
reports, sports updates, news headlines,
and stock prices to pager users. Voice mail
is another optional service. Callers lcave
recorded messages that pager users re-
trieve by calling the paging service. That
service generally costs an extra$5or $10 a
month.




ABOARD THE BRAVO EXPRESS

The Bravo Express is a small. rugged
numeric pager. It measures roughly 2 %3
inches and is about a half-inch thick. The
tront panel of the pager teatures a 12-digit
LCD and three buttons. Although not la-
beled, they function as a read button. a
menu button, and a select button. The rcad
button turns the pager on. A round annun-
ciator in the top left corner of the display
indicates that the pager is active. Whether
the pager is on or off. a clock is normzlly
displayed. Although the backlit LCD read-
out is capable of displaying letters, it can’t
print out messages from people who are
trying to page you. It can, however, show
messages from the pager itsell. (PAGER
OFF, for example.)

‘The Bravo Express is available in 12
colors, ranging from neon green to black.
Our sample had a clear plastic case.
Motorola also offers plastic covers that
will help the selt-conscious teenager color-
coordinate the pager with their colors from
Benneton, or Guess jeans, or neon-hued
gym wear. The covers have a clip on back
that allow the beeper to be worn on a belt,
purse, or just abour any piece of clothing

When a page is received, the pager
cmits an alert for eight seconds. Rather
than a simple beep, the pager emits what
Motorola calls “musical alert ones.™ To
us, it sounded something like a modern
phone ringing. If you would prefer to be
more discrete, you can turn off the alert
tones and put the pager into is vibrator
mode instcad. When pages are received in
that mode, the Bravo Express vibrates for
about five seconds.

The Bravo Express has an automatic

. 1

umer function that can help maximize the
life of the single “AAA™ battery required
to power it. The automatic timer allows
you to set the times at which the pager will
come on and turn off. You might want
business associates 1o be able 1o reach you
only between the hours of 8:00 AM and
6:00 PM. The timer would make sure that
the unit was always on when you wanted to
receive pages, and off at other times to
conserve battery life (and give you some
privacy during off hours). We found that
feature to be valuable because we didn’t
have to remember to turn the pager on or
off.

All of the pager tunctions are accessed
through an easy-to-use menu system. Hit
the menu button once, and the display
reads “silent?”” If you push the select but-
ton at that prompt, the pager enters its
vibrating mode. The *“*pager off?”" prompl
lets you turn the pager off by pressing the
select button. Sclecting the third menu
option—""pgr auto?”’—puts the pager into
its autematic timed-operation mode. **Set
auto?” lets you set the hours for auto oper-
ation, and “set time?” lets you set the
clock

When you select an option, the menu
promps change accordingly. Forexample,
if you selected the silent operating mode,
the next time you scrolled through the

menu, your choice would be *“audio?” If

you are in the automatic timed mode, the
menu prompt “‘pgr manual?”’ appears.
Up to 160 characters can be stored in the
pager’s memory; cach niessage can con-
tain 20 characters. 1f messages are cur-
rently stored in memory, a “clear?’
prompt also appears. Up to lour stored

The Bravo pager is available in a wide range of covery and case colors. The covers

have a handy clip on the back.

messages can be “locked ™ to prevent them
tfrom being erased or overwritten.

‘The Bravo Express performed
fiawlessly, as far as we could tell, during
our tests. But it wasn't able to meet our
communications needs—not due to any
limnations in the pager itself, but in the
pager service.

We are usually available at our otfice on
any given day. and are homebodies during
off hours. The only time that we can’t be
reached is when we are out of town. Usu
ally, calling our voice-mail sysiem at the
office. and answering machines at home.
for messages is sufficient—mosi calls
don’t require an immediate response. On a
trip to Florida, we did have a need to be
reached quickly——contractors were work-
ing on a remodeling project in our ab-
sence, and several decisions needed to be
made long-distance.

Like all other pagers. the Bravo Express
Is factory preser to receive messages at a
certain radio frequency. That’s why its
mmportant-to determine which service you
want (0 use before you buy a pager. Even
those that arc sold at retail outlets have
been designed to work at the frequency
used by one specific paging company in
your area. In our case, Metromedia Paging
was our provider, and our pager was de-
signed to operate on a frequency of about
931.9 MHz in the New York metropolitan
region. Unfortunately, Metromedia Pag-
ing does not provide service in Florida, so
we couldn’t have our pager activated in the
Miami area.

For our needs, we'd prefer a nationwide
alphanumeric pager, which usually sends
signals over an SCA subcarrier on a net-
work of FM stations. As you might expect,
however. such pagers are more expensive.
more than twice the price of the Bravo
Express. The monthly fee for the paging
service is also more expensive. To meet
most personal pager needs, however, local
coverage is sufficient

Pagers have a lot to offer the average
person. Precisely because they are low-
tech, anyone can learn t0 use one in a
matter of minutes. Pagers are efficient
time-savers. But the most valuable thing
pagers offer is peace of mind. These days,
Kids® schedules are just as hectic as their
parents’—and working moms aren’t al-
ways home to field phone calls or pick
someone up early if soccer practice is can-
celed. By allowing people to stay imme-
diately accessible to family and friends.
pagers not only make it easy to keep track
of family members that are running off in a
dozen different directions. they also offer
reassurance to working parents. latchkey
kids, and babysitters

It the pager industries can get that
peacc-of-mind message across (o the gen
eral public. they're sure to make a splash
with consumers. |
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Homebrew printed-circuit boards that once took hours to make

ou’'ve probably heard all
' about techniques for fransfer-
ring printed-circuit art to cop-
per-clad boards so that you can efch
a snappy, clean, and clear foil pat-
tern. Well, if you've tried using one of
those methods, as | have, you have
likely ended up with fuzzy, sometimes-
incomplete foils that make the entire
attempt worthless!

Its no wonder then that when the
new DynaArt-Designs Toner Transfer
Systern came out it was met with gen-
eral skepticism. | reacted the same
way until | heard a ham on two meters
make a favorable comment about it.
So | gave the system a try on my next
project.

The Inside Story. It is common
knowledge in the graphics industry
that common copier and laser-
printer toner consists of about 50%
pulverized plastic. As it turns out, the
plastic makes an excellent etch resist
for the fabrication of printed-circuit
boards. So, some have unsuccessfully
attempted to transfer a foil design
from a laser printer or copier to paper,
and from there, to a copper-plated

now take just minutes!

PC board. Such methods have failed,
mostly because as the paper travels
through the printer or copier, the toner
deposited onto the paper is melted,
or fused, locking the toner into the
fibers of the paper. After that the pa-
per is reluctant to release at least part
of the toner to the copper.

DynaArt Designs’ solution is a Toner
Transfer System that contains a “trans-
fer paper” that has a special coating
to accept the toner—the toner is not
deposited on, or fused to, the actual
paper surface, but to the coating in-
stead. Once a foil pattern is printed
on one of these sheets, it is then
placed toner-side down on a cop-
per-clad board. The paper, and so
the board underneath, are then heat-
ed again so that the toner on the pa-
per fuses to the copper. When this
board/toner/paper sandwich is then
placed in a bowl of water, the special
coating dissolves, releasing the paper
and leaving the toner fused to the
copper. What you end up with is a
faithful reproduction of the foil pattern
(the toner/etch-resist) bonded to the
copper-clad board. The board is now
ready for the etching bath.

It's that simple and note: No chemi-
cals other than tap water are used to
prepare the board for etching. In fact,
even the soluble surface on the pa-
per is non-toxic and washes away
quickly.

Transfering to the Paper. If you
have a home computer with an op-
fical scanner and laser printer, you
can scan-in a foil pattern from a mag-
azine page, then print it out on the
DynaArt Designs transfer paper. If not,
you may know someone who has a
system at home or office thatcan do it
for you. Should the scanned foil pat-
tern be less than perfect, you can re-
fouch the image on the computer
screen. Retouching can eliminate the
most common problem: the loss of
lead holes in the center of solder
pads.

Alternatively, you could make pho-
tocopies. First, you run off copies of the
magazine foil pattern, adjusting the
density control till you get avery sharp
reproduction with no gray areas.
When that is achieved, load the cop-
ier with the transfer paper so the shiny
side receives the image.



1-800-831-4242
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Meftex Digital
Multimeters

* Handheld high accuracy

* Measures AC/DC voltage,
AC/DC current, resistance,
diodes, audible continuity test,
transistor hFE

* Manual ranging w/overload
protection

» Comes with probes, batteries, case
and manual

* One-year warranty

OP27086 & OP27158 only:

* Also measures frequency and capaditance
Pagi Mo, Deescriprion Prive
0P27078. 3.5 digit multimeter ....... $59.95

0P27086 3.5 digit multimeter
wifrequency &
CAPACHANCE +evveesvrsnssensens

OP27115 3.5 digit multimeter
027140 4.5 digit multimeter,

whtach/dwell ....cuceeerenenn 59.95
0P27158 4.5 digit w/fregucncy &

capacitance & data

hold sWitch ..ceveeereeeeesnens 99.95

EPROMS
Pap Mo,  ProduciMw,  Trice
0P33611 TMS2716. ..$5.95
0P39909 2708.. 4.95
0P40002 2716 . 4.49
0P40125 2732A-25.. 4.49
0P40230 2764A-20
0P39829 27C64-15
0r39933 27128-25...
0P39968 27128A-20...
0P39984 27128A-25... :
0P39677 27C128-15 5.75
0P40037 27256-15
0P40061 27256-25
0P39714 27C256-15....
0P39722 27C256-20....
0P40150 27512-20...
0P39781 27C512-1%
0OP65699 27C020-15
0P43692 68766-35,
integrated Circuits*

Part Mo, Produs Mg Price

$.29

0r48979 7400....
0P49015 7402...
0P49040 7404...
0P49091 740600
0r49120
0P49146
0r49189
0P49728
0rs50008
0rs50235
0P50420
0P50551
0P50593
0OP50665
0OP50681
0Or506%90
0r49322
0P49912
0r49939

74193 everreraessecensansonsrarane 99
*Name brand IC’s in stock

or271s8

} OP39870 270645 Intel Embedded

Jameco Solderiess
Breadhoards

Our long-lasting
breadboards feature
screen printed color
coordinates and are
suitable for many kinds of
prototyping and circuit design. Larger
models feature heavy-duty aluminum
backing with voltage and grounding posts.

Terminal Bus Contact  Price
i Srips Poims 129

0P20343 0 2 200....... $3.49

0r20600 | 2 400...unun.. 4.95
0or20669 1| 0 630......... 5.95
0P20722 1 2 830......... 6.95
0or2075s7 2 1 1.360..... 12.95
or20773 2 4 1,660..... 17.95
0or20790 3 5 2,390..... 24.95
or20811 4 7 3220..3295

0r21936
Switches
Pant Product
N 3 HQ nm'pﬁuﬂ Price
OPr21936 JMT123 SPDT,
on-on (toggle)..$1.15
SPST, 16-pin
(DIP) coveevenvenees 1.09
SPST, momentary
(push-button) ..... 39

0Or38842  206-8

0r26622 MS102

*Additional components avarlable

National, Iintel &
Tl Databooks

Part Product

Mo, Mo, Desaripuion

0OP79071 400061 Narional Operational
Amplifier Linear
Devices Databook $14.95

OP79089 400060 National Linear

A Plication Specific

I(?s Databook cue.. 1295

OP41208 400015 National Data Aquisition
Linear Devices

Databook ...c.ceervees 11.95
0OP79062 400062 National Power IC’s

Linear Devices

g

Databook eveerveserense 1195
orss22s — Texas Instrument

LS/S/TTL

Darabook .eveereseees 24.95
0OP39280 230843 Intel Memory

Databook eeervenseens 24.95

Controller Processors
Databook ceererasees 2495

Supply Kits

Build the power supply you've been
needing for years. Ideal for home or

instructional use. Select from three

different versions. Each kit is

electronic components and user

assembly instructions.

Input Output

complete with printed circuit board,

OP73613

Voltage Vol Dimensions
PartNo. Product No.  (VAC) (VDC) (L x W x H inches) Price
0OP20360  JE200 120 +5 3.5x5.0x2.0 $1495
OP20626 JE215 120 +5t0+15 75010175 3.5x5.0x2.0 19.95

0P73613  JE225 120

+5 fixed
+3to +12
-3t -12

St-15 750t0175

5.12x5.12x2.25 29.95

3/4 Watt Linear Taper-
15 Turn Cormet

Potentiometers
1 I'rice
0r41785 1K.... ..$.99

0r41822 10K. 99
0OP41849 100K... 99
0P41806 1MEG.... e 99

/2 Watt Linear
Taper- Single Turn
Cermet Potentiometers

0OPr42964 1K
0OPr43001 10K
OPr43027 100K,
OP42981 IMEG...

I_ See our Catalog for more kits i

Call for price and availability

SMT product

now available!

Other Jameco

® Test/Measurement
* Full line of Integrated

* Call for computer parts

and Prototyping
Equipment

Circuits and Electronic
Components

O T T e e e R
Order toll-free 1800083124242

For International Sales, Customer
Service, Credit Department and all
other inquiries: Call 41559248097
between 7AM-5PM P.S.T.

CA Residents please add applicable

sales tax.

$30.00 Minimum Order

Terms: Prices subject to change without notice. Items subject to
availability and prior sale. Complete list of cerms/warranties is

available upon request.

Call or write for your FREE
Summer Component Catalog:

1+800+637+8471

ECO

COMPUTER PRODUCTS

1355 Shoreway Road
Belmont, CA 94002
FAX: 1480042376948 (Domestic)
FAX: 41559242503 (Incernational)

2 [Meation

(_J
=

e

e | VLP#
oP3

© 1993 Jameco 10/93  All trademarks are registered trademarks of their respective campanics.
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After printing, or copying the foil
pattern should be inspected with a
lens, or preferably with a 10x loupe
(available at art-supply and pho-
tography stores), paying particular at-
tention to any circuit paths that run in
directly the same direction as the pa-
per path through the printer or pho-
tocopier. Those lines are the most
difficult to get completely black and
without dropouts. A dropout will ap-
pear as thin white lines in the middle
of thin fraces.

By the way, slight dropouts do not
necessarily mean that the pattern
can’t be used. When the pattern is
fused to the copper surface (which
we'll discuss shortly), the melting ac-
tion will tend to fill-in (or smear-in)
dropouts. So, even if the pattern is of
poor quality at this point, the user
should continue on and transfer the
pattern to the copper. Then the pat-
tern should be inspected againto see
if the dropouts have healed.

Transfering to the Board. The cop-
per-clad board should be thoroughly
cleaned so that the copper surface is

Popular Electronics, October 1993
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HOME
FIRE
SAFETY.
ACTON IT!

FOR FREE HOME FIRE
SAFETY TIPS, WRITE:
United States
Fire Administration
P.O. Box 70274
Washington, DC 20024
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nice and bright. A scouring pad or
sponge and a mildly abrasive
cleanser are recomended for this.
One should also lightly file the edges
of the board because copper burrs at
the edges will prevent the paper from
resting flat on the copper. Next you cut
the foil pattern from the transfer sheet
and place it over the copper-clad
board.

Now you must use heat to fuse the
toner onto the board. For that, you
simply use your clothes iron. Adjust it to
its highest “cotton” setting, which is
about 300°F If a steam iron is used, all
its water must be drained and the iron
left to heat up until all traces of steam
disappear. Before using the iron, fill a
bowl! of water so you can dunk the
copper-clad board immediately in it
after the heat is removed from the
board. _

While the iron heats up, secure the
fransfer sheet to the PC board with a
bit of tape to prevent the paper from
moving. Next, place a supplied frans-
lucent sheet over the transfer paper
to protect the paper and copper
from chaffing, and to provide a
smooth gliding surface for the iron.

To perform the actual fransfer, the
iron should then be moved in circles
over the paper/board assembly while
applying very little pressure; the iron’s
weight should suffice. The board
should be heated for 1-%2 to 11 min-
utes, depending on the size of the
board (larger boards, of course, take
longer). _

Next, place the board in the water
and leave it be for a few minutes.
When the paper fioats away, just re-
move the board and shake off the
water droplets. Inspect the board with
the loupe or magnifying glass to be
sure you have a good resist foil pat-
tern on the board. If you do, place the
board in the etching bath and finish
off as you would normally.

However, if the pattern is defective,
clean the copper surface and trans-
fer the foil again. Try to determine
what wentwrong. Usually the problem
is too little heat, or poorly distributed
heat

My Test. The fruth of the matter is
that the system is very easy o use.
True, there are some variables, such as
toner quality, transfer pressure, heat,
etc., that affect the results, but they are
discussed in the instructions that ac-

|

company the system. In fact, my very
first board was perfect. So were a few
others. | did goof on two boards be-
cause | was sloppy. (I suppose success
came too easily) My fingernail
scratched the resist of one board as |
fransported it to the etching solution
and another did not receive enough
heat. t have made many printed-cir-
cuit boards since then, one being 150
x 175 millimeters, and each board
was a gem.

There’s a Bonus. You can also make
decals with the toner-transfer paper.
First off, you need to design the decal.
For decal work, you can use a color
copier, so let your creative imagina-
fion have at it. Then, print it on the
fransfer paper using an approprite
copier, or a laser printer. Tim the pa-
per to about the size of the printed
area leaving about a ¥z-inch border.

Apply three light coats of spray lac-
quer, letting each coat dry before
proceeding with the next. When dry,
retrim all four sides of the print to re-
move any lacquer buildup that will
occur at the edges of the paper.
Place the decal paper in a bowl of
water and soak the print for about
one minute. Carefully lift the paper
out of the water and slide the lacquer
decal from the paper to the surface
where the decal will adhere.

Prices range from $14.95 for a pack-
et of five 8-%2 x 11 fransfer sheets and
a protective sheet, to about $27.95 for
a larger packet of 10 transfer sheets
and a protective sheet. | think the Dy-
naArt Designs Toner Transfer System is
a winner. If you think it might be also,
write or call DynaArt Designs for de-
fails at 3535 Stillmeadow Lane, Lan-
caster, CA93536; Tel. 805-943-4746 or
circie No. 119 on the Free Information
Card. |

“There's a nusty glitch in your transmission
during a power surge. and your disc brakes
are getting awful floppy.”




Just like these
Fully Trained
Electronics
Professionals

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

Danifel Wade Reynolds

Industrial Electrician

Ore-lda Foods

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

Dan Parks

Marketing Manager/Consumer Products
Analog Devices. inc.

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

Britt A. Hanks

Director of Engineering

Petroleum Helicopters. Inc.

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

Daniel N. Parkman

Missile Electro-Mechanical Technician
U.S. Air Force

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

Service Manager/Technician

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

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

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

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

IT'S THE ONLY SUBJECT
WE TEACH!

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

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

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

CIE pioneered the

first Electronics z
Laboratory /
o

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

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

Send for CIE’s FREE Course Catalog and
See How We Can Help Your Career Too!

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

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

0
------—I

Name AH4
Address

City -
State ______ Zip Age _
Phone No.

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

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

A School of Thousands.
A Class of One. Since 1934,
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By Len Feldman

Carver CT3
Preamplifier/
Tuner

PRODUCT
TEST REPORTS

e have always felt

that more manufac-
turers ought to offer
combination tuner/pre-
amps, rather than separate
tuners and integrated pre-
amp-amplifiers. Combining
the switching, level-adjust-
ment and tone-control
functions with a high-quality
AM/FM stereo tuner makes
a lot of sense since it af-
fords the user the flexibility
of adding separate power
amplifiers at whatever

CIRCLE 120 ON FREE INFORMATION CARD

The Carver CT-3 integrated tuneripreamplifer.

power level required by the
listening room and the effi-
ciency of the associated
loudspeakers. Carver is one
of the few manufacturers
that seems to understand
the need for this type of
component.

In fact, the CT-3 is really
much more than just a pre-
amplifier/tuner combina-
tion. This unit can serve as
the control center for a
high-quality music and vid-
eo system. Carver has also
incorporated their pat-
ented "Sonic Holography
Generator,” a circuit that
increases the sound-stage
depth as well as width (pro-
vided the seating position

l and speaker placement

are carefully arranged).’ In
addition, the CT-3 has a
number of operator-con-
venience features. There
are six audio-input pairs
and three composite-video
inputs. A "Sleep” feature will
turn off the CT-3 after a
selectable time period of
up to two hours, A CATV
(FM) coaxial antenna input
is provided; the standard
AM and FM antenna inputs
are also present. Up to 30
radio-station frequencies
can be programmed for
instant access. The unit is
equipped with a full-fea-
tured remote control which,
besides enabling operation
of most functions from your
listening position, can also
operate a motorized vol-
ume control. A tape
monitor foop not only en-
ables connection of a
cassette or other audio
tape deck, but also can
serve as the point at which
such external signal pro-
cessors as an equalizer or a
Dolby surround-sound pro-
cessor (for home-theater
instailations) can be con-
nected.

CONTROL LAYOUT
Alarge, fluorescent dis-
play at the upper left of the

front panel shows signal
strength. tape-monitor sta-
tus, a status display of the
tuner section (including fre-
guency, stereo/mono
mode, etc), wake-up and
sleep-timer modes, se-
lected video inputs, and
power standby status. Be-
low that display are buttons

for selecting audio and vid-

eo inputs. To the right of the
display are preset number
buttons (as well as preset
“Memory” and “Clear” but-
tons), "Once” and “Daily”
timer buttons, a preset
“Scan” button, and a
“Wakeup” button. Below
those are a "Mode” button
(for selecting mono or ster-
eo FM reception), a "Sleep”
button, and tuning “Up”
and “Down” buttons. Man-
ual tuning, in increments of
50 kHz for FM and 10 kHz for
AM, can be done by lightly
tapping either the “up” or
the “"down"tuning button.
Holding the appropriate
button down for about two
seconds and then releasing
it initiates “scan” tuning
(tuning proceeds from
strong signal to strong sig-
nal). If a button is held
down continuously, a con-
finuous fast scan of the
frequencies will result.

A master volume control
is located at the extreme
right of the front panel,
while along the lower edge
of the panel are a "Sonic
Holography” on/off button
and rotary “bass,” “treble,”
and “balance” controls. The
rear panel of the CT-3 is
equipped with regular and
coaxial FM-antenna inputs,
AM-antenna terminals, six
pairs of audio-input jacks,
tape and VCR audio-output
jacks. three sets of video-
input jacks, VCR and TV-
monitor output jacks, pre-
amplifier- (main) output
jacks, remote-in and -out
terminals (for connection to
other, compatible audio
components), a phono-
ground terminal, and two
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SIONAL BOOKS only

when you join the ELECTRONICS ENGINEERS’ BOOK CLUB®

PRINTED
CIRCUITS
WORKBOOK
SERIES
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ASSEMBLY,
TESTING. QUALITY,
AND RELIABILITY

012742H-XX  $26.95
Counts as 2

ELECTRONIC
POWER CONTROL

Devices

3837H  $27.95

CIrCUIT §
_DESIGN |

Encyclopedia of
ELECTRONIC
CIRCUITS
Voluule 2

T 3138H-XX $6000
Counts as 2

037504H  $39.50
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050806H-XX  $58.00
Counts as 2
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Softcover
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Softcover
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031716H  $50.00

3589H $27.95
WIRE & CABLE
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A User's Handbook

3787H  $29.95
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Electronics Engineers’ Book Club . ..
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The frequency response of the FM tuner section, an unusual rise
in response was noted at 15 kHz, amounting to no more than
about 2 dB, but otherwise response was quite flat over most of the
balance of the audio range, with an attenuation of 2 dB at 20 Hz.
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For the FM section of the tuner, at | kHz, monophonic THD-plus-
noise measured 0.15%, while in stereo, THD plus noise was
nearly 0.4%. The solid line is mono; the dashed line is stereo.
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The stereo FM separation fell a bit short of the 40 dB claimed by
Carver, with separation at | kHz measuring about 37 dB.

The frequency response for the AM section of the tuner was
virtually flat down 10 20 Hz, and, more important, the — 6dB cui-
off at the high end occurred at just above 7 kHz.

convenience AC outlets
(one switched, one un-
switched).

LAB TEST RESULTS

In testing the frequency
response of the FM tuner
section, an unusual rise in
response was noted at 15
kHz, amounting to no more
than about 2 dB, but other-
wise response was quite flat
over most of the balance of
the audio range, with an
attenuation of 2 dB at 20
Hz. To achieve 50-dB of
quieting in mono required
a signal input of 20 dBf,
while for stereo, 17 dBf of
signal strength was required
for the same degree of
noise quieting. With strong
signals, the best signal-to-
noise in mono was about
74 dB, while for stereo, the
signal-to-noise ratio
reached the specified val-
ue of 48 dB.

For the FM section of the
tuner, at 1 kHz, monophonic
THD-plus-noise measured
0.15%, while in stereo, THD
plus noise was nearly 0.4%.
Slight retuning of the gener-
ator resulted in somewhat
better readings when we
plotted THD-plus-noise ver-
sus signal level: This time,
mono THD-plus-noise mea-
sured just under 0.15%,
while stereo THD-plus-noise

was actually a bit lower,
measuring only 0.13%.

The FM stereo separation
fell a bit short of the 40 dB
claimed by Carver, with
separation at 1 kHz measur-
ing about 37 dB. The good
news, however, was that
separation remained al-
most constant over the
entire audio spectrum, ac-
tually increasing to 41 dB at
10 kHz and remaining at
about 37 dB at 100 Hz.

One of the biggest and
most welcome surprises
came when we switched to
the AM band and mea-
sured frequency response
for this section of the tuner.
Response was virtually flat
down to 20 Hz, and, more
important, the — 6dB cutoff
at the high end occurred at
just above 7 kHz. When you
consider the fact that the
AM sections of most so-
called “hi-fi" tuners rarely
extend beyond 2.5 or 3.0
kHz, the significance of that
frequency response be-
comes apparent. The
sound quality of the AM-
tuner section of this product
came close to rivaling that
of FM. If you habitually tune
to some AM stations in your
areq, this tuner will show

you just how good AM can
sound when reproduced by
a properly designed tuner.




TEST RESULTS—CARVER CT-3 PREAMPLIFIER/TUNER

Specification

Mir's Claim

PE Measured

FM Tuner Section

IHF usable sensitivity 13.5 dBf 13.0 dBf
50 dB quieting, mono/stereo N/A 20727 dBf
S/N ratio (mono/stereo) +76/68 dB 74/68 dB
THD {mono/stereo) 0.2/0.5% 0/15/0.4%
Stereo separation 1 kHz 40 dB 37 dB
Alternate channel selectivity 60 dB 62 dB
Output level 940 mv Confirmed
AM Tuner Section
Sensitivity (dummy/icop) 15/500 %<V Confirmed
Adj. channel selectivity 25dB 23dB
Frequency response (to —6 dB) N/A 2010 7.5 kHz
Audio (Preamptifier) Section
S/N Ratio
Phono 75 dB 74 dB
High level inputs 82 dB 89.9 dB
Input Sensitivity
Phono 3.5 mv* 1.0my
High tevel inputs 220 mv* 65 mV
Phono Overload 120 mv 130 mv
General Specifications
Dimensions (W x Hx D, inches} 19x5%ax 15% Confirmed
Weight 10.6 Ibs (4.8 kg) Confirmed

Suggested Retail Price

$449.95

(*Carver used a different reference levet in determining input sensitivity, so no direct

comparison can be made)

Since this product also
incorporates a full pre-
amplifier/control section,
we applied a test signal to
one of the high-level inputs
in order to run a frequency-
response curve as well as to
study the action of the bass
and treble tone controls. As
we might have expected,
with tone controls set to
their mid-positions, re-
sponse was “ruler-flat” from
20 Hz to 20 kHz. The bass
control provided 12 dB of
boost or cut at 100 Hz, while
the treble control had a
range of approximately
+10 dB at 10 kHz. The high-
level line-input sensitivity
{(with the volume control set
to maximum) was 65 milli-
volts for a standard output
of 500 mV The signal-to-
noise ratio of the high-level
line inputs, referred to a
500-mV input with the vol-
ume control set for unity
gain, was nearly 90 dB; far
better than we have typ-
ically measured for
separate preamplifiers, in-
tegrated amplifiers, and
integrated receivers.

Turning to the phono in-
puts, we measured an input
sensitivity of 1.0 mV for a
500-mV output. With 5 milli-
volts applied to these inputs
and the volume control ad-
justed to produce a
standard output of 500 mV,
the A-weighted signal-to-
noise ratio for the phono
section was a more than
satistactory 74 dB. Findally,
we measured the accuracy
of the RIAA equalization
playback curve incorpo-
rated in the phono
preamplifier section of the
CT-3. The equalization was
virtually perfect from 20 kHz
down to around 70 Hz. At
20 Hz, deviation was —2.0
dB, but we suspect that this
was deliberate on the part
of Carver, since this at-
tenuation characteristic has
been recommended by
the IEC (an international
standards organization) in
an attempt to reduce audi-
ble rumble from less-than-
perfect phonograph turnta-
bles. All of the above
measurements, as well as a
few additional ones, are

summarized in the Test Re-
sults table that can be
found elsewhere in this re-
port

HANDS-ON TESTS

The CT-3 tuner/pre-
amplifier was very easy to
install and hook up to pro-
gram sources and to our
reference stereo power
ampilifier and speakers. We
checked out the FM tuner
first, and were able to log
no fewer than 51 usable
monophonic signals and,
using the “auto stereo”
mode, some 15 stereo sta-
tions. We used only the
dipole antenna supplied
with the tuner, and our lo-
cation is some 18 miles from
most of the FM transmitters
in our area. We would have
wished that the “"Auto”-
mode sensitivity had been
adjusted to a somewhat
lower threshold. As matters
stand, only the strongest sig-
nals were received in
stereo, using the "Auto”
mode. No doubt Carver
adjusted the stereo thresh-
old in this manner so that
only relatively noise-free
stereo signals would come
through, but the mode
switch operates so that if a
listener were unhappy with
the noise level of a given
stereo signal, turning off the
"Auto” mode would auto-
matically switch the system
to mono, with reduced
background noise.

Attaching the supplied
AM loopstick to the anten-
na terminals and orienting
it for best reception, we
logged some 26 accept-
able AM signals. Of course,
the use of properly installed
outdoor AM and FM anten-
nas would no doubt have
yielded more FM stereo sig-
nals and perhaps more
noise-free AM signals, and
we would recommend that
anyone purchasing this
product install outdoor an-
tennas if at all possible.-

As for the Sonic Hologra-

phy feature, it does, indeed,
provide increased spatial
depth and width when lis-
tening to stereo signals, but
we must once again stress
that in order to really derive
the full benefit from this
circuit innovation, listeners
must be positioned at the
so-called "sweet spot” (mid
way between the speakers
and some six to 10 feet
away from them and from
one to four feet away from
the back wall of the listen-
ing room). Additionally,
speakers must be properly
positioned relative to each
other and relative to the
nearest wall. Users are ad-
vised to follow the
recommendations detailed
in the owner’s manual.

All-in-all, at its suggested
retqil price of just under
$450.00, the Carver CT-3
offers excellent value for its
price and provides the flex-
ibility and features found
only in separate tuners and
preamplifiers costing con-
siderably more.

For more information on
the Carver CT-3 contact
Carver (20121 48th Ave.
West, PO. Box 1237, Lynn-
wood, WA 98036) directly, or
circle No. 120 on the Free
Information Card. [ |

When someone
in your fami
gets cancer,
. everyone,
inyour family
needs help.

Nobody knows beter than
we do how much help and
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why our service and rehabilitation
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There’s Big Profits In Electronics

Foley-Belsaw can give you that
training. Training that will provide
high income potential in the 90’s
and on into the twenty-first century.
The right training can give you the
potential for a bright, economically,
rewarding and fascinating future.
You can take control of your future
by choosing one of these highly
profitable career ficlds. Our experi-
ence proves when you're in a field
you’rcinterested in you'll earn morc
and advance farther than you cver
will in a ficld where you lack inter-
est.

If you're unhappy with your
present job, not satisfied with your
income, or if you feel you can’t
reach your full potential, now is the
time to act. There is noobligationto
get a free Career Kit from Foley-
Belsaw. Just check the coupon -
mail it to us - we’ll send your Career
Kit free.

/A g
VCR Technician

VCR Technicians report earning
$80.00 and more per hour. That's
because this carcer field lacks the
qualified technicians to handle the

r—

‘ | many homes.
1
|

chanical. You learn these simple
repairs first so youstart earning right
away. These basic repairs become
the foundation on which you build
your career.

Personal
| Compvuter Repair

| If you have used a computer or
| are interested in how computers
work you've probably got what it
takes to become a computer repair
specialist. This field continues 10
grow as personal computers are be-
ing used in almost every office and

You can cash in on this big de-

| mand quickly when you learn per-

sonal computer repair by the Foley-

| &

Since 1926

Iif you have the Proper Training

Belsaw method. This quick learn-
ing method teaches you the basics of
computer repair so you start earning
quickly as you continue to learn
more complicated procedures. Ina
short time you'll be earning $80,
$100 or more an hour.

Beside VCR and Computer Re-
pair Foley-Belsaw canoffer you spe-
cialized training in other high pay-
ing clectronic ficlds. These courses
all provide the knowledge you need
to start a business of your own. A
business where you’re the boss. A
business that provides both finan-
cial and personal security.

Foley-Belsaw can also provide
you with nationally acclaimed train-
ing in several high paying mechani-
cal career ficlds. Just check the
coupon for your area of interest.
We'll rush you a free career kit with
all the exciting details.

FREE Kit

For a free information kit in
one of these high paying career
fields, contact:

Foley-Belsaw Institute

6301 Equitable Road
Kansas City, MO 64120

Foley-Belsaw Institute, 6301 Equitable Road
Kansas City, MO 64120

Mechanical Courses

|

|

|
= | Check One Box Only, Please.

|

|

(1 VCR Repair, Dept. 62062
(1 Computer Repair, Dept. 64000

(] Locksmithing, Dept. 12359
(] Small Engine Repair, Dept. 52302

| (] BasicDigital Electranics, Dept.69000 [] saw and Tool Maintenance, Dept.

I [] Fax machine Repair, Dept. 67000

I O printer Repair, Dept. 68000

21258

(1 upholstery, Dept. 80891

demand. We use the Viejo Method ! [[] Camcorder Repair, Dept. 66000 [] woodworking, Dept. 43226
by Foley-Belsaw to quickly teach |

you VCR Repair without all the
unnecessary basic electronics. The
Viejo Method has been proven best
right in the VCR repair shop.

The vast majority of VCR re-
pairs are mechanical or electrome-

| Name

l Address

|
| City

l State
L

CIRCLE 154 ON FREE INFORMATION CARD




ave you ever wondered how
H microwave signals are used to
detect movement within a de-
fined area? Well, here’s your chance
to find outl The Microwave Moftion De-
fector described in this article can be
used to sense speed or any moving
body—a person, animal, car, or bicy-
clel—using the Doppler effect.
Doppler theory states that when
sound, light, or even radio waves are
emitted or reflected by a moving ob-
ject, the frequency of the waves will
be different from those emitted or re-
flected when the object is stationary.

Build This
Microwave
Motion

Detector

BY FRED BLECHMAN

Essentially what happens is that as the
object moves toward you, the fre-
quency emitted by or reflected off of
the object increases. The opposite is
true as the object moves away from
you; the frequency decreases.

A similar effect can be seen in ev-
eryday life: Have you ever noticed
how a train whistle, racing carengine,
or car horn appears to alter in fre-
quency as the vehicle approaches,
passes, and moves away? The per-
ceived change in frequency is
caused by the waves being either
compressed or stretched as they
leave the moving object. Compress-
ing the waves increases the per-
ceived frequency, while stretching the
waves reduces it.

Doppler-effect based systems are
used to clock speeding cars, missile
velocity, and even to detect moving
air. In fact, Doppler radar systems are
used at some of the larger airports to
detect dangerous cross winds, called
windshear, which have been blamed
for countless takeoff and landing ac-
cidents.

Circuit Description. The Microwave
Motion Detector is nothing more than
a combination transmitter/receiver
circuit thats built around four tran-
sistors, and a quad op-amp. A sche-
matic diagram of the Microwave
Motion Detector is shown in Fig. 1. In
that circuit, @3 (a 25C2570 high-fre-
quency NPN silicon transistor) is con-
figured as a free-running (astable) RF
oscillator that is designed to operate
at the low end of the microwave
band (approximately 1.0 GHz).

The microwave signal developed
by the oscillator follows two paths. In

one path, the microwave signal is ap-
plied to D1, a 15599 Schottky barrier
diode, which is designed for opera-
tion at low microwave frequencies. At
the same time, the microwave signal
is applied to ANT1 and is radiated out-
ward in an omni-directional pattern,
filing the surrounding area with mi-
crowave signals.

The radiated microwave signals,
upon contacting an object within the
covered areq, are reflected back to
the antenna. The frequency of the re-
flected signal depends on the ob-
ject’s direction of movement. (The
motion detector doesn’t care which
direction is taken by the object; it is
only interested in the frequency shift
that results because of that move-
ment) The antenna, in turn, picks up
the reflected signal, and feeds it to D1,
where it is mixed with the originally
radiated signal, 1o produce both a
sum and difference signal at D1's
cathode.

The sum frequency is bypassed to
ground via capacitor C8, leaving only
the difference frequency. The dif-

ference, which can range from 10 to
40 Hz depending upon the speed of
the moving object, is applied to the
input of U1-¢ (Yaof an LM324 quad op-
amp) at pin 10. The output of U1-c is
fed to sensitivity control R8, which al-
lows you to adjust the Doppler-shift
difference signal. The Doppler-shift
signalis applied to U1-d (another Ya of
the LM324 quad op-amp), which, in
this instance, is configured as a band-
pass filter.

The output of the bandpass filter
(U1-d) is fed to U1-a (another op-amp;
this one configured as a buffer), and

This security-system
add-on for
your home

or car

works on

the same
principles as
police

radar.

output to diode D2, which rectifies the
positive half cycle of the input wave-
form, producing a series of positive-
going pulses. The rectified output of
D2 charges C17 (to some unspecified
value), during the positive alternation
of the signal.

At the same time, a voltage equal
to the charge on C17 is applied to pin
5 of U1-b, which is wired as a com-
parator. During the negative half cy-
cle, the charge on C17 is bled to
ground through R17 and U1-a. Com-
ponents C17 and R17 determine the
“on” time of U1-b. Larger values of ei-
ther C17 or R17 result in a longer on
time for U1-b.

Each time that the voltage at pin 5
of U1-b exceeds the reference volt-
age on pin 6, the output of U1-b at pin
7 swings positive. The pin-7 output is
applied to the gate terminal of Q4 (a
BS170 N-channel TMOS FET) and
causes it to turn on and off. Each time
that Q4 turns on, a ground path
(though Q4) for LED1 is completed,
causing it to turn on and off, as the
input signal dictates. Transistor Q4 can

$01U0N08|T teindod ‘661 41840100
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Fig. I. The Microwave Motion Detector is essentially a combination transmitter!
receiver circuit built around four transistors, and a quad op-amp.
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PARTS LIST FOR THE MICROWAVE MOTION DETECTOR

SEMICONDUCTORS

U1l—LM324 quad op-amp, integrated
circuit

Ql. Q2—2N3904 general-purpose
NPN silicon transistor

Q3-—2SC2570 high-frequency, NPN
silicon transistor (or NEC
NEO2132E).

Q4—BS170P-ND N-Channel,
enhancement, TMOS FET (Digi-
Key)

D1—i5599 Schottky barrier diode
(NEQ). See text.

D2—1N914 or IN4148 general-
purpose, small-signal, silicon
diode

LEDI-—Green light-emitting diode

RESISTORS

(All fixed resistors are Y2-watt, 5%
units.)

R1, R15—470-ohm

R2—220-ohm

R3—47,000-ohm

R4, R14, R16, R19, R21—10,000-
ohm

RS, R17, R18—100,000-ohm

R6, R7, R11, R20—1,000-0hm

R8—10,000-ohm PC-mount Y5-watt
potentiometer (see text)

R9, R10—I-megohm

R12—4,700-ohm

R13—470,000-ohm

CAPACITORS

Ct, C2, €9, C10, Ci13, C14—I10-pF,
16-WVDC, electrolytic

C3, C8, C15, C18—0.01-pF,
ceramic-disc

C4—220-uF, 16-WVDC, electrolytic

C5—22-pF, ceramic-disc

C6, C7—2.2-pF, ceramic-disc

Clt, C12, C20—0.1-pF, ceramic-disc

C16, C17—1.0-pF, 16-WVDC,
electrolytic

C19—1000-pF, 16-WVDC,
electrolytic

ADDITIONAL PARTS AND
MATERIALS

Ji—Molex WM 3303 6-pin female
PC board connector (Digi-Key)

Printed-circuit materials, enclosure,

9-15 wolt DC power source, solder,
hardware, etc.

Note: The following items are
available from Ramsey Electronics,
Inc.(793 Canning Parkway, Victor,
NY 14564; Tel. 716-924-4560): A
complete kit of parts for the
Microwave Motion Detector
(MD-3BP), including printed-
circuit board (but not the case or
control knobs)—$19.95; an etched
and drilled printed-circuit board
only (MD-3PCBP)--$10.00; a
Special Parts Kit (MD-3SPKBP)
containing all semiconductors, R8,
and J1—$12.50; a custom case and
knob set (CMD-BP)—$12.95;
optional Siren Kit (SM-3BP)
including printed-circuit board and
manual—3$3.95; optional Universal
Timer Kit (UT-5BP) including
printed-circuit board and manual—
$5.95. Please add $3 for orders
under $20, plus $3.75 postage/

_ handling. New York residents,
please add appropriate sales tax.




|4 4 {NCHES —l

Fig. 2. The project wus assembled on a printed-circuit measuring about 4 X 4%
inches. A template of that printed-circuit board layout is shown here full-size.

be safely operated at voltage levels
as high as 50 volts DC and current
levels of 250 mA. Capacitor C20 is
inCluded in the circuit to provide tran-
sient suppression for stability.

The output of the Microwave Mo-
tion Detector (via pins 5 and 6 of J1)
can be used to drive any number of
signaling devices, timers, counters,
etc. More on that later.

Power for the circuit is supplied
through J1 (@ multi-conductor jack)
from an external source of 9-15 volts.
The external source voltage is regu
lated by Q1 and Q2. That transistor
regulator circuit also provides the ref-
erence voltage used by comparator
U1-b. In the regulator portion of the
circuit, the reverse-biased base-emit-
ter junction of Q2 behaves like a low-
power Zener diode, with a break-
down voltage in the 6- to 8-volt range.
Capacitor C19 is used to filter the ex-
ternal power source to assure a clean
and smooth source of current.

Construction. The Microwave Mo-
tion Detector was assembled on a
printed-circuit measuring about 4 X
4% inches. Because of the critical
nature of microwave-circuit wiring,
where lead lengths and ground con-
nections can effect circuit opzaration,
don't fry building this project without
using the printed-circuit board layout.
And don’t be alarmed when looking
at the printed-circuit board pads that
connect the anode of D1 and the an-
tenna to what looks like ground. That
short “etched stripline,” is carefully de-
signed to function as a small inductor
at the selected microwave frequency,
forming part of the resonant fank cir-
cuit for the microwave oscillator (Q3)!

Figure 2 shows a full-size template
of the Microwave Motiocn Detector’s
printed-circuit board layout, You can
etch your own board from the tem-
piate provided and gather your own
parts, or you can order the board only
or akit (which includes ar etched and

pre-drilled, printed circuit board and
alithe components, but no case) from
the supplier listed in the Parts List.

Although most of the parts for this
project are commonly available
through conventional electronic
component suppliers, some of them
may be difficult to find. A source for
the more difficult-to-find parts is indi
cated in the Parts List. The difficult-to-
find parts (such as Q3, D1, and R8) are
available in a “Special Parts Kit” from
the listed source. If you opt fo gather
your own parts, or you plan to use
what you have on hand, keep in mind
that the printed-circuit board layout
was designed to accommodate the
special mounting or specific dimen-
sions of J1 and R8.

In any event, once you have the
printed-circuit board and all of the
parts, assemble the Microwave Mo-
fion Detector according to the parts-
placement diagram shown Fig. 3.
When assembling the Microwave Mo-
fion Detector, take special care that
polarity-sensitive components (elec-
frolytic capacitors, diodes, transistors,
and the integrated circuif) are in-
stalled in the right direction.

Begin construction by installing the
passive components (jumper wires,
resistors, and capacitors) first; follow
that by installing the active compo
nents (diodes, transistors, and the IC).
Once the active components have
been installed, check your work for
the usual construction errors: cold sol-
der joints, misplaced or misoriented
components, solder bridges (a mag-
nifying glass helps here), efc.

Once you've determined that the
circuit has been correctly assembled.,
it's time to consider the enclosure that
will house the Microwave Motion De-
tector. The circuit can be housed in
any enclosure of your own choosing.
However, if you prefer, an optional
case and knob kit is available from the
supplier listed in the Parfts List. The stur-
dy black plastic instrument case is
supplied with neatly lettered front and
rear panels, knobs. rubber feet and
mounting screws.

If you choose a case other than the
one available from the listed supplier,
it will be necessary to drill holes in the
front panel of the enclosure to ac-
commodate the shaftof R8 and LED1's
lens. Once that’s taken care of, it will
be necessary to make a cutout in the
rear panel for the output connector,
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Fig. 3. Once you have the printed-circuit board and all of the parts, assemble the
Microwave Motion Detector according to this parts-placement diagram. Note when
assembling the circuit, take special care that the polarized components are properly

oriented.

J1, and a smaill hole in the top of the
enclosure for the antenna. Once
properly prepared, the cabinet’s front
and rear panels can be labeled using
dry-transfer lettering.

Testing and Tune Up. Testing the
Microwave Motion Detector requires
nothing more than a stable source of
direct current of from @ to 15 volts.
There should be no tendency for the
voltage to drop when under load.
While the Detector uses only about 15
mA on standby, it draws about 30 mA
when triggered. That difference is
enough to affect the operation of the
circuit when using a typical small 9-
volt transistor radio battery—even an
alkaline unit. The effect is that once
triggered, the Detector output keeps
retriggering itself due to the on-off

MOTION
DETECTOR

TRANSISTOR
3 RADIO

o:m'a'uln'—a
=
(]

v
BATTERY

Fig. 4. The detector can easily be tested
by using a transistor radio as a
signaling device. Simply wire the two
devices together as shown here, and turn
on the radio. When the detector is
triggered, power will be applied to the
radio, turning it on.

voltage change. For the same reason,
use short leads when feeding power
to the circuit through J1. Connect
+9-15 volts DC to pin 1 of J1, and
connect pin 2 of J1 to the ground ter-
minal of the DC supply.

Rotate R8 fully counter-clockwise—
to the minimume-sensitivity position—
and the LED extinguish. Slowly rotate
R8 clockwise until the LED lights. Back
off R8 until the LED just goes out. Now
move your hand near the antenna;
you should see the LED light up. Mov-
ing either toward or away from the
Detector should trigger it. The LED
should stay lit for only about one sec-
ond. Adjust R8 for the desired sen-
sitivity.

Figure 4 shows how the Motion De-
tector can be wired o use a transistor
radio as a signaling device; other,
more practical applications will be
discussed later on, but this set-up is
useful for testing. The positive terminal

1
) +3-12V
3
MOTION [~ NC I— F
DETECTOR |4 e T E
5 UMES AF—° SEE UT-5 MANUAL
2 D TIMER FOR CONNECTIONS
- - L
1 +3-12V
(2 RS
10K 3
3
MOTION == NC ) 3 1
DETECTOR |4 e Q SM-3 SPEAKER
5 | 2N3906 41 sRen |2
6 R 2
10K L
B

Fig. 5. The output of the detector can used to trigger a timer (as shown in A), or to
drive siren (as shown in B). The timer and siren circuits can be obtained in kit form

from the supplier listed in the Parts List.
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Fig. 6. The output of the motion detector can be used 1o trigger a transistor driver
circuit, like those shown here. The one in A is designed to deliver a positive output
voltage to the circuit that follows, while the one in B is designed to complete the

ground-return path for that same circuit.
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Fig. 7. The Microwave Motion
Detector’s output can also be used to
trigger a relay.

of a separate power source (a 9-volt
battery in this case) is connected to
the positive supply input of a transistor
radio, and the negative terminal of
the radio going to pin 5 of M. Pin 6 of
J1 is connected to the negative side
of the 9-volt battery.

With the radio switched on, it should
play whenever the Motion Detector is
triggered. Note that trying to use the
Motion Detector power supply to also
power your external load will proba-
bly result in unwanted retriggering. If
you find that your load triggers the
detector, fry moving it further away.
The detector is extremely sensitive to
its surroundings.

The control (pin § of J1) switches to
ground through Q4 when motion is
detected. Do not apply an AC volt-
age to the circuit and do not attempt
fo “sink” more than 250 mA at pin 5.

Modifications. If you find that the
detector seems to constantly retrig-

ger at the medium- or high-sensitivity
settings, fry adding a 0.1-pF non-po-
larized capacitor across pins 5 and 6
of J1.

The antenna may be tweaked to
maximize the detector’s range by sim-
ply clipping or adding Ys-inch lengths
of wire to the antennq, while checking
for a range improvement. Typically,
the detector should have enough
sensitivity to pick up an adult walking
at a normal pace from 10 to 12 feet
away in a clear room. Note that room
characteristics can affect range.

You may wish to shape the pickup
pattern of the Microwave Motion De-
tector. Thats fairly easy to do. Try plac-
ing a12- x 12-inch metal plate about
4 inches behind the Microwave Mo-
tion Detectors antenna. That sharp-
ens the detection beam forward of
the plate and reduces it behind the
plate. You may wish to experiment
with different sizes of plates placed at
different distances from the antenna.

Interface Circuits. The Microwave
Motion Detector's output transistor,
Q4, provides only a short switched
“on” time when motion is sensed. You
have probably asked the question,
how do | make it do something other
than just make the LED blink?
Forinstance, you might wantto acti-
vate an alarm for a period of time
after the motion is detected. That's
easily accomplished using a solid-
state timer, such as the optional UT-5
Universal Timer-Oscillator (based on

the popular 555 oscillator/timer) of-
fered in the Parts List. The UT-5 can be
wired as either a timer or an osciliator.
Figure 5A shows how the two circuit’s
are wired together.

When the UT-5 is wired as a timer, a
variable resistor and several supplied
capacitors allow you fo set “on” times
of from several seconds to several
minutes with a single trigger pulse. The
output of the UT-5 can be used to trig-
ger a relay or alarm siren.

If you'd prefer fo have the Micro-
wave Motion Detector drive a siren
directly, one is offered (the SM-3 Police
Siren) in the Parfs List. The connections
for the siren and the Motion Detector
are shown in Fig. 5B. The Siren sounds
with an upward wail whenever the
PNP transistor turns on, connecting pin
4 to the positive supply voltage.

In that circuit, a 10k pull-up resistor is
tied fo the base of the transistor, hold-
ing it at cutoff. Whenever the Detector
is triggered, the base of the PNP fran-
sistor is pulled to ground, allowing the
fransistor to conduct. That places a
positive voltage on pin 4, causing the
siren to sound. When the Detector
turns off, positive voltage is removed
from pin 4 of the siren, turning it off. The
total sounding time of the siren is
roughly twice the detector’s on time.

Figures 6A and 6B show typical fran-
sistor driver circuits friggered by the
Motion Detector in a similar fashion.
The circuit in Fig. 6A is designed to
deliver a positive output voltage to
the circuit that follows. The circuit in
Fig. 6B, with the aid of a second tran-
sistor (which is used as a inverter), is
designed to complete the ground-re-
turn path for the circuit that follows.

Figure 7 shows how the Microwave
Motion Detector can be used to trig-
ger a relay. If that scheme is used, just
be sure to note the limits of 50 volts DC
or 250 mA at pin 5 of J1. Of course, if a
higher capacity is required, the small
relay of the circuit in Fig. 7 can be
used to trigger one thats capable of
handling the heavier load.

Another application for the motion
detector might be to connect a tape
recorder with a recorded message
(or perhaps the sound of a barking
dog) to the circuit using the scheme
outlined back in Fig. 4. Then with the
recorder turned on and set to the
playback mode, when the motion
detector senses movement, the re-
corder will play the message. |
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A Flea-Marketf Survival Guide

We present some Swiss-army krife

tips far the radio flez market and hamfpesi .

acic flea markets or hamfests

R are greattraaitions among ra-
dio amateurs, seanner buffs,
shortwave hsteners (SWLs), CB'ers
computensts, and other electrorics
enthusiosts. If you've never attenaec
one, ycu're missing out on some fun.
Flea markets are popular activities,
especially from the ecrliest days of
spring through the start of the footbal
geasan Attlendees rub esbcws with fel-
iow hakbyists, second-hand equ p-
ment cellers, manufacturers’ regre-
senfatves, cnd radic-equipment

dealer: Thefe cre usually progrems.

and achvities of interest 10 everyone
including non-ham farmly members.

This articie ‘helps radio beginriers
surv ve rgdio flea rnarkets, swap
meets, and hamfests, with their mcny
seccnd-hand electronic temptations.
We'll cover radia everits.and their ac-
tivities; tips for buyers; hegotiating a
good deal, and cleaning, up, restor
ing. ard troubleshooting purchases.

BY KARL T. THURBER, Jr, D.PA.

We'll also discuss equipment acguisi-
tion for the beginner; books and mag-
azines an old radio equipment; and
irformation on scheduled radio

events that beginrers shauld krow

about.

What's a Hamfest? A hamfest by
dafinition, is a grana meeting of radio
enthusiasts, but the term covets a lot
o ground There are affairs that ‘are
stiictly horse-trading radio flea rnar-
kets or swap meet: These are usually
sponsored by local chubs for their own
mambers and other local afi
cionados

Some hamfests aressmall, attracting
only a few hundrec visitors Others_ like
the regional or American Radio Ralay
League (ARRL) -affiligred conventions,
attract many thousand attendees An
example of a arger exposition is the
Tropical Hamboree with more than
260 exhibit baoths, parking for 15 500
vehicles, 300 campsites with Rv haok-

4ps. and more than 800 irdoor tables.

The main activity is.the swapping,
selling, aga buying of radio crid-elec-
Tonic camponents and equpmert
“ypically heldin a cvic cente: parkng
ot, or schoo! auditorium or cafeteria,
his type of event ofter ‘nc udes an
oldime rcdio auction, a kid fadle
iwhare tre bidding is witter rcther
*han verbal), and “ailgatars,” oeople
who sell from their car frunks in the
Darking lot (sometimes called the
‘bone ye )

However, while the cors cctivity of
most events is their flec mrorket or
swap arec, many affars cre more
than just sales events arnd swap
meets Frequantly they incluce edu-
cotional «activities such as f=chnical
seminars dnd operating pres=nia-
fians. Discussions include such iopics
as beginner operating procedures;
cortesting; DX activities, incltcing DX~
pedition reports, travelpgues. and
fieldt checking of DX Century Ciuo




Nevd 1o replace yoyr wobile intenna ! Oftgn the Best vy wodo 901 dl a Fadio flea
mdrket, where the verdat o weat and prices e usually rock-bierom, | neyise
shapper avoids impulse buving and makes Se¥erukrouads Yrough the swep area,
noiing whai's avadladle gind ar what prices, then gees hack witle o list-thai Cets all the

parts and équipment tazether.

[DXCC) and other Q3L cards for opar-
ahing awdxds; vintage racio equip-
mznt; radioteletypeRTTY), antennas;
slow-scan television [8SIVE VHE LHE
and sateilte technigues; message-
handling:and digitel applications

Other popular achivdies include
yauth fortams; disasker-communica-
Yens sessions; ecucariznabwarkshops
for teachers, adult-educaton insfruc-
toss, and parents;-asd more, These
sessions arz a good way ta broaden
on2’s knowledge of radid.

The scope of scme hamfests is
broader utill. Reflecting theupsurge in
nferest in computers, packet radio,
ond digitcl equipment in the ham-
shack ang listening post, most fiea
markets and hamtess include com-
puters ang software alongside radio
gear. Many redlly-are combination
ham and computer events atthough
some have become rmare: "comput-
er" than “radiol”

Activities for All Second perhaps to
swapping. radio contests are bopular
evant actvities. These include QSL
card contests, Morse £ode pioficien-
cy-matches, homebiiew-equipment
competificns, “omatzur of te year”
presentations, and fx hunts (hidden-
Iremsmitter searches) Some have hu-
morous events like “leid-fbot code
sending” contests. Some afso award
prizes to-the oidest enct youngest li

censec amateurs ptesent ths most-
recently: hcensed ham, fe: persen
who traveled the greatest distance to
attend, and ihe iargest al-nam family
in attendapce. Pize drawings. raffies,
‘and door prizes are stondard teatures
of rmost everts.

Also, almcst all radio. fi=a maikets
and hamfests ate freguenteg by
dealers andk rnonyfoctursts who wish
to cuild: up clienteie and sell their
wa'es. Thevie especialy prominent
at ‘arger affairs “whgare” mgh-voltume
degierg and narme-orand. manyfac-
turers displayv their newest gear. This
type eventisgreat if you re in the mar-
ket for @ new fadio sinCe you can
comipcre specficalions and get o
“hands+on-feel” of campeiing equip-
ment. Som=" manufacturess even set
up ‘complete orrsite stafiens and -
dic Istening osts, alow:ng you teop-
ercte their gear as you would your
own equipment in your cwn home.

Don't be surprised if you tecome
“haoked” by a particularly fine piece
of equizment yotrinspectand try out.
If you find yourself sold, i's Dften possi-
ble to cuythe gear a asubstantfal
discount direchy from the maonufac-
turer of from a discount c2alzr. You'll
also save on snipping -costs and
sormetimes evensalds tox, depending
onlocallaws. Afew averts even offer
on-site packing and ghicping of your
purchasss,

As mentioned earlier,” many ham-
fests feature supervised on-site ama-
teur radio examinations, Volunteer
Examiners (VES)--amateurs who voi
untfeer thelr services as test-givers
are cerfified by the Federal Commu-
nications Commission {FCC) to ad-
minister the exams. The VEC's admin
ister tests for the five classes of
amateur operator license: Novice,
Technician, General, Advanced. and
Extra. Although you can initially quatify
for any of the five operator classes,
most hewcomaers find the Novice and
Technician licenses are the ideat hob-
by entry points.

The FCC doesn’t charge to issue -
censes, but VEC's may charge exam-
inees nominal fees, usuaily around §5.
The good news is that you no longer
must fravel to a distant FCC office fo
take your exam. The bad news is that
hamfest walk-ins are not always ac-
Cepted: often you must pre-register
for testing and send in a signed ap-
plication form and other paperwork,

Information on becoming a radio
amateur is available from any of the:
18 VEC groups, your iocal amateur ra-
dio club or hamfest sponsor, or any
FCC office. The two main VEC groups
operating nationally are the ARRL/
VEC and WSYI-VEC/The W5Y! Group;
both are listed in the boxed text en-
tited “"Names and Numbers .

While many small affairs cater ex-
clusively to amateurs, larger ones-
especially all-weekend events
serve the entire family because hams
and other enthusiasts are more likely
to travel a great distance with their
families if there's something for them,
too. Thus, spouses’ and children’s
events are popuior, and many YLs
{young ladies). XYL's {wives}, and har
monics {children) attend. Some
events even offer complimentary ad-
mission for students, spouses, and
other non-hams,

Typical activities for non-hams in
clude bingo, musical entertainment,
tours of historic sites ond attractions,
shopping excursions, carfoon and
magic shows, and special prize draw-
ings. Some event sponsors also allow
non-electronic items to be sold, such
as arts and crofts items, ceramics,
comic books. and the like; these
goods also attract non-hams.

Now that we've discussed the pe:
ripheral hamfest activities, lets con-
centrate on the core of most events:
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the buying and selling of equipment.
To geft started here are some fips for
the beginner.

Perfect for Beginners. Don't lef the
cost of new radio equipment scare
you off: your local radio flea market or
hamfest may be just the place to find
the equipment you need to start with.
The beginner usually can find good
used-gear bargains. At many swap
meets you can buy what you need to
equip your listening post or get on the
air for as little as $100 or $200. Such
gear can furn out fo be quite decent,
and is often the kind that hams used
to dream of 20, 30, or 40 years ago.

While most receivers and transmit-
ters today are solid state, and many
hobbyists thumb their noses at the
idea of tubes in a solid-state world,
some vacuum-tube era equipment
still can do a creditable job, es-
pecially for starters. For many, there’s
magic in the old sets whose tube fila-
ments glow brightly and warmly in the
dark. Here are some considerations
for big-ticket items starfing with re-
ceivers.

Older general-coverage receivers
typically cover 540 kHz to 30 MHz on
one dial, with a bandspread dial for
fine tuning. Ham-bands-only radios
normally cover only the “old” HF ama-
teur bands from 1.8 to 30 MHz, and
they may not cover the newer bands
at 10, 18, and 24 MHz. Selectivity (the
narrower the better), sensitivity (the
higher the better]), and stability (the
more the better) are the main deter-
minants of a set’s quality. Well-known
brands among older sets include
Drake, Collins, Hallicrafters, National
Radio, Hammarlund, RME, and TMC.

With regard to tfransmitters, many of
the massive 1950's and 1960's AM and
early SSB-era rigs still are seen today
and often make good buys. The older
CW-only rigs were relatively simpie af-
fairs, typically being crystal controlled
and running power levels of 75 watts
or less; they can make good starter
novice rigs. Some of better-known
transmitter names include Collins,
Heathkit, E. F Johnson, Harvey Wells,
and World Radio Laboratories (WRL).
However, if you buy a Heath, it was
assembled from a kit so check it out
carefully for the quality of the wiring
techniques and for any sign that cor-
rosive acid-core solder was used.

Last, if you're an absolute beginner,

Names and Numbers

ARRL/VEC

225 Main St.
Newington, CT 06111,
Tel. 800-927-7583

Amateur Electronic Supply

5710 W. Good Hope Road

Milwaukee, WI 53223,

Tel. 800-558-0411

{Branch stores in Wickliffe, OH; Orlan-
do, FL: Clearwater, FL; and Las
Vegas, NV.)

Antigue Radio Club of America, Inc.
Attn: Ron Frisbie

312 South 10th St.

Akron, PA 17501

Ardco Electronics
PO Box 95
Berwyn, IL 60402

Associated Radio

8012 Conser, Box 4327
Overland Park, KS 66204,
Tel. 913-381-5900

Billboard Publications, Inc.
1515 Broadway

New York, NY 10036

Tel. 212-764-7300

CBC international
Box 31500
Phoenix, AZ 85046

OAR Electronics, DBA National Radio
Company

229 Marginal Street

Chelsea, MA 02150;

Tel. 617-884-8100

Dayton HamVention

Box 964

Dayton, OH 45401-0964;
Tel. 513-454-1456

Electric Radio

PO Box 57
Hesperus CO 81326;
Tel. 303-247-4935

Grove Enterprises, Inc.
PO Box 98
Brasstown, NC 28902;
Tel. 704-837-9200

Ham Radio Bookstore

PO Box 209

Rindge, NH 03461-0209;
Tel. 800-457-7373

have a more experienced individual
accompany you. The multitude of
nameless eguipment and strange-
looking components may prove frus-
trating without expert guidance. If you
can't arrange for someone to guide
you, steer clear of complicated gear
you know nothing about. and try to
solicit a “second opinion” from others
you encounter in the flea market.

Apply Caution. Obviously, flea-mar-
ket buying is not just for newcomers:

Ham Radio Outlet

933 N. Euclid St.

Anaheim, CA 92801;

Tel. 800-854-6046.

(Contact them regarding their ten other
locations.)

Ham Trader Yellow Sheets (HTYS)
PO Box 15142

Seattle, WA 98115;

or PO Box 2057

Glen Ellyn, iL 60138

The Ham Station

PO Box 6522

220 N. Fulton Ave.
Evansville, IN 47719-0522;
Tel. 800-729-4373

Hl Manuals
Box 802
Council Biuffs, |1A 51502.

LTA

PO Box 77

New Bedford, PA 16140;
Tel. 216-565-9950

North American Short Wave Association
(NASWA)

William E. Oliver, Publisher

45 Wildflower Road

Levittown, PA 19057

RSM Communications
PO Box 218
Norwood MA 02062;
Tel. 508-660-1481

Universal Radio, Inc.

6830 Americana Pkwy
Reynoldsburg, OH 43068
Tel. 800-431-3939

WSYI-VEC/The WSYI Group
PO Box 565101

Dallas, TX 75356-5101;
Tel. 800-669-9584

WT7FG Repair Manuals and Repair Service
c/o Karolena and Gary Gompf

3300 Wayside Drive

Bartiesville, OK 74006;

Tel. 918-333-7893

Bill Welsh, W6DDB
45527 3rd Street East
Lancaster, CA 83535-1802

many experienced hobbyists attend.
Though a radio amateur for 39 years,
I've been o countless flea markets
and hamfests in search of parts and
equipment, and sometimes just as an
observer. The frip always is enjoyable,
and | usually come home with some
great deals. In fact, | usually return with
sO much junk that | have fo go to the
next meet and sell some of it—thus
like many other hobbyists becoming
part of what pundits might call the
“swap meet ecological cycle.”
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For the seller, the outdoor swap area—
Samiliarly known in flea marker lingo ay
the ““bone vard” —is a chance 1o relax in
the sun and displav unneeded cquipment
before prospective purchasers. Older.
tbe-1vpe gear abounds in the bone vard
and on the auction block ar most radio
fea markets. However, be sure you know
what vou're buving before you buy.

Whether you're a beginner or an
experienced market shopper, adopt
the attitude Caveat Emptor!Flea mar-
kets can yield savings for the well-in-
formed buyer, but there’s little
protection from bad deals, and
there’s no scarcity of junk at the typ-
ical meet. Bargains abound, but be
skeptical, canny, and wary. Most flea
market deals are on a no-refund
basis, so ascertain that what you buy is
in reasonably good shape or that it's
repairable. You have 1o rely on the
intfegrity of the seller and your own
judgment; there is No real warranty
and fots of risk. It's best to shop with
specific equipment in mind and know
the range of acceptable prices. With
that in mind, let's discuss some advice
for making the most of your pur-
chases.

Tips for Buyers. First of all, come
prepared. Before you venture into the
world of pickup trucks, vans, and fold-
ing card tables loaded with stuff, be
sure of what you want to buy. It pays to
come armed with a detailed shop-
ping list and target prices. Impulse
buying can be dangerous, so when
you enter the flea market, stick to your
list as closely as possible.

Also, arrive early: the best bargains
often disappear in the first few hours
of the first day. Everyone knows this, so
the flea market tends to be crowded

e
ES i B3

Receivers, transmitiers, transceivers, scanne
there, and you'll feel like the litlle bov in the penny-candy department when it comes to

rs. VHE gear, test equipme

nm—it's all

making up vour mind. Are you ready 10 tackle the adjustment and troubleshooting to
put that good-deal *boat anchor” in shipshape condition? Be sure you have all ihe

Sacts before lugging home an “unknown.”

in the morning, but peters-out after
lunch. However, you may be able to
make very good deals at the end of
the selling day since many vendors
dearly hate the prospect of lugging
their stuff back home again. Wear
comfortable shoes and have avail-
able clothing to cope with summer
sun, cold drafts, thunderstorms, drizzle,
and winter snow.

Paying by check offers you some
protections, but checks are rarely ac-
cepted.Inthe flea-market world, cash
is king, so bring money—but don‘t
take more cash than you intend, or
can afford, to spend. Carry just
enough currency to handle your
shopping list plus a little extra for unex-
pected finds.

Carry simple checkout tools. Asmall
screwdriver set, pair of pliers, knife,
and pocket multimeter (fo make con-
finuity and short-circuit checks) are
helpful, as are batteries.

Small electronic parts and ac-
cessories usually are the best and saf-
est buys at flea markets. Acomponent
that may sell for several dollars at a
retail electronics store, for example,
may be found at one-tenth the price
in the flea market.

Try not to buy parts or equipment
you don't intend to use right away.
Flea markets are great places to pick
up inexpensive gear and compo-
nents, but you can easily become an

Kadio flea market sponsors rent tables 1o
vendors just as in non-clectronics flea
markets. When a vendor doesn’t show
up. their absence often is quite visible
swith a bare hooth among the sea of busy
display wables. Nevertheless. it looks like
tiris vendor had a verv good reason for
not making the shove, Wondcr whar their
table would have looked like?

electronic pack rat with a much-too-
large junkbox if you're not careful.

Avoid buying equipment withoutan
instruction manual, especially if it's
sold as-is, unless you know for certain
how you can get one (see the sidebar
for more on manuals).

If large sums are involved, ask the
szller to demonstrate the item. Don't
buy areceiver, transiitter, transceiver,
linear amplifier, computer, or other
costly item unless you can see it oper-
ate. Check and test equipment be-
fore taking it home; the risk of missing
out on a one-time good deal is far
cutweighed by the burden of a $500
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Whatever you buy, you'll certainly want
1o know what's available. You'll need to
acquire some general electronics cata-
logs (like Radio Shack) and catalogs of
radio equipment dealers and dis-
tributors such as Ham Radio Outlet
Umiversal Radio. and Amateur Elec-
tronic Supply. You'll also want the cala-
logs and spec sheetls of current
equipment manufacturers such as
Drake, Yaesu, Kenwood, lcom. Ten-Tec,
and others.

Ihe used books and magazines seen
at {lea markets can be bargains. While
much intormation is dated. it's the old
books and magazines on radio and
electronics that offer something spe-
cial. Reading them can supplement
your understanding of modern-day ra-
dio and electronics with a good histor-
ical perspective

Nostaigia is “in,” so there's a bur-
geoning market! in books, booklets,
magazines, and newsletters serving the
market for older radio equipment. Let’s
look at some of what's offered, and
where to get it {for the addresses and
telephone numbers of the sources [hat
follow. see the boxed text entitied
‘Names and Numbers”).

At the solid-state end of the spectrum
is Fred Osterman's booklet, Buying a
Used Shortwave Receiver. Its 20 pages
are for the SWL who's looking for a used
sohd-state (not vacuum tube) set. The
author discusses the relative merits of
purchasing radios privately. at ham-
fests. or from radio stores. He aiso offers
a six-point receiver performance
checklist for quick and accurate evalua-
tion at a radio flea market or hamfest

Of mos! use i1s the table of pricing
information and an overall rating score
for 50 popular communications re-
cewvers and 20 best-selling digital por-
tabies. The booklet i1s available for
$3.95 plus $1 shipping from Universal
Radio. tnc

Shortwave Receivers Past and Pres-
ent, 21987 "blue book " classics of more
than 200 communications rece:vers
marketed over the past 20 years. It pro-
sides specifications and photos of most
of the receivers it lists. Alsoinciuded is a
chart showing the new and approxi-
mate used cost of each set. It's $6.95
plus $1 shipping also from Universal
Radio. Inc

Another good book is Communica-
tions Receivers, 2nd Edition, by Ray
Moore. ex-K1DBR. Moore has amassed
agreat deal of data on American-made,
general-coverage communications re-
cewers from 1932 to 1981 He covers
RME. National, Hallicrafters, Ham-
mariund, Coliins. and others, and
shows photos of 375 receivers made by
58 companies. Including variations on

Resources

the 375 illustrated receivers. over 700
sets are covered. The 115-page book is
$17.95 plus $2.50 postage and han
dling from RSM Communications

The bhook The Hallicrafters Story
describes the best-known name in
communications radios. the Hal
licrafters Company, which in the 1940's
and 1950's was a synonym for “short-
wave radio.” Max C. de Henseler
HBIRS, covers the company's opera-
tions from 1933 to 1975, when it disap-
peared. Included are photos of most
sets, a nostalgic sampling of magazine
advertisements. and tube comple-
ments. The book is $14.95 plus $2 ship-
ping (total $16.95) frorr the Antique
Radio Club of America. Inc. Orders
from outside the U.S. are $18.951n U.S.
funds, shipping by surface mail

Offered by the publishers of the au-
thoritalive shortwave reference book,
the World Radio TV Handbook
{WRTVH), the new 1993 WRTVH Equip-
ment Buyers Guide presents test results
on most modern receivers and a handy
price-vs.-performance evaluation. Also
included is a used radio-equipmen!
checklist and advice on shortwave an-
tennas. The guide is published by Bill-
board Publications, Inc., and (priced at
$19.95) 1s available from radio
booksetllers inciuding Ham Radio
Bookstore (hoth addresses appear in
the boxed copy entitled “Names and
Numbers™). The HR Bookstare offers the
guide separately, or together with the
1993 WRTVH for $34.90 plus $4 UPS
shipping.

Magazines and newsletters are also
helptul For example. 73 Amateur Radio
Today. CQ. and QST (as well as Ham
Radio Horizons and Ham Radio. both
no tonger published) constitute a trea-
sure-trove of information about current
and past equipment. The ciassified ads
in those magazine can give you a good
picture of the used market, and you can
read the product reviews to find out
about the performance of new and old
equipment. Also. the Antique Radio
column by Marc Ellis in Popular Elec-
tronics is a good source of tips and tech-
nigues for restoring vintage radios

A good source of back-issue radio
magazines, though a chancy and casu-
al one, is the nex! flea market in your
area. Back issues of amateur radio,
communications, electronics, and com-
puter magazines typically can be had
for 10 cents to $1 apiece, depending on
condition. demand. and age

You also can obtain back issues of
the major amateur radic magazines
(QST. CQ. Ham Radio. and 73 Amateur
Radio Today) from Bill Weish, WeDDB.
Back issues are $2 each for pre-1960
issues, $1.50 tor pre-1976 small-size is-

sues, and $2 for large-size 1976-and-
up issues. Prices include domestic
shipping, with a $5 mimum order.
Checks should be payable to W6DDB.

Electric Radio, Published by Barry R.
Wiseman, NGCSW/0, is a magazine for
those who appreciate older tube-type
equipment. Each issue explores vin-
tage radio gear and the people who
once produced it. issues also provide
information on the modification, repair,
and building of equipment. The pages
are replete with excellent photos and
there's a large classified section. Do-
meslic subscriptions are $24 by sec-
ond-class mail and $34 via first class.
Subscriptions for Canada and overseas
are more. Contact Electric Radio for
more information.

For more than 32 years. the Ham
Trader Yellow Sheets (HTYS) have
helped radio amateurs, scanner enthu-
siasts, and SWL's buy, sell, and trade
their radio and electronics gear. The
newsletter ads also present guideposts
1o current market prices and values.
HTYS is published twice monthly and
mailed first class so ads circulate
quickly. A 1-year subscription is $16.50.
A sample copy Is free if you provide a
No. 10 (business size) SASE with two
stamps affixed. Several ham equipment
buyers guides also are available. Con-
tact HTYS for more information.

It's ditficult to repair and maintain
electronic equipment (and, sometimes,
even {0 use it) without instruction or ser-
vice manuals and schematic diagrams.
Unfortunately. many manufacturers of
older eguipment are defunct, or the
manuals are out-of-print. However, sev-
eral third-party resources can furnish
originals or reproductions of the origi-
nals. Here are some sources:

® Manuals for most ham gear made
from 1935-1970 are available from Hl
Manuals. A catalog (required to order
manuais) is $2. There is a research fee
for information requests.

e Hallicrafters service manuals for
amateur/SWL equipment are available
from Ardco Electroniics. Specity modet
numbers when wriling.

® The W7FG Manuals and Repair
Service provides manuals as well as re-
patr and restoration work for most vin-
tage radio gear. Contact Karolena and
Gary Gompf

® Manuals for National Radio Com-
pany receivers are available from DAR
Electronics, DBA National Radio Com-
pany.

e For CB rigs, The Screwdriver Ex-
perts Guide, a 380-page technical ref-
erence, includes circuit descniptions
and a troubleshooting guide for most
CB radios. It's $29.95 pius $3.50 ship-
ping from CBC International. |



white elephant residing in your
workshop. Scout out a nearby AC
power source if the gearisn’t plugged
in or if there’s no power at the seller’s
booth or table.

If buying an expensive rig, try to buy
it “on approval,” arranging a return
policy with the seller. Obtain a receipt
and business card, if possible, show-
ing the seller's name, address, and
telephone number-—cand the
agreedon right to return it within 10
days or so if something proves se-
riously wrong with it. Further, buy on
the first day of 2-day flea markets so
you can test and return unsatisfactory
items on the second day.

Closely inspect anything you're
thinking of purchasing. Open it up to
check for obvious damage, rust, burn
marks, corrosion, missing parts, and
butchered insides. Smell-check for
mustiness and burn odors. Feel the
equipments controls, especially dial
indicators, for smoothness of opera-
tion, and check the condition of the
power cord. Give kits and homebrew
gear a very close look for wiring and
construction quality.

Itit's areceiver you seek, bring a pair
of headphones and a 15-20 f1. length
of wire for a test antenna. Connect
the antenna, plug in the phones, and
listen to the receiver in operation,
Even if indoors, you probably will hear
at least some signals on the 40- and
20-meter amateur bands, and on the
10- or 15-MHz WWV time-standard fre-
quencies.

If you're searching for a transmitter,
bring along or borrow a dummy
load—even one as simple as an elec-
tric light bulb of appropriate power
rating. A straight key is haray for CW
transmitter testing: The dummy load
should illuminate when the key is de-
pressed. Observe how the fransmitter
funes up.

The bid table procedure that many
event sponsors promote is also a
goodthing, as opposed to auctioning
eqguipment. The emotional factor that
usually enters the auction process is
largely missing from the bid table. It's
also a good method for disposing of
your excess gear when you don't have
enough stuff to justify renting a flea
market space.

Negotiating a Good Deal. You
should observe a few simple but im-
portant rules for making a mutually

A Radio Flea Market and
Hamfest Sampler

Here is a sampling of the events-—large
and small—you'll find across the U.S
Check with your local radio-club mem-
bers and the radio magazines monthly
hamtest calendars and special-events
listings. All listings are annuatl affairs,
and the dates shown are 1993 dates:

Alabama

Huntsville: Huntsville Hamtest and 1993
ARRL National Convention, August
1415

Montgomery: Central Alabama Ham-
fest, November 13

California
Ventura: Southwestern Division Con-
vention, September 17-19

Florida

Jacksonville: Florida State Convention,
July 31-August 1

Miami: ARRL Hamfest of the Americas
and Tropical Hamboree, February
6-7

Orlando: ARRL North Florida Conven-
tion/Orlando Hamcation and Com-
puter Show, March 12-14

Tampa: ARRL Hamfest, November
20-21

Georgia

Atlanta: Atlanta HamFestival, July
17-18;

Monitoring Times Convention, October
15-17 (see note 1, below)

iltinois
Grayslake: ARRL Hamfest. September
25-26

Indiana

Ft. Wayne: Indiana State Convention,
November 13-14

Indianapolis: indiana Hamfest, March
14

Louisianna
West Monroe: ARRL Hamfest,
November 13

New Hampshire
Manchester: New England Division
Convention, July 24

satisfactory swap-meet deal. For one,
allow sufficient time to scout the area
for comparative checks on price,
quality, and availability. In fairness to
sellers, it's hard to accurately price
used gear and parts, and you, as a
buyer, should expect to find a wide
variety of prices and conditions for
the same item. Ensure that you have a
handle on what’s available before
you deal, to avoid Iater regrets,

Ask the seller if the equipment works
properly, and if he or she has the in-
struction manual. If neither answer is
affirmative, it's a yellow if not aredflag
for the purchase. Such answers may

New Mexico
Albuquergue: ARRL Hamfest. August
21-22

New York -
Rochester: Atlantic Division/New York
State Convention, May 21-23

Ohio
Dayton: Dayton Hamvention. April
23-25

Pennsylvania
Kulpswville: Annual Winter SWL Festival.
February 18-21 (see note 2. below)

Tennessee

Knoxville: Amateur Radio and Comput-
er Fair, June 5

Memphis: ARRL Deita Division Conven-
tion, October 910

Texas

Arlington: Texas State Convention, June
4.6

Houston: West Gulf Division Conven-
tion, November 5-7

Washington

Spokane: ARRL Hamfest, Apnil 3--4

West Virginia

Jackson's Mill: Weston, West Virginia
State Convention, July 3-4

Note 1: The annual Monitoring Times
Convention focus is on shortwave listen-
ing and scanning. Sponsored by
Monitoring Times magazine. informa-
tion is available from Grove Enterprises,
inc., PO Box 98, Brasstown, NC 28902:
(704)-837-9200.

Note 2: The Annual Winter SWL Fes-
tival is oriented toward shortwave listen-
ing. rather than amateur radio, as are
most hamfests. The Festival is spon-
sored by the North American Short
Wave Association (NASWA), William E.
Oliver, Publisher, 45 Wildflower Rd.. Lev-
ittown, PA 19057. |

at least justify seeking a lower price.

Don't accept an asking price: sell-
ers expect to bargain. But if you've
located just what you want, and the
price is in the ballpark, don't lose the
deal by haggling over pennies. If the
price is fair, buy; the goodie probably
won't be there Iater.

Lon't be in such a hurry that you
can't devote the time to inspect the
gear. Ask about any quirks in the
equipment. Take the time the deal
deserves,

Establish the identity of the seller,
particularly if the deal is substantial,
for two reasons: (1) the gear couid
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possibly be stolen; and (2) if it doesn't
work as stated, you can at least con-
tactthe seller for help or try to get your
money back. Be very wary of goods
that are priced just too low to be for
real.

Above all else, exercise good judg-
ment and common sense in what you
buy and how you buy it. You won't be
sorry you did.

Cleaning Up and Restoring Used
Gear. Whether you've bought a tube-
type “boat anchor” or a nearly new,
solid-state gizmo, it's best not to
“smoke test’ the unit until its cleaned
up. This ensures that dust, grime, and
dead bugs don’t short-out compo-
nents.

After giving the unit a thorough visu-
alinspection, first clean up the exterior
case, if necessary. A kitchen-type
cleanser such as Clorox’s Soft Scrub
often does the trick. Metal cabinets
may be brought up to respectability
with a very light buffing with a jew-
eler’s polishing cloth. Wooden cab-
inets can often be restored by using a
scratch-coating furniture polish such
as Boyle-Midway’s Old English. You
can remove small rust spots by sand-
ing with fine sandpaper or by using
rust-removing chemicals. Commer-
cial penetrants can be effective in
loosening rusted parts.

You can clean the chassis or en-
closure using a vacuum cleaner and
a small brush; a toothbrush is good for
hard-to-reach places. You can usually
remove grease, dirt, battery acid, and
capacitor electrolyte with a solvent or
cleaning fluid such as carbon
tetrachloride, and remove resins and
pitch with benzene or kerosene. In-
spect for broken or charred compo-
nents and connectors, loose or frayed
wires, and cold solder joints. Nail-poi-
ish remover removes gummy residues
from cords and cables.

You can clean variable-capacitor
plates by using a pipe cleaner domp-
ened with carbon tetrachloride or al-
cohol. The pipe-cleaner can also be
used to clean areas that a larger
brush can’t reach.

Assume that most switch contacts
and potentiometers are noisy. You
can remove dirt and oxide by spray-
ing electronic-contact cleaner into
them, vigorously rotating the shafts
several times to make sure that the
cleaner has a chance to work in and

make good electrical contact before
it evaporates. Repeatthe process sev-
eral times.

Remove and replace broken parts
and loose or frayed wiring, resolder-
ing possible cold solder joints. In old
equipment, especially vintage tube-
type receivers, consider replacing all
of the paper bypass capacitors with
new ceramic or mylar types to avoid
problems with leaky, shorted, or open
capacitors. This step can wait until
you've finished initially checking the
equipment.

Be safe. Replace stiff, cracked, or
frayed line cords before plugging
units into AC power since plastic and
rubber cords tend to deteriorate after
a few years.

For an especially neat unit—par-
ticularly if the gear has seen hard ser-
vice—you might want to tear down
the equipment, respraying the cab-
inet and relabeling the operating
controls and jacks. However refrain
from doing that if you want to sell the
unit commercially or frade it in. A re-
sprayed, relabeled unit rates low on
the commercial resale market, unless
you're areal restoration master. Finally,
you can replace broken or missing
mounting feet with adhesive-backed
feet, while you can give older units a
classy look by installing modern instru-
ment knobs.

After delaying this moment as long
as possible, it finally comes time to
actually try out your purchase. With
luck, and since you've already re-
jected gear that has been butchered
or drastically modified, the unit
should, hopefully, work as pitched by
the seller. And if it doesn't?

Usually there’s no practical recourse
other than to fix the unit yourself,
checking first for the obvious, such as
blown or missing fuses, bad tubes,
poor connections, shorts, open cir-
cuits, thermal probiems, and the like. I
difficulties persist, contact the seller,
who may be able to shed light on the
problem. If you still can't fix it, ask for
help from a friend experienced in ra-
dio troubleshooting, and obtain a
manual or schematic if one wasn't fur-
nished. Repairing electronic gear is
next to impossible without a circuit di-
agram (see the sidebar entitled “Re-
sources” for more on manuals).

Event Generalities. There are sev-
eral ways to find flea markets and

hamfests in your area. The best is to
ask the members of a local radio club;
if youre not a member, listen fo the
chitchat on amateur VHF FM re-
peaters. Radio stores often post
notices of upcoming hamfests. And
check the hamfest and event calen-
dars in CQ, 73 Amateur Radio Today,
and QST. You can usually save a dollar
or two on your ticket if you buy it in
advance rather than at the door.

Therz are three rungs on the flea
market and hamfest ladder. The first
rung consists of local meets. They can
be found just about everywhere that
hams live. Often local meets are
mostly informal swap-oriented affairs
and have few organized activities
such as forums and family fare, but
most have low or nominal admission
fees. Typically these events tend to be
swap-meet, bone-yard, and “tail-
gater-"type affairs.

The second rung is made up of
small- and medium-size regional af-
fairs. They tend to be a cross between
less-formal local hamfests and formal
expo’s and conventions. Many regular
hamfest activities are present, with
swapping and horse-trading some-
fimes competing for attendees’ at-
tention with technical seminars and
manufacturers’ displays. There's usu-
ally a limited amount of organized
activities for non-hams at such affairs.

At the top rung are the major ama-
teur expo’s and conventions. They are
often sponsored by, or affiliated with,
the American Radio Relay League
(ARRL), the national association of ra-
dio amateurs. ARRL conventions are
conducted on division and state lev-
els, and a national convention is held
each year in different cities on a rotat-
ing basis. (The 1993 annual ARRL con-
vention is in Huntsville, AL, August
14-15; 1994 is set for Arlington, TX, June
10-12)

At the third rung, many formal, or-
ganized activities abound and busi-
ness meetings, membership sessions,
and elections for officers may be
held. These major affairs tend to run
two or three days.

Major expo’s and conventions fea-
ture something for everyone. Besides
dedaler displays and the ever-present
flea market, there tend to be many
technical and operating forums,
spouses and children’s tours, a hospi-
fality suite for spouses, breakfast and

{Continued on page 98)




Computer-Controlled A/B Switch

Our simple computer-controlled A/B switch makes it easy to
switch any pair of AC or DC signals, including RS-232 signals.

general types of computer

owners: power users with up-fo-
the-minute hardware and those that
get by with slightly older equipment.
However, both types eventually end
up with a stockpile of hardware; ad-
vanced users quickly amass hard-
ware because they want to, while
modest users accumulate wares be-
cause they have to upgrade just to
remain moderately current.

Once you end up with enough sur-
plus hardware, old and/or new, it
seems pretty natural to want to con-
nect at least some of it (terminals,
modems, printers) together, if for no
other reason than the versdatility that
such a mini-network can provide. That
usually leads to the purchase of a
couple of A/B switches fo permit you
to configure new set ups on the fly.

Unfortunately, simple A/B switches
must be directly operated by the user.
That is pretty inconvenient if you're
working from a remote ferminal. Be-
sides, your computer shouid “know”
what resources you need and auto-

I t would seem that there are two

BY JOHN YACONO AND MARC SPIWAK

matically provide them for you—
shouldn't it? After all, let's say that you
have two computers or terminals
sharing a modem. It would be nice i
the A/B switch between them auto-
matically switched fo the computer
that's presently running communica-
fions software. An A/B switch like that
could even be used in asimilarway to
allow two computers to share a serial
printer.

The Computer-Controlled A/B
Switch presented in this article is such
a device. In fact, it's one of the most
versatile communication devices that
you'll find. It can direct just about any
pair of AC and/or DC signals. With it,
power users can use one to multiplex
input to a data-acquisition board,
and more common folks can redirect
audio signals between their home-
entertainment components. Further
still, just about anything possible with a
double-pole, double-throw switch
rated for 350 volts at 120-mA AC or
200-mA DC can be done with our A/B
Switch.

The device was originally designed

to allow a computer fo disconnect
one device on a three-wire RS-232
communications link and switch to
another device on the line. (Specifi-
cally, the unit would interrupt a com-
munication between two modems so
the computer could communicate
with one of them). However, after the
profotype was working, we found that
by re-wiring the “contacts and poles’
of the switch, its operation could be
modified for use in many other ap-
plications. In this article we’'ll show you
how fo build, configure, and (if neces-
sary) write software to "A/B switch” al-
most any pair of signals.

Circuit Operation. The AB Switch
circuit is the electronic equivalent of
the double-pole double-throw switch
shown in Fig. 1. Refer back to that fig-
ure (in particular the labels on the
poles and contacts) from time to time
as we discuss the actual A/B Switch
circuit.

The Switch’s schematic diagram is
shown in Fig. 2. Note that key points in
the schematic bear the same labels
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Fig. 1. The A/B switch is very similar to
a standard double-pole, double-throw
switch, like the one shown here.

as the poles and contacts in Fig. 1. The
circuit’s active components are
nothing more than a pair of diodes
that steer current through the inputs of
four special optocouplers. The op-
tocouplers are specially designed for
telecom (standard slang for “tele-
communications”) applications and
conform to the RS-232C standard.

POLE 1 c—

u1
LCA110

u3
LCA110

POLE 2 >—
u2 U4
LCA110 LCA110 6
—_— B2
5
A2 6 1 2
CONTROL

(TODB25 PIN 20
OR TO DBS PIN 4)

Fig. 2. The AIB switch is very simple, as you can see. Four special telecom switches
(UI-U4) are wired together 1o form a double-pole, double-throw switch.

U3
LCA110

POLE 1
(+) °
U1
LCA110
Al
=) °
POLE 2 1N4148
LE
(+) ¢
u2
LCA110
4 pom

CONTROL
(TO DB25 PIN 20

OR TO DB PIN 4)

Fig. 3. The version of the AIB switch shown back in Fig. 2 is fine for AC signals, but it
can be enhanced for DC operation by rewiring the optocoupler outputs us shown here.

As you can see, each diode is con-
nected in series with (and in between)
the inputs of two optocouplers. Also
note that the two series-connected
optocoupler-diode-optocoupler legs
of the circuit are connected back-to-
back (i.e. with opposite polarity) be-
tween the control input and ground.
In that configuration, U1 and U2 will
turn on whenever the control voltage
is positive, and U3 and U4 will tum on
when the control voltage is negative.
When any one of the optocouplers is
on, its output pins short to simulate
switching action.

The circuit wired as shown in Fig. 2is
fine for AC signals, but it can be modi-
fied for enhanced DC performance.
The necessary modifications are
shown in Fig. 3. The revised circuit op-
erates just like the AC circuit, but wiring
the optocoupler outputs as shown
permits them to handle more current
and yields faster switching action.
However, you must obey the polarity
indicators to wire the device properly.

If desired, one pole of the circuit
can be wired to handle AC with the
other pole configured for enhanced
DC operation. For example, U1 and U3
can be wired for AC, as shown back in
Fig. 2, while U2 and U4 can be wired
for DC @s in Fig. 3, or vice versa.

One benefit of using optocouplers
in an application like this is the isola-
fion provided between the device
generating the control signal and the
signal lines. The incidental isolation
will protect the controlling device
from harmful voltages (perhaps due
to a nearby lightning strike) on the
signal line up to 3750 volts! Since the
controlling device will likely be acom-
puter or terminal, that sort of protec-
tion is very nice indeed.

Our Application. Take a look at the
version of the A/B Switch circuit shown
in Fig. 4. Note that pins 2 and 3 of J3
(the connector 1o modem 2) are con-
nected to the poles of the switch. That
way, the circuit can switch J3 (the
poles) between J1 (which you can
think of as position A) and J2 (or posi-
tion B).

The switch receives its control signal
from pin 20 of J1, which supports the
data-terminal ready (DTR) line on the
computer. (The reason that we used
the DTR line will be explained a little
later) The DIR line causes one pair of
optocouplers to turn on when
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Fig. 4. Our application circuit for the A/B switch (shown here) allows a computer to

interrupt one modem to talk with another.

positive, and the other pair to turn on
when negative (remember, RS-232
ports use bipolar signals).

If we wanted one of the modems to
have control of the switch instead of
the computer, we could have used
pin 20 of J2 or J3. While that's not what
we wanted, you should keep that in
mind when sizing up your own needs.

Wired as shown, the state of pin 20
from the computer controls the
switch’s “position.” That allows the
computer to disconnect modem 2
from modem 1 and get its full atten-
tion.

If you wish o use the circuit forcom-
puter communications, please keep
in mind that the switch should con-
nect transmit lines to receive lines,
and vice versa. In other words, the
switch should not attempt to connect
two transmit pins together, or two re-
ceive pins together. See the docu-
mentation for your peripherals to
determine their pin functions. By the

way, if you make a wiring mistake.
don't worry; RS-232 devices are de-
signed so that they cannot be
damaged by such mistakes.

If you will be using DBY connectors
in place of the DB25's we used, you
should again check the peripheral’s
manual to determine the identity of
the transmit and receive pins. How-
ever, we can tell you right off the bat
that pin 4 on that connector is for the
DR line, and pin 5 is ground.

Automatic and Programmed Con-
trol. The DTR line was chosen to con-
trol the switch because that line
changes states as soon as any stan-
dard communications software is
ready to run. That makes the action of
the switch automatic: if the controlling
computer runs communications soft-
ware, the A/B Switch will change states
when the program toggles the DTR
line.

For less-automated control of the

LISTING 1

PUSH AX
PUSH DX
MOV DX, 03FC
IN AL, DX
XOR AL, 02
ouT DX, AL
POP DX
POP AX
RET

A
PUSH AX
PUSH DX
MOV DX, 02FC
IN AL, DX
XOR AL, 02
ouT DX, AL
POP DX
POP AX
RET

8
PUSH AX
PLSH DX
MOV 0X, 03EC
IN AL, DX
XOR AL, 02
ouT DX, AL
POP DX
POP AX
RET

c
PUSH A
PLISH 0x
MOV DX, 02EC
I AL, DX
XOR AL, 07
OuT 0X, AL
POP oX
POP AX
RET

D

switch, you could run a program like
one of the ones shown in Listing 1.
which are available from the authors
(see the Parts List for ordering informa-
tion). The four programs shown are
(structurally speaking) identical. They
differ only in the communications port
they affect. The progrom shown in A
works for COM1, the one in B for
COM2, C affects COM3, and D is for
COMA4. It should go without saying
that the program of choice must run
on the controlling computer or termi-
nal.

Since the programs are aimost
identical, we'll just discuss the one in A.
(If you are not familiar with accessing
ports, see “"Programming Serial Ports,”
in the August, 1993 issue of Popular
Electronics for more information). The
first two instructions simply preserve
the contents of the AX and DX regis-
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ters (special-purpose memory loca-
tions in the CPU) by “pushing them
onto the stack” (storing them in an-
other special location). The third in-
struction places the hexadecimal
number "3FC” into the DX register. That
number is the address of the byte that
controls the DIR line. In the next step,
the value stored in the address in DX
(tfo be literal, the value stored at ad-
dress 3FC in hexadecimal) is placed in
the lower half of the AX register (the
lower haif is denoted “AL").

We now seek to toggle the bit that
controts the DIR line. That would be
the least-significant bit of the number
that was taken from address 3FC,
which is now in AL. To toggle that bit,

PARTS LIST FOR THE
COMPUTER-CONTROLLED
A/B SWITCH

Ui-U4—LCAI110 opto-MOS telecom
switch

DI1. D2—IN4148 general-purpose
small-signal silicon diode

Printed-circuit board, DB9 and/or
DB25 connectors as needed (sce
text). ribbon or other suitable
cable, IC sockets, case and
mounting hardware, solder, etc.

Note: The following items are
available from John Yacono, PO
Box 4042, Farmingdale, NY
11735: printed-circuit board only—
$5.00 + $1.00 shipping and
handling; UI-U4 only—$15.00 +
$1.00 shipping and handling;
Software only—$5.00 + $2.00
shipping and handling; Partial kit
(includes printed-circuit board and
all board-mounted components)—
$20.00 + $3.00 shipping and
handling; Complete kit (includes
printed-circuit board, all board-
mounted components, case, 4-
conductor cable, DB-25
connectors with hoods, and
software)—$35.00 + $3.00
shipping and handling; Fully
assembled unit (supply filled-in
copies of Table | with each
order)—$40.00 + $3.00 shipping
and handling. Send check or
money order only. New York
residents. please add appropriate
sales tax. If you have any technical
questions, contact the authors at
the above address (include self-
addressed stamped envelope,
phone number, and brief
description of your situation).

TABLE 1—CONFIGURATION CHART

ﬁe—quiré;i Ground Control Pin Receive Transmit
Device Connectors Pins (One Entry Pin Pin
(DB9 or DB25) (5or7) Only) Numbers Numbers
Pole
A
B

P
\:'l

|t~ 17/16 INCHES ————»1

L]
g | ©

h

Fig. 5. You can use this foil pattern to
build your own A/B switch, or order the
board. kits, etc. from the listed supplicr.

you simply take the exclusive xor of 1
and the value in AL, which is per-
formed by the next instruction. Now
that the value of AL has been appro-
priately altered, it replaces the old
value in 3FC as soon as the OUT in-
struction is performed. The DX and AX
registers are then restored to their ini-

tial values by “popping them off the
stack” (retrieving them from the spe-
cial location mentioned before) and
the program terminates. The state of
the DTR line will change each time this
program is run, toggling the A/B
Switch.

Determining Your Needs. Table 1
has been provided mainly to assist
you in configuring your switch for
RS-232 applications, although it does
have limited use for other applica-
fions. In particular, the table will help
you configure the connector wiring.
Let's discuss how to fill-in the table.
Start by mentally designating the
device being switched as the “pole”
device, one of the other devices as
unit "A,” and the remaining one as unit
“B.” Now examine each peripheral in
turn to determine the connector it re-
quires (DB or DB25) and fill-in the first

GROUNDS
(TO PIN 7 ON DB25 AND/OR
TO PIN 5 ON DB9)

A

-_—0/

A 4
-——-o0Bt
u u3
AlO————
7\
02 ——OPOLE T
+D i
1
POLE 20—
A
-0 B2
U2 U4
A2 O———
7\
CONTROL
(TO PIN 20 ON DB25 OR
TO PIN 4 ON DB9)

Fig. 6. Follow this parts placement diagram to stuff the board for AC use (such for

true RS-232 applications or audio projects).



GROUNDS
(TO PIN 7 ON DB25 AND/OR
TO PIN 5 ON DB9}

A

Y o W)
—
POLE 2 [}
(+) o/
|
3 u2
| o
A2 (-) —

|

|

~ -0 B1(-)
|
us JI
POLE 1
D2 +)
___K_..
—
U4 I

Lcr B2 (-)

CONTROL
(TO PIN 20 ON DB25 OR
TO PIN 4 ON DB9)

Fig. 7. To use the switch for DC operation, this method of stuffing the board will yield
a device that is faster and capable of handling higher current.

blank column of Table 1. The con-
nectors you list there should be on
your shopping list for the project.

In the ground-pin column, place a
5 in each row with a DB connector,
and/or a 7 for each DB25 connector.
That column now indicates the ap-
propriate ground pin for each con-
nector. Determine which device (the
pole, A, or B) will have control of the

switch. In the row for that device under
the control-pin column, place a 20 if
the device uses a DB25 connector, or
a 4ifthe device uses a DB connector.
That tells you which pin on which con-
nector carries the control signal.
Leave the other two spaces in that
column blank or cross them out as the
other connectors will not generate a
control signal.

For the last two columns, you'll need
to check the documentation for your
peripherals. You must find out which
pin (pin 2 or pin 3) is used for fransmis-
sion and which is for reception on
each device. Fill the last columns with
those pin numbers accordingly. In
general, computers use pin 2 for
transmit and pin 3 for receive when
they have a DB25 connector, and just
the opposite when they have a DBQ
connector. Most modems are entirely
the opposite: they use pin 3 for frans-
mit and pin 2 for receive over a DB25
connector, and vice versa for a DB?
connector.

Construction. Now that we under-
stand how the A/B switch works, it's
time to build one. A printed-circuit
board should be used. Not only will
using a printed-circuit board save you
fime and lessen the chance of wiring
errors, it will also eliminate the pos-
sibility of signals interfering with one
another, If you want to make your own
printed-circuit board, you can use the
foil pattern shown in Fig. 5. Otherwise,
printed-circuit boards, kits, and fully
assembled units are available from
the source mentioned in the Parts List.

If, as we talked about before, you
want to use the A/B switch for AC (like
RS-232 and audio applications), fol-
low the parts-placement diagram in
Fig. 6, and wire your connectors using
Fig. 1 as a guide. However, to use the
switch for DC operation, the config-
uration shown in Fig. 7 will yield a de-
vice that is faster and capable of
handling higher current. (Please ob-
serve the proper polarity of the out-
puts for DC use.) As mentioned earlier,
you can even wire half the unit for AC
and the other half for DC signals.

For strict RS-232 applications, you
should follow the parts-placement di-
agram in Fig. 6 to stuff the board (that
illustration omits the jumpers of Fig. 7).
Connect the grounds and the control
line guided by Table 1. Connect the
fransmit and receive lines from the
pole device o poles 1 and 2, respec-
tively. Connect the receive and trans-
mit pins of the A device to A1 and A2,
respectively (again guided by the ta-
ble). Also use the table to help you
connect the receive and transmit pins
of the B device to B1 and B2, respec-
fively, and the wiring is complete. The
finished board can now be installed in
any case you like. [ ]
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Build a

Sideswiper

The Sideswiper was the
first of the go-fast code
kevs. You can’t buy them
anvmore, but you can
build one in an hour or so
with parts from the
hardware store!

BY LARRY LISLE, K9KZT

or those who have never seen
Fone, the Sideswiper is a Morse-

code sender that stands some-
where between the straight key and
the bug or keyer in speed, and it's easy
onthe arm.In use, a paddle or handle
is moved back and forth continually
between two contacts. Unlike a bug,
the paddle is not moved one way for
dots and the other for dashes; the key
is simply kept on whichever contact is
next in sequence longer for the
dashes than the dots.

wooD

SCREW NUT SMA
FAHNSTOCK WASHER SCR
CLip \

FAHNSTOCK
CLIPS

wooD
BLOCK

BRASS
CORNER
BRAGKET

The Sideswiper is no longer made, but it is was the first of the high speed code keys.
It's as easy 1o build as it is 10 use, and you can get all the parts at a hardware store!

Construction. The Sideswiper is a
snap to build. | used the base of a
plastic double-pole knife switch for
the contacts. They're connected to-
gether underneath and the common
(ground) wire is brought out to a
fahnstock clip or directly to the trans-
mitter.

The other connection goes to the
brass corner bracket that holds the
paddle. | used a piece of 0.032-inch
brass strip for the paddle because it
feltright atthe hardware store, butyou
might want 1o make yours thicker or
thinner. Try your own ideas!

Use. The contacts on the switch base

can be adjusted by bending them in
or out, but I'd suggest that they be left

_ wooD
E SCREW
KNIFE-SWITCH
BASE

i

Fig. 1. As this breakaway diagram shows, the Sideswiper is composed of materials—
the plastic base of a double-pole knife switch, fahnstock clips. brass corner bracket. a
brass strip (the paddle). a block of wood, etc.—that are readily available from local

Sources.

as they are until you learn the proper
technique. To get the hang of using
your keyer, you should hold your
thumb and forefinger about an inch
apart and sort of siap the paddle
from side to side. That helps you avoid
the most common error in sending
code with a Sideswiper—running the
dots and dashes together.

Be sure to practice with an oscillator
or buzzer before trying the key on the
air. As you become more proficient,
you can put the contacts closer to-
gether, which will allow you to speed

PARTS LIST FOR THE
- SIDESWIPER

“Knife-switch base

Brass sirip

Brass corner bracket
Fahnstock clips

Wood block

Wire, solder, hardware, elc.

up your keying. If the keyer tends o
move while in use, it can be held in
place on the table with some double-
sided masking tape.

The Sideswiper is very easy on the
arm. Let your forearm rest on the table
and role back and forth as you key. If
your arm becomes unusually tired,
youre doing something wrong. Try
placing the key at different angles or
elevate either the key or your wrist until
you find the position where the back
and forth motion is without tension
and seems effortless.

Thats all there is to it. The Sideswiper
is fun to use and is a good con-
versation starter when you make a
contact on the air. See you on 40
meters! |



VACUUM-TUBE BASICS

Come with us as we take an in-depth look at the forerunner

ince the invention of the tran-
SSistr some 45 years ago,

vacuum tubes have graduaily
been replaced by their solid-state
counterparts. Today, electronics re-
search is mostly centered on discrete
and integrated semiconductors; the
tube is largely limited to specific fields,
such as high-power fransmitters and
the cathode-ray tube in television re-
ceivers.

There is still, however, a considera-
ble quantity of tube-type equipment
in existence, and although it is be-
coming harder to obtain tubes, it is
well worth maintaining such equip-
ment. Many enthusiasts still take great
pleasure in building tube ampilifiers
and receivers. It is to readers who
have not previously used tubes and
who are interested in learning about
their operation that this article is ad-
dressed.

The Diode Rectifier. The earliest ex-
ample of the tube can be traced
back to Thomas Edison at the end of
the last century. Edison was experi-
menting with the electric light bulb

to the modern transistor.

BY PAUL COXWELL

and needed a way to support a frag
ile filament. He arranged a metal
plate in the bulb and used insulated
supports from the plate to hold the
filament in place (see Fig. 1). Power
applied to the ends of the filament
caused it heat up and glow, but Edi-
son also discovered that by con
necting a second power source
between the plate and the filament a
current would flow through the vac-
uum, even though there was no direct
electrical connection. Edison’s experi-
ments were concerned with electric
light, so he did not see any practical
use of the discovery.

it took over 20 years, before British
scientist Sir John Ambrose Fleming
would use the technigue to develop
the first diode rectifier tube in 1904. He
showed that current flowed through
the vacuum only when the plate was
made positive with respect to the fila-
ment. With the polarity reversed, no
current would flow. Because of that
one-way action, Fleming named his
device a “valve,” and that name s still
used in England and some other
countries to refer to any type of tube.

Look at Fig. 2 as we explain the ac-
tion of a diode. Power is applied to the
filament of the tube in Fig. 2A, causing
it to generate heat. Filaments are
generally run af low voltages, 6.3 volts
and 12.6 volts being two very com-
mon values, although other voltages
between 2 volts and 35 volts are not
uncommon. The heat causes a
chemical coating on the filament to
emit electrons into the vacuum sur-
rounding it. The coating may be
based on tungsten, barium, or stron-
tium oxides, and the effect is known as
thermionic emission. Since electrons
carry a negative electrical charge,
they form a negative charge around
the filament. The accumulated
charge is called a space charge.

Basic electrical theory states that
like charges repel and unlike charges
attract. If a positive voltage is applied
to the plate, the negatively charged
electrons from the space charge are
attracted toward it, causing a current
to flow. As the voltage applied to the
plate is increased, more electrons are
attracted to it, so more current flows.
The graph in Fig. 2B shows how plate
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Fig. 1. This version of Edison’s light
bulb led to the diode vacuum tube.

current (I,) increases as the applied
plate voltage (V,,) is increased.

Every diode tube has a saturation
point where a further increase in ap-
plied voltage does not cause a signifi-
cant increase in current. In the
example shown, as the plate voltage
is increased above about 70 volts, the
plate current levels off at just under
150mA. The voltage and current val-
ues at saturation depend on the type
of tube in use. Saturation occurs when
the positive plate voltage is sufficient
to attract all the electrons that the
filament can emit. If the filament can-
not emit more electrons, then the flow
of electrons to the plate (and hence
the plate current) cannot be in-
creased. The only way o increase the
plate current above that shown
would be to raise filament emission by
increasing the filament current. If the
plate supply's polarity is reversed,
making the plate negative with re-
spectto the filament, no plate current
flows. That is because the negatively
charged electrons in the space
charge are repelled by the negative
voltage of the plate.

The basic diode tube can be used
as a simple half-wave rectifier, with
the plate acting as the anode and
the filament as the cathode (see Fig.
3). With alternating current applied to
the circuit, the tube conducts on alter-
nate half cycles. When the top end of
the 250-volt winding of T1 is positive
and the lower end is negative (as in
Fig. 3A), the plate of the tube is
positive with respect fo its filament, so

SCHEMATIC SYMBOL Sl
FOR A DIODE TUBE +
b

M2
mA
' |
B2 T
PLATE |
B1 4 M1 it SUPPLY L.
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SUPPLY L v.) T
2
- * s —
A
y
150
SATURATION
z
= 100
= '.
=
wl ]
<5 |
[a s
=2 |
© 1
= |
5 |
& 50+ !
|
I
]
i
|
|
I
1
0 1 T T T N
0 20 40 60 80 100
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Fig. 2. When a vacuum diode is placed in a circuit like the one in A, it exhibits the
quasi-exponential characteristic curve shown in B.

current flows through the load. On the
following half cycle (shown in Fig. 3B),
the polarity of the winding is reversed,
making the plate negative with re-
spect to the filament, which prevents
any current flow. The current through
the load, therefore, takes the form of
half-cycle pulses. Note that the 5-volt
transformer winding supplies power
for the tube’s filament. In a practical
power supply, the rectifier output is
usually followed by a storage capaci-
tor and filter circuit to provide a fairly
smooth DC voltage.

The Indirectly Heated Cathode. So
far, it has been assumed that the fila-
ment of the tube acts as its cathode.
That type of tube functioning in that
fashion is said to have a directly heat-
ed cathode. Figure 4 shows the elec-
trode construction of a typical diode,

along with another type that has an
indirectly heated cathode. Note how
the filament completely surrounds the
plate in more modern tubes such as
the one shown.

The indirectly heated diode has a
separate electrode to form the cath-
ode. Of course, the cathode has a
coating to enhance thermionic emis-
sion. The filament now becomes a
separate entity and is placed inside
the cathode assembly, which is usu-
ally cylindrical or oval in shape. The
sole purpose of the filament in this
type of tube is to provide sufficient
heat to the cathode to stimulate emis-
sion, so the filament is sometimes re-
ferred to as “the heater.” The drawing
also shows the schematic symbol for
the indirectly heated diode. Note that
the symbol "K” is used to identify the
cathode of a tube.
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Fig. 3. The vacuum diode, like its semiconductor equivalent, allows current to flow in
one direction (A), but not in the reverse direction.

The main reason for using indirectly
heated tubes is that they provide iso-
lation between different parts of a cir-
cuit. With directly heated tubes,
connecting allthe filaments to a com-
mon supply would also effectively join
all the cathodes together, which is
typically undesirable. Indirectly heat-
ed tubes allow all the filaments to be
connected together while maintain-
ing isolation between cathodes.

For that reason, most tubes are of
the indirectly heated type. Directly
heated tubes can provide greater
emission from the combined filament
and cathode, so they are used mostly
in high-power circuits, such as large
power-supply rectifiers and the out-
put stages of broadcast transmitters.
In these circuits, the filament of the
tube is usually fed from its own sepa-
rate winding on a transformer, there-
by providing sufficient isolation from
other circuits.

The Triode. The invention of the tri-
ode by Dr. Lee de Forest in 1907 pro-
vided a means for the amplification
of electronic signals. That tube is very
similar to the diode, but has an addi-
tional, third electrode, hence the
name “triode.” Figure 5 shows the
basic construction of a modern, indi-
rectly heated triode. Noftice that the

plate, cathode, and heater all resem-
ble their counterparts in the diode;
the only addition is a length of fine
wire, wound in a spiral between ver-
tical supports, and placed between
the cathode and plate. That extra
electrode is called the control grid.

If the control grid is at the same
voltage as the cathode, the device
behaves just like a diode: The heated
cathode emits electrons to form a
space charge and a positive voltage
on the plate will attract the electrons
causing plate current to flow. As with
the diode, no current can flow if the
plate becomes negative with respect
1o the cathode, and the tube has @
saturation point where a further in-
crease in positive plate voltage can-
not cause a corresponding increase
in current,

However, plate current in the triode
can also be affected by the control
grid. When the grid is made negative
with respect to the cathode, electrons
in the space charge are repelled by
the negative charge on the grid. That
restricts the flow of electrons through
the grid, and reduces plate current.
The greater the negative voltage ap-
plied to the grid, the more the plate
current is reduced. As the negative
voltage (called the “grid bias”) is fur-
ther increased, there will come a

point where the grid repels all the
electrons from the space charge so
the plate current will drop to zero. That
is referred to as the cut-off point.

Figure 6A shows a test circuit that
can be used to determine the
characteristics of atriode. The two po-
tentiometers allow the grid and plate
voltages to be set to any desired val-
ue, and a milliammeter can then be
used to measure the resulting plate
current. Observe the polarity of the
plate- and grid-bias batteries care-
fully: The plate is positive with respect
to the cathode, but the control grid is
negative with respect to the cathode.
Also notice that the three batteries
have been given letters. These desig-
nations have become standard with
tube circuits. The "A” supply provides
power for the filaments, the "B+ “ sup-
ply is the main positive line to the
plates of the tubes, and the "C — “ bat-
tery provides a negative voltage for
grid bias.

In Fig. 6B the results for a typical
triode are shown. The plotted curves,
called characteristic curves, show the
relationship between plate current
and plate voltage for specific values
of grid bias. The first curve is plotted by
setting the grid voltage to — 2 volts
and taking current readings for vari-
ous plate voltages. The grid voltage is
then changed to —4 volts and the
plate voltage varied again for the
second curve. The process is repeat-
ed for the remaining grid-bias values.
As expected, plate current increases
as plate voltage increases, but notice
that for any given plate voltage the
current is lower when the grid bias is
greater. For example, assume that the
plate voltage is set at 125 volts (shown
in dots on the graph). With a grid bias
of —2 volts, plate current is a little un-
der 7mA, but if the grid bias is in-
creasedto — 4 volts, the current drops
to 4mA. With a bias voltage of —10
volts, plate currentis zero because the
tube is cut off. The only way to obtain a
plate current with this level of grid bias
is to increase the plate voltage.

Figure 6C shows another set of
curves for the same tube. This graph
shows how piate current varies with
grid bias for specific values of plate
voltage. Basically, this is the same in-
formation as in the previous graph, it is
just presented in a slightly different
way. Whichever set of curves you use,
you will get the same results. With a
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Fig. 4. The problen with directly heated whes is that they couple with other tubes vida
the filament supply. That is overcome in an indirectly heated tube because the cathode

is separate from the filament .

grid bias of —4 volts, for example,
plate current is 2mA when the ap-
plied plate voltage is a littie under 100
volts.

Triode Characteristics. So far, you
have seen that the plate current is
affected by both the plate voltage
and the grid-bias voltage. Examine
the IV, curves of Fig. 6C again. With
an applied plate voltage of 125 volts
and a grid bias of — 4 volts, the plate
current is 4mA for that particular tri-
ode. If the grid bias is decreased to
—2 volts, the plate current will in-
crease 1o 6.4mA. From the curves, it is
possible to determine that with this
new value of grid bias, the current can
be reduced to 4mA again by reduc-
ing the plate voltage to approximate-

ly 85 volts. This shows that a 2-volt
change in grid bias produces the
same amount of change in current as
a 40-volt change in plate voltage; the
grid voltage, therefore, is much more
effective at controlling current than is
the plate voltage.

The comparison of plate-voltage
change to grid-voltage change is
very important, for it gives an indica-
tion of the amount of amplification
that the tube can provide. The ratio of
the plate-voltage change to the grid-
voltage change required fo maintain
a constant plate current is called the
amplification factor, and is repre-
sented by the Greek letter p, where
for constant |;:

p = Change in V /Change in Vg

With a plate-voltage change of 40
volts and a grid-voltage change of 2
volts for a constant plate current, the
amplification factor, or w, of this tube is
20. A triode amplifier cannot provide
a voltage gain in excess of its ampli-
fication factor; indeed, the actual
gain is always less than that figure for
reasons that will be explained a little
later,

A second characteristic of the fri-
ode is its plate resistance, repre-
sented by R, The tube behaves as
though it had an internal resistance
through which the plate current must
pass. This resistance can be mea-
sured by setting the grid voltage to
some specific value and measuring
the amount of plate-current change
thatis produced by a given amount of
plate-voltage change:

R, = Change in V/Change in |,

with Vg held constant. Assume thatthe
grid voltage is held constant at —4
volts, With the plate voltage set at 125
volts, current is 4mA as has already
been noted. If the plate voltage is
now increased to 150 volts, the plate
current will rise to approximately
55mA. A voltage change of 25 volts
has produced a current change of
1.5mA, giving a plate resistance of ap-
proximately 16.7 kilohms. (Note that
the plate-resistance formula is de-
rived from Ohm’s Law, so with the cur-
rent specified in milliamps the
resulting resistance figure will be in
kilohms)

The final characteristic of the triode
that must be considered at this time is
its mutual conductance, symbolized
by g, (Note that “g" is the symbol for
conductance, which is the reciprocal,
or inverse of resistance) Mutual con-
ductance can be measured by set-
ting the plate voltage to a specific
value and measuring the amount of
plate-current change for a given
change in grid voltage. It was shown
earlier that with plate voltage set at
125 volts and a grid bias of —4 volts,
plate current is dmA. it was also shown
that reducing the grid biasto — 2 volts
while maintaining the plate voltage
at the same level resulted in a plate
current of 6.4mA. A change in grid
bias of 2 volts resulted in a change of
approximately 2.4mA in plate current.
Mutual conductance is calculated as:

9m = Changein i, / Change in Vg
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Fig. 5. The triode is useful for amplifving signals at its control grid, mech the way a
transistor amplifies signals at its base in common-collector mode.

with V, held constant. The change in
plate current is always specified in
milliamps, and the result is given as
milliamps-per-volt. (Note that that is
current divided by voltage, which is
the exact inverse of dividing vollage
by current to give resistance, accord-
ing to Ohm’s Law) A plate-current
change of 2.4mA for a grid-voltage
change of 2 volts gives a result of
1.2mA/N That means that for each 1-
volt change in applied grid voltage,
the plate current will change by
1.2mA. If the negative gnd bias is in-
creased by 1 volt, the current will de-
crease by 1.2mA; if the negative grid
bias is reduced by 1 volt, the plate
current will increase by 1.2mA.

The ampilification factor, plate resis-
tance, and mutual conductance of a
triode are related to each other;

k=GR,

Any one quantity can be caiculated if
the other two are known. Notice the
similarity between these charac-
teristics and Ohm’s Law, with w in

place of voltage, g,,, for current, and
R, for resistance.

The Basic Triode Amplifier. A vary-
ing signal on the grid of the tube re-

sults in a corresponding variation in
plate current. Since the purpose of
the triode amplifier is to provide volt-
age amplification of a signal, the
plate-current variations must be con-
verted o voltage variations. This is ac-
complished with the aid of a ioad
resistor in series with the supply to the
plate (see Fig. 7A). Note that the circuit
differs from those we've presented
thus far in other ways, too, as we'll start
describing more practical circuits
now. First of all, the input to the grid is
from a bias battery and an AC-signal
source in series. Second, the variable
plate supply has been replaced by a
fixed 225-volt B + line. The tube heater
has also been omitted for clarity. In
most schematics of any size the fila-
ments of indirectly heated tubes are
generally shown separately in the
power supply section to simplify the
diagram.

With no AC signal applied, the grid
bias is determined by the C — battery
(B1) and is fixed at - 4 volts. As the AC
signal swings to its 2-volt positive peak,
it subtracts from the fixed bias to
cause the grid to swing to — 2 volts.
When the signal reverses on its sec-
ond half cycle, the 2-volt negative
peak causes the grid to swing down

to — 6 volts. The grid voltage, there-
fore, is a 4-volt peak-to-peak AC sig-
nal centered on — 4 volts rather than
zero.

The mutual conductance calcula-
tion showed that this tube gives a
plate-current change of 1.2mA for
each volt of grid-voltage change. Re-
member, however, that that is only
frue if the plate voltage is held con-
stant; the presence of the load resistor
causes the plate voltage to vary: As
plate current increases so does the
voltage dropped across R, which
causes the plate voltage to drop. The
behavior of the amplifier can be de-
termined by plotting some points on
the 1V, characteristic curves (see
Fig. 7B). When plate current is zero,
there is no voltage drop across the
load resistor, so the plate voltage rises
tothe B+ level of 225 volts. If the plate
current is now increased to 2maA,
Ohm's Law shows that R, must drop 70
volts. This results in the plate voltage
dropping 70 volts below B+ to 155
volts. By the time the plate current has
increased to 5mA, R, drops 175 volts,
leaving the plate at just 50 volts above
ground.

When those points are joined, a
straight line called a “load line” is
formed. Using the line, it is a simple
matter to find the plate current and
voltage for any given grid input, since
the point must lie somewhere along
the load line. The fixed - 4-volt grid
bias (shown dotted on the graph)
gives a plate current of 3.2mA and a
plate voltage of 110 volts. When the
positive half cycle of the AC signal
causes the grid fo swing to — 2 volts,
the plate current rises to 4.1mA, while
the plate voltage drops to 83 volts.
When the negative half cycle takes
the grid to — 6 volts, the plate current
decreases to 2.5mA and the plate
voltage rises to 137 volts. Note that a
phase reversal has occurred: When
the input signal swings positive the
output swings negative, and vice ver-
sa. The signal is also centered on 110
volts, so in most circuits a capacitor
would be used at the output to cou-
ple the AC portion of the signal to the
next stage by removing the 110-volt
DC component.

The voltage gain of the circuit can
now be determined by:

Voltage gain = Output amplitude /
Input amplitude
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Fig. 6. The simple circuit in A can be used to characterize a triode by measuring its
output voltage, and output current while adjusting its input voltage and load . the

results are shown in B and C.

The input signal of 4 volts peak-to-
peak results in an amplified output of
54 volts peak-to-peak, so the voltage
gain in this case is 13.5. It was shown
earlier that the amplification factor, or
w, of the friode is 20, yet the circuit
provides a voltage gain of just13.5. It is
the internal plate resistance that is re-
sponsible for this difference.

Figure 8A shows the circuit redrawn
in an unconventional manner. Ar-
ranged that way, it becomes obvious
that the plate and cathode of the
tube and the B+ supply are in series
with the load resistor. The current flow-
ing in the circuit varies with the 4 volts
peak-to-peak signal input at the grid,
so it is helpful o analyze the circuit by
looking on the tube and B + supply as
being an AC generator, producing a
peak-to-peak amplitude equat fo the
input signal multiplied by the ampli-
fication factor of the tube. Thisleads to
the circuit shown in Fig. 8B. The points
marked "“P” and “K” represent the
plate and cathode connections fo
the tube; R, has been added to rep-

resent the internal plate resistance of
the tube, which was shown earlier to
be around 16.7 kilohms.

The reason for the overall gain
being less than the specified ampli-
fication factor can now be seen. The
output from the tube “generator” is
applied across R, and R which effec-
fively form a voltage divider. So, the
actual gain of the circuit can be cal-
culated as:

Gain = nRR, + R)

That shows that the higher the value of
the load resistance, the closer the
voltage gain becomes to the ampli-
fication factor of the tube. It is impor-
tanttorealize that the plate resistance
is determined by the construction of
the tube and cannot be changed,
whereas the load line and actual
gain of the amplifier can be altered
by adjusting the value of the load re-
sistance. A useful exercise toward un-
derstanding what is happening
would be to plot a second foad line
onthe graph for a different value of IR,

T T T T T |
-1 -8 -6 -4 -2 0 +2
GRID VOLTAGE, V, (VOLTS)

T f
-14 -12

c

and then determine the new charac-
teristics of the amplifier.

Now that we've examined the vac-
uum diode and analyzed the opera-
tion and characteristics of the basic
triode amplifier, it is time fo look at
some implications of the friode’s
characteristics and see how the de-
vice can be put to use in a practical
circuit.

Grid Bias. One of the most impor-
tant considerations in the design of a
friode-amplifier stage is the choice of
the grid-bias level. Examination of the
graph back in Fig. 7B will show that
each characteristic curve has both a
straight (linear) section and a curved,
non-linear section; the latter can be
seen foward the bottom of each
curve. With a grid bias of — 4 volts, the
input signal causes the grid voltage to
swing between — 2 voltsand - 6 volts.
The load line intersects both of these
curves on their linear portion and pro-
duces an outfput signal of 54 volts
peak-to-peak, centered on the quies-



cent (no-signal) plate voltage of 110
volts.

If the grid bias is increased to, say,

10 volts, the result will be quite dif-
ferent. The input signal will swing the
grid voltage between - 8 volts and
- 12 volts, both of which are inter-
sected by the load line on their non-
linear section. When the input signal is
at zero, the ~ 10 voits grid bias gives a
plate current of 115mA and a plate
voltage of 185 volts, When the grid

g LOAD LINE FOR
R=35K AND B+ =225V

PLATE CURRENT, I, (mA)

swings to — 8 volts, current rises and
the plate voltage drops to 165 volts;
when the grid swingsto — 12 volts, cur-
rent drops and the plate voltage in-
creases to 215 volts (see Fig. 9). The
peak-to-peak amplitude of the out-
put signal is now only 50 voits, so the
gain of the stage has dropped from
13.51012.5. Of far greater importance
is the fact that the output is no longer
an amplified, faithful reproduction of
the original signal: The positive peak is
30 volts while the negative peak is just
20 volts. If this circuit formed part of
the audio amplifier in a radio or pho-
nograph, the reproduced sound
would be distorted.

Incorrect bias or excessive signal in-
put can also cause the control grid to

T T
0 50 100

PLATE VOLTAGE, V,

T 1 T I e driven above ground voltage on
200 250 " , .
the positive peaks of the input signal
or to drop below the cut-off point on

negative peaks {see Fig. 10). Normally,

T
150

Fig. 7. A triode is an inverting amplifving device as indicated in A. The setup shoven the grid is negative with respect to the
generates the family of curves in B. Note that the filament has been left our of the cathode, so it repels electrons and no
drawing in A for enhanced clarity as is customary in most vacuum-tube schematics. current flows in the grid circuit. The

p
16.7K

R

n x INPUT 35K

20 x 4V = 80V, , X
& 1

B
Fig. 8. Redrawing the riode amplifier so
it appears as in A makes it easier 1o
view us a signal generator with output
impedance, as shown in B.

pn s U vl
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[ [ -
oy [\ ] izv 185V U 1
N T, AV S u__;_zv 165V —— — el 1

INCORRECT BIAS
B
Fig. 9. With correct biasing, the quiescent output voltage should be richt in the middle
of the minimum and maximum output voltuges (A). Incorrect hiasing (B) leads 10
unsymerrical waveforms and distortion.
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distortion in a varieiry of forms.

tube input, therefore, has a very high
impedance. If the grid becomes
positive with respect fo the cathode,
current can flow in the grid circuit
since the negative electrons are at-
tracted to the now positively charged
grid. That grid current causes a reduc-
tion of plate current, resulting in the
corresponding “peak” of the output
waveform being flattened. The grid
current can also load the previous
stage excessively, since the input im-
pedance fo the tube is lowered.

On excessive negative signals, the
tube can be driven to cut-off. In the
circuit we have been considering,
cut-off would occur when the grid is
taken below —14 volts. Further in-
creasing the negative voltage on the
grid cannot reduce the plate current
since it is already zero. With no plate
current flowing, the plate voltage rises

fo the full B+ level of 225 volts. Again,
the result is a clipped peak on the
output waveform. Clearly then, the
amplitude of the input signal and the
level of fixed grid bias must both be
considered carefully if the amplifier is
to provide a faithful reproduction of

“the original signal. Keeping the tube

within its linear range is called “class-
A" operation. A little later we will dis-
cuss some other amplifier classifica-
tions.

Cathode Bias. Since the power sup-
plied to the tube plates must be
positive with respect to ground and
the grid-bias voltages must be nega-
five, it would appear that a separate
battery or power supply section must
be used to provide the grid-bias sup-
ply. In some circuits, particularly the
output stages of high-power transmit-

b

_r o
i
, 225V
% z C1
INPUT 35K & 0.05
o +——{—oouTPUT

R
Ko = — = 120Q
*" 0

-
2nf Xek

AT 60Hz:

= G (VY

2nx 60 x 120
Fig. 11, As a rule of thumb, the
impedance of the AC-bypass capacitor at
the lowest frequency of interest should be
ten times smaller than the cathode
resistor.

= 22uF

ters, this arrangement is used, but far
more common is @ method that com-
pletely dispenses with the need for a
separate grid bias supply. This method
applies the bias to the cathode in-
stead of the control grid.

Figure 11 shows a typical amplifier
stage that uses cathode bias. Resistor
R is the load resistor and the capaci-
tor at the plate couples the output
signal to the next stage. The negative
grid-bias supply has been removed
and the input signal coupled straight
to the control grid. Resistor R insures
that the grid is kept at DC ground volt-
age when the input signal is capaci-
tively coupled from a previous circuit.
The value of 1 megohm is typical
since the input impedance of the
fube is very high. In cases where the
signal source provides a DC path to
ground, such as a matching frans-
former, the resistor is not needed.

it was shown earlier that correct op-
eration of this triode was obtained
when the grid bias was set at — 4 volts,
That gave a quiescent plate current
of 3.2mA (determined by the load line
on the characteristic curves). In this
new version of the circuit, however,
the grid is at zero DC voltage. If the
grid must be 4 volts below the cath-
ode, but the grid is maintained at DC
ground, the cathode must be pulled 4
volts positive with respect fo ground.
That is achieved by inserting a resistor,
R, in the cathode connection. Deter-
mining the value of R, is straightfor-
ward. The grid draws no current, so the
current flowing in the cathode circuit
must be equal to the plate current.
The standing plate current is 3.2mA
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and the required voltage drop across
R, is 4 voits, so Ohm’s Law can be ap-
plied:

R, = Bias voltage / Quiescent i

This gives a figure of 1250 ohms. In
practice the nearest standard value
of 1200 ohms would be satisfactory.

Although the cathode resistor pro-
vides the correct DC bias for the tube
to operate, it does introduce a prob-
lem: the gain of the amplifier is re-
duced. As the input signal swings
foward its positive peak, the plate cur-
rent will attempt to rise to the value
indicated by the load-line graph. As
the current increases, however, the
voltage drop across R, also increases.
This makes the cathode more positive
with respect to ground, which has the
same effect as increasing the nega-
tive bias on the grid. That increased
bias effectively cancels part of the
positive input from the signal. Similarly,
when the input signal swings negative
the plate current starts to decrease.
That causes the voltage drop across
R, to become smailer, reducing the
voltage at the cathode. That has the
same effect as decreasing the grid
bias. The net effect is that the cath-
ode-voltage variations subtract from
the input signal and partially cancel i,
so the gain of the circuit is lowered.
This is known as negative feedback, or
degeneration. Although negative
feedback has its uses, such as reduc-
ing distortion in high-fidelity ampli-
fiers, it is often not wanted.

Fortunately, the full gain of the cir-
cuit can be restored by the addition of
a bypass capacitor, C,, in paraliel with
the cathode resistor. This capacitor
shunts out AC signal variations on the
cathode but allows R, to provide the
correct amount of DC bias. The value
of C, is generally chosen so that its
capacitive reactance is approxi-
mately one-tenth of the value of R, at
the lowest frequency in use. Figure 11
shows the calculation for an audio
amplifier that must have a frequency
response down to 60 Hz. In a practical
circuit, the capacitor can be the
nearest available value above the
calculated figure.

Classes of Operation. The impor-
tfance of using the correct amount of
grid bias to prevent distortion was
stressed earlier. In audio amplifiers the
fidelity of the sound will suffer if the
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Fig. 13, This is a simple class-C RF amplifier. Note that the load resistor has been
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Fig. 4. In this txpical RF amplifier stuge Resistor Rl keeps the control grid at DC
ground voltuge, R2 provides the correct biusing for the tube, Cl acts as the cathode

bypass. and the load is the tuned circuit.

tube is allowed to operate in its non-
linear range. Similarly, the video am-
plifiers in radar and television sets
must be free of distortion if a good
display is to be produced. There are
times, however, when a tube can be
operated in a differént manner.

Figure 12A shows an |V, curve. The
grid signal has been drawn sideways
since the horizontal axis of the graph
represents grid voltage and lines can
then be extended to plot the corre-
sponding plate current. The signal
never drives the tube out of its linear
region and plate current flows all the
time, giving a faithful reproduction of
the signal af the output. As was men-
tioned before, that is called “class-A”
amplification.

Figure 12B represents a quite dif-
ferent type of operation, called “class
B.” The fixed grid bias is made just high
enough to cause the tube to cut-off,
so with no signal applied plate cur-
rent is zero. The positive half of an in-
coming signal brings the tube out of
cut-off and plate current flows until
the signal returns to zero. As the signal
swings negative, the grid bias is in-
creased, and since the tube is now
being driven beyond the cut-off point,
plate current remains at zero. Notice
that plate current flows for only half
the time-——when the input signal is on
its positive half cycle.

Figure 12C shows the situation when
the fixed grid bias is further increased.
The tube is now biased well-below the
cut-off point, so plate current can flow

only when the positive part of the in-
put signal is sufficient to bring the grid
voltage above cut-off. Plate current
flows for only a small portion of the
input signal, and it takes the form of
large pulses.

It may appear that operating the
tube in this manner is of little use, since
the output waveform bears little re-
semblance to the input signal. The
class-C amplifier, however, is used ex-
tensively in RF circuitry. Figure 13 shows
a simple RF amplifier stage. The input
signal is applied to the grid through a
coupling capacitor and the C — sup-
ply is connected to the grid by way of
an RF choke. Thatinductor prevents RF
at the grid from finding its way back to
the supply. The load resistor has been
replaced by a tuned circuit that also
provides coupling to the next stage.

It is beyond the scope of this article
to carry a detailed examination of
tuned circuits, but a brief summary is
in order. In a perfect parallel-tuned
LC-tank circuit, oscillations can con-
finue indefinitely as energy is trans-
ferred back and forth between the
capacitor and inductor. In practice,
the tank circuit must have an external
energy source to overcome the tank's
energy-draining internal resistance to
allow oscillation to continue.

The class-C amplifier performs this
function admirably. When the input
signal reaches its positive peak, a
brief pulse of piate current flows,
shocking the tank circuit info oscilia-
fion at its resonant frequency. The in-

put signal then drops to a level such
that the tube is cut-off and plate cur-
rent is zero, but the oscillations of the
tuned circuit continue. When the next
positive peak of input signal comes
along, the pulse of plate current rein-
forces the oscillation in the tank cir-
cuit. In this way, the tube supplies just
enough power to the tuned circuit to
overcome the resistance. The oscilla-
fion in the tank circuit restores the sig-
nal to a perfect sinewave.

The advantage of the class-C am-
plifier over other types is that it is far
more efficient because the plate cur-
rent only flows for brief periods. The
class-A ampilifier is the least efficient,
since plate current flows all the time,
but it is the only type that can provide
an output signal that is an amplified
replica of the original signal.

You may occasionally see refer-
ences to class-AB operation. As the
name implies, the tube in such a cir-
cuit is biased at some point between
class-A and class-B circuits, so that the,
input signal drives the tube into cut-off
on its negative peak but plate current
flows the rest of time. Such circuits are
commonly found in the output stage
of push-pull audio amplifiers.

The Tetrode and Pentode. The de-
sign of the triode places the three
electrodes fairly close to each other.
Any conductors placed in close prox-
imity exhibit stray capacitance, and
the triode has a smali, but measura-
ble capacitance between its elec-
trodes, typically a few picofarads. At
low frequencies that is of little con-
sequence, but at radio frequencies
the grid-to-plate capacitance can
cause feedback resulting in instability
or oscillation. That problem led to the
development of the tetrode.

The tetrode is very similar to the tri-
ode in overallconstruction, but it has a
second grid, called the screen grid,
wound between the control grid and
the plate. That grid is connected to a
positive voltage and acts as a screen
between the plate and grid, thereby
reducing the grid-to-plate capaci-
tance and dallowing the tube 1o be
used at high frequencies.

Figure 14 shows how a tetrode can
be wired in a typical RF-amplifier
stage. Resistor R1 keeps the control
grid at DC ground voltage, R2 pro-
vides the correct biasing for the tube,
and C1 acts as the cathode bypass to




prevent the cathode resistor from re-
ducing the gain of the stage. The
plate load is the tuned circuit, which
also couples the signal to the next
stage. All of these components serve
the same purpose as their counter-
partsin the triode amplifier. Resistor R3
has been added to provide a positive
voltage on the screen grid. Since the
screen is positive with respect to the
cathode, it draws some current. This
screen current is usually considerably
less than the plate current. Capacitor
C2 is added to shunt AC signals to
ground to prevent input signals from
causing variations in the screen cur-
rent. It must have a value that is high
enough to provide a low-impedance
path to ground for AC at the frequen-
cy in use.

Note that when calculating the val-
ue of the cathode resistor (R)) for a
tetrode, the sum of the plate and
screen currents must be used, since
the cathode provides a common
source of electrons for both:

R, = Bias voltage/ (Quiescent |, + I, )

The screen grid in the tetrode solves
the problem of unwanted capaci-
tance between the control grid and
plate, but it intfroduces another prob-
lem. Electrons striking the plate of a
tube after their journey from the cath-
ode can cause other electrons al-
ready on the plate to be emitted. That
effect is known as “secondary emis-
sion” and the electrons released in
this way are called “secondary elec-
trons.”

In the triode, secondary emission is
of no consequence, since secondary
electrons are immediately drawn
back toward the positively charged
plate. In the tetrode, however, sec-
ondary electrons can be attracted to
the positively charged screen grid,
thereby adding to the screen current
and reducing the plate current. Figure
15 shows how plate current varies with
plate voltage in a typical tetrode
when the screen voltage is fixed at
200 volts.

Starting from zero, current increases
with rising plate voltage as you would
expect. The dip in the line is the point
where secondary emission starts to
occur; since the plate voltage at this
point is still well below the screen volt-
age, most of the secondary electrons
are drawn to the screen grid, so plate
current is reduced. Current starts to
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Fig. I5. Secondary emission produces a dip in the characteristic curve of a tetrode
because of the presence of the screen grid. Obviousiy. that is therefore not a problem

with a triode
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Fig. 16. In the pentode, a third grid. known as the suppressor, is fitted between the
screen and plate. The suppressor prevents secondury electrons from the plate from

reaching the screen.

rise again as the plate voltage ap-
proaches, and then exceeds, the
screen voltage.

It is the plate current that is used to
produce a voltage drop across the
load and provide an output signal, so
any reduction of the plate current by
secondary emission can lead to dis-
tortion. The way to avoid that is to
make the standing plate voltage con-
siderably higher than the screen volt-
age. If the difference in voltage is not
sufficient, the positive peak of the in-
put signal can cause the plate volt-
age to drop to a value close to, or
even below, the screen voltage. That
will cause the peak of the output
waveform to be flattened due to the
secondary electrons flowing to the
screen grid.

The need for a high B+ supply to
provide sufficient plate voltage is the
reason for the invention of the pen-
tode. As its name implies, the tube has
five basic electrodes. The cathode,
plate, control grid, and screen grid of
the tetrode are all present, but a third

grid, known as the suppressor grid, is
fitted between the screen and plate.
That grid is usually connected to ei-
ther the cathode or ground (see Fig.
16). Secondary electrons emitted
from the plate are now prevented
from reaching the screen by the sup-
pressor; since the suppressor is at the
cathode voltage, the electrons are
attracted back to the plate. The third
grid, therefore, has suppressed the
effects of secondary emission, hence
its name.

If the pentode’s only benefit was its
ability to be used in high-frequency
circuitry, it would not also be used ex-
tensively in audio applications. In fact,
the pentode and tetrode also provide
far greater amounts of amplification
than the triode, which makes them
ideal in high-gain, low-frequency ap-
plications, too.

Referring back to Fig. 15, notice that
above a certain value the plate volt-
age has very little effect on the plate
current. In both the tetrode and the

(Continued on page 94)
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ow that automobile burglar
N alarms have become so com-

plex and sophisticated, many
thieves (primarily the non-profession-
als) will not take the chance of setting
them off anymore. And, however, just
when you thought you had heard of
everything, the crooks have come up
with a new wrinkle, something new
called carjacking—wherein the thief
simply takes your car away from you
while you're waiting at a stop light:
that way the thief doesn’t have to hot-
wire the ignition, nor does he have to
hassle with an alarm. What defense
do you have in that situation?

Just suppose for a moment that you
are a carjacker; you've just misap-
propriated (stolen) a car by making
the driver get out—it was oh so eqasy.
Now you're driving down the street for
a couple of minutes and suddenly the
car stops running. You try to restart the
car, but the starter won't turn the en-
gine over. Since you are not proficient
in electronics, and your time is very
limited, there is nothing to do but
abandon the vehicle, and hopefully
disappear.

Again put yourself in the shoes of
the would be car thief. You have, just
slid a jimmy bar down the window
and popped the door lock open. You
jump into the seat and hot wire the
ignition switch. Wow that was easy, so
now you're ready for a joy ride. Think
again! The engine will not run, or even
turn over with the starter. No time for
diagnosing the problem, nothing fo
do but spilit.

in both of those exampiles, the re-
sults are the same: the thief is foiled,
and the car is largely undamaged.
But that is only true if the automobile is
equipped with the Aufomobile De-
layed Kill Switch that is described in
this article.

The Automobile Delayed Kill Switch
is simple in concept. When you get
out of your car, a secretly located
pushbutton switch is pressed. Nothing
apparently happens, but at the end
of a predetermined time, a relay is
pulled in and locked. When the relay
is pulled in, contacts open, and the
hot lead from the ignition to the coil
and the hot wire from the key switch to
the starter solenoid is opened or dis-
connected. If the engine is running, it
stops immediately and the starter will
not operate. If the car is parked, you
might think the battery was com-
pletely dead. When you get info the
car, another pushbutton switch is
pressed and the relay drops out and
everything goes back to normail.

The kill switch is not normally en-
gaged while the owner is in the car or
driving. It is fail safe because, if it fails o
operate as intended, it falls into the
normal-operation mode—with the
relay open. The switch can be initi-
ated afteryou park and the car will be
immobilized 3 minutes afteryou leave
it. If, heaven forbid, you are asked fo
get out of your car by a carjacker, by
all means do it, but you secretly press
the start button as you are exiting the
car. Three minutes later, hopefully
when the carjacker is just down the

Baffle the thieves and carjackers with this
easy-to-build security device.

BY WALTER W. SCHOPP

Build a
Time-Delayed

Kill Switch
for your Car

road and out of sight, the car will be-
come completely disabled.

How it Works. A schematic diagram
of the Automobile Delayed Kill Switch
is shown in Fig. 1. The kill switch is
nothing more than a cascaded timer
built around a common LM556CN
dual oscillatortimer (U1). In that circuit,
the first timer is initiated by pressing
the start switch, S1. That applies @
negative voltage fo pin 6 of U1, which
starts the timing sequence. The delay
period of the first timer can be set at
anywhere from 3 to 10 minutes; your
setting is determined by how far away
you want the car fo be when it goes
dead. (If you are still within sight, the
thief might be provoked fo violence.
But you also do not want him to be
able to travel too far before the car
goes dead) About 3 to 5 minutes
should be about right.

The time that elapses before the
automobile has an “electrical failure”
is determined by R1 and C1.The com-
ponents shown give a time of about 3
minutes and 20 seconds. The time is
determined by:

T(second) = 11 x RC

where R is resistance in ohms and C is
capacitance in farads. The time can
be altered using that formula.

When $1 is pushed, nothing per-
ceptible happens, but the count-
down time starts. At the end of the
countdown, a positive signal on pin 5
abruptly goes negative and a nega-
tive pulse is fransferred to pin 8
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built around a common LM556CN dual oscillatori/timer (U1), that is coupled with a

heavy-duty relay.
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Fig. 2. Shown here are circuits effected by the switch. Each contact of the enclosed,
4PDT 12-volt relay can switch up to 20 amps. By connecting two contacts in parallel,
the high current of the starter solenoid's hot wire can be accommodated.

through C4. That immediately triggers
the second timer into action. On the
second timer, the timing resistor has
been replaced with an open tran-

sistor, Q3. That inactive transistor does
not allow C5 to charge to a positive
potential, effectively keeping the
timer on, and a positive voltage on

o S2
C3
L . -
T

R7

pin 9. The voltage on pin 9 turns on Q1
and Q2, which, in turn, energizes KA.

The second timer remains on indefi-
nitely or until the reset switch, S2, is
pressed. That places a negative sig-
nal at the base of Q3, furning it on,
allowing C5 to charge. And that, in
turn, allows the second cascaded
timer to turn off and K1 drops out. Di-
ode D1 serves a very important func-
fion because when the relay drops
out, a large spike is generated by the
inductance of the coil. Without D1,
that spike is enough to trigger the first
fimer back intfo operation when the
relay drops out. You can see what a
mess it would be if you had to press 52
every 3 minutes as you drive across
town.

Note that it is necessary to use a
relay that will handie large amounts
of cutrent without impairing the oper-
ation of the automobile when the
switch is not in use. The relay chosen
was an enclosed 4PDT 12-volt unit.
Each contact can switch up to 20
amps. By connecting fwo contacts in
parallel, the high current of the starter
solenoid’s hot wire can be accommo-
dated. A single 20-amp contact is suf-
ficient for the coil wire. An extra 20-
amp, normally open contact can be
used to turn on an optional alarm if
desired. Those connections are
shown in Fig. 2, which defails what
circuits are effected by the basic
switch configuration.
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Fig. 3. The timer portion of the kill switch was assembled on a printed-circuit board
(shown here), measuring about 3% by 376 inches full-scale.

PIN 10
OF K1

-

€3

o

Fig. 4. When assembling the printed-circuit board, it is necessary to use low-profile
parts so that the circuit board can be fitted inside the relay socket.

The high-current requirements of
the relay-contact circuit dictate that
the contacts not be soldered to the
foil of the printed-circuit board. With

the design used, the two circuits that
are interrupted are connected di-
rectly to the screw terminals on the
relay base.

S
By

. PARTS LIST FOR THE
AUTOMOBILE DELAYED KILL
SWITCH *

'SEMICONDUCTORS

Ul—-LM556 dual oscillator/timer,
*integrated circuit

Q1—TIP3I NPN silicon power
transistor (Radio Shack’
#276-2017) S

Q2—2N3903 general-purposc, NPMN
silicon transistor

Q3-—2N3905 general- purpo . PNP
silicon transistor

DI—IN4001 l-amp, 50-Piv silicon

&

. rectifier diode £

. LED1—Light-emitting diodc

+ RESISTORS
(Al fixed resistors are Ya-watt, 5%
. units.) kS
Ri—1.8-megohm s

R2, R4, RS, R1010,000-0him
R3, RR9—I1000-ohm &

E
CAPACITORS
C1—100-pE 16-WVDC/ elcctrolytic
C2-C5—0.0047-pF, ceramic-dise *
C6—0.1-uEF ceramic-disg

ADDITHIMNAL PARTS AND
MATERIALS 2=

Kl—Aromat #HG4-DCI2V 4PDIT,
relay with 20-amp, 250-voli
contacts

S1, S2—Normally open, munizafumn:
pushbutton switch

Printed-circuit board muterials, H{4-
SF Aromat relay socket, dual-tie
point Ya-inch terminal block (Radio
Shack part 276-1388), three M4
16 pitch 0.7 screws, wire, solder,
hardware, etc. oo

Note: If you cannot locate the HG4-
DCI12V relay and/or ‘the H(i4-SF #y
relay socket, contact Aromat Corp
(629 Central Ave., New
Providence, NJ 07974) directly at’
908-464-3550 for nearest local *
distributor. £

s 5

Construction. The timer portion of
the circuit was built on a printed-cir-
cuit board, measuring about 3% by
3746 inches. A full-scale foil template
of that circuit-board layout is shown in
Fig. 3, with the corresponding parts
placement diagram shown in Fig. 4.
The low profile of the parts allowed
the circuit board to be laid out in such
a way as to fit inside the relay socket.
The bottom plastic plate was re-
moved by prying it off of the socket,
and the socket mounted directly over
(Continued on page 94)




rIntroducing a New Era
In Technical Training.

World College, an affiliate

of the Cleveland Institute of
Electronics, was created to
provide a four year, indepen-
dent study, technical degree
program to individuals seeking
a higher education. The
Bachelor of Electronics Engi-
neering Technology Degree,
offered by World College, pre-
pares students for high-paying
careers in electronics, telecom-
munications, electrical power,
computer and control systems.
World College’s curriculum

is taught in an effective, time-
proven, independent study
environment. With World
College’s flexible study sched-
ule, students have the opportu-
nity to work or spend time with
their family without having to
worry about rigid scheduling
residential colleges offer.

A Quality Education
with a Hexible
Schedule.

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

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

a program created to provide
the best education and

training possible with o™ e,
a flexible schedule
to match your busy
lifestyle.
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World College is currently seeking
approval to confer the Bachelor
Degree from the Virginia Counci! of
LHigher Education.
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Bringing Technclogy Home!

o

chNClb'

Bachelor of

Electronic

Engineering
Technology

Degree
fr

Lake Shores Plaza
5193 Shore Drive, Suite 113
Virginia Beach, VA 23455-2500

Send For Your Free
Course Catalog.

Take the first step towards a new start
in life. Send for World College’s Free
Independent Course Catalog today and
discover how easy and affordable it is
to get started on your Bachelor Degree.

World College is affiliated with

ke

Complete the Entire
Degree Program Under

One Roof. Yours!

Only World College offers an
independent study, four year
technical degree which can

be completed through one
school. All lab equipment*,
parts, and software are
included in your tuition and
the program’s 300-plus
laboratory experiments can be
completed in your own home.

You Pay Only For Time
Actually Used.

World College not only
provides a means to earn

a Bachelor Degree while
fulfilling current obligations,
but there are no restrictions
on how fast you can complete
the program. At World
College, you pay tuition only
for the actual upper-level
semesters it takes to graduate.
The quicker you complete the
program, the less you pay in
tuition. It’s an effective way to
keep you motivated in order
to complete the course and
move on to a better paying
position as quickly as possible.
Currently not available in Ohio.

* Student must have access to a personal
computer system.
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I I:l YES! Please send me

[ world College’s Free Course
l Catalog detailing the full
curriculum.

-J

Name:

l Address:

|

l Apt:

l State: Zip:

|

|
|

City:

l Phone: ( }

: Age: .
Return to:
World College
Lake Shores Plaza
5193 Shore Drive, Suite 113

I Virginia Beach, VA 23455-2500
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otorola—it's an elec-

tronics industry giant
with roots going back to the
early days of broadcast ra-
dio. Yet the products of this
distinguished company
might not be quite as famil-
iar to many collectors as
those of other classic
broadcast-set manufac-
turers. Manufacturers like
Atwater Kent, Freed-
Eisemann, Crosley, and Phi-
lco. The reasons for this are
related to the reasons why

By Marc Ellis

Radio to Go—
The Motorola
Story

«B°* Battery
Eliminator

Dependable and Trouble-Free
This is absolutely the finest and
most dependable “'B" Battery Elimi-
nator obtainable at anywhere near
our low price. Quality built through-
| out to give you steady dependable
service and trouble-free operation,
Rugged and powerful; with the lat-
est and best engineering principles
and construction, Has an output of
45 milliamperes at 180 volts, which
is sufficient power.to Operate almost
any receiver, including those using
power tubes, Prima voltage.comrol
affords 2 means ol regulating the
voltage at all taps. This not only
prevents condenser breakdown within the eliminator but avoids any possibility
of paralyzing the tubes in receiver. The detector control permits a range of
vnlmges from 20 to 60 volts. Has three amplifier taps, 67 volllts‘., 90 volts
and “power;”’ the power tap handling up to 180 volts. No ''C" battery
taps are provided, as better results are obtained with the use of a separate
battery, All binding posts and controls housed in_a neat, compact,
sturdy metal case, 114 inches long, 47% inches wide and 93 inches high.
Furnished complete with non-filament type rectifying tube, Operates from
any 110:115-yolt- 50-60-cycle alternating house current. Jlf wanted for 25 to
?P‘f}'clg house current, write for price. For replacement tubes for the above
eliminator see 57R4621 on our Tube page. We pay postage. $23
BZRE20 I Va et iier ettt .

Gualvin Manufacturing Corporation’s first product, as advertised
in the 1928 Sears Roebuck catalog.

Motorola now ranks among
the top 50 industrial com-
panies in the United States,
while the other frademarks
have disappeared.

| don't want to pose as a
business writer, but
Motorola’s success stems
from the fact that its found-
ers staked out a broad
corporate playing field.
They came to see them-
selves not primarily as
manufacturers of consumer
broadcast sets, but rather
as manufacturers of porta-
ble and mobile

communications equip-
ment. They also had the
vision to foresee needs for
products requiring their
chosen area of expertise
and the entrepreneurial
spirit fo develop these
products into new lines of
business, some of which
had never existed before.
But more on that later.

THE MOTOROLA
MUSEUM

Motorola is unusual
among large modern cor-
porations in that it has a
keen interest in preserving
its own history. In 1991, the
company opened a large
museum facility that in-
cludes a 20,000-square-foot
exhibit gallery chronicling
the growth of the company
and the industries it helped
to shape. Behind the scen-
es are facilities for housing
thousands of vintage com-
pany products, marketing
aids, and other artifacts, as
well as an equdlly large
collection of photographs
and graphics.

The museum is part of
Motorola’s Corporate Edu-
cation complex, which is
located in Schaumburg, Hlli-
nois, a suburb of Chicago.
As it happens, | live about
an hour's drive from the
facility and had been curi-
ous about it for some time.
Recently my curiosity got
the better of me, and | put
in a cali to Sharon Darling,
who is the museum director.
We arranged for me to
come out, visit, and do @
story for the column, and
that was a fascinating ex-
perience indeed.

Space limitations prevent
me from giving you a de-
tailed description of the
museum. | really need lots

ANTIQUE RADIO

of room to tell you what |
found out there! But suffice
it fo say that the gallery is
divided into eleven discrete
display areas; the first four
(where | spent most of my
time) deal with the history
of the company and the
industry, while the remain-
ing seven deal with specific
current fopics, such as
robotic manufacturing, ra-
dio communications,
microelectronics, the “intel-
ligent vehicle highway
system,” cellular communi-
cations, electronics
exploration through com-
puter simulations, and
corporate culture.

The quality of these ex-
hibits is outstanding. They
are carefully organized,
aesthetically pleasing, and
contain much unusual ma-
terial. If you're in the
neighborhood, drop inl The
museum is usually open
from @ am. to 4:.30 p.m.
Monday through Friday, but
it's best to call ahead and
verify your date. Phone
(708) 576-6559. You should
allow 12 to 2 hours to see
the museum. Guided tours
are available by appoint-
ment.

MOTOROLA’S SHAKY
START

It's ironic that a company
whose success was found-
ed on shrewd business
vision got off to a shaky
start because of some very
poor market timing. The
Galvin Manufacturing Cor-
poration, predecessor of
Motorola, was founded in
Chicago in 1928 by broth-
ers Paul and Joseph Galvin.
The two young en-
trepreneurs (Who were in
their early thirties and late
twenties, respectively) start-




ed their company to go
intfo the manufacture of "B"-
battery eliminators, a busi-
ness they had purchased
from the bankrupt Stewart
Storage Battery Company.

These eliminators
plugged into the AC line
and supplied the necessary
high voltages for the three-
dial, five- and six-tube, bat-
tery sets then in vogue. They
were very useful accesso-
ries for such sets, since they
freed the owners from the
expense and annoyance of
continually buying the nec-
essary high-voltage, or "B”
batteries. The sets still re-
quired storage batteries
("A” batteries) for lighting
the tube filaments, however,
unless a separate “A” elim-
inator (not offered by the
Galvins) was also pur-
chased.

And there was another
catch. In 1928, the first AC
radios had begun to ap-
pear on the market. These,
of course, were totally bat-
tery-free. They were also
more sensitive than the bat-
tery sefs, had better
speaker volume, and were
far easier to operate. Just
two months before the Gal-
vin Manufacturing
Corporation was founded,
Atwater Kent released the
Mcdel 40, a plug-in, six-
tubes-plus-rectifier set with
a single-dial tuning control,
selling for just $77.00 (less
tubes and speaker).

The Galvin “B” eliminator
was advertised for $23.98 in
the 1928 Sears-Roebuck
cataleg. That sum would
have made quite a good
down payment on a radio
such as the Model 40, and
many people preferred to
invest their money in that
manner rather than in pro-
longing the life of an
outmoded receiver.

ENTER THE AUTO
RADIO

With "B"-eliminator sales
plummeting, the Galvins

needed a new product fo
keep their company afloat.
They might well have
jumped on the establish-
ment bandwagon and
begun to make AC-oper-
ated radios. However, this
time they chose to enter a
cutting-edge field that they
believed had a lot of po-
tential—auto radio.
America’s love affair with
the auto and radio receiver
were in full swing. Anyone
who could combine the
two technologies in a prac-
tical manner should've
done a lot of business.

And do business they did!
In 1930, the year the auto
set was infroduced, Gaivin
Manufacturing Corpora-
fion's net sales were well
over a quarter of a million
dollars. And that year the
Galvins coined the name
"Motorola” for their new
auto radio products.

Though they certainly
sold well, the early auto
radios were clumsy con-
fraptions that were difficult
and expensive to install. The
setfs electronics were built
into one bulky box. Another,
much larger, cabinet
housed the loudspeaker.
These two items had to be
mounted on the vehicle’s
firewall, shoehorned under

“All photographs courtesy Motorola
Museum of Electronics.”

A corner of the Motorola Musewm's Radio Reigns section
illustrates the development of the auto radio.

“q A" An
Mo‘fﬁaﬁlliéiﬂwm
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AUTOMOBILE RADIO

" 5$23.97

List Price §39.95
j Firstand Still Foremost | 74

MITeTRUNK COMPANY

1700 Onk Street Kansas City. Mo.
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By 1933, awto seis like the
Motorola 44" had been
downsized considerably and
no longer required separate
hatreries.

This moody 1930's sureet
scene includes an outdoor ad
dating from the inroduction
of Motorola’s home-radio
product line.

the dashboard into a

space never meant to re- I
ceive them.
Since there is no AC ’

power on an automobile, |

these radios needed A"
and "B” batteries like the
pre-plug-in sets of the pre-
vious era. The batteries
were carried in heawy-
gauge steel cases
mounted under the car,
and holes had fo be cut in
the car’s flooring fo access
the cases for battery
changing.

It was ailso a bit difficult to
arrange for radio-signal
pickup. Typically, part of the
vehicles ceiling liner was
temporarily torn down to
gain access to the chicken-
wire support system for the
fabric roof panel. Electrical
connections were then
made to the wire so that it
could do double duty as an
antenna. Finally, mechan-
ical drive cables had o be
run from the electronics
package fo the sefs tuning-
and volume-control head
mounted on the steering
column.

Motorola museum per-
sonnel estimate that it took
two men several days to
complete such an auto-ra-
dio installation. Cost for the
equipment and labor was
about $150.00. Think of
what that meant at a time
when the cost for an entire
auto was in the $600.00
range!

The Galvins pioneered
the significant downsizing of
auto-radio systems that
would take place over the
next few years. By 1933, the
company was advertising
radios such as the “44,” in
which the loudspeaker and
electronics were contained
in just one relatively com-
pact cabinet. A vibrator
power supply, also built into
the cabinet, supplied all
necessary operating volt-
ages from the vehicle’s
storage battery. No addi-
fional batteries or battery
boxes were required,

The cost of a "44,” with
installation, probably aver-
aged about $100.00-

{Continued on page 93)
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By Jeff Holtzman

Amber Waves
of Data

L
1121713

ast month we began a

discussion of Microsoft's
Visual Basic, a “visual” pro-
gramming environment
that gives ordinary people
a way to create Windows
programs. | had planned to
continue that discussion,
but other things cropped
| up in the meantime. We'li

e

You can create snazzv database applications like this wi

th
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Microsoft's Access, a multilingual, multi-user relational
database. I1's not as easy as the ads would have you believe, but
it's light-vears better than command-driven programs like
dBASE.

get back to Visual Basic
later on. For now, suffice it
to say that VB is a ground-
breaking product, and one
that is a heck of a lot of fun
o play with. If you're inter-
ested in Windows
programming, you owe it to
yourself to investigate that
ground-breaking product.
For now, let’s switch the
discussion to database-
management systems
(DBMS). That term may
scare you, but it shouldn't.
Not because it's not tech-
nical. Only because you
may not have background
in the requisite concepts—
concepts which, by the
way, are no more difficult

than set theory, which | re-
member studying in 7th
grade.

Database theory is typ-
ically taught in a second or
third-year college-level
course, and typically only to
computer-science majors.
In this day and age. that's
ridiculous. for several rea-
sons. The first is that many
practicing engineers from
other disciplines have in-
complete, inaccurate
notions about what con-
stitutes a database, how 1o
maintain data integrity, the
most efficient ways of stor-
ing data, links among
tables of data, and related
topics. That type of igno-
rance is simply inexcusable
for a technical professional.

The second reason is that
people in nearly all profes-
sional disciplines, ranging
from library science to
medicine to psychology to
marketing to history to plain
old reading and writing, all
need tc have some basic
understanding of database
theory. Why? Because this is
the information age. Every-
thing is going etectronic. It is
impossible to do research
in any field today without
coming up against a
database. And we all need
to know something about
how to manage the “am-
ber waves of data” that
threaten to enguif us.

There are two aspects 1o
this. One involves searching
databases created by vari-
ous institutions; the other
involves creating your own
databases to store and
analyze the information you
collect.

In the old days, we
learned how to search
card catalogs and refer-
ence works like "The

COMPUTER BITS

Readers Guide to
Periodical Literature.” We
would take the results, get
physical copies of the refer-
enced books and
periodicals and read them,
take notes on index cards,
categorize the cards, and
then write up a report.

That type of manudlly in-
tensive work is for the birds.
Most people today own a
computer and use it for the
post-research part of the
process (writing notes and
reports). More significant is
that many colleges and
universities now have their
“card catalogs” available
on-line. Even my small-town
library recently announced
that it would be following
suit in the near future. Some
databases provide not only
the bibliographic reference
information (title, author,
call number, etc), but the
complete text as well.

DESPERATELY SEEKING
DATA

Today’s information work-
er—which now includes just
about every white-collar
job—needs to know two
things: How to search
databases created by
others and how to create
databases for his or her
own work. There are public
libraries, school libraries,
corporate libraries, com-
mercial databases,
governmental databases.
and others.

The good news about this
diversity is that there is a lot
of information available.
The bad news is that every
database stores its informa-
fion in a different format,
and provides a different
user interface for getting at
it. Thus, you can't simply
learn one and expect to




use the others. On the other
hand, they all use the same
basic concepts, so once
you learn one in depth,
learning another is straight-
forward, like leamning a new
word processor.

How difficult is it? Not
very, when you look into it.
All'it takes is practice and
maybe a little help from a
mentor. The biggest prob-
lem is not, in fact, getting
data, but limiting what you
get fo what you really need,
and sorting out what you
get after you get it. The
typical result of a database
search is a massive ASCI|
fext file with keywords intro-
ducing fields (e.g., author,
fitle, abstract, etc).

However, the keywords
vary from database to
database, and even within
the same database, rec-
ords may have inconsistent
data structures. So you ei-
ther end up doing a lot of
manual cutting and past-
ing, or writing some code to
fransfer the data into some-
thing structured enough to
import into your own
database. I've done it both
ways; writing code is worth
it if you have to sift through
lots of data; the manual
method is very tedious.
Word for Windows, with its
BASIC-like language, makes
this type of text processing
a piece of cake.

When you start working
with on-line databases, one
of the first things you dis-
cover is that you need to
limit the scope of your
searches. (One search of
the Dialog system | com-
pleted recently came back
with an initial “hit list” of
more than 500,000 entries!)
Typically you combine sev-
eral keywords using
Boolean terms (anp, Or. NOT).
For example, suppose you
were researching micro-
processor architectures. You
might enter a search string
like this: MICROPROCESSOR
AND (RISC or CISC or DSP).

The database would then
return a list of articles that
contained the word micro-
processor in combination
with any of the other terms.
Most databases allow
you to limit your search in
various ways, e.g., by author
name, title, keyword, date,
publication, text, or various
combinations thereof.

YOUR OWN DATABASE

So you get this mass of
data—then what do you
do? You break it up into
digestible chunks, cate-
gorize it, put it into some
structure so you can under-
stand it. But how do you do
that?

If you don't know the an-
swer, then you'll understand
why | say database theory
needs to be taught in high
school or junior high. Not
just to science, math, and
engineering students, but to
everyone. Today, knowing
how to create a database
is equivalent to knowing
how to type.

If you've run across a
good concise book on rela-
tional database design, let
me know and ['ll pass it on.
Contact me c/o the maga-
zine (Computer Bits,
Popular Electronics, 500-B
Bi-County, Farmingdale, NY
11735) or via Email at
jholtzman@bix.com. I'm not
looking for books on how to
operate dBASE or any other
particular program. Nor am
[ looking for a heavy-duty
investigation of every
database paradigm under
the sun. A clear and reada-
ble infroduction to tables
and relations, joins, and the
like will suffice. It should give
enough information to pre-
pare the reader to properly
implement a simple
database using any DBMS.

Next time, we'll return to
the subject of visual pro-
gramming and see how it

relates to a particular
database program—Micro-
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Super construction projects you can build!
Explosive Gas Detector, Phone Pager and
Digital Lock (for car and home)! Plus, we brief
you on where to buy electronic parts for all
your projects.

On Sale
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Watch for it!

Pick up Popular Electronics at your
favorite Newsstand, Bookstore,
Convenience Store or Supermarket
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By Charles D. Rakes

Nothing But
Amplifiers

CIRCUIT CIRCUS

his month, were going

fo play around with a
few audio-amplifier circuits,
based on a couple of neat
integrated-amplifier chips.
Qur first is based on an
MC34119 chip in a general-
purpose audio-amplifier cir-
cuit that is designed to
drive stereo headphones or

O—v
+6V 3
A
ca I+
100 ’
R4
8 17 16 5 L;E 250K
GAIN
Ut
MC34118
$ R3
2 3 4 < 47K
= *Loc3
< R2 ‘ A > R1
$ 2 -t-.— 3o

Fig. 1. The bird-feeder monitor is little more than an electret
mike (MICI) that feeds an amplifier, built around an MC34119,
which in turn drives a 16-ohm speaker.

a speaker with an imped-
ance of 8 ohms and up.
But, before we discuss the
specifics of our circuit, letfs
first deal with how this par-
ticular IC differs from the
typical low-power inte-
grated audio-amplifier
chip.

The MC34119 contains
two power op-amps that
are driven out of phase fo
allow the output load
(speaker/phones) to be
connected directly to the
output of the amplifier with-
out the need of a large-
value coupling capacitor.
The chip can be operated
from a power source of 2 to
16-volts, and has a typical
quiescent current drain of
less than 3 mA.

A chip-disable input (pin
1) allows the amplifier to be

placed in a low-power
condition in which the
stand-by current is less than
100 pA. The IC’s output can
exceed Ya-watt (with less
than 1% total harmonic dis-
tortion) when driving a 32-
ohm speaker or head-
phones. The amp’s gain
can exceed 46 dB and may
be set to a desired value by
selecting two external re-
sistors. And best of all, very
few external components
are required.

BIRD-FEEDER MONITOR
Quir first amplifier circuit,
see Fig. 1, turned out to be
the shop’s bird phone. In
that circuit, the electret
mike (MIC1) was mounted
in the neck of a large plas-
tic funnel. The amplifier,
built around an MC34119
(which is available from
D.C. Electronics, PO. Box
3203, Scottsdale, AZ
85271-3203; Tel.
800-467-7736 and
elsewhere), was then
placed outside of the fun-
nel with the pick-up facing
a nearby bird feeder. The

output of the amplifier is

then connected to a 16-

ohm speaker that was lo-
cated in the shop.

The amplifier's voltage
gain is determined by the
values of the input resistor
(R1) and the feed-back re-
sistors (R3 and R4,
respectively). The differen-
fial gain of the amplifier is
given by: R3 + R4A/RT X 2.
With the component values
shown in Fig. 1, the max-
imum voltage gain is about
270.

EAR PROTECTOR

QOur next item, see Fig. 2,
is an add-on ear protector
circuit that connects to the
amplifier in Fig. 1 or any
similar MC34119 amplifier
circuit. The ear protector is
actually a peak audio-de-
tector/shutdown circuit that
disables the amplifier
through its chip disable in-
put whenever the audio
signal exceeds a certain
level.

The input to the circuit in
Fig. 2 is tied to the output of
U1 atpin 5in Fig. 1 to

PARTS LIST FOR THE
BIRD-FEEDER MONITOR

RESISTORS

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

R1, R2—2200-ohm
R3—47,000-ohm

R4-—-250,000-ohm potentiometer

CAPACITORS
C1—0.22-pF, ceramic-disc

C2—4.7-pF, 16-WVDC, electrolytic
C3—1-pE 35-WVDC, electrolytic
C4—100-pF, 16-WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS
Ui—-MC34119 low-power audio-amplifier, integrated circuit
MICi—Electret microphone element

J1-—Phone jack

Perfboard materials, enclosure, Perfboard, IC socket, 6-volt
power source, wire, solder, hardware, etc.
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ADDITIONAL PARTS AND MATERIALS

Cl, C2—0.1-pF ceramic-disc capacitor

S1—Normally closed pushbutton switch

Perfboard materials, enclosure, 6-volt power source, wire, solder,
hardware, etc.
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sample the audio that driv- | With normal audio, the sig-
es the headphones. The nal level at pin 5 of U1 (Fig.
output of the Fig. 2. circuit 1) is too low to produce a

connects to pin 1 (the dis- sufficient DC output to turn
able input) of UTin Fig. 1. | on SCR1 (Fig. 2). With SCR1
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PARTS LIST FOR THE
VARIABLE-FREQUENCY AUDIO OSCILLATOR

RESISTORS

(All fixed resistors are Ya-watt, 5% units.)
R1—1000-ohm

R2—10,000-ohm

R3—47,000-ohm

R4—100,000-ohm

R5—50,000-ohm potentiometer

CAPACITORS

C1—4.7-uF, 16-WVDC, electrolytic
C2-1-pF, 35-WVDC, electrolytic
C3, C4—0.1-pE ceramic-disc

ADDITIONAL PARTS AND MATERIALS

U1—MC34119 audio amplifier, integrated circuit

SPKR1—8-ohm, 4-inch speaker

Perfboard materials, enclosure, IC socket, key, 3—12-volt power
source, wire, solder, hardware, etc.

& —
6 g & +
1 < S T
LS 8 5 B1 |
c2 3Vl
Ut 1 .
"—466——‘1 +—) ULN-3718M
= 03 ad
01 001 — T
RE 1 es
250t .
#26 WIRE o Ta0
SEE TEXT T p
=

Fig. 4. The VLF whistler receiver is built around an ULN3718M,
and uses a large loop (approximately 3-feet in diameter) as a the

pick-up.

PARTS LIST FOR THE
VLF WHISTLER RECEIVER

CAPACITORS

C1—0.01-0.03-pE ceramic-disc (see text)
C2, C6—0.1-pF, ceramic-disc
C3—0.001-pF, ceramic-disc

C4, C5—470-pE 16-WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS

Ul-—ULN?3718 audio power-amplifier, integrated circuit

R1—50,000-0hm potentiometer

Bl—Two AA cells

L1—See text

J1—Phone jack

S1—SPST switch

Perfboard materials. enclosure, IC socket, wire, solder, hardware,
etc.

in the off condition, its
anode voltage of is high.
That high voltage biases Q1
on, placing its collector at
near ground potential. As

| long as pin 1 of the U1 s

| low, the amplifier operates
normally. When the audio
increases to a sufficient
level, the DC output of the

voltage doubler circuit
(comprised of D1, D2, C1,
and C2) rises sharply, turn-
ing on the SCR, which, in
turn, turns off Q1. With Q1
turned off, its collector goes
high, turning off the ampli-
fier. To re-activate the
amplifier, current flow
through SCR1 must dis-
rupted by pressing the reset
switch (51).

VARIABLE-FREQUENCY
AUDIO OSCILLATOR

It's always fun to build a
circuit that makes a racket
and that's what you'll get
from the circuit in Fig. 3. In
Fig. 3, the MC34119 (U1) is
configured as a variable-
frequency audio oscillator.
That circuit can be used as
a low-level alarm sounder
or a code-practice os-
cillator. The output of U1 at
pin 8 is fed back to U1's
input at pin 4 through an R/
C network. That controlled
positive feedback causes
the amplifier fo go into 0s-
cillation. Potentiometer RS
can be used to vary the
oscillator’s frequency from
about 250 Hz to over 4 kHz.
The chip disable input of U1
at pin 1 is kept high through
R2.

As long as the disable
input is high, the amp does
nothing. The oscillator is ac-
fivated by either closing the
key or by electronically pull-
ing pin 1 to ground.

VLF WHISTLER
RECEIVER

Qur last circuit places a
low-voltage audio power
amplifier in an unusual re-
ceiver circuit. If you have
never listened to a VLF whis-
fler receiver, it's unlikely that
you have heard mother
nature's symphony or the
dawn chorus at sunrise. But
if you haven't, build the
circuit in Fig. 4 and you can
experience those and other
unusual sounds that occur
in the RF spectrum below
20 kHz.

The whistler receiver con-
sists of a large pick-up coil
(L1) and an audio-amplifier
circuit, built around a U1 (an
ULN3718M, which is also
available from D.C. Elec-
fronics and elsewhere).
Since the frequencies of in-
terest are within the human
hearing range, no detector
or converter circuit is nec-
essary. The loop picks up
the signal and U1 amplifies
it sufficiently to drive a set of
headphones via J1.

The loop consists of
abouf 250 to 300 turns of
#26 enameled copper
wire wound on a 3-foot
diameter wood or plastic
form. The exact loop size
and number of turns really
isn't critical as long as the
circuit can be tuned to
somewhere below 20 kHz.
Try different capacitor val-
ues of between 0.01 and
0.03 wF for C1 for the best
reception.

One problem you may
have to overcome in using
the VLF receiver is that the
loop must be kept away
from any 60-Hz power
source, About all you can
do to reduce the hum is 1o
move as far away from any
AC power source as possi-
ble and rotate the loop for
minimum hum.

The greatest whistler ac-
fivity occurs when Mother
Nature is kicking up her
heels during an electrical
storm. Be careful and never
take the receiver out doors
during an electrical storm.

Looks like it's fime to close
for now. See you here next
month. [ |
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By John J. Yacono

More Derbys

Losf month’s column
really got long. So this
month I'll forgo our discus-
sion on logic in order to
continue presenting some
of the Pinewood Derby
contributions (which get
pretty lengthy with no help
from me). As you may re-
member, contributors to the
Pinewood-Derby communi-
ty effort will receive a book

THINK TANK

series. You further mention
that "The only differences
between the two series is
their temperature range for
guaranteed operation: 74-
series chips operate from
—55 10 125°C, but 54-series
devices are only useful from
0 to 70°C”

While it is true that the
guaranteed operating tem-
perature for the two groups

series devices can be
found in both ceramic and
plastic packages, an option
which reduces the cost of
the chips for consumers. Fi-
nally, the 74-series operates
on from 4.75 to 5.25 volts,
whereas 54-series devices
are designed to operate
from supply voltages be-
tween 4.50 and 5.50 volts, a
feature which reduces the

% R1* ¢4
LEl
\\

D1
R2*

14

\ \\
¥ ! !
= *SEE TEXT A 70 ONE
(RESET INPUT OF
FOR us
ALL LANES)

TO U3-b 8
PIN 6

Fig. 1. The components for each lane of this pinewood derby circuit come together to form an
optical detector, pulse edge-conditioneripulse generator, and a display circuit.

and, as a special premium,
a MCL1010 logic chip.

Before we get to the cir-
cuits, though, | wouild like to
draw your attention to the
following letter on logic. It
further clarifies the distinc-
tions between the 74" and
54’ series chips and cor-
rects a mistake that | made
in a former column.

SERIES SWAP

In your July, 1993 column,
you discuss TTL-cClass chips
and mention that they are
divided into 54XX and 74XX

are different, the specifica-
fions claimed in the article
are reversed. The 54-series
devices are military-grade
components. All TTL
datasheets indicate that
54XX versions operate from
— 55 to 125°C, whereas 74-
series units, which are con-
sumer-grade devices, are
only designed to operate
from O to 70°C.
Furthermore, the temper-
ature specification for 54-
series devices mean that
they are found only in ce-

ramic packages while 74-

probability that fluctuations
in the supply voltage will
cause a failure.

—David N. Yee, Boston
MA

Thanks for the correction
and extra information. Sorry
if fransposing the tempera-
fure ranges caused
anybody any trouble.

6,5,4,...

I am writing this in re-
sponse to reader Stephen
Guye's need. My six-lane
pinewood derby circuit de-

sign has six indicator

S01UONO8|T Jeindod ‘C661 1890100
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U3- ON ALL 74164

/4 7400

Fig. 2. The pulses from each lane circuit are passed to this
section, which increments any enabled counters.
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»——_;l
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200pF
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O
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I

T0 POINT
AFORALL
LANES

Fig. 3. This section performs
three functions: power-on
reset (via R10 and C2),
power-down protection (using
D1). and power-supply
filtering (thanks 10 C3).

identical subcircuits, one
additional gate, and a re-
set circuit. In the subcircuit
for each lane (see Fig. 1).
the IR LED and IR phototran-
sistor should be arranged
so that they “see” each
other, until a car in that lane
breaks the optical path. The
D-type flip-flop's (U1-a) @
output is initially reset o o
logic low, as are all of the
outputs of the 8-bit shift
register (U4). As the car
breaks the optical path, @1
comes out of saturation
and turns off. Its rising col-

rising-edge detector. To-
gether they generate a
narrow (around 100 ns),
negative-going pulse when
the a output goes high. The
pulses from each lane trig-
ger all shift registers to load
and shift via the 8-input
NAND (see Fig. 2) that is con-
nected to the pulse gen-
erators of each of the sub-
circuits.

Every car that crosses the
finish line causes the shift
registers to shift. A logic ™"
is loaded info a shift register
when its car crosses the
line. A logic ™" at a shift
register output turns its in-
dicator LED off. Therefore,
the first car to pass the finish
line will have the logic ™"
shifted the furthest, and thus
have the fewest LEDS lit.
When all six cars finish, the
first-place car will have only
one LED lit.

The circuit resets itself at
power-up, as C2 (see Fig. 3)
is charged through R10.
Subsequent resets are ac-

+12V
_ L TO ONE
R INPUT 0——
T e o -0 INPUT OF
+12v 12 4093 o +12V RI0 $
3 : 10K ¢
T(eD1*_Ja1*
@D:_- RST
A\ " INPUT
I — |15
s 4%39 ¢ R9 CIKEN u2 i
1 > 47K DISPLAY ENABLE 4026 " OLK
T a b ¢ d.&’ g GND
- 0 12 13 [9 [11 |6 |7 |8 T0
*SEE TEXT R1-R7 = U3-b
77 ZRIZR2 3R3 SRATRE SREZRT oy
70 COMMON-CATHODE
7-SEGMENT LEO

OISPLAY FOR LANE

Fig. 4. Like most pinewood derby circuits, this section for a single lane detects the interruption of
an IR beam to advance and disable a counter displaying the car’s place.

LED's per lane. At the begin-
ning of a race, all the LED's
are lit. After all six cars cross
the finish line, the number
of LED's remaining lit in a
lane indicates the finishing
position of its car.

The circuit consists of six

lector voltage triggers the
flip-flop, fransferring a logic
™" to its @ output. That ™" is
presented to the serial input
of the shift register. The in-
verter (U2-q), resistor (R3),
capacitor (C1). and NAND
gate (U3-a) implement a

complished by depressing
$1. The reset action places
a low on the reset lines of
the flip-flops. and on the
master reset on the shift
registers, setting all outputs
to logic low. Diode D1 pro-
tects the circuit from the

EACH INPUT GOES
TO POINT A
ON A LANE CIRCUIT

O?T

+12V
14| 1/2 4082
uza H

7

ool

FROM U4-d

PIN 11
9 1/2 4082
10
11} Ush &
12

TO PIN 1 (CLK)
ON ALL 4026's

Fig. 5. Two gates are

combined to form a larger
AND gate, which is used to
generate a clock pulse for

each car as it crosses the
finish line.

capacitors discharge when
power is turned off.

One possible problem is
that if a very large resistor is
required at the collectors of
the phototransistors to
achieve the necessary
gain, the input bias current
of the flip-flop may cause
an unacceptable voltage
drop to appear across the
resistor. In that case, a sim-
ple emitter follower can be
used to buffer the pho-
totransistor output.

The final unmentioned
components are the supply
decoupling capacitors, one
per IC and one electrolytic
(C3in Fig. 3). | didn't put
part numbers on the IR
LED’s and phototransistors
(or values for their dropping
resistors, R1 and R2 in Fig. 1)
since | don't have any refer-
ence materials on them.
Perhaps we could take a
clue from Roy Worrall's de-
sign in the same column
and use the SEP8703-1 LED
and SDP8403-301 pho-
totransistor, and set the
resistor values accordingly.

—Alan Wolke, Phi-
llipsburg, NJ

Normally | wouldn't print
a circuit that hadn't been
tested, but yours is SO
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Fig. 6. This section turns signals from the reset
pushbutton into logic pulses for the circuit back in F, ig. 5.
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poini, only the display for
lane 1 is lit.
The low at pin 3 of U1-a is

return to a “0” count. The
low produced by U4-a re-
sets all the S/R latches,

shortened to a 10-us pulse | which also blanks the dis-
by C1and R10, and fed intol plays. When $1 is released,

U3-a (see Fig. 5), which to-
gether with U3-b, forms a
seven-input nanp gate. The
inputs of that gate are all
normally high, so the low-
going pulse at pin 2 ap-
pears at the output (pin 13
of U3-b), which is con-
nected to the clock inputs
of the decade counter/dis-
play driver chip (like U2) for
each lane. When pin 2 re-
turns high, all the counters
(except U2, whose clock in-
put is inhibited) will
advance to a “2” count.
That pattern continues until
all the cars have crossed
the finish line,

When the race is over,
pressing S1 (see Fig. 6) will
reset the circuit. That makes
pin 4 of U4-b high, forcing

C3 charges through R11,
making pin 4 of U4-b low
and pin 10 of U4-c high.
That high is shortened to a
brief pulse by C2 and R13
and inverted by U4-d, caus-
ing the output of U3-b to go
momentarily low. The rising
edge of that pulse clocks
the decade counters fo
their number "1” count, so
the first display to be it
during the next race will
show a "1” rather than a “0.”

—Steve Forbes, Fullerton,
CA

Very nice! Steve also pro-
vided a power supply,
which is shown in Fig. 7.

Until next time, be sure to
send your ideas to Think
Iank, Popular Electronics,
500-B Bi-County Blvd., Farm-

alt the decade counters to | ingdale, NY 11735. [ ]

D1-D4 L)
1N4001 SOURCE
D2
| vz fo
7812
Dl G

=L C9

500mA

Fig. 7. This power supply goes with the pinewood derby made
from the sections appearing in Figs. 4 through 6.

straightforward that | feel
certain that it should work.
By the way, I'm forwarding
your address to Mr. Guye so
he can write you if neces-
sary.

CMOS DERBY JUDGE

Here's my idea for a six-
lane Pinewood Derby
judge. In my design, a sin-
gle-digit display is mounted
above each lane. As the
cars cross the finish line,
each display lights up with
a number (1-6); a ™" for first
place, a “2” for second
place, etc.

To see how the circuit
works, lets examine the cir-
cuitry for one lane (see Fig.
4). LED1 is an IR unit
mounted on an assembly
directly above the finish
line; Q1is an IR receiver

8
Tz‘z’oo T 1

mounted in the track di-
rectly below. As car 1
crosses the line, it blocks the
light from LED1, cutting off
Q1 and making pin 6 of U1-
b low. Since U1-a and U1-b
comprise a low-triggered &/
R latch, pin 3 of U1-a will
latch [ow, while pin 4 of U1-
b latches high. That high is
fed fo the clock-enable
(pin 2) and display enable
(pin 3) inputs of U2, a de-
cade counter/display driver,
making lane 1's display
come on and show a 1" for
first place. (The counters all
start with a count of “one”
rather than “zero.” (Il ex-
plain the reason for that in
just a bit) That high also
disables U2's clock input, so
lane 1's display will show a
™" until the circuit is man-

ually reset. Note that at this

Whether you order 1 part or
all 42,398...MOUSER stocks
and...ships same day!!

CALL...
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for your
FREE
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By Don Jensen

Shortwave
Contests and
Quizzes

quizzes are nothing

new. They've been around
for years. Each year, a
goodly number of the ma-
jor international SW
broadcasters promote their
on-the-air competition, of-
fering winning listeners
attractive prizes.

Not surprisingly, those sta-

SHARING THE WOIRL

Crib
5 R

RADIO AUSTRALIA

L. |
D WITH OUR FRIENDS
|

THE LAUGHING KOOKABURRA

For many vears, the haunting laugh of the kookaburra, a4 unique
Australian bird, has begun each foreign-service transmission of

Radio Australia.

fion contests are highly
popular with SWL's, and why
not? Answer a few ques-
tions right and you might
be a winner, winging off on
an all-expenses-paid trip 1o
who knows where. Six lucky
Asian winners, not long ago,
won free trips o Beijing in @
China Radio International
shortwave contest. The con-
test, sponsored jointly by the

Chinese cosmetic firm,
drew over 100,000 entries
from 80 countries. Listeners
submitted answers to a se-
ries of questions about
China. In addition to the
trips, there were 350 first-
place, 700 second-place
and 1,050 third-place win-
ners, whe received prizes
ranging from Chinese silk
tablecloths to albums of
papercut art.

Ontario DX Association
member Roger Chambers,
reporting in that club’s "DX
Ontario” bulletin, won one
of the third-place prizes, a
monogrammed shirt. The
questions—for example
“What are the four most
important inventions of an-
cient China?"—took a bit of
library time, Chambers said,
but the contest was interest-
ing and fun.

Chambers also noted
that he won one of eight
first prizes in Swiss Radio
International’s “nutty New
Year's Quiz." The 16 multiple-
choice guestions were
based on SRI programming
during the previous year. His
prize was a Swiss quartz
wrist watch, while other win-
ners got music CD’s and
books aoout Switzerland.

As this is written, Albania’s
Radio Tirana has a contest
going that, on each week-
end’s “Variety” program,
asks questions on “What do
you know about Albania.”
Hopefully, some SWLs will
know enough about this
drab and depressed Balkan
nation to win prizes. And if
you miss this competition,
there’ll be another along
soon, sponsored by some
shortwave broadcaster or
another around the world.
Keep listening for these SW

~ DX LISTENING

hortwave contests and | Beijing broadcaster and a

contests and, if you win a
trip to Beijing or Bucharest,
drop me a postcard.

In fact, even if you don't
win, why not write me here
at DX Listening, Popular
Electronics, 500-B Bi-Coun-
ty Bivd., Farmingdale, NY
11735. 'm always happy to
hear from youl

MORE OLD-TIME FUN

Last month, you'll recaill,
several readers wrote in
praise of keeping SWLing
cheap and simple. Half the
fun, one said, is tuning in
some distant SW signal on a
simple receiver that you
built yourself. With such un-
sophisticated gear,
common loggings like the
BBC, Radio Nederland or
HCJB suddenly become
chalienging DX again.

Easy-to-follow instructions
for constructing a simple
SW set, | suggested, might
be found in some out-of-
date, but still useful begin-
ners’ radio manuals,
gathering dust in your pub-
lic library.

Now;, Alan Johnson, writ-
ing in the North American
SW Association’s "Journal,”
has a great alternative sug-
gestion for building a bare-
bones shortwave set, the
MFJ-8100 regenerative SW
receiver kit, marketed by
MFJ Enterprises (RPO. Box
494, Mississippi State, MS
39762; Tel. 800-647-1800).

In his excellent “Equip-
ment Review” column, Alan
notes that the regenerative
detector design was @
technological breakthrough
in the 1920's. Because of its
simplicity and excellent
sensitivity, the regenerative
receiver was, for many SWLs
and radio amateurs, their
first shortwave set, long







