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| “Electronics Workbench — As an
affordable tool for performing

design trade-offs, you can't beat it.”

MA. Chapman
Oceanside, California

Electronics Workbench gives vou the freedom
to quickly translate your design concepts and
specs into a workable circuit. Fine tune

effortlessly. Pliy what if” scenarios. And monitor
the circuit response. The simulated components
and test instruments work just like the real thing,
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Analog Module: Tuning an RF front end.

Electronics Workbench

The electronics lab in a computer™

Call: 800 263-5552

) INTERACTIVE IMAGE TECHNOLOGIES LTD.
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Electronics
Workbench
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908 Niagara Falls Bivd. #068, North Tonawanda, NY 14120-2060 .
Telephone: (416) 361-0333 FAX: (416) 3685799

For DOS, Windows or Mag Versio.

'_ PR =30-day money-back guarantee. ]~
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EDITORIAL

HELLO DSS

if you were with us last month, you already know how | feel
about my cable company. Because of that, | had long wanted
to put in a satellite installation. Unfortunately, aesthetics (there
was no getting around the need for an 8- to 10-foot dish) and
other factors (namely numerous trees) made that virtually
impossible. That's why Thompson’s DSS (digital satellite
system) was like a dream come true.

For those of you still unfamiliar with it, DSS uses two (soon to
be three) closely spaced, high-power satellites to beam
roughly 175 channels of audio and video programming directly
to consumers' homes. The high power means that you can
use a small (18-inch) dish, while the close spacing means that
you do not need an actuator to move the dish from one
satellite to the next.

I've had my system for a little under a month now, and so far |
am very pleased with it. While not perfect, the video and audio
quality far surpass what | was getting from cable, and should
improve as a more advanced digital-compression scheme is
phased in early this year. As for programming, although | am
paying a little less per month than | used to for premium cable,
| have picked up almost 125 additional channels, including 50
pay-per-view channels and 25 audio-only music channels; and
the number of channels is expected to expand still further
during the year. Of course, there is also the initial outlay of
$699 to $899, plus installation costs. Due to high demand,
there is little if any discounting going on at this time.

In deciding whether or not DSS s for you, there are a few
downsides to consider. First, you need a clear line-of-sight to
the satellites. Second, if you want local programming, you will
need to either get it off-the-air or subscribe to your cable
company'’s “broadcast basic.” The five major networks are also
available via satellite if you live in an area where over-the-air
reception is not satisfactory. Finally, unlike large dishes, there
are no in-the-clear (unscrambled and free) signals.

DSS is an evolving technology, but the early results, and
acceptance, are promising. We will be keeping an eye on it, as
well as other satellite-TV services, and are planning some in-
depth coverage for later in the year. Look for it.

AZES

Carl Laron
Editor

WWWL ameidsaanadiohistery.com
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By Studying at Home

Grantham College of Engineering,
now in our 45th year, is highly experi-
enced in “distance education”— teaching
by correspondence—through printed
materials, computer materials, fax,
modem, and phone.

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

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

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

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

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

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

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

[ ]

Accredited by
the Accrediting Commission of the

Distance Education and
Training Council

GRANTHAM
College of Engineering

Grantham College Road
Slidell, LA 70460
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PINNING US DOWN

A sharp-eyed reader spotted
two errors in my article,
“Switching with PIN Diodes”
(Popular Electronics, De-
cember 1994). In Fig. 5, diode
D3 is drawn in backwards. The
“arrow” should point up. In Fig.
7, diodes D3, D6, D9, and D12
are also shown backwards. |
hope those errors did not cause
anyone too much confusion.—
Joseph J. Carr.

LOW-VOLTAGE POWER
CONTROLLER

We have been advised of a few
corrections for the article “Build
a Low-Voltage Power Control-
ler,” which appeared in the
December, 1994 issue of Popu-
lar Electronics. First and
foremost, there has been a revi-
sion in the foil pattern for the
main board; the revised foil pat-
tern is shown here in Fig. 1.
Second, the phone/Fax number
for the supplier, TW Engineer-
ing, has changed; the new
number is 714-527-2547. There
were also a few typographical
errors: In Fig. 1, pins 6 and 7 of
U2-b are reversed:; in Fig. 4,
connection points P1 and P2
are reversed; and in the parts
list, D2 should be specified as a
1N751 Zener diode. We apolo-
gize for any problems those
errors may have caused.—
Editor

| am writing about Fazal A.
Rehman’s article, “Build a Low-
Voltage Power Controller” (Pop-
ular Electronics, December
1994). | am wondering about the
use of multiple IRFZ40's for
currents of more than 4 amps. |

LETTERS

believe that the use of a heat
sink for Q1 would be easier and
more cost-efficient. According to
the data in the November—
December 1994 Digi-Key cata-
log, the IRFZ40 has an ID
continuous rating of 35 amps,
and a PD maximum rating of
125 watts. Even with derating to
one-half, heat sinking of Q1
would allow a current much
larger than 4 amps. Also, for
lower currents, the IRFZ20, at
less than half the cost of the
IRFZ40 and the IRFZ42, should
be an excellent choice. The
IRFZ20 is rated at 15 amps and
40 watts. Because of the higher
on resistance of the IRFZ20 (0.1
ohm versus 0.028 ohm for the
IRFZ40), a smalil heat sink
should probably be used if the
current is as high as 3 or 4
amps.

The article presents an excel-
lent idea. | have never seen a
similar DC power controller, and
I can think of several uses for
one. | think most of the con-
struction articles (and others) in
Popular Electronics are good,
although | frequently make
minor changes in the projects,
which (I think) are improve-
ments.

B.S, CET
Hillsboro, MO

BELATED THANKS

I'm offering a very belated
thank-you for publishing my
“Haves & Needs’ letter in the

FIG. 1

December 1993 issue of Popu-
lar Electronics. | was trying to
get parts and a service manual
for my Gulbransen electronic
organ. Health problems, both
my wife's and mine, including a
couple of small strokes, kept me
from my computer and from
working on the organ.

| received letters from New
York, Minnesota, and Missouri,
and even as far away as Puerto
Rico. A gentieman from Con-
necticut even phoned and
offered to test the tubes, replace
them, and provide a service
manual!

Again, thank you. You can be
sure that any time | have a
problem with an electronic de-
vice, | will turn to Popular
Electronics for a solution.
JWH.

Leawood, KS

LEARNING VS.
TEACHING

This letter is in response to the
letter by A.S. from Taneytown,
MD, which appeared in the De-
cember 1994 issue of Popular
Electronics. | cannot ciaim to
fully understand the U.S. edu-
cational system, nor will |
pretend to. | wish to state, how-
ever, that claiming that
trigonometry and complex al-
gebra are not important in
today's society is pure non-
sense. There are virtually no
engineering fields—electronics
among them—in which you are
not required to use those
branches of mathematics.

No one is forcing the writer to
forget his skills; it is solely his
responsibility that they remain
strong. Most teachers | know do
their absolute best when it
comes to teaching, and | have
yet to see one who will not
answer a question that is off the
beaten path of what is currently
being taught. | believe that the
writer has a bad attitude when it
comes to learning or just is not
interested in the subjects being
taught. Perhaps both. My advice
for him is to find a field that
grabs his interest—it does not

WWW_ atnersaatadioRistery. com

sound as if it is electronics. The
learning will then be replaced by
a natural desire to know all he
can about the field, and it won't
seem like learning at all.

F.B.

Canada

1

MONITORING SOLAR
FLARES

Thank you for the article
“Ground Zero: The Other End of
the Radio Spectrum” by Kanl T.
Thurber (Popular Electronics,
October 1994). That is an area
that deserves more visibility.

Unfortunately, the information
contained in the section on so-
lar-flare monitoring is a bit
outdated—much has happened
since Chernan’s book was pub-
lished. For readers who might
be interested in this fascinating
area, | would like to direct thair
attention to Peter O. Taylor's
book, Observing the Sun
(Cambridge University Press,
1991). The author is the chair-
man of the Solar Section of the
American Assocation of Varia-
ble Star Observers (AAVSO),
and his book covers electronic
solar-flare observation as weljl
as visual techniques. Peter Tay-
lor leads an active network of
amateurs who, with simple ra-
dio equipment, monitor and
report solar-flare activity. Those
observations currently make up
more than 70% of all stations
reporting data to the National
Oceanic and Atmospheric Ac-
ministration (NOAA). Thus, it is
an excellent way for electronics
hobbyists to make very useful
contributions to science.

The AAVSO observers re-
ceive regular reports that
summarize all contributions, as
well as a technical newsletter
that describes new receiver cir-
cuits, antennas, computer-
based and electromechanical
data recording methods, sur-
plus-equipment conversion, etc.
Mr. Taylor has also published
related information in
Communications Quarterly.
SH.

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

Bring The Technology Home With A Bachelor Of Electronics

Engineering Degree. NoHassles. No High Cost!

Now’s the time {0 prepare for a profitable career.

We've lowered the cost of
higher education.

It's true! You can earn a four-yearf /

Bachelor of Electronics Engineering
Technology degree today ... and
prepare yourself for a high-paying
electronics career ... without quitling
your job or ever leaving your home.
Because World College, an affiliate of
the Cleveland Institute of Electronics,
offers you the total flexibility of indepen-
dent study programs proven effective for
people like you who truly want to suc-
ceed! World College independent study
lessons help you build valuable skilis

Mail/Fax Today
or Call

1-800-696-7532

step-by-step, and expert instructors are

personally available to you with a toll-free

call. What a way to earn an education!

Aworld of opportuniity. .

Where is your career headed’* “ofl .'

With a four-year bachelor's degj:ge

from World Caliege, yol}_#ﬁl@f_s O\
choosing from ircredible, ugn-paying

Upponumtlesm electronics, tel3-
cemmumoaﬁons compulter, eiedrm)

powetr, andmanyothargrowmgietds: %

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

Withoutleaving home.

Warld College continually works
to provide its students with the most
advanced education tools. From the
latest equipment and reference books
45 breakifiieugh computer-simulated
experiments, students are exposed to

the latesttechnological advancements.

Al the uipment, parts, and soft

~‘ware you need &re included' i your

affordabletifion, jnciuding more than
300 hands-on lab experiments you
can complete in your home.

Choose your own pace.

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

Send today for your FREE

course catalog — and give yourself that

future you've alwiays wanted —
with an el_gqthgié_@ dégree education
TN

Four Powerful Reasons

To Connect With

World College Today:

1 Earnyour four-year
u degree!

2.
3.
4.

Self-paced
training!

Independent study in
your home!

Expert

instruction!

LT S O

Give MeThe

Power!

Send me a FREE
World College course
catalog today!

(Please Print Neatly)
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For faster service, call
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Or fax this coupon to
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By Marc Spiwak

A Multimedia
Monitor

MULTIMEDIA
WATCH

For a long time, basic
computer peripherals
performed the same old
functions. A keyboard was
just a keyboard, a modem
was just a modem, a
monitor was just a monitor,
and a joystick was just a
joystick. But at some point,
various kinds of pointing de-
vices started to appear on
keyboards and fax ca-
pability was added to
modems.

Today we also have
monitors with speakers built-
in, just like they are in a TV
set. Specifically, | am now

The Audio 15 from Tatung adds a pair of speakers to an excellent
15-inch computer monitor. It makes for a near-perfect multimedia
workstation.

testing out a new 15-inch
monitor from Tatung, the
Audio 15. Besides having a
nearly flat screen and a
crisp, clean picture, the Au-
dio 15 has built-in stereo
speakers. The digitally con-
tfrolled monitor also has a

neat zoom feature built-in.
That eliminates the need to
reposition and resize the
picture for different ap-
plications.

The speakers are not self-
amplified, so you need
some kind of amplification,
either from a sound card
with a built-in amp or a
separate add-on one.
While the speakers are not
the kind that an audio en-
thusiast (or loud-music
listener) will want, they are
more than adequate for
the average guy or gai
who just wants to enjoy a
little multimedia, as well as
for most business-audio ap-
plications.

The best thing about the
Audio 15's speakers is that
they don't take up any extra
space on the desktop,
which | know is always a
very crowded place. |
would not be surprised if
eventually all monitors have
built-in speakers, and audio
enthusiasts will simply buy
better ones just as they al-
ways have in the past.

The Audio 16 has a sug-
gested retail price of $499.
Street prices, of course, will
surely be much lower than
that.

A NEW CONTROLLER

I mentioned before that
at one time, joysticks were
simply just joysticks. But I've
played with some unusual
joystick-like controllers re-
cently, including the new
Phoenix flight- and weap-
ons-control system from
Advanced Gravis, To start
with, Phoenix includes Grav-
is" usual high-quality joystick
control with adjustable ten-

WWWL atnedcarnadiohisterv.com

sion. But Phoenix is much
more than just a joystick.

That bizarre-looking con-
troller combines a joystick, o
throttle and rudder control-
ler, and 24 programmable
buttons all in one unit. The
buttons can be set to ex-
ecute any joystick or
keyboard command. The
buttons can also serve pri-
mary and secondary
functions, for a total of 46
customizable functions. The
unit ships with pre-config-
ured control settings for
many popular games, and
custom settings can be
saved to disk.

Phoenix can control so
many functions because it
connects to both the
joystick port and the key-
board connector. A Phoenix
connector plugs into the
keyboard connector on
your PC, and your keyboard
plugs into the end of the
Phoenix connector.

Phoenix has a list price of
$149.95. For people who
want the utmost in flight
realism and control con-
venience, there’s nothing
like a Phoenix.

NEW STUFF

This month | have a few
discs that are particularly
useful to the staff here at
Popular Electronics. The
first one, Books in Print Plus
from Reed Reference Pub-
lishing, is basically a
database of all books that
are in print. Naturally, the
power of a computer and
a CD-ROM make it easy to
find what you are looking
for. Books in Print does not
come cheap, though. A
years subscription to the
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The Encyclopedia of Science
and Technology is a
comprehensive reference
work that includes 7,300
articles and more.

disc sells for $1,095 for the
regular version and $1,595
a year for the version that
includes 238,000 book re-
views, Pricey as it is, it is
mighty useful.

The second disc thats
useful in the everyday pro-
duction of a magazine like
this one is the McGraw-Hill
Multimedia Encyclopedia
of Science & Technology for
Windows. That disc includes
7,300 articles, 105,400 terms,
and 122,600 definitions
from 841 major subject
areas. It is loaded with pic-
tures, audio, and video. This
disc is also an expensive
one, priced at $4,300, but it
is an exceptionally useful
disc to have on hand for
anyone who can afford it,
as it contains information
on aimost any conceivable
technical or scientific top-
| ic—including electronics.

The third disc is a year's
worth of Ziff-Davis' PC Mag-
azine on CD-ROM—the
complete text of 22 issues.
While | prefer fo read the
printed version of the mag-
azine, the CD-ROM version
is the best way to 1ook up
information on a particular
subject or product that has
been covered within the
last year. | find it difficult to
keep up with all the read-
ing material included in fwo
500+ page editions of the
magazine each month,
and so the CD-ROM is a
good way to find anything
important | might have
missed.

Moving on, | also | have a
small collection of discs that

Measure It All!

The DMM/LCR Meter/
Frequency Counter.

roubleshoot down to the
T component level — any

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

* Wide LCR range:
10 © to 2000 MQ
10 pF to 2000 pF
100 pH to 20 H

e Autoranging frequency
meter 10 Hz to 20 MHz

e Ac and dc current to 20 A

¢ Logic test, diode test, max
reading hold, continuity
beeper, input warning
beeper, fused input
protection, battery saver

Consolidate your test bench with

one meter that does it all — _ 200m,
Wavetek’s high-performing, #0me 4
full-function XT Series DMM. e &
It's all in one compact, rugged, o
field-ready package with a big fTLe
0.7-inch, 3/2-digit display. ;,.:,:

Insulated probes and alligator
clip leads are included, and
there is a huge selection of
accessories, including current,
if and HV probes, temperature
converters, holsters, and cases.
Ask for Wavetek DMMs. They're
the meters to pick when you
have things to fix.

°
2000M

119%

Other XT Series DMMs from $89.95

U.S.A.: (619)279-2200
Europe: (44/243) 531323
Asia Pacific: (852)865-1903
©1993 Wavetek Corporation
CIRCLE 168 ON FREE INFORMATION CARD
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All in One.
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The Phoenix flight and weapons control system from Advanced
Gravis is a game-plaver's dream come true.

all deal with history in one
way or another. The first
one, America’s Civil War-A
Nation Divided, from Soft-
ware Marketing
Corporation, is @ complete
collection of Civil War trivia
presented via stories, pho-
tos, videos, narrations,
maps, and more. All of the
major players are covered.
Any war buff or person
needing to research the
war between the states
should check out the disc. It
retails for $59.95.

The next disc deals with
history on a much Iarger
scale than just one war. The
Story of Civilization, from
World Library, Inc., is Will
and Ariel Durant's compila-
tion of more than 3,000

The Story of Civilization
covers more than 3,000 vears
of history on a single CD-
ROM.

years of history on a single
multimedia CD-ROM. The
full text of all 11 volumes of
the Durants work, including
over 800 illustrations, audio,

and video, details history

and culture from prehistoric
times to around 1840. The
disc is a wonderful study aid
for history students and his-
torians, alike. It has a retaif
price of §99.95.

Leonardo The Inventor.
from Future Vision Multi-
media, is about one man
who made his own histo-
ry—that man being
Leonardo daVvinci. Many of
daVinci’s inventions, or vi-
sions, while unused in his
time, have come to pass in
ours. His many accomplish-
ments can be explored
through animations and
more on this disc thats a lot
of fun to play with.

Another disc is—or was—
history in the making. A
Hard Day’s Night from The
Voyager Company is the
complete and uncut Beat-
les movie in QuickTime for
Windows format with lots of
extras thrown into one CD-
ROM. While it's better to see
the movie on the big
screen, the disc includes
stuff that might be hard to
find elsewhere, such as the
original script including de-
leted scenes, the theatrical
trailer, and more. Beatles
fans will probably want this
CD-ROM in their collection,
simply because its the
Beatles.

A while back, | looked at

WHERE TO GETIT

Advanced Gravis
#101-3750 North Fraser Way
Burnaby. B.C.

Canada V5 5E9

Tel. 604-431-5020

CE3 Incorporated

3134 Pacific Coast Highway
Suite 216

Torrance, CA 90505

Tel. 800-AutoDisc

Discovery Enterprises
7700 Wisconsin Avenue
Bethesda, MD 20814
Tel. 301-986-1999

Future Vision Multimedia
300 Airport Executive Park
Nanuet, NY 10954

Tel. 914-426-0400

LucasArts Entertainment
Company

P.O. Box 10307

San Rafael, CA 94912

Tel. 415-721-3300

McGraw-Hilt
Professional Book Group
11 West 19th Street

New York, NY 10011

Tel. 800-722-4726

MPI Multimedia

16101 South 108th Avenue
Orland Park, IL 60462
Tel. 708-460-0555

Reed Reference Publishing
121 Chanlon Road
New Providence, NJ 07974
Tel. 908-464-6800

Software Marketing
Corporation

9830 South 51st Street

Building A-131

Phoenix, AZ 85044

Tel. 602-893-3377

Tatung Inc.

2850 El Presidio Street
Long Beach, CA 90810
Tel. 213-979-7055

The Voyager Company
578 Broadway, Suite 406
New York, NY 10012
212-431-5199

World Library, Inc.
2809 Main Street
Irvine, CA 92714
Tel. 714-756-9500
Zift-Davis

One Park Avenue
New York, NY 10016
Tel. 212-503-5100

a disc published by The
Discovery Channel, In The
Company Of Whales; it's an
entertaining multimedia
look at those unusual ma-

WWW. atneisarnadiohistery.com

rine mammais. It seems that
The Discovery Channel
plans on producing lots of
new CD-ROM'’s on various
topics. One of them,
Normandy-The Great
Crusade, is certainly history-
related. That disc chronicles
D-Day-—June 6, 1944. Thct's
the day that Allied forces
invaded the beaches of
Normandy in order to liber
ate Europe and crush the
Third Reich. Two other new
discs have less to do with
history and more to do with
the neat stuff you see on
The Discovery Channel. An
Interactive Journey With .
Sharks is an entertaining
look at those creatures that
have roamed the seas for
400-million years. Beyond
Planet Earth takes you on
an interactive journey
through the heavens.

I like cars—I've been in-
terested in them for as long
as | can remember. If cars
are also your passion, this
month | have two discs that
you won't want to miss.

The 1994 Auto Alimanac
from CE3 Incorporated
contains over 2,000 pages
of automotive information.
There’s aimost a quarter-
million vehicle specifica-
tions and prices, photos,
video, and more. The 1995
version should be out by
the time you read this. The
disc has a suggested retail
price of §14.95,

The second disc on cars
is called Cars! Cars! Cars!
and is published by MP!
Multimedia. The disc is
loaded with videos, photos,
facts, and trivia on all kinds
of cars ranging from dream
cars to racing cars to wacky
cars, and will be enjoyed
by any car buff,

Last this month is a new
screen saver from LucasArts
called Star Wars Screen En-
fertainment. The software
comes on floppy discs, but
is great nonetheless. At
$35.95, its a must-have for
fans of the film. [
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GIZMO

A CHRONICLE OF CONSUMER ELECTRONICS

Video CD-i

MAGNAVOX CD1450 COMPACT DISC-
INTERACTIVE MULTIPLAYER WITH
ADD-ON DIGITAL VIDEO CAR-
TRIDGE. Manufactured by Philips Con-
sumer Electronics Company, One Philips
Drive, Knoxville, TN 37914-1810; Tel.
615-521-4316; Suggested retail price:
$299; Digital Video Cartridge: $249.

We’ve always said that when we have
kids, there will be no video games allowed
in the house. Sitting zombie-like in front
of a TV, controller in hand, cannot be a
positive, life-enhancing way for kids to
spend their time. Shouldn’t they have
some better things—sports, reading, play-
ing, chores—to do? Will they ever do any-
thing else if video games are around?

After all, we—and our editors—are
well aware of the fact that we’ve yet to meet
a deadline when we’ve had a game ma-
chine in for review. And we’re ‘‘responsi-
ble adults.” What effect would vid-
eogames have on our kids’ homework
assignments?

Well, if the system is Philips’ Magna-
vox CDI450 or CDIS50, it’s possible that
those school assignments would be im-
proved. Compact Disc-Interactive, or CD-
i, is more than just a game system. It’s an
interactive “‘multiplayer” that can be used
to research term papers (with an interac-
tive encyclopedia); improve one’s tennis
or golf game (with interactive sports in-
structions); play audio CD’s; view Photo
CD’s; watch full-length movies in full-
color, full-motion video; and, of course,
play games.

Compact Disc-Interactive has been
evolving rapidly since its market introduc-
tion about three years ago (see Gizmo,
February 1992). In fact, the latest genera-
tion of CD-i products bears little outward
resemblance to its earliest ancestors.

The first CD-i players were full-sized
components, designed to look like every-
thing else in your entertainment center.
And they bore a hefty suggested-retail
price tag—$1000. The CDI450 is less than

aquarter of the size and a third of the price
of the original. The 11.75 X 7.5 X 2.6-inch
player carries a suggested retail price of
$299.

It offers all the functions of the original
player, with a very special optional
bonus—a Digital Video Cartridge that al-
lows the CD-i unit to play full-length fea-
ture films and advanced action games. The
add-on cartridge (Model 22ER9956) re-
tails for $249.95, and can easily be
plugged into a slot on the top of the
CDI450 by the user. The step-up model
CDI550 comes with the Digital Video Car-
tridge already installed, at a suggested re-
tail price of $499.

The Digital Video Cartridge is based on
the MPEG-! international standard, de-
veloped by the Moving Picture Experts
Group. It delivers computing performance
of 400-millions instructions-per-second
(MIPS) with multiple RISC (reduced in-
struction-set computer) processors. The
result is a 5-inch disc that contains more
than 72 minutes of 30-frame-per-second,
full-motion digital video, along with CD-
quality audio.

Independent of NTSC and PAL broad-

WWWamernacaanadiehistary. com

cast standards, Video CD has been de-
signed for campatibility with multiple
playback platforms, including dedicated
Video CD players, Video CD-compatible
computer systems, and CD-i players
equipped with the Digital Video Car-
tridge. The new generation of CD-i players
are the first—and, so far, only—devices on
the market that can be used to play Video
CD movies and music videos.

The new CD-i players are also blessed
with an abundanc. of available software,
which has grown substantially since the
product was introduced three years ago.
The CDI450 is bundled with ‘‘Interna-
tional Tennis Open,”’ and the CDI550 with
the arcade hit. ““Space Ace.”” Both players
also come with the CD-i version of
“Compton’s Interactive Encyclopedia.”

The quality, as well as the quantity, of
the software has improved; many newer
titles have been specifically designed to
take advantage of CD-i’s full-motion vid-
eo capabilities. Philips’ software division,
Philips Media, recently created four pub-
lishing subdivisions—Games, Family En-
tertainment, Home Entertainment, and
Video CD—each of which has been busy
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creating new CD-i titles. More than 150
titles are currently available, including
new releases resulting from Philips’ agree-
ments with such major motion-picture stu-
dios as MGM/UA and Paramount. A
review of some assorted CD-i software fol-
lows our look at the latest hardware.

The CDI450 and CDISS0 are virtually
identical; the only difference is that the
Digital Video Cartridge, which is included
with the latter, must be purchased sepa-
rately for the CDI450. The top of each CD-
1 player contains two covered compart-
ments. The smaller one, on the left side,
holds the plug-in Digital Video Cartridge.
To the right 1s the larger disc compart-
ment. The only thing on the front of the
unit is the input for the wired game con-
troller. The power switch is found on the
left side panel. The rear panel contains a
jack for the outboard power supply and a
set of three RCA phono jacks for con-
necting the CD-i multiplayer to a TV and,
if desired, a stereo audio system.

Installation of the Digital Video Car-
tridge is simple. With the player switched
off, the disc compartment cover is opened
to reveal latches used to remove the cover
of the Digital Video Cartridge compart-
ment. A special, pen-shaped tool is then
used to remove a protective metal cover
from the connectors within the compart-
ment. The cartridge plugs into those con-
nectors, and the compartment cover is
replaced. Because the Digital Video Car-
tridge also contains memory that is re-
quired for some programs and games,
removal is not recommended unless repair
is required.

When the CDI450 is turned on, an
opening screen appears on the television
screen. It contains the Magnavox logo, a
small box that notes the time and date, an
indication if a disc is in place or if the disc
compartment is open, and a bar labeled
“Options.” Clicking on the options bar
opens the options screen, which is used for
CD audio play, setting the time and date,
and storage of audio and Photo CD pro-
grams.

To play a CD-i disc, the disc compart-
ment is opened by pressing on the front
edge of the cover. The cover gradually
opens to a 60° position, where it remains
until the disc is in place and the cover is
pressed closed. An LED flashes while the
disc is starting up, and remains lighted
while the disc is in play.

Each disc contains a brief set of instruc-
tions. Further help is often available on-
screen, if needed, although most play is
largely intuitive. (More so for some people

Gizmo is published by Gernsback Publica-
tions, Inc., 500-B Bi-County Bivd., Farm-
ingdale, NY 11735. Senior Writers: Chris F.
O'Brian and Teri Scaduto. Copyright 1995
by Gernsback Publications, Inc. Gizmo is a
registered trademark. All rights reserved.

COMPACT BISC ENTERASTIVE

The two-player version of international
Tennis Open is included with the
CDI450.

<o

caing, up 2 World of
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OMPTON’S
INTERACTIVE
ENCYCLOPEDIA
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PHIUPS COMPACY BISC IMTERACTIVE

Including “Compton’s Interactive Ency-
clopedia” with the CD-i player will make
parents view it as more than just agame
system.

than others—a 14-year-old relative using
CD-i for the first time never even glanced
at the instructions, yet he easily beat our
high scores on every game!)

We were particularly impressed with the
quality of CD-i movies. The video was not
laserdisc quality, but it was easily equiv-
alent to VHS tapes, and the digital audio
sounded every bit as good as a CD or
laserdisc. The full-spectrum sound was
most obvious on **Star Trek [V: The Un-
discovered Country.” When the Enter-
prise’s engines were placed on warp speed,
they could be felt, as well as heard,
throughout the viewing room. (Don’t
throw out the old VCR yet—the CD-i
movie selection is still pretty limited, al-
though several new ones are in the works.)

The full-motion video capability also is
used to enhance some CD-i games, many
of which require a Digital Video Car-
tridge. For instance, the adventure game
“Dragon’s Lair” features motion-picture
style animation, and the interactive drama
*“The 7th Guest™ uses real actors in ghost-
ly digiral video sequences.

The game controller included with the
CDI450 is a wired, one-person device.
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(An optional splitter allows two-player
play with the addition of a second control-
ler) A 12-foot cord allows freedom of
movement while playing. The controls are
found on the rounded section that tops a
narrower grip. At the center of the round
section, a circular, directional thumb-pad
moves the cursor up, down, left, right,
and, in some programs, diagonally acrcss
the screen. To either side of the thumbpad
are action buttons.

The controller is fairly accurate and
easy to use. We had one problem with it,
however. We tended to accidentally hit the
left-side action button while working the
directional controller, with the unfortunate
result of inadvertently exiting a game—
usually at a crucial point.

Several optional CD-i controllers—a
Joystick, a mouse, a trackerball, and a
roller controller—are available. We tried
out the Model 22ER9017 joystick, which
carries a suggested retail price of $29.95.
That controlier has a more traditional look;
designed for two-handed play, it has a
joystick on one side and four action but-
tons on the other. Traditional with a twist,
that is: The optional controller is adaptable
for left- or right-handed play. The player
can hold the controller with the joystick on
the right side, or flip it over so that the
joystick is on the left. When a slide switch
is also “*flipped,” the controls are reversed
as well, so that pressing the joystick for-
ward still makes the cursor move up or
forward. The four buttons on the other side
of the controller are actually two sets of A
and B buttons; they are in the proper places
no matter which way the controller is held.

The model 22ER9017 gave a finer de-
gree of control to game play. It also totally
eliminated the problem of hitting the
wrong button at an inopportune time.

The CDI450 comes with “International
Tennis Open’” and **Compton’s Interactive
Encyclopedia.” The tennis game allows
you to assume the persona of Victor Player,
a promising young hopeful just starting
out on the pro circuit. Player strives to win
the three major international Tennis Open
Championships, held in London, New
York, and Paris. On the way, he trains and
plays “‘friendly” exhibition matches
against four top players—Julio Jimenez,
Thomas Ullman, Erik Andersen, and
Robert Garrett. This two-player game also
allows competition with a friend. At the
end of each match, Player receives his In-
ternational World Partner player ranking.

We wish we’d had “Compton’s Interac-
tive Encyclopedia’ back when we were in
school, writing reports. Not only is it
much more convenient than going to the
library and hoping that none of the other
29 Kkids in the class, all with the same
assignment, were using that volume of the
printed encyclopedia—it's also more inter-

(Continued on page 19)
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CD-i Games
People Play

CD-i SOFTWARE ASSORTMENT. Pub-
lished by Philips Interactive Media, 11111
Santa Monica Blvd., Suite 400, Los An-
geles, CA 90025; Tel. 310-444-6600;
Price range: $20 to $60.

The following are same admittedly sub-
jective reviews of several CD-i titles from
each category. They represent each catego-
ry produced by Philips Media: Games.
Family Entertainment. Home Entertain-
ment, and Video CD. Where available.
prices for specific games are included.

GAMES

We are no experts when it comes to
video-gaming, and our tastes differ from
the average gamer. For instance, we tend
to steer clear of any games that feature
graphic violence and are won by brute
force. And we've yet to play one of those
interactive drama/mystery games to a suc-
cessful conclusion—we just don’t have the
patience. However, we do get hooked on
those games that combine strategy and
1iming.

ZOMPACT DISC INTERACY VE

Keeping those criteria in mind, it’s not
surprising that our favorite game by far—
and the reason for this month’s missed
deadline—was ‘‘MegaMaze™ ($34.98).
To be fair, its packaging did contain a clear
warning that the game was highly addic-
tive. Aimed at players aged 10 to adule.
MzgaMaze is essentially an electronic ver-
sian of one of those handheld mazes m
which you must guide a small ball into a
hale by tilting the board. The CD-i adds
some twists, however, including purple
balls, which also move as you tilt the
“board”” but which explode on impact and
can destroy the blue ball that you are trying
to get “‘into the vortex.” Then there are
sink holes, and laser guns, and trap doors,
and, well, you get the picture. There are 75
levels of increasing difficulty, with a total
of 165 mazes. To reach the rank of

Mazemaster, you must conplete a maze
level within a pre-set time limit. or guide
all four purple balls home betore the blue
ball.

“The 7th Guest” ($59.98) is one of
those “interactive dramas of mystery and
intrigue”” that leave us totally baffled. The
double-disc set takes place in the haunted
mansion of toymaker Henry Stauf. who
disappeared a couple of months before the
start of the game. He has invited six guests
1o a party at his home, and none of them

PHILIPS

are ever seen again. The player takes on the
persona of the 7th Guest, ‘a mysterious
entity known only as Ego ... [whose] role,
identity and purpose is not shown or ex-
plained, but is rather experienced as a
seamless, integral part of the total environ-
ment.” The goal is te explorz the mansion,
obtaining clues by solving puzzles and
viewing dramatizations of the missing
guests. Perhaps if we’d had more time or
patience, we'd have done a bit better: as it
is, we gave up after solving only a few
puzzles. A Digital Video Cartridge is re-
quired, and results in video quality that far
surpasses that of any of the other platforms
on which we’ve seen the game.
“Dragon’s Lair” {$49.98) pits Dirk the
Daring against a host of villainous obsta-
cles as he battles his way through the evil
wizard Mordroc’s castle to rescue the love-
ly Princess Daphne. This game. which
alsorequires a video cartridge, is an excel-
lent example of how full-motion video can

: ,ﬁ“* '*-;

PHILIPS

WWW. atnekcarnadiohistary.com

be used to enhance game playing. The
animation is cxcellent—colors bright,
motion scamless—as is the accompanying
soundtrack. The game requires speed,
timing, and cunning, as the wizard attacks
in various unexpected ways. Dragon’s Lair
was created by Don Bluth, who is best
known for the arcade hit Space Ace.
“Litil Divil™ stars Mutt, a little demon
who has been “wolunteered”™ to navigate
through a winding obstacle course called
The Labyrinth ol Chaos to retrieve the
Mystical Pizza of Plenty. Players must
guide Mutt through five levels of in-
creasingly difficult game play, all the
while avoiding a wicked character called
The Entity, who tries to whisk Mutt off toa
torture chamber. Poor Mutt suffered
mightily at our hands—being beaten by a
club-wielding monster, and repeatedly
drowning while trying to cross a river—

PHILIPS

even when we switched to the upgraded
game contraller. “Litil Divil” also uses
the Digital Video Cartridge, and has the
enhanced video and audio to show for it.

FAMILY ENTERTAINMENT

By *‘family entertainment,’” Philips
Media means sofiware for young children.
in this category, there is no violence, and
the emphasis is on learning.

Jie Beensain Beans -

L o> w2 |

“The Berenstain Bears on Their Own
and You on Your Own" ($39.98. for ages 4
and up) teaches “'school skills” such as
counting. colors, and the like. but its main
emphasis is on responsibility. The pro-
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TECHNOLOGY UPDATE

World's first wireless home theater

system makes professional-quality
surround sound affordable. ..

Now you can add surround sound to your home entertainment lineup
with the amazing new Chase Technologies decoder that works with
your existing stereo and an assortment of wired and wireless speakers.

by John Lindner

video can be, it’s just not the same as
seeing a movie in a theater. I remember
the first time I saw Jurassic Park—I nearly
jumped out of my seat when the dinosaurs
roared. One of the reasons movies seem so
real is because surround sound makes it seem

L et’s face it. As much fun as renting a

The secret of surround sound

Surround sound has become the rage of the
‘90s because it adds depth and realism to
stereo sound, giving you the home theater
experience. In short, it makes you feel like
you are actually at a concert a theater.

To get surround sound, some people
have tried simply adding additional speak-
ers to their home entertainment lineup. But
it takes more than additional speakers to get
surround sound; there needs to be a way of
separating the original signal into distinct
channels so that you're not just duplicating
the same sounds and broadcasting them
from different areas of the room.

The new Chase Technologies HTS-1 sur-
round sound decoder does just that, and in
a revolutionary way that rivals the best Dolby
Pro-Logic and THX systems available.The
HTS-1 provides five channels of sound from
any two-channel stereo source.

The HTS-1 works with a variety of speak-
ers. In the front, you can use your existing
stereo speakers. For the rear, choose from
inexpensive wired speakers, high-quality
wireless speakers, or even an audiophile-
quality wireless satellite subwoofer system.
The HTS-1 also gives you the ability to add
a powered center channel speaker (instead
of using your TV’s buiit-
in speaker).

like you're actually there when events are hap-
pening. Now there’s an incredible new device
that lets you use your stereo receiver to get
that same surround sound in your home.

The secret’s in the signal. To get sur-
round sound, you need to do more than sim-
ply add extra speakers. There needs to be a
way of separating the signal from the musi-
cal score or movie soundtrack into distinct
channel for each speaker. The new Chase
Technologies HTS-1 surround sound decoder
does just that, and in a revolutionary way that
rivals the best Dolby Pro-Logic and THX sys-
tems available today.

Wins over critics. In the September 1994
issue of “High Performance Review,” noted
audio critic Daniel Kumin said “the HTS-1 can
do quite a job of recreating a 3D theatrical ex-
perience...surround effects emanated with sat-
isfying fullness...sound was clean at any
level...with quite involving
and natural sound ambience.”

Plus, John Sunier, a leading
authority on surround sound
s 3 and producer of Audiophile

= Audition, a nationally syndi-
cated radio program for au-
dio enthusiasts, says, “...the
new Chase HTS-1, when used
to decode the hidden ambi-
ence in all musical recordings,

0, CEDAE U TR

The new HTS-1
decoder won
the Design and

Engineering  definitely outperforms all the
Awardatthe  Dolby and THX processors
SRR (which could cost you up to
S welies $3,000)...1 am impressed!”
Show for being ]

one of the Decoding breakthrough.
best and most  Last year, audio industry vet-
innovative eran Bob Rapoport invented a

new five-channel “passive”
circuit for decoding the Dolby
Surround™ signals in every stereo, videotape
or laserdisc. This passive method is superior
to active decoders such as Dolby and THX be-
cause it requires no AC current to decode. As
a result, you experience more clarity, more de-
tail, and a greater sense of space. Plus, you
won't experience the noise or distortion which
can occur with active decoding methods. You

new products.

don't need any extra amps! Just connect the |

HTS-1 to your stereo, add your speakers, and
you'll experience the magic of home theater
at a fraction of the cost of other systems.

WW\W. aknefieainiadiahigsiory.com

Five channel options. The HTS-1 decoder
can be used with two, three, four or five chan-
nels of amplification, making it the most cost
effective method for upgrading your stereo
system to full home theater performance on
the market. Best of all, the HTS-1 works with
a variety of hard wired and wireless speakers.
In the front, most people use wired stereo
speakers. Use your existing stereo’s speakers
or use one of a variety of wired speakers.
Comtrad also offers the Chase Dialog center
channel speaker. If your front speakers are
more than eight feet apart,
adding a center channel
speaker will help keep
voices and sound effects
centered on the screen for
stunning localization and
clarity. The Dialog is self
powered and video shield-
ed to prevent interference
with your television set.

The Chase HTS-1
decoder is

the most cost-
effective method
for upgrading

an existing
stereo system to
full home theater
performance

on the market.
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The rew Chase Technobbgies HTS-1
susrouind sound decoder gives you
the oatlon of using eith2r tradition-
al wied speakers like the Chase
ELF-"5, or using wireless speakers
or a wireless satellite subwoofer
system for additional convenience
and enhanced sound quality.

Wireless freedom. When it comes to rear
speakers, you can again choose standard
wired speakers like the Chase ELF-1s. But if
you want to avoid the hassle of running speak-
er wire up and down walls, behind furniture,
and under carpet, you can add the freedom
and convenience of wireless speakers.

Recoton wireless speakers utilize a trans-
mitter which broadcasts sound signals up to
150 feet through walls, floors and ceilings. The
speakers can be placed anywhere; they plug
into a standard electric outlet. This eliminates
the need to have wires running from the stereo
to the speakers, which can be a nuisance with
surround sound since the rear speakers are
often elevated or wall mounted.

Affordable option. Recoton’s W440 speak-
ers allow you to add wireless rear channel
speakers without compromising the sound
quality that wired speakers deliver. Each self-
amplified speaker contains a two-inch tweet-
er and four-inch woofer. They deliver 10 watts
per channel for strong, clear fill sound. Their
compact design (9" high x 6" wide x 5.5" long),
make them the perfect bookshelf-sized com-
panion to your home entertainment set up.

Speaker Options
Wired Speaker Options

Front Speakers: The Chase HTS-1 surround sound decoder can utllize
your existing stereo speakers, or any of a variety of wired speakers avall-
able through Comtrad or your local electronics dealer.

Center channel speaker. If the front speakers
are more than eight feet apart, adding a cen-
ter channel speaker will keep volce cues
centered on the screen. We offer the Dialog.
It is seif-powered and video shielded to pre-
vent interference with TVs. Dialog $75 $8 S&H

Rear channel speakers. We recommend the
quality Chase ELF-1 in either white or black
for inexpensive rear channel speakers,
Mount them with the enclosed color-matched
mounting brackets or flush mount them on
the wall. ELF-1 ........... $99/palr $10 S&H

Wireless Speaker Options

Rear channel speakers. Recoton W440 wire-
less speakers are the perfect option for
people who want quality stereo rear chan-
nel speakers without having to run speaker
wire. Their two-inch tweeters and four-inch
woofers deliver 10 watts per channel—clear,
strong stereo fill sound. The speakers work
up to 150 feet from the transmitter without
loss of sound quafity. Tx1000 transmitter
(works unlimited speakers) .. ... $69 $7 S&H
waao wireless speaker (each) . .. .$89 $9 S&H

Get the Chase HTS-1 half off ($49) when you buy the W440 speaker system!

Rear channel speakers. For true audio-
phite-quallty rear channel speakers,
we offer the Recoton wireless satellite
subwoofer system. This first-of-its-
kind system combines a 10-inch rear-
firing subwoofer with a pair of 25-watt
satellite speakers. The subwoofer pro-
vides that distinctive “low-end punch”
that you feel in movie theaters, while

the satellites are designed to coincide

with surround sound processor specifications balance per-
fectly with the front speakers. wrT470 transmitter..
WHT421 wireless 50-watt subwoofer ............ $299 $24 S&H
wHT462 pair of wireless 25-watt satellite speakers $329 $24 SaH

. $69 $7 S&H

Get the Chase HTS-1 FREE when you buy the satellite subwoofer system!

Audiophile quality. For the true stereo en-
thusiast, we offer the Recoton self-amplified
wireless satellite subwoofer system. The satel-
lite speakers in the system each bolster 25
watts of clean, distortion-free sound. The sub-
woofer adds a whole new dimension to your
home theater with its 50-watt amplifier that’s
capable of creating enough rumbie to make
you feel like you're in the

The Recoton middle of an earthquake.

wireless sub-
woofer’s 50-watt
10-inch speaker
delivers thunder-
ous bess that
adds depth and
realism to the
surround sound
experignce.

Even the most discrim-
inating surround sound
enthusiast will be en-
gulfed by the abundant
power and delighted with
the full-range, first-rate
sound from these black
oak vinyl veneer speakers.

Easy to install. Every
speaker option offered by
Comtrad can be easily in-
stalled with the HTS-1in a
matter of minutes. Just
connect the speaker out-
puts of your receiver or
amp to the HTS-1, then
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connect speaker wire to the front and rear
speakers. When using wireless speakers, con-
nect the transmitter to the output. One trans-
mitter will broadcast to each wireless speaker.

Risk-free home trial. The best way to eval-
uate surround sound is in your home—not a
showroom. That's why we’re offering the 30-
day risk-free home trial. Try these products in
your home and if you're not delighted with
the the surround sound experience, return
them for a full “No Questions Asked” refund.

HTS-1 surround sound decoder ....... $99 $10 S&H
Please mention promotional code 711—PL1111.
For fastest service call toll-free 24 hours a day

—
To order by mail, send check or money order for the total
amount inciding S&H (VA residents add 4.5% sales tax.)

Or charge it to your credit card, enclosing your account
number and expiration date.

COMTRAD
INDUSTRIES

2820 Waterford Lake Drive, Suite 106
Midlothian, Virginia 23113
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gram has two distinct parts: a cartoon, and
a self-paced tour of Berenstain Bear coun-
try. In the cartoon, the two Berenstain cubs
want to go to the Country Fair by them-
selves. Before their parents will grant per-
mission, the cubs must prove that they can
behave responsibly, by completing a list of
chores and challenges—get ready for
school on time, go to the market, share,
etc. Further lessons in responsibility are
found in the “‘on your own” segment. As
the players travel through the bear’s house,
the market, the school, the park, and the
fair, they learmn important safety tips and
play learning games. Successful comple-
tion of the games earns them gold stars, as
well as tickets to the fair, where they can
play still more games. The story is charm-
ing, and there are plenty of activities to
keep kids busy. This version does not re-
quire the Digital Video Cartridge.

The ““Hanna-Barbera Cartoon Car-
nival” ($39.98) brings back some fond
memories for Baby Boomers who grew up
with the Jetsons, Top Cat, Yogi Bear, the
Flintstones, and the other characters fea-
tured on this disk. Each cartoon character
has his own “booth™ at the interactive
camival. The player (aged 6 and up) is
challenged by a different game at each
booth—guide Scooby Doo through a
maze, help Fred Flintstone catch balloons
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in a butterfly net, match colors at
Huckleberry Hound’s Gift Emporium and
sounds at Yogi’s Pic-a-Nic. (Top Cat's triv-
ia game reminded us just how long ago it
was that we watched those Saturday morn-
ing cartoons!) Some of the games seem
designed to hone the youngster’s gaming
skills in preparation for the more sophisti-
cated games he or she will be playing a few
years down the road. For instance, the
young gamer must help George Jetson
navigate his space car past dangerous as-
teroids while trying to pick up stray satel-
lites. Every time the player wins a game,
he is awarded a letter on the “Cartoon
Carnival™ banner. When the banner is
completely filled in, the player is rewarded
with a short cartoon. Each game has sev-
eral increasingly difficult levels, so players

won’t get bored quickly. The Digital Video
Cartridge is recommended but not re-
quired; with it installed, the video quality
was excellent.

HOME ENTERTAINMENT

Philips Media Home Entertainment
produces a wide variety of adult interactive
titles. By ‘“‘adult,” they mean programs of
interest to grownups. “Time-Life Astrolo-
gy.”’ for instance, offers customized
astrological information for every day of
the year, draws astrological charts, pro-
vides personal horoscopes, and offers
compatibility reports. “Titanic,” takes
players on a tour of the ili-fated ship, nar-
rated by Star Trek’s Patrick Stewart, that
includes more than 2500 historical photos,
actual ship diagrams, videos of the re-
discovery of and more recent exploration
of the wreck, and storylines of actual pas-
sengers and crew members.

Mitchell Beazley
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The only Home Entertainment title that
we received for review, however, earns its
“adult” label in more ways than one. “The
Joy of Sex” transforms Alex Comfort’s
classic book into an interactive sex man-
ual, complete with full-motion video
(Digital Video Cartridge required), ex-
plicit line drawings, and partial nudity.
While some segments are certainly titillat-
ing, the disc is not about gratuitous sex.
Aimed at couples in committed, monog-
amous, loving relationships, it looks at sex
from the points of view of four people—a
twenty-something man and woman who
each miss the passion of the honeymoon
phase, and a man and woman in their
fifties who would like to rediscover sex
from a more mature perspective. *“The Joy
of Sex” tries to help those four represen-
tative people make the most of their sex
lives through expert advice, game playing,
quizzes, drawings, and video.

VIDEO CD

Video CD could very well be the wave of
the future. Recently, seven major motion-
picture studios—Disney, Warner Broth-
ers, Columbia Pictures, MGM. Viacom,
MCA/Universal, and Paramount—joined
together in an *‘ad hoc advisory group™ to
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explore the possibilities of the format,
which would put 135 minutes of video,
preferably of laserdisc quality, on a single
S-inch disc. Philips and Sony are currently
collaborating on a digital video system, as
are Toshiba and Time Warner.

In the meantime, however, Philips Me-
dia’s Video CD Group was the first to re-
lease full-length movies and music videos
on five-inch CD’s. The video CD-i discs
can hold 72 minutes of VHS-quality vid-
€0, along with CD-quality sound, so most
movies come on two-disc sets. The plat-
form also allows publishers to include
such “‘value-added features” as behind-
the-scenes information about the film and
even on-screen sales of tie-in merchandise
(parents, beware!).

The CD-i player allows customized con-
trol over the viewing experience. Via an
on-screen panel, the Video CD viewer can
select slow motion or freeze-frame with
continuing sound, as well as fast forward,
remote, and pause modes lacking the jitter
associated with VCR’s. It’s also possible
to skip forward or back to a specific scene
in the movie, conveniently listed in the
table of contents.
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In “*Star Trek VI: The Undiscovered
Country,”” as the Federation and the
Klingons are preparing for a *‘glasnost-
like” peace summit, Captain Kirk and the
crew of the Enterprise (they’re baaack) are
accused of attacking a Klingon vessel. The
CD-i version of the film provides video

(Continued on page 19)
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Family
Computing

COMPAQ PRESARIO CDS 520. From
Compaq Computer Corporation, P.O.
Box 692000, Houston, TX 77269-2000;
Tel. 713-370-0670. Price: $1699.

Choosing a TV or home-theater system
is confusing enough for most consum-
ers—in fact, it can cause severe anxiety
attacks. If you make the wrong choice in
home-theater equipment, you can simply
chalk it up to experience. But if you make
the wrong choice when buying a computer
for your family, you might permanently
ban them from the heralded information
superhighway!

Back in the early 1980's, everyone pre-
dicted a home-computer revolution. Even
though millions of computers were sold,
the revolution didn’t happen back then.
The incompatibilities between the com-
puters that were sold, and the growing
pains of the industry were only partially to
blame; the main reason was that the com-
puters weren’t powerful enough for the
mainstream mass market. What was
powerful enough for many business uses
just couldn’t provide entertainment.

Today, of course, things are quite a bit
different, as can be seen with the latest
computers introduced by Compagq. We ex-
amined the base entry model of the com-
pany’s new introductions, the Presario
CDS 520.

Just what is an entry-level computer to-
day? The CDS 520 is powered by a
486SX2 processor running at 66 MHz.
The 486SX does not have a math
coprocessor. However, according to Com-
paq, it performs 26% better than a
486DX2/50 in most Windows applica-
tions. The computer contains a single,
high-density, microfloppy disk drive; a
double-speed CD-ROM drive; a built-in
sound card; and speakers. A Fax/modem
and speaker phone are also standard.

The standard configuration for the CDS
520 is 4 megabytes of RAM (which is
installed directly on the motherboard).
Our machine was equipped with 8 mega-
bytes; the machine can be expanded to 64.

The Presario CDS 520 has a unique all-
in-one design; everything except for the
keyboard and mouse are contained in a
single package with a small footprint. Be-
cause of that, a Presario setup can be sur
prisingly neat. Neat enough, for example,
to be kept in the family room.

To keep the size of the unit down, Com:
paq came up with an interesting configura-
tion. First, the unit has no plug-in cards
installed. All of the features that would
normally reside on plug-in cards are in-
stead integrated on the motherboard. That

PRESARIO
500 SERIES
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eliminates the need for a disk controller,
local-bus video card, fax/modem, sound
card, /O card, and CD-ROM controller.
(The CD-ROM drive is run from the hard
drive’s IDE controller.)

The case can accept two Ya-length ex-
pansion cards. It wouldn’t take much to
run out of expansion slots. If you installed,
for example, a video-capture card and
PCMCIA adapter, you'd have no room
when you went to install a network, radio,
or TV card. Because the case offers only
three drive bays—which are already oc-
cupied by the floppy- and hard-disk drives
as well as the CD unit—an expansion to
include, for example, a tape-backup drive
would require an external case.

Although those somewhat limited ex-
pansion capabilities would be cause for
concern to us, we doubt it’s important to
most new users, who probably have no
intention of ever opening the computer
case.

The Presario CDS 520 is equipped with
a generous bundle of software, including
MS-DOS 6.2 and Microsoft Windows 3.1.
Application programs shipped with the
computer include Microsoft Works for
Windows, Quicken for Windows, Micro-
soft Encarta CD, Kidsoft CD, the Home
Survival Toolkit, and The Even More In-
credible Machine. In short, there’s some-
thing for every member of the family.

Some utilities are supplied expressly for
the Compaq machine, including the Wel-
come Center/Control Center/Learning
Center, and Compaq Utilities. Startup
kits, which provide one month’s free ser-
vice (but which also require that you sub-
scribe by entering your credit card
number), are provided for America
Online, CompuServe, Prodigy, and the
Imagination Network. Unfortunately, no
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communications software is provided with
the system other than the Terminal pro-
gram that is part of Microsoft Windows.

Itisn’t easy to build a computer that can
be purchased as a commodity at a local
store, taken out of the box, and set up
successfully even by someone who has
never used a computer before. But build-
ing such a “family” computer is exactly
what Compagq sought to do with the Pre-
sario, which is now available in more than
5600 stores across the country.

The system is packaged in a single,
large carton with un-intimidating pho-
tographs of a father and son building a
model airplane while referring to software
describing historic aircraft. If everything
goes according to plan, the largest prob-
lem that someone will have setting up the
Presario is getting it out of the box. For
hardware setup, the only other require-
ments are to plug in the cables for the
keyboard, mouse, and telephone line.
Even that is a breeze because of clearly
labeled rear-panel jacks. Purchasers who
are still intimidated might find some com-
fort in the VHS videotape that is included
with the unit.

In the event that any problems occur,
Compagq does offer a free (and toll-free)
24-hour technical hotline. Be prepared to
wait for the service, however. In random
calls, our wait times—when we didn’t lose
patience and hang up—ranged from 10
minutes to about 40 minutes.

Once the computer is out of its box and
plugged in, and the keyboard, mouse, and
phone line are attached, the power switch
can be turned on. Setup software that is
installed on the hard disk takes care of the
rest. The user is asked for his or her lan-
guage and country. When selected. the
appropriate software is installed (de-
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The Presario does its best to make even computer neophytes feel comfortable with the
system. TabWorks (top left) is a replacement for the Windows Program Manager. The
Phone Center (top right) is easy enough for anyone who has ever used a traditional
phone. The sound-system controls (bottom left) also mimic real audio components.
An “operator” (bottom right) tries %o guide users along.

The Presario’s motherboard contains many of the functions that would normally be
incorporated on separate plug-in cards. For upgrades, the motherboard simply slides
outin a drawer from the main chassis. Note the clearly labelled input and output jacks.

compressed) from the hard-disk drive. The
software that is configured for ther lan-
guages is deleted. The entire setup process
takes about 35 minutes. The only other
questions that the user needs to answer is
for printer setup.

Although the software installation is
straightforward and almost foolproof, it
does present some potentially serious
problems. Most of the software is con-
tained only on the hard disk; no instalia-
tion diskettes are supplied for most of the

applications, including Microsoft Win-
dows. If power were turned off (or lost)
during installation, it would likely cause a
fatal error. If files became corrupt, a user
would have no way to correct a problem
unless he or she had done a full backup.
(As with most computers, a practical
backup system isn’t included with the
CDS 520 except to floppy diskette.) Even a
full backup, however, doesn't give a user
the same flexibility to correct a problem as
having installation diskettes.
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In our opinion, Compaq would have
served its customers better by including all
of the installation software on a CD-ROM
instead of on thie hard disk.

The software that the setup program in-
stalls is a collection of programs that a
family will likely find useful along with
some software that is probably of littie use,
and some demonstration packages that
might whet a family’s appetite to buy
more.

The Documentation supplied with the
CDS 520 should help most beginning
computer users get familiar with the sys-
tem.

The default configuration for the ma-
chine is to boot up running Windows. In-
stead of the Program Manager that is the
default shell of Microsoft Windows, the
Presario loads TabWorks, an alternate
shell.

Although there is nothing inherently
wrong with TabWorks, it doesn’t seem to
provide any better interface than the de-
fault Program Manager shell. If someone
in the family is somewhat familiar with
Windows through exposure to it at work or
school, TabWorks could be a detriment to
learning how to use the computer effi-
ciently. Fortunately, Compaq makes it
easy to switch between the TabWorks and
Program Manager shells.

The CDS 520 offers energy-saver
power-management options. During peri-
ods of inactivity, the monitor and hard disk
can be turned off to conserve power. A
strike of a key or movement of the mouse
restores the computer to full operation vir-
tually immediately. The monitor comes up
to full brightness in only a matter of sec-
onds; the hard disk takes a little longer to
come up to speed.

The time-out settings for the monitor
can be set in five-minute intervals from
five minutes to a half hour, and the hard-
disk time-out can be set in one-minute
intervals between ten and twenty minutes,
The energy-saver feature can be turned off
if it is not needed. Because the system
looks as if it’s off when in its sleep mode,
the user can choose to have the power LED
blink.

An interesting and useful feature of the
Presario is a built-in, full-duplex speak-
erphone, with an answering machine that
can be set up with individual voice mail-
boxes for family members. Although the
speakerphone performance was sur-
prisingly good, we were happy that a
handset could be plugged in for more pri-
vacy.

When we initially saw the Presario CDS
520, we thought that it would be fine for
non-serious users, but unsuitable for per-
forming serious tasks. We no longer think
that, and. despite some limitations, would
feel comfortable recommending the ma-
chine to most families. ]
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Slip Slidin’ Away

WQ-CH800 PORTABLE MUSIC SYS-
TEM WITH FIVE-DISC CHANGER.
From Sharp Electronics Corporation,
Audio Division, Sharp Plaza, Mahwah,
Nj 07439-2135; Tel. 1-800-BE-SHARP.
Price: $249.95.

Most of us associate portable music
with the Walkman—pocket-sized, light-
weight, and private. But there are times
when we’d like to take music with us, and
still be able to share it with friends. That’s
where the boombox comes in.

Aimed primarily at teenage and twenty-
something males (who tend to prefer their
music loud, and are strong enough to lug
around a good-size portable music sys-
tem), the boombox can be carried from a
dorm room to the park or beach. It allows
the listener’s choice of music to be heard
by anyone in the immediate vicinity.

Today’s portable stereo systems often
incorporate a CD player, along with the
requisite AM/FM radio and tape deck.
Some even offer CD changers.

Sharp’s WQ-CHB800 is a portable stereo
system with a unique five-disc changer.
The discs are loaded label-side-up into the
top of the unit. The changer mechanism
slides the stored discs to either side of the
center position. To move a CD into play
position, the changer glides to the left or
right to pick up the selected disc. The
labels of the discs remain face up and visi-
ble as they pass through the system. The
time needed to change from disc | to disc 5
is an impressively quick 4.7 seconds.

The WQ-CHS800 is about the size of
many of today’s mini, bookshelf stereo
systems. It measures 21Y% X 10%6 X 9%
inches, and weighs in at a hefty 15 pounds.
A handle folds up from the top to facilitate
carrying. The CD changer also is set in the
top of the unit. Three windows allow you
to view the disc in the play position and
those in the top slot on either side of it. CD
controls include track-selection buttons
(numbered 1-5), and PLAY and STOP
buttons.

The front center section of the boombox
contains a small display that indicates the
disc and track number, and mode or pro-
gramming information when applicable.
To the left of the display is a four-band
graphic equalizer; to the right are the re-
maining CD controls.

The tuner is centered on the front panel,
with the rotary voLUME and TUNING knobs
placed to its left and right. Just beneath the
radio dial is a four-position slide switch
that doubles as a power switch and func-
tion selector. The dual-well tape deck is
located below the tuning dial, with tape
controls arrayed along the bottom of the
front panel. Two-way speakers with four-

inch woofers flank the CD changer, radio,
and tape deck.

The back panel is stark. It contains a
headphone jack, the input for the included
AC power cord, a flip-up telescoping an-
tenna, and a large battery compartment
that holds the eight D-size batteries re-
quired to power the WQ-CH800.

Loading the CD player is a breeze. By
pressing the disc select buttons in order
(one through five), you can position five
discs in the changer. Each disc is placed on
its tray, and when the next button is
pressed, the tray lifts the disc and whisks it
off to the side. You're then ready to load
the next one. When all five are loaded, the
CD compartment lid is closed manually.

To play a disc, you simply press its
number to move the CD into the play posi-
tion and press the PLAY button. Playback
automatically begins with the first track on
the first disc and proceeds in order through
the tracks and discs, unless you opt for one
of the available playback options.

Those options include disc-number se-
lection, direct-selection play, random play,
Automatic Programmable Music Selec-
tion (APMS), and repeat play. Any disc
number can be selected during playback or
when the changer is stopped, simply by
pressing the desired disc number button.
It’s also possible to select a specific track
on any disc in the disc holder, by pressing
first the disc number and then using the up
or down button to choose the track
number.

Random play is programmed by simply
pressing the RANDOM button either during
playback or in stop mode. The random
indicator will light up, and random play
will begin with the next track

Up to 32 tracks can be selected in any
order to create a programmed sequence
using APMS. Pressing the MEMORY button
while in stop mode puts the WQ-CH800
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into the program mode, and the program
indicator appears in the display. To select
each song, first the disc number button is
pressed, and then the up/down buttons are
used to reach the desired track number. A
second press of the MEMORY button stores
the track in memory, and the programmed
number will appear in the display.

Repeat play can be used to repeat all the
tracks on every disc in the disc holder, or to
repeat a sequence programmed using
APMS. Pressing the PLAY/REPEAT button
twice causes all the tracks on all the discs
in the disc holder to be repeated. If the
PLAY/REPEAT button is pressed twice when
a sequence of tracks has been programmed
(the program indicator will be lighted),
that sequence will continually repeat.

Other CD functions include Auto Pro-
gram Search Sysiem (APSS) and cue-and-
review. APSS automatically locates the
beginning of the next track. Cue and re-
view allows you to fast forward audibly to
reach a specific portion of a track.

The tuner is the weakest section of the
WQ-CH800. Tuning is manual, not dig-
ital, so it is not as accurate and, of course,
it is not possible to store station locations
in memory for immediate access.

The dual-cassette deck allows you to
record from the CD, radio, or tape | to tape
2. A synchronized recording system
makes it easy to record from the CD player.
When the RECORD button on the tape deck
and the pLAY button on the CD player are
pressed, recording begins automatically.
The tape stops when the disc ends or is
stopped or paused. Pressing the STOP/
esecT button of the tape deck ends the
recording session. Although continuous
playback (from tape 1 to tape 2) is possi-
ble, only tape 2 can be used for recording.
That means that the WQ-CHB800 can’t be
used to record long radio programs on two
tapes, for instance
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Spacing Out

SPATIALIZER EMR 4.0 AUDIO PRO-
CESSOR. Manufactured by Desper
Products Inc., 11400 West Olympic
Bivd., Suite 1100, Los Angeles, CA
90064; Tel. 310-268-2700; Price: N/A.

Stereo, it seems, just can’t cut it any
more. Surround sound is no longer limited
to movie releases and instead is being used
more and more in the recording studio.
The booming popularity of surround
sound—it is now included in most main-
line stereo receivers—is testament to the
fact that three-dimensional ambience is
here to stay.

Audio-equipment manufacturers have
long sought a way to get the performance
of a surround-sound system from a single
pair of speakers. Various strategies have
been developed through the years to extend
the sound beyond and behind the loud-
speakers and to add a third dimension of
depth to audio. In other words, to improve
the stereo process so that its reproduction
duplicates what you might hear in a live
performance.

Desper Producrs, Inc., has developed a
new audio-processing technique called
Spatializer that promises to add another
dimension to audio so that sounds seem to
come not only from beyond and behind the
speakers, but from in front of them as well.
In a departure from what we normally do
here at Gizmo, we will not review a Spa-
tializer equipped product as much as we
will describe Spatializer technology,
which you are bound to encounter fre-
quently in consumer products in the com-

mg years.

You may have, in fact, already encoun-
tered one form of the technology, the PRO
Spatializer. The professional system was
used, for example, to mix the audio for
Disney’s The Lion King, some of the per
formances on the MTV Music Awards,
Bonnie Raitt’s latest album, and many
others. The Pro Spatializer allows record-
ing engineers to place audio from any re-
cording track in 3-dimensional space.

Spatialization is a one-way process—
that is, Spatialized program material does
not require a decoder for the effects to be
heard. It was possible, for example, for us
to experience the Spatializer’s effects with
a demonstration CD that contained A/B
comparisons between Spatialized and
non-Spatialized recordings. The CD pro-
vided some insight into how Spatializer
can work.

Even more convincing, however, were
the effects produced by Desper's Spa-
tializer EMR 4.0 Demonstration Board,
which is designed to demonstrate the new
EMR 4.0 integrated circuit. Matsushita
Electronics Corp., a subsidiary of Mat-
sushita Electric Industrial Company. the
consumer electronics giant whose brands
include Panasonic, Technics. and Quasar,
is manufacturing the EMR 4.0 IC under
license for Desper Products. The chip will
make it easy for manufacturers to incorpo-
rate Spatializer technology into a wide
range of products.

‘The demonstration board accepts a ster-
eo signal input via board-mounied RCA-
type phono jacks. It provides a siereo out-
put, as well as an optional surround out-
put. It is powered by a 9-volt battery. and
contains a power switch, a bypass switch
that permits A/B comparison, and a poten-
tiometer that allows the effect to be varied.
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The heart of the board is a 20-pin inte-
grated circuit mounted on the bottom of
the board.

The bypass switch on the EMR 4.0
demonstration board also switches the
chip between its three separate Spatializer
modes: Type E (Spatial Expansion), Tvpe
D (Directional Positioning), and Type S
(Spatial Synthesis).

Spatial Expansion enhances and ex-
pands the sound from normal stereo re-
cordings and requires only two speakers.
Although centered images remain in the
center, off-center instruments and sounds
are expanded so that hard-panned images
sound as if they originate from locations
well outside the speakers, and even around
the listener. That is the mode that, say, TV-
set or boom-box manufacturers would use
if they choose to incorporate Spatializer
technology in their products.

The Directional Position mode is essen-
ually the same as Spatial Expansion. In
fact, the mode switch is left in the same
position for either mode. The Directional
Position mode, however, requires addi-
tional circuitry that is not included on the
demonstration board, notably pan pors
such as those found on a mixing conscle.
The pan pots provide the ability to locate
and move individual sounds up to 270 de-
grees around the listener in real time. As
the sound is panned from one side to an-
other, it moves outside the speaker bound-
aries and around the listener.

One use for the Type D mode would be
in computer videogames, where the soft-
ware equivalent of pan pots would position
the sound in relation to game play. Ac-
cording to Desper, multiple sounds can be
directionally positioned. However, each
would require its own pan pot (or software
equivalent), and the outputs of all the po-
tentiometers would be summed together.

The final operating mode is Type S or
Spatial Synthesis, which provides a
pseudo-stereo image with mono inputs.
Because much multimedia sound is mono,
this mode should be effective in providing
greater depth and realism.

As mentioned earlier, the intent of Spa-
tializer technology is to create an ex-
panded sound stage from a single pair of
stereo speakers. The effect is intended to
be more than simple expansion, and in-
stead closer to surround sound.

Previous attempts that we have heard
from other companies had drawbacks
ranging from an ill-defined sound stage to
a small “sweet spot” to mono incom-
patibility to a sound that was simply un-
natural. In contrast, however, Spatializer
works amazingly well.

We auditioned Spatializer with a variety
of program material and a variety of hard-
ware. We sampled, for example, stereo
television broadcasts on a run-of-the-mill,
26-inch, stereo TV receiver with small,
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Spatializer technology is already in use
was used in recent CD releases includin
and new releases from Bonnie Raitt and Barbara Streisand to name a few. Hardware
products that contain Spatializer include a Panasonic boom box and a unique multi-
media sound board from Multiwave Innovations.

- 3

The Spatializer audio processor is avail-
able in a 20-pin surface-mount inte-
grated circuit.

built-in speakers. Because of the limited
distance separating the speakers, stereo
performance was really in name only. With
the EMR 4.0 installed, the speakers no
longer seemed to be located in the TV
cabinet. Instead, they shifted far to the left
and right.

In one test, we placed dummy speakers
at various locations along the front of the
room and asked subjects to pick the speak-
er pair that they thought they were listen-
ing to. By varying the space control—and
therefore the Spatialized soundstage—we
could position the sound so that it seemed
to emanate from the dummy speakers. Our
test subjects, who were unaware of what
we were doing, confirmed that Spatializa-
tion was doing its job.

We found that it was possible to adjust
the ((space)) control until the sound be-
came unnatural, but it was also possible to
create a very pleasing performance. The
Spatializer processor varies not only the
width of the soundstage, but its depth, as
well. The soundstage becomes a true
three-dimensional space, and that, we pre-

in a variety of products. The PRO Spatializer
g a box set of the original Woodstock album,

sume, is how Desper came up with the
Spatializer name.

According to the company, the effect is
obtained by creating the equivalent of op-
tical illusions for the human ear-brain
mechanism. The position of a sound
source is determined from several clues,
such as the phase difference between the
sound at each ear. Humans instinctively
and instantly perceive the sounds and re-
flections of sound to determine the dis-
tance, location, and size of sound sources.

Spatializer technology will never re-
place Dolby Surround, but it is completely
compatible with Dolby Surround and it
should make itself useful in many applica-
tions where the expense of surround sound
and the requirement of rear speakers make
it unjustifiable. Spatializer technology
would make sense in a TV set in a bed-
room or dorm room where surround sound
would normally not be considered. The
computer multimedia market is already in-
corporating Spatializer in its products.
Multiwave Innovations, for example, has
incorporated the chip in its new Command
3-D Sound Engine audio processor. Boom
boxes could benefit immensely from the
technology. as could many television sets.
Audio/video receivers could also benefit
from Spatializer as an addition to the DSP
features that are already incorporated. ll

VIDEO CD-i
(Continued from page 10)

esting and, yes, even fun to use. It offers
videos, audio selections. pictures, photos,
maps, and a built-in dictionary and atlas.
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You can search for a topic by typing itin on
the on-screen keyboard, by scrolling
through an alphabetic list of all articles, or
by using the Topic Tree Fact-Index. The
Topic Tree breaks down all of the major
articles on the disc into menus of topics
and subtopics for easy reference. The Fact-
Index includes close to 30,000 short arti-
cles on a wide range of subjects, as well as
thousands of references to articles. Select-
ing the “jump” icon in the Fact-Index will
call up the main article on that subject. The
Time Machine lets users select past eras in
history and learn about major events and
life during that time.

Our review unit also came with an as-
sorted sampling of CD-i titles—several
games, a couple of movies, a few sports
programs, and some kiddie titles. (Re-
views follow.) Unfortunately, the interac-
tive encyclopedia was the least frequently
used title in our house—as we suspect it
might be in most homes.

The encyclopedia is a tremendously
useful information resource. And its inclu-
sion with the CDI450 might make parents
more willing to bend the ““no video games
in this house™ rule. But, in reality, CD-i
remains a high-tech video-game player
and, with the added Digital Video Car-
tridge, movie playback system. |

GAMES PEOPLE PLAY
(Continued from page 14)

and audio quality far superior to that of the
VHS tape we’d rented several months ear-
lier. The disc comes with “liner notes”
about the making and makers of the film,
and an “About the Cast™ section that fea-
tures biographies similar to that found in a
theater playbill.

“Peter Gabriel: All About Us™" ($24.95)
provides a behind-the-scenes look at the
musician’s award-winning music videos,
including *“making of” footage, video
clips. and interviews with Gabriel's pro-
duction team. Viewers learn, for instance,
how the special-effects team created the
illusion of snails crawling across Gabriel's
eyes and how it was possible for his head to
appear as if it emerged from a speeding
train. In exclusive interviews, Gabriel re-
veals his motivation for lyrics, personal
moments in his life, and his feelings about
the state of the world and the human con-
dition. The Video CD features the music
videos **Digging in the Dirt,” *“Steam,”
“Blood of Eden," and *“Kiss that Frog,”
from the CD **Us." It also features music
videos for songs from the **Passion™ CD,
including “Come Talk to Me™ and
““Zoar,” as well as a music video from the
1977 hit, **Solsbury Hill." An on-screen
function panel gives viewers complete in-
teractive control of the viewing experi-
ence.
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Audio on Demand

A unique combination of existing tech-
nology promises to create a new way for
information junkies to get their fix. The
Information Highway Media Corporation
of Cupertino, CA is planning to launch its
Audio-On-Demand subscription service.

The service will allow users to select
from a wide variety of audio program-
ming, and store the programming on a
pocket-sized device. Up to ten hours of
personalized programming can be ob-
tained in about five or six minutes. It can
then be played back through a car stereo
system or through a portable audio device.

The programming that will be offered
will consist of audio versions of news-
papers, magazines, and books, as well as
radio programs, special-interest program-
ming, and even TV audio.

The audio will be sent in digital form to

GIZMO NEWS

Stop That Car!

Almost anyone who’s ever received a
speeding ticket has fantasized that he or
she could have outrun the cops if he or she
had really wanted to. Such thoughts re-
main fantasies for most rational people.
Even so, high-speed auto chases occur fre-
quently, resulting in thousands of acci-
dents each year.

In the future, new anti-vehicle elec-
tronic countermeasures—or AVECM, as
their creators like to call them—will offer
a way to catch fleeing suspects without a
chase. According to Creative Electronics
Consultants, small, portable electronic
devices that are capable of disabling the
engine operating system of a pursued vehi-
cle will bring it to a standstill within sec-
onds. Those devices are, according to the
company, “‘a promising alternative to con-
ventional barrier technology.”

Listen Up audio receivers. The primary
means of distribution will be through ca-
ble-TV systems, which will receive the
audio data via satellite. The service might
also be made available to TVRO (big-dish)
and DBS (little-dish) satellite-TV system
owners.

Preliminary field testing is going on
now, and initial production units should be
available by the end of this year. Although
prices haven’t been determined yet, the
Listen Up audio system should cost less
than $500. Monthly service charges will
apply to basic audio programming. Pre-
mium programs will also be offered.

The device is a pancake-like disc with a
diameter of 42 inches and a height of about
3inches. It is made of high-strength poly-
carbonate and contains several high-volt-
age electrodes.

When it is set up in the road, it appears
only as a small bump. However, the disc
can be armed before the target vehicle
passes over it by the pursuing police of-
ficers or by other officers at the scene.
When the target vehicle passes over it, the
disk discharges high-energy electric
charges, which disable engine controls,
sensors, computers, and other circuits.

The developers envision future versions
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that can be set up to “interrogate” vehi-
cles. Vehicles with the proper code will
pass over the device safely.

There is no firm word when those de-
vices will be available to law-enforcement
agencies. The company, which is head-
quartered in Sleepy Hollow, Illinois, is
seeking venture capital investment.

Consumer Electronics No-Show

The Consumer Electronics Show - Inter-
active (CES-1), which was scheduled to be
held in May in Philadelphia, has been can-
celed. Gary Shapiro, vice president of the
Electronic Industries Association Con-
sumer Electronics Group, said, ““After re-
viewing the pressure and stress put on
potential exhibitors, buyers, and jour-
nalists to decide between two major indus-
try shows being held at the same time, on
two separate coasts, we chose to do what
was best for the interactive industry and
reschedule our show in 1995 to 1996.

CES-Interactive was the scheduled re-
placement for the Summer CES that was
traditionally held in Chicago in late
spring. CES-I has been rescheduled to be
held in Orlando in May 1996.

The other industry show to which
Shapiro was referring was the Electronic
Entertainment Expo (E3) that will debut in
Los Angeles from May 11 to 13—the same
days that CES-I had been scheduled. The
E3 show will focus exclusively on the de-
velopment, marketing, and merchandis-
ing of software titles for all game platforms
and CD systems.

Following the EIA decision, the orga-
nizers of E3 (the Interactive Digital Sofi-
ware Association or IDSA) released a
statement saying, “We believe this is the
right decision for everyone involved and
are pleased to have the matter finally re-
solved. It underscores the coming of age
of the $8 billion interactive entertainment
industry, which has long needed to make a
statement of independence with its own
dedicated show.™

Strong Sales

As the consumer-electronics industry
looks for “the next VCR”—that is, the
next product that will send consumers in
droves to their local electronics retailers
and restore life to the industry—some old
products are showing renewed strength.
Even though the household penetration of
TV sets is over 98%, sales are strong—
stronger than ever, in fact. In September of
last year, the last figures that were available
as we went to press, the TV industry had
its best month ever. For the first time, unit
sales of TV sets passed 3-million. [
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ELECTRONICS WISH LIST

Mini-Component Audio System

The six-plus-one CD changer in the MS 7766 bookshelf stereo system from
Sansui USA Inc. (1290 Wall Street West, Lyndhurst, NI 07071) provides hours of
uninterrupted music. The changer has an internal stacking design and features 24-
track programmability. With the touch of a button, the user can choose one of 30
preset radio stations, thanks to the system’s PLL digital tuner. The dual-well,
auto-reverse cassette deck makes dubbing simple. A clock/sleep timer adds to the
system’s convenience. The 50-watts-per-channel system also offers sound-field
control, Dynamic Bass Boost System, and a remote control. Price: $649.95.

Game Boy/Super NES Adapter

The Super Game Bay accessory from Nintendo of America Inc. (4820 150th
Avenue N.E., Redmond, WA 98052-5111) allows video-game enthusiasts to play
any of the more than 350 available Game Boy cartridges on the Super Nintendo
Entertainment System (Super NES), displaying them in full color on the TV
screen for the first time. The Super Game Boy is a Super NES cartridge that
contains a Game Boy adaptor. When a Game Boy cartridge is insertzd, it is
transformed from a black-and-white game to a bright, multi-colored image on a
big television screen, complete with stereophonic saund. Game action is dis-
played in varying shades of four colors that can be customized by the player. The
player can also use one of several pre-stored, animated border designs or can
create his or her own using a paint-type program. New titles specifically designed
§0r the Super Game Boy will use the 256-color palette of the Super NES. Price:

59.95.

Plain-Paper Fax

The FX5500 is Samsung Electronics America’s (105 Challenger Road,
Ridgefield Park, NJ 07660-0511) first entry into the plain-paper fax market. The
fax uses LED printing technology, features a 256-KB receiving memory, and
offers a telephone answering-machine interface. It has a nine-second transmission
speed, a 20-sheet automatic document feeder, and a printing speed of five pages Game Boy/3uper NES Adagter
per minute. The FX5500 can store 20 one-touch and 50 two-touch programmable
numbers. Price: $1699.99.

Multiroom, Powered “Tube” Loudspeaker

The Bang & Olufsen (1200 Business Center Drive, #100, Mount Praspect, IL
60056) Local Control System 9000 is a unique, two-in-one active loudspeaker that
was specifically designed for multiroom applications. Itcan bring both sound and
control of a centrally located audio system to different rooms. Right and left
amplified speakers, a status display with clock, an independent volume control,
and an infrared remote-control transceiver are all housed in a slender oval cabinet
of polished aluminum, intended for horizontal placement. The black speaker
grilles are divided by a field that contains an illuminated status displav and two
sets of sensi-touch controls for hands-on operation. A Beolink remote control also
can be used to gain access to all available sound sources. The tube-shaped LCS
9000 measures 43% x 3% X 4% inches and comes with a bracket that allows it to
be wall mounted. An optional stand is available for table-top or bookshelf
placement. The LCD 9000 uses Bang & Olufsen’s Adaptive Bass Linearization
(ABL) technology to provide large speaker sound. It features two loudspeakers,
each with its own amplifier. One, for the treble, drives a %-inch tweeter; the other,
for the bass. drives a 3¥2-inch woofer. The close connection between the amplifier
and loudspeaker is said to give improved signal contral and provide extra power for .
a purer, more authentic sound. Price: $1395. Bang & Olfusen LCS 9000 Powered Loudspeaker
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ELECTRONICS WISH LIST

Mini Handheld Cellular Phone

Weighing just seven ounces and measuring a compact 5.25 X 2.1 X 0.9 inches,
the Radio Shack (700 One Tandy Center, Fort Worth, TX 76102) C7-352 handheld
cellular phone makes it easy to keep in touch while commuting, at a job site, on a
business trip, or on a family outing. It will store up to 98 different names or
numbers for quick dialing. To dial by name, you enter the first one or two
characters of the name and the phone automatically locates the number. Incoming
calls can be answered by pressing any key on the keypad. The phone can also be
set to automatically answer without pressing any key. A menu system lets you
quickly view and change the current setting of any phone function, including ring
type, volume, light control, and auto-answer. Other features include a supertwist,
backlit LCD; continuous battery-power-level and signal-strength indicators;
touch-tone compatibility for special services such as banking by phone and voice
mail, and scratch-pad memory for temporarily storing a name and number during
acall. Price: N/A.

Adjustable Monitor Arm

Designed to free up valuable desk space, the EasyVue Model 6130 adjustable
monitor arm from MicroComputer Associates (Division of Rubbermaid Office
Products Inc., 9920 La Cienega Blvd., Inglewood, CA 90308-7032) lifts the
monitor above the worksurface. To provide the most comfortable viewing angle, a
notch-slide mechanism is used to adjust the height in one-inch increments, four,
five, or six inches above the desktop. The monitor platform rotates, tilts, and
swivels for enhanced viewing, and the base also rotates. The platform holds
monitors weighing up to 40 pounds with foot separations up to 12 inches. The arm
attaches to the desk with a metal clamp. Price: $49.95.

Fuzzy Logic Camcorder

The VM-RZ2R 8mm camcorder from Sanyo (21350 Lassen Street, Chatsworth,
CA 91311-2329) offers fuzzy-logic control and preset shutter speeds for easier
operation and better videomaking results. The high-speed (up to Vio.ao second)
clectronic shutter offers six presets identified in the viewfinder as sports, auto
high-speed, low-light, flicker, close-up, and normal. Those settings eliminate
guesswork and simplify shutter-speed sclection. Sanyo's fuzzy-logic technology
automatically adjusts the focusing, iris, and white balance by imitating the human
thinking processes. For instance, the automatic white balance corrects color for
different lighting conditions by analyzing picture information from 64 separate
image areas. Manual focusing is also possible. The VM-RZ2R also features an 8:1
power zoom lens, a flying crase head, a wireless remote control, I-lux low-light
capability, and a built-in omnidirectional microphone. Price: $699.99.

Tiny Travel Clock/Radlo

According to Executive Travelware (P. O. Box 59387, Chicago. IL
60659-0387. Tel. 1-800-397-7477). its MicroPuk is the world’s smallest full-
feature, AM/FM travel clock radio. Because of its ultra-compact size, it can be
packed into the tightest space. The clock radio measures 4% X 2V2 X 'Wie inches
when closed. With the touch of a button. the MicroPak's black clam-shell case
pops open to reveal a large LCD time display. angled for casy reading. The power
switch is located under the lid to prevent the power from being accidentally turned
on while the radio is packed in a suitcase. The MicroPak provides a choice ot
music or beeper wake-up alarms. 1t features a telescoping whip antenna. a snooze
button. and an carphone jack. Price: $49.95.
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Size: 1059 feet
Welght: 260 tons
Cost: $3.5 million

Your own TV station
for less than $100?

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

Size: 4.5 inches
Weight: 3 pounds each
Cost: $99
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By Charles Anton

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

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

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

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

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

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

Even more choices.

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

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

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

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

® Cable. Broadcast cable channels to the
other TVs in your home that aren’t wired
for cable.... even premium channels.
® Videos. Transmit VCR signals to rooms
that have no VCRs. Watch videos in any
roont of the house, even if someone’s
watching TV in the room with the VCR.
® Satellite programs. Watch satellite
programs throughout your home without
stringing cable everywhere.
Network programing. If you have a
house full of TVs but only one is hooked
up to an aniennae, You can broadcast the
clear signal from that TV to all the others.
Live video. Watch your home videos as
you film them. Or turn your camcorder
into a security camera.

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

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

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

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

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

Exclusive direct offer. With this break-
through in home video broadcasting technol-
ogy, you can have the convenience of your
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TV broad&astl‘ng comes to the home.

Home Video
Broadcasting System

own personal wireless broadcasting system
for a fraction of the cost of owning your own
TV station. For a limited time, we are offering
the Recoton wireless video broadcasting sys-
tem direct-to-the-public for only $99. Remem-
ber, one transmitter will operate an unlimited
number of receivers, you can order addition-

al receivers for other
TVs for only $59. So or-
der now and put a per-
sonal broadcasting
system in your home.

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

Video Broadcasting
Cost: $99

Cable and VCRs for
every room Cost: $799

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

To receive this special pricing, you must
mention promotional code 172-PL1112

For fastest service call toll-free 24 hours a day

800-992-2966

To order by mail send check or money order for the to-
tal amount including S&H (VA residents add 4.5% sales

tax). Or charge it to your credit card by enclosing your
account number and exp. date.

COMIRAD
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113

so1u008|3 Jeindod ‘661 YoIep

N
w


www.americanradiohistory.com

March 1995, Popular Electronics

ELENCO
ELECTRONICS
XK-925
DIGITAL/ANALOG
TRAINER

CIRCLE 119 ON FREE INFORMATION CARD

Breadboard analog and digital circuits the easy way with this

readboarding circuits is al-
B ways difficult work. It requires

lots of patience and extreme
concentration because its very easy
to misplace a lead or leave a con-
nection out entirely. it makes sense,
then, that any device that makes
breadboarding circuits neater, sim-
pler, or less time-consuming is a good
investment—as long as it's not an ex-
pensive one. In that light, one of the
best breadboarding investments that
[ have found is the Model XK-525 Dig-
ital/Analog Trainer from Elenco Elec-
tronics, Inc. The trainer is sold as a kit
for $149.95.

Features. The XK-525 makes short
work of breadboarding circuits by
putting lots of what you need to do it
right atyour fingertips. Different power
supplies, a function generator, and a
digital-logic section are all combined
on one control panel. Theres also
plenty of room for installing your own
components: two large breadboards,
each with 830 tie points. In addition,
six separate power-bus lines that span
the width of the breadboards can be

versatile digital/analog trainer.

used as common tie points for dif-
ferent voltages. Everything is housed
in a rugged plastic case.

A power supply is essential in any
circuit, and the XK-525 provides five
different DC voltage sources that can
satisfy almost any conceivable circuit
requirement. To begin with, there are
two variable supplies, one positive
and one negative. The positive varia-
ble supply is adjustable from + 1.25-to
+ 20-volts DC, and the negative vari-
able supply is adjustable from —1.25-
to —20-volts DC. The variable supplies
canoutput afullampere atup to +15
volts and half an ampere at + 20 volts.
Positive and negative, 12-volt, fixed
power supplies are also included,
both of which can output up to 1 am-
pere. There’s also a fixed + 5-volt, 1-
amp supply. All of the suppties are reg-
ulated and short-circuit protected. A
30-volt AC, center-tapped supply is
also present. The trainer draws its own
power from any convenient 117-volt
AC outlet.

A function generator is a valuable
accessory when designing or testing
out a new circuit. if's a quick way to
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input signals of different frequencies
into a circuit. The XK-525 has a built-in
variable function generator that can
generate sine, square, and triangle
waveforms from 1 hertz to 100 kilohertz
in 5 steps. The output is variable from
0- to 15-volts peak-to-peak. The DC
offset can be adjusted + 10 volts from
the zero crossing. An AM input allows
an external signal fo amplitude mod-
ulate the function-generator output,
while an FM input allows an external
signal to frequency modulate the
function-generator output.

The digital section of the XK-525 in-
cludes 8 data switches that set out-
puts fo high and low logic values (+ 5
and 0 volts). The 8 outputs each have
5 tie points, which can be used to set
conditions on a data bus, as well as for
other applications.

Two logic switches are included,
both with normal and complimentary
outputs. The logic switches are
bounce-free. If you are unfamiliar with
that concept, the contacts of a reg-
ular switch can “bounce,” causing
sensitive, high-speed digital logic in-

(Continued on page 94)
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Just like these
Fully Trained
Electronics
Professionals

&,
-

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

Daniel Wade Reynolds

Industrial Electrician

Ore-lda Foods

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

Dan Parks

Marketing Manager/C Product:
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

Petroleumn Heiicopters, Inc.

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

Daniel N. Parkman

Missile Electro-Mi ical Technici;
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 commiit-
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
Laboratory

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

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

Send for CIE’s FREE Course Catalog and

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

money.
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By John J. Yacono,
Technical Editor,
Windows Magazine

Model-
Railroad
Circuits

THINK TANK

LcsT month, we talked
about the various watt-
ages that resistors come in
and how fo tell the wattage
of a resistor by its ap-
pearance. We'll continue
our discussion of resistors
this month, and also get to
a few model-railroad-re-
lated circuits sent in by
some contributors.

As you'll recall, the watt-
age of a resistor determines
how much heat it can dissi-
pate per second. Another
even more important
characteristic of a resistor is

its resistance to current flow,

which is measured in ohms.
Resistors rated above 5
watts have their resistance
values stamped on them in
plain English. Lower-wat-
tage resistors have three or
four (in the case of 1%
resistors) colored bands on

3 OR 4 BANDS INDICATE
RESISTANCE

BAND INDICATES
TOLERANCE
(NOT FOUND
ON ALL

RESISTORS)
Fig. 1. Colored bands are
used on a resistor to indicate
its value in ohms and its
tolerance.

their bodies (see Fig. 1) that
indicate the resistance val-
ue. Most of the time, there is
an extra band that indi-
cates the parts tolerance
(which we'll explain next
time). Resistance-indicating
bands can be one of ten
colors; each color repre-
sents a digit, as shown in
Table 1.

To see how the system
works, lefs take an example.

Say you pick up a resistor
and it has three bands on it:
yellow, violet, and orange.
(Any bands of a color not
found in Table 1 deal with
tolerance, so we'll ignore
them for now) Using Table 1,
we find that the bands indi-
cate the digits 4, 7, and 3.

TABLE 1—
RESISTOR-BAND COLORS

Colar Digit

Black
Brown
Red
Drange
Yeliow
Greef
Biue
Wikt
Gray
White

Lo 08~ N0 4= 0 R — o

The first two digits indicate
significant numbers (47). but
the tast digit (3) tells us how
many zeroes follow the first
digits. In that case three
zeroes should follow the 4
and the 7. That gives us a
value of 47,000 ohmes.

Lets take another exam-
ple, this time with four
resistance-indicating bands
of these colors found in
Table 1: brown, red, green,
red. The first three bands
indicate significant figures,
and from the table we can
see that brown/red/green
means 125. The last band,
which tells us how many
zeroes follow the numbers,
is red. That tells us that 2
zeroes follow the number
125, so the resistor’s value is
12,500 ohms.

What if the last band is
black? That means that no
zeroes follow the first digits.
For example, if the resistor
bands are white (9), brown
(1), black (0), the resistor's
value is simply 91 ohms, no
zeroes follow. But right now

WWW. atmeisaatadiohistery.com

some readers’ letters do fol-
fow:

MODEL-RAILROAD
SOUNDER

The circuit that | have
enclosed (see Fig. 2) can
be used in model railroad-
ing to sound an electronic
diesel hormn when the train
approaches a railroad
crossing. | mounted the cir-
cuit in a 50-foot HO-scale
box car, and placed the 8-
ohm speaker, 51, behind
the doors, which | now have
fo keep open. A longer
cattle car would be a bet-
ter enclosure because it is
larger and has holes for
sound to escape.

Reed switch $1, which |
cannibalized from a Radio
Shack reed relay, was
mounted on the bottom of
the car. When the “sound
car’ approaches the cross-
ing. S1 is momentarily
closed by a magnet that
must be installed under the
frack, thus starting the tim-
ing cycle and sounding the
horn.

Before you can use U2,
the ISD 1000A record and
playback IC (available at
Radio Shack and
elsewhere), you must first
program it by breadboard-
ing the circuit found in the
applications data included
with the IC. To record sound
on U2, you'll need a sample
of the sound that you want
the IC to play. | called a
local railroad yard to make
an appointment to record
the sound that | required.
Another option is to stand
near a raifroad crossing
holding a microphone,
waiting for a train.

During construction of the
playback circuit, save
space by using single-turn
trimmers for the variable re-
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T 10K
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+5V D—O L1 . L +l
THO8 ) T
I

Fig. 2. This circuit can fit inside a model-train car and output

any sound you record in the ISDIO00A. Imagine a cattle car that

moos!

sistors, To install U2, mount it
on a low-profile socket, If
vou have an O or larger-
scale railroad, you could
use larger and louder
speakers, an LM380 IC am-
plifier for more power, and
another battery in parallel
for extended use because
of the extra space.

The phone jack, J1, which
is mounted on the bottom
of the car, serves two pur-
poses. It serves as a means
of charging B1, the 9-volt
NiCd battery, and also pro-
vides a way to turn the
circuit off. To charge the
battery without disassem-
bling the car, just wire a 9-
volt battery snap to a male
phone plug. Then just insert
the phone plug into the car
and the battery snap into
your battery charger. The
battery will last about 4
hours, depending on how
many railroad crossings you
have on your layout. When
not in use, insert the phone

plug to turn off the circuit.

There are unlimited ap-
plications for the above
circuit in model railroading.
In addition to providing @
horn for a train, it can be
used to reproduce the
sound of a ringing bellby a
railroad crossing, or @ po-
lice or ambulance siren.
However it is used, the cir-
cuit is sure to make a

12 ]
+12V 4 3
+ g R
R1 £ | s
22K ¥
Gs
R2 <
1MEG ¥
I|I-i ] C1
| 1 2 1
| E—
5
L
-

Fig. 3. This simple circuit
can operate the incandescent
bulbs in a railroad-crossing
Sflasher.

model railroad heard as
well as seen.

By the way, although |
have been an avid reader
of Popular Electronics for
many years, | have no idea
what book everyone is talk-
ing about in Think Tank. |
would like to know what
type of book you are send-
ing fo people who have
their articles published in
the column.

—Brian Couchene,
Escanaba, MI

Normally, when some-
one’ letter appears here
they are sent a Think Tank Il
book, which is a collection
of circuits that have ap-
peared in the past. If a
reader already has one, or
we are temporarily out of
stock, they receive another
book from our library, for
example a Circuit Circus
book.

By the way, | like your
circuit a lot. The recharging

plug is a nice, practical
touch.

CROSSING-GATE
FLASHER

This circuit (see Fig. 3} is
the solution for Bob Williams'
concern in the October
1994 Think Tank. It works
great as a crossing-gate
flasher. The circuit contains
only six parts, including the
two incandescent lamps,
and is cheap and easy to
build. However, you do
need a filtered power sup-
ply to run the circuit.

The two lamps, 1 and 12,
flash back and forth at a
rate of about 1 hertz. That
flash rate is determined by
the values of R2 and CA1.
You can dlter the value of
R2 for faster rates, and C1
for slower rates, Hope that
helps you out.

—Paul Vandermyde,
Morrison IL

| like it when readers help

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

FEATURES INCLUDE:

* Inside & * Inside * [nstant Metric
Outside Temps Humidity Conversions

» Wind Speed  * Wind Chill ® Outside Hum.,
& Direction  « Alarms & Dew Point

* Barometer o Highs & Lows gP‘[O" .

 Time & Date  « Rainfall Option * |- 0o

Order today:

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

DAvIS INSTRUMENTS

3465 Diablo Ave., Hayward, CA M55
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T300 TRACK
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Ri*] 7 3
LEh} _-:: R2
555 10K
[ 2
- 15
Cci*mm c2
o1
st 3
= AEED
SWITCH
*SEE TABLE =
A
a1 TIME
C1 = 10pF C1 = 100uF
100K 28EC. 18 BEC.
20K ] 38EC 33 8EC.
470K | - 8SEC. 70 BEC.
1MEG | 15 SEC. 175 SEC.
B

Fig. 4. Featuring a reed switch operated by train proximity, this
circuit (A) has everything you need to activate an LED-based
crossing signal. To change the time period of Ul, use these

substitutions (B).

each other out. While you'll
need a means fo switch this
circuit on and off, the reed-
switch technique used in
Fig. 2 should give you some
ideas, By the way, because
the 555 must source current
part of the time, | recom-
mend using a 55511C, the
CMOS version of the 555,
The oufout from the lamps
will be more even then.

FLASHER REVISITED

| am responding to your
column in the October 94
issue about hobby circuits. |
used a similar circuit (see
Fig. 4A) in a crossing signal.
It is a pretty-common timer
circuit, based on a 555
timer IC (U1).

The monostable timer, U1,
is triggered by a reed
switch via a small magnet
under the engine. When
that happens, the output at
pin 3 of U1 remains high for
a time period determined

by C1 and R1. To alter that
time period, replace C1
and R1 with components of
the values in the provided
table (see Fig. 4B). The out-
put of pin 3 is connected
directly to the flash circuit,
which is a free-running mul-
fivibrator (in this case a flip-
flop that triggers itself),
Resistors R3 and R4 limit
current to the LED’s (which
flash alternately). If desired,
changing the values of C3
and C4 will change the

flash rate. Power comes
from an extra set of outputs
from the back of a train
fransformer via the 8-volt
voltage regulator.

—Brian Rapp, Buffalo, NY

The power-supply feature
is much appreciated. This is
one of the few projects
where the designer pro-
vided mulfiple parts values
for a circuit. | would be very
surprised if any of our read-
ers wouldn't have some
combination of junk-box
parts to make the circuit

TRACK-CONTROL
SIGNAL

This circuit (see Fig. 5) is a
variation of the track-con-
trol signal circuit printed in
Think Tank in the October
1994 issue. It is used to
indicate trains in hidden
tracks, such as tunnels and
holding tracks, and does
not require modifying the
trains themselves.

The circuit is based on a
565 timer IC, U1, and oper-
ates on 5-volts DC to make
it usable with digital logic.
The operating power of the
circuit can be converted to
12 volts by increasing the
values of R2 and R3.

Train detection is accom-
plished by photocell PC4,
which should be mounted
between the rails, flush with
or slightly below the ties. A
small light must be
mounted directly above
PC1 when used in any dark
areaq. Resistor R4 is adjusted
so that when a train covers

PC1 the circuit triggers. Re-

71 =
2 %00 8 Jefs c2 a0 ¥
‘j v 01
I S o
S5VDC ¢ 10K % 1 12 SF LED1
ST L@
a A k.-.J R3 ‘:
_ Jpca '{/ g0 ¥

Fig. 5. Want a full-blown railroad-control panel? Try using
multiple copies of this circuit to keep track of train positions.
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sistor R1 reduces the current
to U1 if R4 is set for mini-
mum resistance.

Variable resistor R4 can
also be adjusted so that
each individual car in a
train will change the colors
of LED1, a bi-color unit,
back and forth indicating
train movement. That can
be handy if 2 circuits are
used, one at each end of
the track block. It will indi-
cate that the train has
begun to move.

Mount LED1 on the con-
trol panel. The circuit is
designed to indicate a
green when no train is pres-
ent. When a frain covers
PC1, U1 switches LED1 to
red, indicating the train is in
position,

A 3-lead, bicolor LED
could have been used to
conserve power, but that
would have meant one
more wire running to the
control panel.

—~Robert Harfle, Tionesta,
PA

To change the values of
R2 and R3 to deal with 12
volifs, double the values
shown in the schematic,
then jump fo the next-high-
est standard value. For
crowded control panels |
recommend using ribbon
cable to improve nearnqss.
Start by hooking up the
indlicator furthest from the
cable inlet with two adja-
cent conductors, then peel
back the rest of the cable
fo the position of the next
indicator, and trim. Connect
that indicator and proceed
in the above manner until o
whole row of indicators is
wired; then, run the cable
out the panel, Also, take
advantage of using com-
mon wiring, (+V or ground)
whenever possible.

Well, it's time to close. Till
next time, please send in
your creations and sugges-
tions to me here at Think
Tank, Popular Electronics,
500-B Bi-County Bivd., Farm-
ingdale, NY 11735, n
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BY RODRICK SEELY

With this headphone
guitar amplifier you can
practice your guitar
playing and prepare for a
rock n’ roll career, all
without waking up the
neighbors.

 BUILD A

HEADPHONE AMPLIFIER
FOR YOUR GUITAR

ny electric-guitar player
A knows about the high cost of
musical equipment. To pur-
chase a small practice amp, one or
two effects pedals, associated patch
cords, and batteries and other
power-supplies can cost at least a
few hundred dollars. Not only is that
equipment bulky and expensive, but
to make things worse for the budding
musician, there's always someone
who doesn’t appreciate a killer over-
drive sound rattling the windows!
its not easy becoming a rock 'n’ roll
superstar. However, with the Jam Pak
headphone guitar amplifier de-
scribed in this article, you will find it
easier to practice. Simply plug in your
“ax,” put on the headphones, and
crank it up as loud as you like. You can
jam anytime, anywhere, without dis-
turbing your family or neighbors. Sim-
flar headphone amplifiers available
through music stores typically cost
around a hundred dollars, but you
can build the Jam Pak for under $50!
The Jam Pak is a personal-head-
phone guitar amplifier featuring a
unique stereo-imaging effect, and
adjustable distortion, overdrive, and
tone controls. It also has an auxiliary
input that allows you to plug in any
walkman-style tape- or CD-player
and play along with your favorite

songs. That input can also be used
with a keyboard or drum machine.
The Jam Pak works with any stereo
headphones and will operate for
hours from a single 9-volt battery.

Circuit Description. Figure 1 is a
schematic diagram of the Jam Pak.
The main components in the circuit
are two LM324 quad op-amp IC’s (U1
and U2) and two LM386 power-amp
IC’s (U3 and U4). The inputs to U1 and
U2 are biased to a little less than half
the power-supply voltage by resistors
R10 and R11. Capacitors C1 and C2
filter the power-supply and bias voit-
ages.

There is no power switch in the cir-
cuit. Input-jack J1 turns on the Jam Pak
when the input plug is inserted. When
an audio signal from an instrument is

" input through J1, the signal is fed

through coupling-capacitor C3 to the
tone-control circuit composed of U1-
¢, R2, R4, and C4. Frequencies above
1 kHz are amplified or attenuated de-
pending on the position of potenti-
ometer R4, which is the tone control.
Resistor R2 and capacitor C4 filter un-
wanted high frequencies.

Audio level and overdrive are con-
trolled by potentiometer R9; with that
level-control adjusted to full volume,
the circuits final amplifiers are over-

WWW_aknrerieaniadiahistaory com

driven to produce a soft distortion
effect. To prevent any unwanted DC
“swishing” noise, a coupling capaci-
tor, C8, is used.

Switch $1 toggles between the
clean and distorted signals. When $1is
on the cruncH setting, diodes D1 and
D2, and U1-d produce a distortion
effect by clipping the amplified signal
at 0.7 volts. Frequencies below 160 Hz
are attenuated by RS and C6. The
amount of gain or “fuzz” is controlled
by R7 and potentiometer R6, and re-
sistor R8 adjusts the distortion level to
match the tone-control level.

One of the reasons that the Jam
Pak sounds great through a pair of
headphones is its unique stereo-
imaging effect. That is produced by a
phase-shift circuit, composed of U2-a
through U2-d, R20-R23, and C9-C12.
Each stage shifts 90 degrees at the
same frequency. The frequency of the
shift at U2-a is:

f = 1/(27RC)

where fis the frequency in hertz, ntis
equal to 3.14159, R is the value of R20,
and C is the value of C9. For the fre-
quency of the shift at U2-b-U2-d, use
the values of R21-R23 and C10-C12,
respectively (as Fig. 1 shows, those val-
ues are all equal). The four stages pro-
vide 360 degrees of phase-shift at 330
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Fig. 1. From the hard distortion provided by Ul-d and DI and D2 to the stereo imaging accomplished by U2, the Jam Pak is a
guitarist’s dream come true. Note that there is no power switch in the circuit, as JI turns on the unit whenever an instrument cable is

plugged in.

Hz, which is about the center of the
frequency range for guitars. At fre-
quencies above and below 330 Hz,
various degrees of phase shift occur.
That phase-shifted signal is summed
with the original signal for one chan-
nel (U1-a), and subtracted from the
original signal for the other channel
(U1-b). The result of all that is an inter-
esting panning effect that is frequen-
cy dependent.

To play along with prerecorded
music, or a keyboard or drum ma-
chine, you can feed the stereo signals
from those sources into auxiliary-jack
J2. Those signals are attenuated by
R24 and R25, AC-coupled through
C13 and C14, and mixed into the sum

and difference amplifiers through R26
and R27. Capacitors C15 and C17
provide AC-coupling of the sum and
difference signals to U3 and U4, the
final amplifiers.

Both U3 and U4 have a fixed gain of
20. With a supply voltage of 9 volts,
they produce a power output of
about ¥ a watt into 8-ohm head-
phones. Capacitors C16 and C18
high-pass filter and couple the output
to headphone-jack J3. Now, let’s turn
1o building the amplifier.

Construction. The Jam Pak pro-
totype was built on a double-sided
printed-circuit board, which can be
efched from the templates provided

WWW_ akhrerieanadiahistary com

in Figs. 2 and 3 or purchased from the
source listed in the Parts List. There are
a couple of good reasons why a PC-
board is recommended for the proj-
ect. One reason is to prevent the noise
and self-oscillation problems that can
occur in audio projects using other
construction techniques. Also, using a
PC-board simplifies construction and
makes the finished product look neat
and compact.

Most of the components listed in
the Parts List are inexpensive and
readily available from hobbyist
sources and catalog distributors. Any
enclosure of a suitable size can be
used for housing the circuit board,
jacks, and panel components. A pre-
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|~ 2 3/8-INCHES ———————— |

Fig. 2. Use this template to eich the component side of the printed-circuit board. The
pattern is shown here in its full size of 2% X 3 inches.

2 3/8-INCHES ——————

|

Fig. 3. This is the template for the solder side of the PC board. Like Fig. 2, it is also

shown full size.

drilled enclosure with battery com-
partment, belt clip, and two-color silk-
screening is available from the kit sup-
plier.

Use the parts-placement diagram
in Fig. 4 as a guide when building the
Jam Pak, but keep the following in
mind: To keep the circuit board small,
most of the resistors are installed close
together and standing up. To prevent
a short, make sure that those part
leads are not touching. Double-
check your placement of integrated-
circuits U1-U4 and the six electrolytic
capacitors (C1, C2, and C15-C18) to
make sure their polarities are correct.
Also check to see if diodes D1 and D2
are installed with their banded ends
facing in the directions indicated by
the parts-placement diagram.

Install the IC’s, jacks., capacitors,
and fixed resistors on the component
side of the PC board. The switch and
the potentiometers should be
mounted on the solder side of the cir-
cuit board (using PC-mount potenti-
ometers eliminates the need for
messy wiring, but panel-mounted
units could be substituted if absolutely
necessary). Make sure to solder on
both sides of the circuit board wher-
ever necessary. After you have in-
stalled all the circuit-board compo-
nents, solder the 9-volt-battery snap
in place, making sure that the polarity
of the snap’s feads is Correct.

PARTS LIST FOR THE JAM PAK HEADPHONE GUITAR AMPLIFIER

SEMICONDUCTORS

Ul, U2—LM324A quad operational
amplifier, integrated circuit

U3, U4—LM386N-1 low-power
amplifier, integrated circuit

Di, D2—IN4148, small-signal diode

RESISTORS

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

R1—I1-megohm

R2, R8, R26, R27—47,000-ohm

R3—1000-ohm

R4—100,000-ohm, linear-taper
potentiometer

R5—4700-ohm

R6—500,000-ohm, linear-taper
potentiometer

R7—470,000-ohm

R9—10,000-ohm, linear-taper
potentiometer

R10—100,000-ohm

R11—82,000-ohm

R12-R23—22,000-ohm

R24, R25—33-ohm

R28-R35—10,000-ohm

CAPACITORS

C1, C2—I100-pF, 10-WVDC,
electrolytic

C3, Ce6, C8, C13, C14—0.1-puF,
ceramic-disc

C4, C7—0.001-pF, ceramic-disc

C5, C19, C20—0.01-pF, ceramic-
disc

C9-C12—0.022-pE ceramic-disc

C15. C17—I1-pE 35-WVDC,
electrolytic

Cl6, C18—220-pF, 10-WVDC,
miniature electrolytic

ADDITIONAL PARTS AND
MATERIALS

J1—Vs-inch stereo phone jack,
circuit-board mount

J2, J3—3.5 mm stereo phone jack,
circuit-board mount

S1—SPDT, micro-miniature toggle
switch

B1—9-volt alkaline battery

Printed-circuit materials, enclosure,
knobs, stereo headphones, 9-volt-
battery snap with leads, wire,
solder, hardware, etc.

Note: The following items are
available from Lynn—Eren
Electronics (17093 S.W. Lynnly
Way, Sherwood, OR 97140; Tel.
503-625-2205): a complete kit of
parts including an etched, drilled
and plated-through PC-board with
solder mask, and a pre-drilled
enclosure with belt clip and two-
color silk-screening, $49; a fully
assembled and tested unit, $59; the
PC-board only, $15; stereo
headphones only, $10; a 72-inch
auxiliary-input cable (3.5 mm
stereo plug to 3.5 mm stereo plug),
$5. Please add 5% shipping and
handling. Check or money order,
VISA and MasterCard are
accepted.
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Fig. 4. Be sure 10 double-check the placement and polarity of your components with
this diagram to avoid damaging any of them. Note that switch SI and potentiometers
R4, R6, and R9 mount on the solder side of the board.

STEREC EFFECTS
HEADPHONE AMPURCR

This compact amplifier lets guitar players brush up on their skills without annoving
others.

WWW. atheisarnadiohisterv.com

Checkout and Use. When the
placement of all components has
been thoroughly checked, you are
ready to try out the Jam Pak. Plug a
guitar, bass, or other unamplified mu-
sicalinstrument into input-jack J1, and
plug stereo headphones into head-
phone-jack J3. Note, however, that
the sound heard through the head-
phones might be surprisingly loud, so
itis a good idea notto put them onjust
yet.

Connecta fresh, 9-volt alkaline bat-
tery to the unit. With switch $1 in the
“clean” position and level-control R
set at low to moderate volume, the
amplifier should sound undistorted.
Adjusting potentiometer RS to a high
volume setting should overdrive the
amplifier and produce a soft distor-
tion effect. Level controls on the guitar
or other instrument might need to be
turned up to achieve the overdrive
effect,

With switch $1 in the “crunch” posi-
tion, the ampilifier should produce a
hard distortion or fuzz sound, which
can be adjusted using the “fuzz” con-
trol, Ré. The tone control, R4, should
adjust the treble of both the “clean”
and “crunch” sounds.

Playing scales is a good way to hear
how the Jam Pak amplifiers stereo
effect works. As the frequency
changes, the position or panning of
the stereo channels also changes.
The stereo effect will sound the fullest
when playing chords or fast riffs with a
wide frequency range.

To use the auxiliary input, connect
any stereo walkman-type cassette- or
CD-player, drum machine, or other
amplified audio equipment to jock
J2. That input has a low impedance,
which is appropriate only for devices
infended to drive headphones or
speakers. Other high-impedance
sources might be damaged if con-
nected to J2.

The unit will operate for several
hours on a good alkaline battery, Be-
cause the power switch is part of J1, it
is a good idea to disconnect the plug
from the input when the amplifier is
not in use.

Once you get the Jam Pak working,
you'll be able to practice any time of
day or night you please, without irritat-
ing those around you. And who knows,
with a bit of practice and some luck,
rock n’ roll stardom could be jJsT
around the corner! [ ]
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lowing gas-discharge fubes

were among the first elec

fronic wonders. In the past,
thev were used as vortage regulators
in tube circuits. However, even though
gas-discharge tubes are still one of
the easiest ways to regulate voltages
higher than 75 voits, they are rarely
applied to that task anymore.

Whats a good use for a glowing
tube? Well, because it is a source of
faint light, a voltcge-regulating gas-
discharge tube makes a great night-
light. With just one of ~he tubes (which
you can pick up en the antique-tube
market for a buck or o), a couple of
mirrors, and a few other components,
you can build the Novel Nightlight, a
truly unique prcject for the elec-
tronics-oriented household.

Voltage-Regulator Tubes. Voltage-
regulator (VR) tutes are diodes; they
have a plate and a cold cathode (i.e.
one without a filkarrent). During the
manufacture of a VR tube, air is re-
moved from the tulbe and the glass
envelope is filled with small quantities
of helium, neon, argon, or other gases
at very low pressure. When enough
voltage is placed between the plate
and the cathode, the tube glows.
Lets take a look at how the tubes

work. A typicai circuit using 0 VR “ube
isshown in F g. 1. Aslong as the curent
through the tube is kept within the
manufacturars ratings {typizally S 1o
40 mA), the voltage at E, will change
very little, despite variations in supply
voltage E, or in the load current.

The abowe circuit only has on2 re-
sistor, R1. To find the value of that re-
sistor in ohrs, use:

R1 = (E,

where |, is the maximum tube cur-
rent.

E) e

BY LARRY LISLE, K9KZT

Build this unusual nightlight

in an evening or tweo, Using
an old, gas-filled voltage-
regulator tube.

waanar oo oo dliabiodt o oo

As you can s2e, the operation of a
VR tube is simple. However, for this
project we wont be using it fo regu-
late voltages. Me just want to make
the tube giow! K g

The Circuit. Figure 2 shows the cCir-
cuit of the Movel Nightlight. It's
basically ¢ transformerless, half-wave
power supoly thct puts out enough
voltace to keep V1, the OA3NVR75 VR
tube, glowing. Because the circuit has
no frensfarmer, it's absolutely neces-
sary for scfety tct all conductors be
enc osed n insulcted material!

In the event of component failure,
fuse F1 will blow and interrupt the cur-
rent flow. Resigtor 1 limits the current
through d ode, D7, which rectifies the
AC: oapacitor C* smoothes out the
pulsarions. The function of resistor R2
isn't immediadely obvious but it is im-
por-ant. If R2 was't in the circuit, un-
plugging the rigntlight would cause
the voltage n C1 to discharge
thrcugh 3 ard V1. However, when
the voltage dropoed below 75 volts.
V1 waould go aut and the 75 volts in the
tube wou d justsitthere waiting to zap
someone: Even with a “bieeder” re-
sistorlike R2, its always a good idea to
short power-supoly capacitors with

.an insulated screwdriver after unplug-
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AAA
O
vy
+ R1 +
E ~®) V1 E,
- 0

Fig. 1. This is the basic circuit for using
a gas-discharge tube as a voltage
regulator. In the nightlight project,
however, we just want to make the tube
glow!

AA bl AAA
vy ™ vYY
F1 R1 D1

1000 1N5408 2K

M| < R2

20  2aK

TO 117VAC | 2 5
Vi
OA3/VR75

Fig. 2. The circuit for the Novel
Nightlight is basically a transformerless,
half-wave power supply that provides
enough DC to light up VI, the voltage-
regulator tube.

PARTS LIST FOR THE
NOVEL NIGHTLIGHT

DI1—IN5408 silicon rectifier diode

R1—100-ohm, 1-watt resistor

R2—47,000-ohm, 2-watt resistor

R3—2000-ohm, S-watt resistor

C1—20-pF, 250-WVDC, electrolytic
capacitor

VI—OA3/VRTS5 voltage-regulator
tube

Fl—Ya-amp, fast-acting fuse

7%-inch square baseboard, 7-inch
square pieces of glass (2), 7-inch
square pieces of mirror (2), 7V-
inch square piece of glass, rubber
mounting feet (4), molding strips
(8), power cord and plug, octal
relay socket for tube (Potter &
Brumfield 27E122 or equiv.),
Fahnestock clips, fuse holder,
epoxy glue, wire, solder, etc.

ging the circuit and before touching
anything.

Construction. The method of wiring
used fo build the nightlight isn't crit-
ical. For the prototype, Fahnestock
Clips and some of the unused tube-
socket terminals were used to make
connections. If you do the same, be
aware that pins 7 and 3 of the OA3/
VR75 are connected internally.

The circuit should be mounted on a
wood baseboard. In the prototype,
that measures 7% x 7% inches. Drilla
hole in one corner of the board forthe
power cord to go through, but make

Fig. 3. Here is an exploded view of the nightlight-case assembly. The molding strips
hold the pieces of glass and the mirrors together once they are glued. Note the 45°
angles on the top molding which allow for a tight fit.

sure to tie a knot in the cord before
inserting it, as that prevents strain on
the wiring. To keep the unit from wob-
bling, attach four rubber feet on the
bottom of the baseboard.

There are a few ways to adjust the
brightness of the Novel Nightlight. First
of all, you can change the value of R3.
However, keep in mind that the cur-
rent shouldnt exceed 40 mA (with the
values shownin Fig. 2, it's about 31 mA).
Also, other voltage-regulator tubes
can be used instead, eventhough the
OA3/VR75 was the brightest of the sev-
eral that | fried. For a little variety, you
could also add flashing neon bulbs
with a capacitor and resistor for each,
or an old mercury-vapor rectifier such
as an 866.

WAL atnekicansadiohistery.com

Because of the high voltages pres-
ent in the nightlight and the fact that
the tube will get hot, once you have
the circuit working, you should place it
in some kind of enclosure or cover. An
inverted food-preserving jar, an old
aquarium, or a Plexiglas enclosure
can be used. In the author's pro-
totype, the enclosure was buitt as a 7-
inch-on-a-side glass and mirror box
(see Fig. 3). Two of the sides were
made of mirror squares, so that when
the unit is assembled aRd viewed ot
an angle, it looks as if there are four
glowing tubes.

To duplicate the enclosure shown in
Fig. 3, you will need two glass squares
and two mirror squares, measuring 7

(Continued on page 98)
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Getting
Started

in
Surface Mount T echnology

Two projects that will get you started in building with surface-mount components.

or most electronics hobbyists,
the idea of hand-assembling

surface-mount components
(SMC) into a working project seems
ludicrous. After all, as most of us know,
surface-mount technology {SMT) was
developed with automatic assembly
in mind. Finding, grasping, arranging,
and somehow soldering those tiny,
leadless SMT components by hand is
ridiculous. Right? Wrong—delightfully
wrong! Not only is it possible, but it can
be accomplished easily, quickly, and,
for the most part, with tools and mate-
rials you now have on your work-
bench.

As mentioned in the article "A Hob-
byists Guide to Surface-Mount Tech-
nology” (Popular Electronics, Janu-
ary 1995), SMT is a packaging
revolution that attaches tiny, essen-
tially “leadless” components to pads
on the surface of a printed-circuit
board {hence the name, “surface-
mount technology”). That contrasts
with traditional “insertion-mount tech-
nology” (IMT), which uses compo-
nents with leads that are inserted
through the PC board.

As you are about o discover, proj-
ect-building with SMT is fascinating,
fun, and, increasingly, inevitable. Even
though today, for the most part, you
still have a choice between tradi-
tional IMC’s (insertion-mount compo-
nents) and SMC's, ftomorrow you might
not; already, 50% of all the compo-
nents in commercial electronic as-

BY RONALD A. REIS

semblies are SMC. So, if you don't
want to let a whole component-
packaging revolution pass you by,
learn to build the electronic projects
of the near future, now.

SMT Project Building. To get you
started in building tomorrow’s elec-
fronic projects today, here are two fun,
attention-getting, and, most impor-
tant, easy-to-build SMT projects: the
555 Dual-LED Flasher and the Tone
Burst. Furthermore, fo give you prac-
tice in fabricating SMT PC boards and
soldering SMC’ in place, a printed-
circuit template for an SMT Practice
Board is also included.

Both of the SMT projects presented
here were chosen to give the begin-

Fig. 1. Here is the schematic for the 555
Dual-LED Flasher. The circuit
alternately flashes LEDI and LED2, two
surface-mount LED’s, at a rate of
approximately 1 Hz.

WWW. aknefrieainiadiahigstory. com

ner the widest possible SMT project-
building experience, using readily
available, low-cost surface-mount
components. Each projectis builtona
1- x 1%-inch PC board that is intend-
ed to be taped to the side of a 9-volt
battery, its power source. The 9-volt-
battery snap found in both projects,
and the 8-ohm speaker in the Tone
Burst are the only non-SMT compo-
nents used.

Circuit Descriptions. The first proj-
ect, the 555 Dual-LED Flasher, alter-
nately flashes a pair of tiny, surface-
mount LED's at a rate of approximately
1 Hz. Figure 1 contains the schematic
for that project.

The 555 timer, U1, is configured as
an astable multivibrator (oscillator),
the frequency of which is determined
by the values of resistors R1 and R2
and capacitor C1. As C1 charges from
¥ to % the supply voltage through R1
and R2, U1s output, pin 3, is high. As a
result, LED2 is on {its anode is positive,
its cathode, negative) while LED1 is off
(both its anode and cathode are
positive). When C1 discharges from %3
to ¥s the supply voltage through R2,
pin 3 goes low. As a result, LED1 turns
on (now its cathode is negative and its
anode is positive) and LED2 turns off
(both its anode and cathode are
negative). The duty cycle for the cir-
cuit is nearly 50 percent; therefore,
each LED is on for close to an equal
duration.
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Fig. 2. The Tone Burst circuit puts out a
500-Hz tone, at a rate of 1 Hz, through
an 8-ohm speaker, SPKRI. Besides the
9-volt battery and its connecting snap,
SPKRI is the only non-surface-mount
component in the circuit.

The Tone Burst puts out a 500-Hz
tone at a rate of 1 Hz. At the heart of
the circuit is U1, a 556 IC, which is just
two 555 IC’s in one 14-pin package
(see Fig. 2). Both “555%" are configured
as astable multivibrators. The first, or
low-frequency, oscillator, using re-
sistors R1 and R2 and capacitor C1,
turns on the second, or high-frequen-
cy, oscillator at a 1-Hz rate. The latter is
alternately on and off for half a sec-
ond. When it is on, it generates a 500-
Hz signal, that value being deter-
mined by resistors R3 and R4 and ca-
pacitor C2. That signal is amplified by
NPN transistor @1, which drives the 8-
ohm speaker.

SMT PC-Board Fabrication. The
steps in fabricating an SMT printed-
circuit board are identical to those
used in efching a traditional, single-
sided, IMT PC board. There are, how-
ever, two additional steps, or cautions,
that should be observed when SMT
boards are etched. We'll look at both
in a moment, but first, here are the ten
steps required to produce either an
IMT or SMT PC board:

1. Clean the blank board with fine
steel wool to get rid of contaminants
and oily residue.

2. Spray a liquid photoresist onto the
copper-clad board.

3. Dry the photoresist with a hair dryer.
4. Expose the sensitized board, with

the artwork negative on top. to ultra-
violet light.
5. Let the image develop.
6. Rinse and drip-dry the board.
7. Immerse the board in acid (ferric
chloride is often used).
8. When efching is complete, thor-
oughly wash the board and then dry it
with a paper towel.
9. Remove the remaining photoresist
layer by lightty rubbing the board with
steel wool.
10. Drill all necessary holes in the PC
board. In an SMT PC board, only
mounting holes might be required.
The PC-board template for the 555
Dual-LED Flasher is shown in Fig. 3 and
the one for the Tone Burst is shown in
Fig. 4. Note the small component
pads and the extremely thin traces—
in some cases, a mere 0.015-inches
wide. When fabricating those and
other SMT boards, two cautions are
worth observing:
First, because you are dealing with

[+ o
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Fig. 3. This template for the 555 Dual-
LED Flasher’s PC board is shown in its
actual size of only 1 X 1% inches! Note
the small pads and extremely thin traces.

4 ek
JRNY
Fig. 4. The printed-circuit template for

the Tone Burst is also shown here full
size.

TONE
BURST

[N

traces not much thicker than a line
drawn with a pencil, it is a good idea
to check the etching process fre-
quently. Pull the board out of the acid
bath often and examine it closely for
acid undercuts. The narrow traces of

an SMT board are delicate—leaving

your board in the acid any longer
than necessary to etch away un-
wanted copper might damage the
traces.

Second, once the board is com-
plete, check the PC-board pattern

WW\W. atmeisartadioRistery.com

with a magnifying glass. However, that
might not be enough to locate any
possible frace breaks, so you should
check each trace (and pad) with a
continuity checker (ohmmeter). That
way you can be sure that the board is
ready for the installation of surface-
mount components.

Figure § is the template for an SMT
practice board. By fabricating fpcf
board, you can gain experiencq in
efching SMT PC boards with small
pads and thin traces. Also, you can
use the practice board to rehearse
the SMC assembly techniques dis-
cussed later. For those reasons, etch-
ing the practice board before
tackling either of the two SMT project
boards is recommended.

Tools and Materials. In building ei-
ther of the two projects presented
here, you will need the right tools and
materials. A full explanation of the
itemns required was presented in “A
Hobbyists Guide to Surface-Mount
Technology” in the January 1995 issue
of Popular Electronlcs. If you have a
copy of that article, you might want to
look it over.

Briefly, here are some tools you'l
need: a soldering iron, a tweezers, a
vise, and a magnifying glass. The sol-
dering iron needs to be from 25 to 40
watts and should have a tinned tip
with a conical shape, % of aninch or
less in diameter. The tweezers shquld
have forceps-style tips. A small vise is
ideal for securing the PC board while
components are being attached. Be-
cause SMC’s are so tiny, no matter
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Fig. 5. Fabricating this SMT practice
board will give you practice in etching
an SMT PC Board, and in mounting
SMC’s. It is shown here full size. ‘
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Fig. 6. To tag solder a two-terminal
SMC in place, create a pool of solder on
a pad, place the component above it,
and reheat the solder so the SMC can
“sink” close to the board surface.

how good your eyesight is, you'll want
a magnifying glass close by. A desk-
top illuminated magnifier, the kind
that sells for around $80, is ideal. At the
very least, get yourself an inexpensive
hand-held lens.

The materials you'll require are sol-
der, liquid flux, a drop dispenser, a de-
fluxer, and solder wick. The solder
should have a 63/37 tin-lead mixture,
and should be no greater than 0.020
inches in diameter. If you can find it, a
0.015-inch-diameter solder is even
better. When purchasing a bottle of
liquid flux, be sure it is of the noncor-
rosive type. To directly apply the flux
where it is needed, you will want a
drop dispenser. Also purchase a light-
duty defluxer, in a spray can, which will
be used to clean your assembled PC
board of all contaminants. Finally,
when choosing solder wick, select a
width of 0.030 inches.

Attaching SMC's to PCB’s. In build-
ing an SMT project, we suggest that
you use the tag solder method dis-
cussed in the aforementioned article.
Here is a review of the procedures for
tag soldering various SMC’s fo a sur-
face mount PC board:

To tag solder a two-terminal SMC to
the surface of your PC board, first,
using your drop dispenser, apply a
dab of liquid flux to one PC-board
pad. Then, using your soldering iron
and solder, create a small pool of sol-
der on that pad. Allow the solder to
solidify.

Next, with the SMC held in your
tweezers, rest the component on its
PC-board pads and hoid it in place.
Then. using a soldering iron held in
your other hand, reflow the solder sc
that the component “sinks” close to

the board surface (see Fig. 6). Remove
the iron, allow the solder to cool
again, and release the tweezers. With
the component “held” in place.
you're ready to solder the other termi-
nal in a traditional manner.

To solder gull-wing leads on three-
and four-lead components, proceed
as above. Tag solder one lead and
then solder the remaining leads in the
conventional way (see Fig. 7).

When soldering DIP gull-wing sur-
face-mount IC’s (SOIC?), first create a
pool of solder on a corner pad in
preparation for tag soldering. Then
pick up the IC with a tweezers and

SOLDERING IRON TIP

Fig. 7. To solder gull-wing leads to a
PC board, use a 63/37 tin-lead solder
that is 0.015 inches in diameter, and a
conical soldering-iron tip that is %6 of
an inch or less in diameter.

place it onto the copper pads, mak-
ing sure to center the IC right-to-left as
well as top-to-bottom. While holding
the chip in place, apply the soldering
iron tip to the pre-tinned pad. Keep
the iron in place just long enough to
flow the solder. If necessary, pivot the
IC about the soldered pin to again
align all pins with their respective
pads.

To ensure the IC doesn't pivot, sol-
der a second pin “kitty-corner” to the
first. When doing so, don't forget to
apply a small amount of liquid flux.
When the chip is secure, “bathe” one
line of pins with liquid flux and solder
each pin, moving quickly to avoid
overheating the IC. Then repeat the
above step with the opposite row of
pins. Finally, inspect your work under
the magnifying glass, looking in par-
ticular for solder bridges.

At this point, you could continue di-
rectly to the assembly of your chosen
project. However, if the procedures
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just outlined seem a bit infimidating,
you might want to practice a little
SMC-placement first. That's where the
SMT practice board, mentioned ear-
lier, comes in. If you have etched the
board, as suggested, you can now
proceed to “stuff it with surplus SMC's.
As you will notice, pads to accommo-
date various sized two- and three-ter-
minal SMC’s, as weli as thin- and wide-
bodied DIP SQIC’, are provided.

Before actual component-place-
ment and assembly begins, clean
your PC-board fraces and pads with
steel wool. Nekt, mount the PC board
securely in a vise. If you don't have a
vise, you can try holding the PC board
down by taping its corners to a flat
surface with masking tape.

If you are using a desk-top magni-
fier, swing it into place and turn on the
light. Place the rest of your tools, mate-
rials, and components nearby, within
easy reach, and get comfortable.
Pretend you're a surgeon about to
perform a dqlicote operation. Then,
just pick out a component location on
the PC board, take a deep breath,
exhale, and give it ago. You'llbe apro
at SMT hand assembly in no time. Now,
let’s build our projects!

Construction. The parts-placement
diagram for the 555 Dual-LED Flasher
is shown in Fig. 8, and the parts-place-
ment for the Tone Burst is given in Fig.
9. Whichever project you build, begin
by attaching the integrated circuit.
Note that in both projects the IC is
placed so that pin 1 is on the top-left
pad. Next, install any polarized ca-
pacitors (the positive terminal is indi-
cated by either a colored bar or a

| e

ci R'1
1®NN
LEDS Ut

y R

= ‘7@1

+

Fig. 8. Use this diagram as a guide
when building the 555 Dual-LED
Flasher. Because their markings are so
small, polarized SMC'’s can be hard to
work with, so be careful when aligning
them.
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Fig. 9. This Tone Burst parts-placement
diagram should make building the
project a lot easier. Double check your
battery- and speaker-wire connections to
make sure they are correct.

PARTS LIST FOR THE
555 DUALLED FLAmR

U1—=555 timer, surface-mount
integrated circuit

LEDI, LED2—Green LED, surface
mount

R1—1000-ohm resistor, surfsce
maodnt

B2 1030, 000-0hm resistor, snrfa.oe e

- mount

H3, R4—470-0hm resistor, surface

% ot

Cl—10-pF. 10-volt, electrolytic
capacitor, surface mount

Bl—8-volt alkaline battery

Printed-circuit materials, 9-volt-
battery snap with leads, wire,
solder, hardware, eftc. -

g

PARTS LIST FOR THE
TONE EI.IHET ]

Ul—ﬁjﬁ dual timer, 5urfane I
integrated circuit

CI-—2N2222 pansistor or equivalent,
surface mount

R1—2200-0hm resistor, surface
mount

B2 100,000-0hm resistor, surface
mount

R3, R4—4700-ohm resistor, surface
Tt

R5—1(KK)-ohm resistor, ~r.urfmm: ¥
- meant

RE—1X0-ohm resistor, surface mount

Cl—3 3-pE 10-wolt, electrolytic
capacitor, surface mount

C2—0.1-pF chip capacitor, surface
mount

B1—9-volt alkaline battery >

SPEKRI-—8-ohm speaker

Printed-circuit materials, 9-voli-
battery snap with leads, wire,
Eﬂlliﬂf, hmmi”aﬁ:.

E3

small marking). Proceed to install any
non-polarized capacitors.

You can then place all the resistors.
Because those components have no
polarity, they can be installed in either
direction. Do, however, solder them in
place so that their resistance value is
visible {for an explanation of how the
values are read, once again refer to
the previously mentioned article).

The 555 Dual-LED Flasher uses two
LED's that are, of course, polarized. The
cathode end is usually marked with a
dot of green or red paint. If you're
building the project, attach the LEDS
at this time.

The Tone Burst Project includes a
three-terminal transistor. Because that
tiny component can be placed on

A L

Surface-mount components are much
smaller and lighter than their insertion-
mount-component cousins.

the PC board in only one correct di-
rection, you can't get its placement
wrong. If you are building the Tone
Burst, install the transistor now.

Tag solder the battery-snap wires
directly to the appropriate PC board-
pads. Be sure to observe correct po-
larity. Finally, if you are building the
Tone Burst, attach speaker wires, ap-
proximately 2-inches long, fo the cor-
rect pads on the PC board (see Fig. 9).
Solder the other ends to SPKR1. For the
sake of proportion, and to make an
interesting assembly (more on that
later), select a miniature unit for that
speaker.

Checkout and Use. Before festing
your project, spray it with the light-duty
defluxer. Then take a nail brush and
scrub vigorously to remove con-
taminants. Don't be afraid that you'll
scrape off an SMC or two. If the com-
ponents can't stand the rubbing

“abuse,” this is the time to find out. If
your assembly techniques were good,
the SMC'’s will hold.

Finally, attach a 9-volt battery. Your
project should blink or beep, depend-
ing on which one you built. If the proj-
ect fails to function correctly, make
sure that you are using a fresh 9-volt
battery. Then, check component
placement and solder-joint integrity,
and examine the project under ybur
magnifier.

When your project is working, at-

" fach it to the battery with double-

sided tape. For the Tone Burst, if you
used a small enough speaker, you
can affix the unit by taping it to the
opposite side of the battery.

How to Get SMC's. You can pur-
chase surface-mount components in
single-lot (or “near-single-lot’) quan-
fities from a growing number of elec-
tronics distributors and retail outlets.
First, check with your local electronics
store. Second, look at the list of dis-
tributors presented in the aforemen-
tioned SMT article.
One of those sources, the Elec-
tronics Goldmine (PO. Box 5408, Scot-
tsdale, AZ 85261; Tel. 602-451-7454),
has exactly what you need for either
of the above two projects. In some
cases you will have to purchase com-
ponents in lofs of anywhere from 5to
20.Thats practical, however, beccuse
you'll probably want to use the extras
for solder practice or for buuldmg
more projects. :

Conclusion. Having built one or bath
of the SMT projects presented in this
article, you have entered an entirely
new realm of project building. In
doing so, you have taken a leap rot
unlike that experienced by earlier
electronics hobbyists when gomg
from vacuum-tube-, fo transistor-, to
IC-based projects. You, too, are an
electronics pioneer. But don‘t stop
now.

SMT project kits are beginning to
appear from a variety of sources. Pur-
chase some of those kits and build
them. Also, in the months to come, as
you page through new issues of Pop-
ular Electronics, zero-in on the sim-
pler IMT-based projects and try
creating your own SMT versions of
them. In no time at all, you will be-
come an experienced pro at SMT
project building. |
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Earn Top Dollar as a
Multimedia Programmer!

America’s #1 choice for at-home
training. Only NRI gives you hands-on
experience with a fast, powerful
486DX2/66MHz multimedia computer
system you train with and keep!

Today, computer programming is not only the
fastest-growing computer career field, it's also one
of the most respected, highest-paid professions in
America. And no wonder: Recent advances in
multimedia applications have put programmers at
the forefront of yet another new revolution — one
that's changing forever the way the world lives,
learns, and works with computers.

Opportunities to create
interactive multimedia programs
are everywhere: in retail, to
increase sales with
immediate,
point-of-purchase

~— kiosks; in education,
to increase students’ level of understanding and
retention in all subject areas; and in business and
industry, for more persuasive sales presentations
and for cost-efficient and effective skills training.

Now, with NRI's one-of-a-kind
training in Multimedia Programming,
you can take advantage of this
growing specialty field and chart
your future in an exciting,
money-making career.

NRI's Multimedia
Programming course includes
everything you need for a fast start
in a new career
NRI's unique modular training gets you started fast
with step-by-step lessons and hands-on projects that
bring theory to life and reinforce every important
concept. Your training is complete computer
programming training, starting with the basics and
moving on to the more advanced languages used in
today's multimedia authoring programs.

o

Best of all, you train with and keep a
powerful, state-of the-art 486DX2/66 MHz
computer, Windows 95 — the newest version of
this popular graphical user interface — and
Multimedia Toolbook authoring software, What's

' Here's what makes your computer
such a powerful tool for

more, you turn this powerful computer into an MPC-2 | myltimedia programming;
system when you add the CD-ROM drive, sound card, | @ High speed Intel 8046DX2 CPU with
and stereo speakers included in your course! 66 MHz clock
B 420 megabyte hard disk drive
You're backed by a team of pros B Built-in math coprocessor
B ZIF socket

NRI’s team of professional instructors is behind you all
the way — on hand and ready to assist
if you need help at any point in your
training, And now, you can complete

B Pentium Cverdrive-ready motherboard
B 8 meg RAM installed
B High density 3.5" floppy disk drive

i it NRD B Fax/modem
your training even faster with NRI's B Double-speed CD-ROM drive, sound card,
new TeleGrading system that lets and speakers

you take your tests and get your
grades 24 hours a day by phone!

B 14" Super VGA color monitor with
.28mm pitch and tilt-swivel base

Send Today For Your Free Catalog
Or call 1-800-321-4634 extension#1063

Send for your free
rull-color catalog that SEND THIS COUPON TODAY!
describes every aspect of McGraw-Hili Continuing Education Center
NRT's breakthrough | MITRH 5100l o) onvecicipve. v, sstingon, b 2008 |
training in multimedia | YES!I'minterested in learning more about this exciting & r |
. 1 1
programming as wellas |} new course! Please rush my FREE catalog today! R I
; inino i @ Check one only:
aF fome training In other I 0 Multimedia Programming O Programming in C++ Q Bookkeeping I
high-tech career fields. I O Computer Programming With Windows O Fiction/Nonfiction Writing I
) O Microcomputer Servicing O PC Applications Specialist  Q Desktop Publishing
If the coupon is | |
missing, write to NRI | Neme : |
Schools, McGraw-Hill g pggres e e I
Continuing Education 1 oy I
Center, 4401 Connecticut ] 0
i State Tip
Ave, NW, Washington, Accredited Member, National Home Study Councit 19010395 J

WWW._akhrerieaniadiahistary. com
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Let the silicon brain sitting in your den do some of the
number-crunching on your electronics calculations.

veryone who works with elec-
Efronics has their own reasons for

choosing it as a career or a
hobby. Some like the challenge of de-
signing circuits, others take pleasure in
building them, and a few enjoy the
“pleasant” frustrations of debugging
a circuit once it’s built. There is even a
group of people who enjoy elec-
tronics, at least in part, because of the
mathematics involved. Yes, you read
that last sentence correctly: It does
read “because of” and not “in spite
of” the math involved.

Even the most devout mathemati-
cian, however, eventually grows tired
of repeatedly performing a single se-
quence of calculations. An example
of repetitive calculations is the solving
of a series of simultaneous equations
that is often necessary to analyze
complex electronic circuits. The first
few times you solve a group of simul-
taneous equations it's fun; after that it
becomes drudgery and you start
looking for some relief.

SIM-EQ.BAS can provide that relief. It
is a BASIC program that can solve a
series of up to 25 simultaneous equa-
tions with real, constant coefficients.
Although the program was written for
IBM-compatible PCss, it can easily be
modified to run on any machine that
supports BASIC.

But before you can use SIM-EQ to
solve a series of equations, you need
a series of equations to work with.
Therefore, lets take a look at how to
solve and obtain simultaneous equa-
tions, using a sample circuit for illustra-
fion.

There are two basic analysis ap-
proaches that can be used to solve
complex electronics circuits: one
based on Kirkoffs Current Law (KCL)

BY JAMES E. TARCHINSKI

and the other based on his voltage
law. (For more information on both
types of andalysis, refer to the article
“Beyond Ohm’s Law,” by Paul Coxwell,
in the May 1994 issue of Popular Elec-
tronles) We will briefly look at the ap-
proach based on KCL, which is
generally known as “Nodal Analysis.”

Nodal Analysis. Kirkoff's Current Law
states that the sum of all the currents
flowing into a node of a circuit must
equal the sum of all the currents flow-
ing out of that node. To perform nodal
analysis, all you need to do is write
one KCL equation for each node of
the circuit, not counting the ground
node. That means that in a circuit
containing a total of N nodes you will
end up with a total of N independent
equations. For example, in a three-
node circuit (N = 3), you would have
three equations.

The next step in nodat analysis is to
replace every current variable in the
equations you just generated with a
term based on the node voltages of
the circuit. For a resistive element, use
Ohm’s law to represent the current
flow through the element in terms of
its resistance and the voltages at the

two nodes to which it is connected.
For current sources, that particular
step does not apply because the cur-
rent supplied is not a variable but a
fixed number. Therefore, it is already in
a form that is easy for a computer to
deal with.

After completing those two basic
steps you will end up with a total of N
equations, within which there should
only be references to the N node volt-
ages of the circuit. Unfortunately, you
can not solve those equations one at
a time. All the equations need to be
solved simuitaneously, and hence
mathematicians call those types of
equations simultaneous equations.

Over the past few hundred years,
several methods for solving series of
simultaneous equations have been
developed, but the best method was
created about 40 years ago. That, of
course, is to let a computer do lit,
which is precisely what the SIM-EQ
program was written to do. !

Program Operation. To demon-
strate the use of SIM-EQ.BAS, lefs use it
to solve a series of three equations
with three unknown values. To obtain
those equations, we must first perform

v, R2 v, R3 v, i
NODE 1 30Q NODE 2 15Q NODE 3
AW A —— ‘
g ——— —
ly I
|
ih -
s .| =Rl + R4
CR:I‘AMP al 100 ZAMP ldl F a

= ;

Fig. 1. Performing nodal analysis on this three-node circuit generates equations 10, 1],
and 12. The SIM-EQ program can then be used to solve those equations to obtain node

voltages V,, V,, and V ;.
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LISTING 1

100 CLEAR : DIM A(25, 26): KEY OFF

110 SCREEN 0, 0, 0, 0: COLOR 10, 0, 0O: WIDTH 80: CLS

120 PRINT “SIM-EQ: The Simultaneous Equation Program"

130 PRINT "Copyright (c)1988~94 by James Tarchinskxi”

140 PRINT

150 PRINT "Enter the number of variables/equations®

160 INPUT "in the system you wish to solve (1-25): ", INS
170 PRINT : N = VAL(INS)

180 IF N > 26 OR N < 1 THEN PRINT "PLEASE ENTER A VALID NUMBER(": GOTO 140
180 N1 = N + 1

200 PRINT

210 '

220 '#awasa ENTER THE COEFFICIENTS ##ddae

230 FOR I = 1 TO N

240 PRINT : PRINT "---~ Column #"; I; " -=-=="
250 PRINT

260 FOR J = 1 TO N

270 PRIFT “A(™:. 03 *,"p 3y ") = ¥

280 INPUT *", INS: A(J, I) = VAL(INS)

2590 NEXT J

300 NEXT I

310 PRINT

320 *

330 '#asaae ENTER CONSTANTS AND CORRECT ERRORS #wwéwa

340 FOR I = 1 TO N

350 PRINT "Constant of Row #"; I; " = ";

360 INPUT "", INS$: A(I, N1) = VAL (INS)

370 NEXT I

380 !

390 PRINT

400 INPUT "Are all the values you entered now correct (Y¥/N)? ", INS

410 IF INS = "Y" OR IN$ = "y" THEN 530

420 IF INS <> “N" AND INS <> "n" THEN PRINT "Please enter Y or Nii": GOTO
390

430 '

440 INPUT "Row to modify: ¥, L

450 IF I = 0 THEN GOTO 530

460 IF I > N ORI < 1 THEN PRINT "Value out of rangel": GOTO 440

470 INPUT "Column to modify: ®, J

480 IF J > N1 OR J < 1 THEN PRINT "Value out of range.": GOTO 470

490 PRINT "Change A("; I; ","; J; ") from "; A(I, J); " to: "y

500 INPUT "", INS: A(I, J) = VAL (INS$)

510 GOTO 390

520 '

530 'wwtsss GAUSSIAN ELIMINATION %eewsw

540 CLS : PRINT "Calculating, please wait..."

560 FOR I = 1 TO N

560 HF = I

570 B = ABS(A(I, I))

580 FOR K= I + 1 TON

590 T = ABS(A(K, I)): IF T > B THEN B = T: HF = K

600 NEXT K

610 IF I = HF THEN GOTO 650

620 FOR K = 1 TO N1

630 SWAP A(I, K), A(HF, K)

640 NEXT K

650 IF B < 9.9999E-20 THEN GOTO 870

660 T = A(I, I)

670 FOR K = I TO N1

680 A(I, K) = A(I, K} / T

690  NEXT K

700

710 FOR K = 1 TO N

720 IF K = I THEN 770

730 T = -A(K, I): A(K, I) = 0

740 FORL = I + 1 TO N1

750 A(K, L) = A(K, L) + T * A(I, L)

760 NEXT L

770 NEXT K

780 NEXT I

790 !

800 'wawanxe PRINT THE RESULTS #wheds

810 CLS : PRINT "The answers are:": PRINT

820 FOR I = 1 TO N

830 PRINT "X("; I; ") = "; : PRINT A(I, N1)
840 NEXT I

850 GOTO 880

860

870 PRINT "ERROR! - Equations can’t be sOlved!”
880 PRINT : PRINT “Press any key to ek, M
890 IN$ = INKEY$: IF INS <> "" THEN GOTO 890
900 IN$ = INKEY$: IF IN$ = "* THEN GOTO 900
910 ‘End of Program Listing

a nodal analysis on the circuit of Fig. 1. nodal analysis is to write one KCL
As mentioned earlier, the first step in equation for each node of the circuit.

WWW_akherieaniadiahicstary com

Doing that to the circuit in Fig. 1 yields:
Ea. 1t I, =1 +10
Ea.2: |y =20
Eq.3 Iy =1

where |, through |4 are the different
currents in amperes. Equations 1, 2,
and 3 are derived from nodes 1, 2,
and 3, respectively.

Now that you have three KCL equa-
tions, use Ohm’s law to replace each
current term with terms based on the
circuits node voltages and resistor
values. Remembering that the current
through a resistor is equal to the volt-
age across it divided by its resistance,
you get:

Eq. 4 ¥_: 0@:Y9-+],0

0
Eq.5 Yewi, (e oog
30 30

EqQ.6: Vs = (VVa)
20 15

where V, through V, are the different
voltages in volts.

The next step is to eliminate the
fractional elements in the above
equations, which makes the equa-
tions easier to look atand deal with. To
do that, muitiply each equation by a
constant value. For “real-world cir-
cuits” it is not always practical to per-
form that step. so instead, fractional
components are often replaced with
their decimal equivalents (for exam-
ple, Y0 would become 0.1, Y30 would
become 0.033333, etc).

To eliminate the fractions in the
three equaticns, multiply equations 4
and 5 by a factor of 30, and equation
6 by 60. In that same step, combine all
like terms to give:

Q.70 4V, =V, + 30
Eq. 8 3V, —V, - 2V, = 60
Eq.9 TV, = 4V,

To make it easier to enter the above
equations into the simultaneous
equation program, you need 1o write
them in a standard format. That is ac-
complished by doing three things:
First, rearrange the equations so that
the unknown variables are lined up in
columns on the left side of the equal
signs, and the constants are in a col-
umn on the right side of the equal
sign. Second, when a variable does

souo.8|3 Jeindod ‘G661 yoiew
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not have a coefficient explicitly listed
in an equation, enter azerovalue asa
place holder. Third, write the row num-
bers in front of the equations and the
column numbers above the un-
knowns. Note that you will always
have one more column than you do
rows, because of the constant terms
on the right sides of the equations.
Here is an example of the standard
format, using the above equations:

{2 {3t {4

Eq.10: (1) +4v, -1v, +0v, = 30
Eq. 11 (2 -1v, +3v, -2v,; = 60
Eq. 122 (3) +0v, -4v, +7v,= 0O

As far as SIM-EQ.BAS is concerned,
all of the numbers in the above equa-
tions are known as A(rc) coefficients,
where r is the row number that the
coefficient is in, and ¢ is the column
number of the coefficient. For exam-
ple: A(2,3) is the coefficient in row 2,
column 3, which is —2;, A(1,1) has a
value of +4; A1) is — 1, and A(34) is
0.

For clarity, numbers to the right of
the equal signs have two different
names. Besides being called A(r.c) co-
efficients, the terms are also called
“constants of the row” for obvious rea-
sons.

TABLE 1—SAMPLE OUTPUT

SIM-EQ: The Simultaneous Bguation Program
Copyright (c)1988-94 by James Tarchinski

Enter the number of variables/equations
in the system you wiah to solve (1-25): 3

---= Column # 1 -=--

ACL, 1)=24
AC2,1)=-1
A(3,1)=0

---- Column # 2 ----
ACL, 29 = -1

A 2,2 =3
A3, 2)=-4

~-=-- Column # 3 ----
AC1L,3)=0
AC2,3)=-2
A3, 3) 7

Constant of Row # 1 =
Constant of Row # 2 =
Constant of Row # 3 «

10| W
1318

Azre a1l the values you entered now correct
(Y/N)?2 ¥

Calculating, please wait...
The snawers sre:

X( 1) =18

X( 2') = 42

X(3) =2

Preas any key to exit...

)

INITIALIZE PROGRAM &
DISPLAY TITLE
[100-140)

ENTER THE NUMBER OF
VARIABLES/EQUATIONS
TO BE SOLVED
[150-210]

ENTER THE COEFFICIENTS
{220-320]
ENTER ROW CONSTANTS
{330-380}

WAS ALL THE DATA
ENTERED CORRECTLY?
[400-430]

SOLVE THE EQUATIONS
(QAUSSIAN ELIMINATION)

{530-780]

PRINT THE RESULTS
{800-910]

e

CORRECT ANY
INPUT ERRORS
{440-520]

Fig. 2. This flow chart shows the sequence of logic in the SIM-EQ program. Note that
the numbers given in square brackets refer to the corresponding line numbers in

Listing 1.

Now that you have three equations
in a standard format, and are familiar
with the terminology the program
uses, you are just about ready 1o use
SIM-EQ.BAS to solve for node voltages
V,. Vo, and V,. Loading the program
into your computer is the only other
step that needs fo be completed.

If you've never entered a BASIC pro-
gram into a computer before, you
might need to consult your comput-
er’s instruction manual or your DOS
manual for a complete description of
the process. As given in Listing 1, the
program will run on Microsoft-DOS
based computers that utilize the
BASICA, GWBASIC, or QBASIC imple-
mentations of the BASIC program-
ming language. Users of other
implementations, or users of other
machines, might have to make some

minor modifications to the program,
but the bulk of it should run as pre-
sented.

Once you've entered the program
into your computer and have saved it
to disk (as a precautionary measure),
you are ready for the moment of
truth—the solution of equations 10, 11,
and 12. Run the program, and enter
data as shown in Table 1. Be certain to
look back at equations 10 through 1
while entering the data, so that you
can see where the data originally
came from. Note that in the table, all
user input is underlined, while all com-
puter-generated text is shown in nor!
mal type.

The program will solve the three si-
multaneous equations after only ¢
few milliseconds of calculation, out-

(Continued on page 96;
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BY DONNA ROACH

Your computer
comes alive with
Jun when you
explore this very
different on-line
service.

Exploring t

= [NIAGINATION!

oxﬁv would you like to pilot your
H own plane in a heated dog-

fight; gamble the night away
in Las Vegas; play a friendly game of
cards or 18 challenging holes of gok,
or explore mazes while fighting mon-
sters in a medieval land, without ever
leaving the comfort of your own
home? You can, ove- The iImagiNation
Network (INN), an “entertainment net-
wor<” that brings the world (via com-
puter modem) to your doorstep. Log
in and you will find thousands of
friendly members from all over the
country ready to enjoy this piece of
cybespace with you!

B=fore we go any further, let me
introduce myself: | am INNTilli, and |
am ¢ sysop for the ImagiNation Net-
work. Sysops, (short for systems oper-
ato-s’ are the “socicl directors” of INN,
devoted to helping all members en-
joy ImagiNation.

Touring the Countryside. So thot
yoL can become more familiar with
INN, let’s take a little tour. You start by
creating your own on-screen per-
sora. complete with a face you de-
sign by choosing “rom a variety of
fectLres such as nose, hairstyle, eve
colog etc. Once that's done, you can

ANNA ARedeannaciialiedar

add infoamaticn asout yourself, in-
cluding where vou iv2, your hobbies
and interests, etc., crd you are ready
to go!

Next, it's time -0 tdke a trip to Imagi-
Nation! As you dial irtz the service, the
scene on the rronitor changes into a
colorful gicture of re “Sierra Moun-
tains” as you wetch a™s gnal” bounce
off a sate lite ard comn=ct. The scene
changes agair and vou are looking
down on ~he buildings of a small town.
Created by Sierra 0 Line, Inc., the
companv that braught you games
such as <ings Quest Aces over Eu-
rope, and the L=isure-Sait Larry series,
ImagiNaton Netwcr consists of four
separate and distinct “lands,” each
with its own character.

Let's stat wth the “Cilubhouse,”
which you can entfer wih just a mouse
click. There you will findmany popular
games, and pl2nty of friendly mem-
bers to pkay them with. Chess, Check-
ers, Bridge, ard Bzckgammon are
available here, as «ell as Hearts,
Spades, Euchr2, Criobage, Reversi,
and Go. Those are cll piayed live, in
real time againstrea d=ople. Selecta
room to play in, and vou'll find yourself
in a waiting crea where you'll see
names of cther merrbers who are on-
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Anyone for a game of Bridge? In The ImagiNation Network you can play against
opponents who range from beginners to champions.

Try your hand at Red Baron, a WWI flying game. Rather than a computer, your
opponent is another network member.

line. You may talk to them, look at their
picture (or “toon” as it's often referred
10), and invite them to play a game
with a simple click of your mouse. The
game graphics are very realistic and
colorful, and your opponents toons
appear on the screen in front of you
as you play. Instant conversations are
accomplished simply by typing mes-
sages during games.

But thats just the beginning! Enter
the room in the Clubhouse named
“INNUniversity,” and you can take
lessons in subjects ranging from C+
programming to learning how to play
any of the games mentioned above.
In the Chess Club you can find players
ranging from beginners to world-class
champions; and in the Bridge Club

(which ranks among the top ten in the
nation for membership), ACBL-rated
experts are often found tuning up for
their next competition. Tournaments
for all games are held frequently. You
can also participate in live con-
ferences on a myriad of subjects, and
there are also over 175 (at last count)
butletin boards covering a wide
range of topics to explore.

Click on the “Shopping Mall” to
order Sierra games and other prod-
ucts like modems and hint books; or
explore the Shopper’s Advantage
Network. Just above that is the Post
Office, where unlimited E-mail may
be sent or received between mem-
bers. E-mail substations are available
in the Clubhouse as well
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“Sierraland,” (all decked out in
pink), is where you can play Red Baron
(a WWI flying game) and take part in
“dogfights” against other pilots (real
people and in real fime, of course).
There you can aiso find 18 holes of 3-D
Golf, an incredibly realistic mini-golf
game thats full of surprises, and NTN
Trivia, where you can see your own
scores and how you rank with other
players around the country. Sierra-
Land also contains games such 'as
Paintball, Rocket Quiz, Graffiti,
Boogers, and Stratego.

“CasinoLand” is where you'll find
Poker, Slots, Blackjack, and Roulette,
using “LarryBucks” for money. (Just
make a little frip to "Nurse Clot” atthe
“Bloodbank” if you go broke!) Or relax
in “Lefty’s Bar” with a special friend,
send her roses or kisses, and play Ve-
racity or Liar's Poker. The atmosphere
there is VERY adult as “commun'ty
standards” are relaxed in this land. For
that reason, the area is restricted to
members 18 and over, and can be
password-protected to prevent
young family members from entering.
If you are easily offended or shocked,
but still wish to partake in the activities
offered there, | recommend that you
enter the room called “Polite Place.”
But if you enjoy a bawdy joke or two
on occasion, the other rooms in
CasinolLand can be loads of fun!

Looming up as a volcano in the dis-
tance is "Medievaland,” which con-
tains two fantasy/adventure/role-
playing games: The Shadow of Yser-
bius and The Fates of Twinion. Both are
fascinating and tough to solve. There
are over 30 mazes to explore in each,
while fighting an assortment of crea-
tures, ranging from Gargoyles to Man-
ticores and Dragons. You must choose
your best weapons, find proper keys
for doors, go on various quests, etc., in
orderto complete them. But you don't
have to struggle all alone, pitted
against your computer. You can join a
party of other members to explore the
depths of the volcano. Experienced
players are available to answer ques-
tions or help you find your way when
you get lost.

Or you can ask me! That is where |
do my work for ImagiNation. It's my job
to greet new players and instruct
them in the basics of playing. | tell
them how to “walk and talk,” how to
arm themselves with weapons and

(Continued on page 92)
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BUILD A
FREQUENGY
RESPONSE | @ ¢

TESTER

BY RANDY CONSTAN

Manual
Frequency

Audio Level
P

With it, you’ll never again have to guess about the

frequency response of an audio device.

any off-the-shelf audio pro-
cessors, such as equalizers,
enhancers, and pre-ampli-

fiers, alter audio signals even when in
their so-called “pass-through” modes.
The resulting frequency-spectrum
losses often cause unwanted distor-
fion, which can be very difficult to iso-
late if there are several components
in an audio system. Therefore, a de-
vice that measures the frequency re-
sponse of audio components should
be a welcome addition o the toolbox
of any audio-electronics enthusiast.

With the Frequency-Response Test-
er described in this arficle, you can
directly view the frequency response
of almost any audio gadget right on
your oscilloscope screen, with a mini-
mum of fuss. If any lumps and bumps
appear in the signal of a device un-
der test (DUT)., the mystery of your
sound troubles will be solved. Further-
more, the Tester will allow you to take
corrective action, and quickly view
the results.

The Tester works by generating two
signals. The first is a linear-sawtooth
sweep waveform that drives the hori-
zontal input of your scope. Internally,
that signal is transformed into a log-
arithmic waveform that spans three
decades of voltage differential. That
signal is applied to a function-gener-
ator IC to produce the second output,
a sine-wave signal. The sine wave has
a frequency that follows the log-

arithmic waveform, and has an am-
plitude that remains constant.

By connecting the DUT between the
sine-wave sweep output and your
scope’s vertical input, the DUTs re-
sponse to the entire frequency spec-
trum can be easily viewed. The
logarithmic nature of the frequency
sweep assures that the entire audio
range appears as an ordered display,
in which each ¥ of your scope’s hori-
zontal range depicts one decade of
frequency span. In other words, the
ranges are: 20 to 200 Hz, 200 to 2,000
Hz, and finally 2,000 to 20,000 Hz, from
left to right. Because the unit also gen-
erates your scope’s horizontal sweep,
the scaling remains stable and re-
peatable no matter how you vary the
sweep rate.

Frequency-sweep generators are
not a new or unigue ideq, but unfor-
tunately their cost can be somewhat
prohibitive for the average hobbyist.
However, you can build the Frequen-
cy-Response Tester for under $50, de-
pending on your junk-box supplies.
Even though this project will save you
some money, keep the following in
mind: The circuit requires an initial set-
up and occasional calibration; also,
accuracy beyond two digits is im-
practical unless your scope uses so-
phisticated on-screen digital read-
outs for frequency and voltage levels.

A plain, vanilla scope will work fine
with the Tester, as long as its time base
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and vertical amplifiers provide rea-
sonable accuracy. A frequency coun-
ter is also recommended, at least for
the initial setup.

Circuit Description. The schematic
for the Frequency-Response Tester is
shown in Fig. 1. The two quad op-amp
sections, U3-¢ and U3-d, are config-
ured as a linear-ramp generator. With
switch S2 in the sweep position as
shown, the output of U3-d is low. Zener
diodes D2 and D3 limit that output to
about —7 volfs, which is the 6.2-volt
reverse drop across D3, plus the for-
ward drop of D2. The internal short-
circuit protection of the op-amp limits
the Zener current to several milliam-
peres.

Because the output of U3-d is nega-
tive, integrator U3-c generates a lin-
ear ramp in a positive direction, at a
rate determined by the resistance of
R4 and R29, and the capacitance of
C5. A portion of that cutput is fed back
to the noninverting input of U3-d via
the voltage-divider network consist-
ing of R2 and R3. Because U3-d is
basically operating as a comparator
with its inverting input grounded, its
output will switch positive as soon as its
noninverting input crosses zero volts.
That will occur when the positive-go-
ing ramp reaches about + 5.8 volts.

Once U3-d switches to a high-out-
put state, the operation is repeated
with the opposite polarity except that
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Fig. 1. As this schematic for the Frequency-Response Tester shows, there are five trimmer potentiometers, R22-R26, that are used for
calibration. But don’t worry, the process is not as hard as it might seem.

diode D1, now forward biased, allows
an additional current path to U3-c via
RS. Because the resistance of R5 is
much less than the combined values
of R4 and R29, the negative-going
ramp time is almost negligible com-
pared to the positive ramp, and the
overall effect is to produce a
sawtooth waveform with an ampili-
tude of over 10-volts peak-to-peak.
That is more than sufficient for just
about any scope’s horizontal input.
Next, the linear ramp undergoes a
series of level and offset adjustments
via resistors R7, R8, R9, R22, and R23,
and is then applied to the base of Q1.
The emitter-coupled transistors, Q1
and Q2, in combination with U3-b,
produce an anti-log transfer function.

That means that when properly ad-
justed, the output at the collector of
Q2 will be logarithmic with respect to
the input, yielding a one-decade volt-
age differential for every few volts of
input. To be more specific, if you di-
vide the peak-to-peak voltage of the
initial linear sweep by 3, the anti-log-
generator output increases by a mul-
fiple of 10 each time the input voltage
crosses another ¥3 milestone. That will
all become much clearer when you
see the logarithmic curve on your
scope during the calibration phase
discussed Iater in this article.

Next, U4-a inverts the polarity of the
signal, so that it starts high and ends
low. That is necessary because the
output frequency of the 8038 function
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generator, U5, is inversely propor-
fional to its input voltage. In addition,
U3-ds offset voltage is nominalily set at
about — 7.5 volts by the combination
of resistors R15 and R16, and can be
fimmed precisely by the 15-turn trim-
mer potentiometer, R24. That shifts the
logarithmic-sweep waveform to suit
U, which in our circuit receives its sup-
ply voltage from the ground and
—15-volt source. Recall that our log-
arithmic sweep must span three de-
cades of voltage differential, which
means that if its final voltage were — 5
volts, its initial voltage would be Yagoo of
that, or —.005 volts. Tiny voltages gke
that have fo be carefully controlled,
which is why R24 is used for that critical
adjustment.


www.americanradiohistory.com

Finally, we come to the heart of the
circuit, US. That relatively inexpensive
ICL8038 function generator produces
constant-amplitude sine waves, as
well as triangle- and square-wave
outputs, from 20 Hz through 20 KHz.
Also, its output frequency is nearly a
perfect inverse proportional to its in-
put voltage, so driving its input with our
custom logarithmic-sweep circuit wilt
produce the balanced, three-de-
cade frequency sweep we desire,

The sine-wave output from US is fed
to the voltage divider made up of R18
and R19, which restores the DC offset
to zero. That eliminates the need for
any coupling capacitors in the output
stage, which makes it possible for out-
put level to remain independent of
frequency. The voltage-divider output
is then applied to potentiometer R28
for output-level control, and is subse-
quently routed to U4-b for a boost in
both amplitude- and current-drive
capability. Output can range from 0-
to over 10-volts peak to peak, which is
enough for testing almost any audio
device.

The DPDT switch, S2, has another
position called “cal.” In that position,
potentiometer R27 controls the fre-
quency of the sine-wave output for
setup and cdlibration purposes. How-
ever, because the output of R27 is
buffered by U3-a and routed through
the anti-log circuit, the Tester can also
serve as a simple stand-alone signal
generator. Potentiometer R27 is also
indispensable for “homing in” on a
froublesome frequency during actual
response testing.

Construction. The method chosen
to build the Frequency-Response Test-
er is not critical; however, the easiest
method is to use the single-sided PC-
board layout provided in Fig. 2. If
you're looking for a good PC-board
project to try, the Tester PCB is an ex-
cellent choice because it is both sin-
gle-sided and reasonably low in
component density. When cut fo the
size shown, the board fits comfortably
within the widely available metal en-
closure noted in the Parts List.

If you choose to use a PC board, a
parts-placement diagram is pro-
vided in Fig. 3. If you choose not to use
a PC board, a perf-board approach
with point-to-point wiring will work
fine. Just remember that an oversized
zero-volt ground bus, or the use of a

single-point grounding scheme is al-
ways recommended in circuits involv-
ing op-amps. In any case, a metal
enclosure is recommended to re-
duce noise and provide stable sup-
port for output connectors. One
important layout consideration is to
place R24 near the edge of the
board, so that an access hole drilled
in the enclosure will allow occasional
calibration.

Most of the components in the Test-
er are of easy-to-obtain values, with a
few exceptions; for that reason some
reasonable parts substitutions can be
made. For example, power-frans-
former T1 does not have to be asingle
36-volt, 300mA center-tapped type
as shown. Two smaller single-output
fransformers may be wired with their
outputs in series to yield the same re-
sult, as long as each output is at least
18 volts at 200 mA.

On the more critical side, Q1 and
Q2 must be a reasonably matched
pair in order for the anti-log circuit to
work properly. The 2N2907' specified
are cheap, widely available, and
have a lot of uses, so buy a few extra
so you can look for a reasonable
match. Using a DVM in diode-test
mode, check the nominal voltage
drop across the transistor's emitter-
base junction. Two transistors that
match up within or close to 3-digit
accuracy are more than sufficient for
the project. If your DVM does not have
a diode-test function, make a tempo-
rary test jig with a 9-volt battery, a 10K
resistor, and the base-emitter junction
of the transistor. When the junction is
forward biased (positive at the emitter
for PNP devices), you can compare
the voltage drops across the junctions
of several transistors with an ordinary
DVM set on its O- to 1-volt range.

- 4 INCHES -

Fig. 2. The PC-board template for the Tester is shown here in its full size of4 X 5

inches.
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Fig. 3. Use this parts-placement diagram as a guide when making the various on- and
off-board connections. Note that there is an off-board ground between a few of the
components; connect those points and ground them to the metal chassis.

e S

Fig. 4. Once calibrated, your Tester
should display a three-decade
logarithmic waveform that resembles this
illustration.

Another critical item is R24, which
must be a 15- or 20- turn trimmer po-
tentiometer. It should also be obvious
that even though normal component
folerances are not a problem, arbi-
frary substitution of seemingly “close”
resistor values is unwise in the Tester
circuit.

Here are a few things to watch for
when using the parts-placement di-

agram in Fig. 3: Be careful when inser-
ting Q1 and Q2, because the physical
pinout of the tfransistors you obtain
might not match the case style shown
in Fig. 3. There, the emitter pad is clos-
est to the edge of the board, and the
base is the center pad. Also note that
all pads that connect to off-board
components such as potentiometers,
switches, and outputs are slightly over-
sized for easy connection and identifi-
cation. Some pads might not seem to
be logically placed, which is a neces-
sary sacrifice in maintaining a single-
sided layout. Extra pads are provided
for the center position of all trim pots
except R24, to accommodate a
wider physical variety of those parts.
Socketing of all but the voltage-reg-
ulator IC’s is recommended.
Potentiometers R27, R28, and R29
mount on the faceplate of the project
case. Use insulated wires to connect
them to the PC-board, as shownin Fig.
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3. For best results, you might want to
use coaxial cable for the connection
to R28; if you do so, ground the cable
and the off-board ground points
shown in Fig. 3 to the metal chassis to
provide shielding. Jacks J1 and J2,
switches $1 and S2, resistor R20, LED,
and power-transformer 71 all mount
off-board as well. Within the con-
straints of the enclosure, mount T1 as
far from the board as possible.
Solder a smalll piece of stiff wire to
the board at test point TP1. Make the
wire just long enough to access Iater
with your scope probe. Finally, when
attaching the power cord to 51, use
some kind of strain relief or grommet
where the cord enters the case.
Check and re-check your connec-
tions before testing the project. The
board itself can be mounted with
some insulated stand-offs, but you
might want to save that final mount-
ing step until after initial checkout. In

PARTS LIST FOR THE FRE

SEMICONDUCTORS

UT—MCIBIACT 15-voli, positive-
voltage regulator, integrated circuidt

U2—MCTHISCT 15-volt, negative-
voltage regulator, integrated circuit

Li3--TLO#4 quad op-amp, integrated
circuit:

U4—LF353 dual op-amp, integrated
circuit

U5---1CL8038 function generator,
integrated circii

O1, Q2—-2N2007, PNP transistor

BRI—I . 5-amp, 100-PTY, [ull-wave
bridge rectifier

D1-—INGI4 general -purpose silicon
diode

132, D3—1N4735, 6. 2-woli, Zener
diode

LED-—Red light-emitting dinde

RESISTORS

(ANl fixed resistors are Y-watt, 3%
units, unless otherwise indicated?)

RI. RI8, R21--100,000-0hm

R2—-12 000-ohm

R3, RE RIL, RI1Z, RIS, RI7, R2M)—
10, 0060-0hm

Rd—470 (X K-0hm

R5—1000-0hm

Ré, R7—4700-0hm

R9—470-0hm

RI0—2200-0hm

RI3, Rl4—I-mepohm

R16—3000-chm

R19—200, 100 -ohim

R2Z, R23, B35, H26—10.000-0hm.
triminer polentiometer, PC miotn!

B2 10¥K-ohm. |5-tum, trimmer
polentiometer, PC mount
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any case, plan to mount the board in
such a way that a hole can be drilled
fo access R24 without opening the
case. That is the only trim adjustment
that you will occasionally need to
touch up after initial calibration.

Calibration and Set-up. With all the
trimmer potentiometers on the Tester's
circuit board you might think that cal-
ibration is going to be a real nuisance,
but that’s not the case. The process is
greatly simplified because you can
use an oscilloscope to make almost
all the adjustments visually. A separate
frequency counter is also useful, but is
not absolutely necessary. Another
suggested tool to have on hand is a
pair of walkman-type headphones.
Hearing the frequency of the audio
outputis a good way of roughly gaug-
ing whether or notyou're covering the
entire audio range.

Start by centering all the trim pots,

AUENCY-RESPONSE TESTER

R27— 100, 000-uhm, linear
potentiometer
R28-—100,000-0hm, logarithmic
potentiomeler
R29—5-megohm, lincar
patentiometer (scc text}
R30—3300-ohm, Y2-watt

CAPACITORS

Cl, C2—330-pF, 50-WVDC, radial-
lead electrolytic

C3, Cd4-—1-pFE 25-WVDC, radial-
lead electrolytic

C5—0.22-pE polyesier

Ce—0.0047-pwE ceramic-disc

ADDITIONAL PARTS AND
MATERIALS

§1, 52—DPDT tozele swikch

Tl—AC power transformer, 115-VAC
primary to 36-VAL secondary,
I-mA center-tapped (Stancor
P-3612 or equivalent, see text)

JI—BNC jack

J2—Phone jack

PL1—2-conductor power cord and
plug

Printed-circuit materials, metal
chassis (Radio Shack 270-253 or
squivalent), insulated wire, solder,
hardware, gic.

Mote: A drilled and etched PC board
is available postpaid [rom the
author for $20. Contact him on
GEnie at the E-mail addness:
R.CONSTAN for ondering
information.

I
| | MERIN

20Hz 50 O0.1KHz .3

S5 71

2 3 5710 20K

FREQUENCY

Fig. 5. By copying this scale to transparent film, you can create a custom reference
graticule for your scope and greatly improve the visual accuracy of the display.

including R24. Before connecting any
external equipment, power up the
unit by itself to check that correct
power-supply voltages are present in
all the right places. Once you're con-
fident that the circuit powers up cor-
rectly, you can proceed. Note that it is
normal for the TL084 (U3) to run a little
warm, and for both positive and
negative regulators to become rather
hot to the touch. If overheating be-
comes aconcern, small heatsinks can
be mounted on the regulators.

For your initial setup, connect the
horizontal output to the horizontal in-
put on your scope, and the audio out-
put to your headphones. If the
headphones are stereo, it is possible
fo hear through both right and left
with an appropriate adapter. In the
absence of headphones, a stereo-
system auxiliary input will do, but be
careful to keep the volume level
down to avoid speaker damage.

Connect a probe to your scope’s
vertical input. Power up the scope, set
the horizontal time base for external,
and set both the vertical and horizon-
tal amplifiers for DC measurement.
With S2 in the sweep position and both
R28 and R29 set to minimum resis-
tance, power up the Frequency-Re-
sponse Tester. The scope should
display a horizontal sweep, the speed
of which you can adjust using R29. For
calibration purposes, use the horizon-
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fal-gain and herizontal-position con-
trols fo produce a nine-division sweep
deflection that is lined up with the left-
most, vertical graticule line. Because
nine divisions can easily be divided by
three, setting up the three-decade
logarithmic response we discussed
earlier will be easy.

The next step is a bit fricky because it
involves several coinciding adjust-
ments. Connect the vertical input of
your scope to the short wire you at-
tached to TP1 earlier. If you turn up the
AUDIO LEVEL CONtrol, R28, slightly, you
should hear some kind of audio
sweep that appears to follow the rate
of the horizontal sweep (don't panic if
thatis not the case; the trim pots might
just be too far out of adjustment). Flip
$2 to the caL position; the horizontal
display will revert to a dot. Because
the horizontal position of the dot is
related to the audio-output frequen-
cy, refer to the screen display while
USING MANUAL FREQUENCY control R27 for
cdalibration. Set R27 so that the dot
once again lines up with the left-most,
vertical graticule line on your scope.
Then, adjust R24 to bring the audio-
output frequency as low as possible.
You will have to calibrate that more
exactly later, but, for now, the lowest
“bass hote” you can hear without the
audio dropping out is close enough.

Once the tone is established and
set to the lowest frequency you can
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detect, re-adjust R27 so that the dot
moves exactly nine divisions to the
right on your scope screen. The fre-
quency should audibly rise. Adjust R22
at this time to a point just past the
highest frequency you can hear. Re-
peat the process of “low” and “high”
adjustment of R24 and R22 at least
one more time, and then flip 52 back
into the sweep position.

With the sweep RaTE control, R29, set to
maximum speed, you should be able
to adjust your scope’s vertical sen-
sitivity and position until you can see @
curve starting high on the left, and
sloping downward on the right. Con-
tinue to adjust the position and ver-
tical sensitivity, abandoning the “cali-
brated” setting on your scope as
needed, so that the vertical deflec-
tion exactly fills the screen, from the
highest vertical division available, to
the lowest. That resulting curve is a
logarithmic progression.

The next step is to contour the curve
so that every three horizontal divisions
correspond to a Yo difference in ver-
tical deflection. That is accomplished
mainly with R23, which serves as a
“decades/volt” adjustment for the
anti-log network. Unfortunately, ad-
justing R23 is likely to affect the total
vertical amplitude, so you might have
to “see-saw” between R22 and R23
until the desired curve is obtained.
Trim pot R24, which mainly affects the
“top” portion of the vertical deftec-
tion, will probably not make much of a
difference. In the end, your curve
should resemble the one shown in Fig.
4 as much as possible.

The curve in Fig. 4 assumes that your
scope graticule has eight major ver-
fical divisions. Using the top line as a
reference, note that the total deflec-
Hlon is eight divisions down at the right
edge of the trace. Because the width
of the trace has been set at nine divi-
sions, you can easily divide the display
into three sections. If you start at the
right and move left, you'll see that the
deflection from the top line is %o less
each time we cross Y5 of the total
width. So, the total deflection is 8, .8,
and .08 vertical divisions at 9, 6, and 3
horizontal divisions respectively. Ob-
viously, —.08 divisions is not really visi-
ble, and in fact, the start point of the
curve should really be — .008 divisions,
which is certainly not visible. Because
the anfti-log network defines the
curve, we can assume that once one

decade is correctly “tuned.,” the
others will all fall into place. By con-
finuing to adjust the decades-per-volt
trim pot, R23, along with the high log-
level trim pot, R22, you should be able
to approximate that curve.

The two remaining trim pots, R25
and R26, adjust the purity of the sine-
wave output, and should be set as
necessary before final calibration. Po-
tentiometer R25 adjusts the duty cycle
so that the top portions of the sine

As this internal view shows, the
transformer in the Frequency-Response
Tester should be mounted as far from the
board as the project case allows.

wave equal the bottom half, while
R26 is used to trim out distortion. Those
controls do not treat all frequencies
equally, so waveform purity must be
optimized at a specific frequency. The
author recommends a mid frequency
of about 1000 Hz. Using your scope in
its normal internal-sweep mode, set
the tester to cal, and observe the au-
dio-output waveform while making
the above adjustments. In the end,
both controls should be somewhere
near their initial center position, or the
frequency span might suffer.

The final step in calibration is simply
to repeat the setups of R24, R23, and
R22, this time with a frequency coun-
ter added to the audio output. In-
stead of using your ears for the low-
and high-frequency adjustments, use
the frequency counter to obtain val-
ues of 20 Hz and 20,000 Hz. For that
final calibration, make sure the unit
has been on for a few minutes to al-
low it to stabilize.

If no frequency counter is available,
you can use the scope as a frequency
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counter by switching it back to infer-
nal sweep, connecting the audio cut-
put to the vertical input, and making
calculations based on time/division.
That is a bit of a hassle because it
means doing a lot of switching, and
you must remember to restore the
horizontal gain to the original nine-
division setup in between each mea-
surement. If you have a dual-trace
scope, you can setup one channel to
represent the nine-division span of
the Tester's horizontal output, and the
otherto monitor the audio output. You
will still have to go back to the original
setup at least once more to touch up
the log curve with R23. Remember,
you've already set up the unit to span
from the lowest to the highest fre-
quency you can hear, which is all that
really matters. The good news is that
once the Tester is set up, only the low
adjustment, R24, will need an occa-
sional touch up.

If you wish, use a photocopier that
has a scaling capability to make a
copy of the log scale in Fig. 5. By mak-
ing the copy on a transparent sheet,
such as the ones used for overhead
projectors, you can make a custom
reference graticule for your scope
and greatly aid the visual accuracy of
the display.

Using the Tester. For accuracy at
the low-frequency range, always al-
low the Frequency-Response Tester to
remain powered-up for a few minutes
prior to running response tests. As
we've seen, the Tester’s entire first de-
cade from 20 to 200 Hz depends on
the stability of a very small control volt-
age, which usually takes a little time to
settle. To test the response of an audio
device, simply connect the Tester's au-
dio output to the DUTs input, and the
DUTs output to the vertical input of
your scope.

(A note of caution is in order here:
Some power amplifiers have outputs
that cannot be ground referenced. in
such cases, a dual-channel scope
used in differential mode via both in-
puts is the only safe way to monitor the
ampilifier. Also note that power ampli-
fiers usually require output loading for
proper operation))

When your test set-up is complete,
switch S2 to ca. mode, and select a
middle frequency using the MANUA FrE-
Quency control, R27. Then, adjust the

(Continued on page 93)
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quare waves are among the
s most useful waveforms around.
They are used to make
qualitative tests of amplifier and pas-
sive-network circuits, and for radio
froubleshooting. Square waves are
even used as clocks in digital circuits.
Fortunately, square waves that are
stable in both amplitude and fre-
quency are relatively easy to gener-
ate using the following circuits. Let’s
take a look.

Types of Square Waves. Figure 1
shows five different types of square
waves, For all five, the signal is inher-
ently binary—it quickly jumps be-
tween two values ("high” and “low”).
Because the square wave never per-
manently remains at just one level, it is
said to be astable. For that reason,
most square-wave generators are
calied “astable multivibrators.”

A positive, monopolar square wave
is shown in Fig. 1A. For that type of
square wave, the two ideal voitage
ievels are zero volts and some positive
voltage (V+). In transistor-transistor
logic (TTL), the low level is anything
below 0.8 volts and the high level is
anything from 2.4 to 5 volts. Non-TTL-
based square waves of that type
might use different voltage levels. For
example, while CMOS chips can gen-
erate TTL-compatible voltage levels,
they are often used in circuits with
much larger high-level voltages.

Figure 1A also shows the time rela-
tionships of a positive, monopolar
square wave, A total cycle consists of

one high and one low, each of equal
length. The total period required for
the square wave cycle is:

T=M+12
while the frequency (1) is:
f=1T

A negative, monopolar square
wave is shown in Fig. 18. The negative
square wave is similar to the positive
one shown in Fig. 1A, but in the nega-
tive square wave, a high is defined as
0 volts, while a low is some negative
potential (- V).

Another square wave is the sym-
metrical, bipolar square wave of Fig.
1C. In that type of square wave, the
high and low voltages are equal po-
tentials above and below the voltage
axis. A variation on that is the offset,
bipolar square wave of Fig. 1D. That
wave has a DC offset voltage that
prevents it from being symmetrical
around the voltage axis. The square
wave shown has a positive DC com-
ponent added to it, but that offset
voltage could be negative instead.

Figure 1E shows another asym-
metrical square wave. in that case,
however, the lack of symmetry is not
across the voltage axis but in the rela-
tionship between 11 and t2—t1 does
not equal 2. The percentage of the
fime the wave is high, or:

100% x t1/(11 + 12)

is called the "duty cycle” of the square
wave,
One of the things that make square
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Generating square waves is easy when
you follow the simple “recipes”

in this cookbook.

o
NS

waves so useful for testing purposes is
that they contain a large number of
harmonics, or integer multiples of the
fundamental frequency. Because the
symmetrical, bipolar square wave has
both baseline and time symmetry, it
produces only even-order harmon-
ics—harmonics with frequencies that
are even multiples of the fundamen-
fal—as shown in Fig. 2. Theoretically,
those harmonics extend to infinity, but
in reality, a good, sharp, clean square
wave has even-order harmonics out
to about 1000f.

Square waves can be generated
by digital TTL and CMOS IC’s, 555-
fimer-based circuits, and operational
amplifier ("op-amp”) circuits. Let's look
at each in turn.

TTL Generators. TTL integrated cir-
cuits have a 74 or a 54 as the first two
digits of their part numbers. They are
powered by a 5-volt DC supply. Be-
cause a high level in TTL IC’s is any-
thing from 2.4 to 5 volts, a TTL signal is
said to change state when it crosses a
2.4-volt threshold.

Normal TTL chips operate at speeds
of up to 18 MHz, with some cooking
along at 25 MHz, Special types go up
to 80 MHz or more.

The inverter is a basic element in
TTL-based sguare-wave generators.
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Fig. 1. Here are the five main types of square waves: positive monopolar (A), negative
monopolar (B) , symmetrical bipolar (C), asymmetrical bipolar (D), and time

asymmetrical (E).

Those components can be either dis-
crete inverters (such as the 7405), or
NAND gates (like the 7400) or nor gates
(for example, the 7402) with their in-
puts fied together to form an inverter.
Figure 3 shows a typical TTL ring os-
cillator that will produce square
waves in the 500-kHz to 10-MHz range.
In that form, it is made from three sec-
tions of a 7405 hex inverter chip.

The circuits frequency is set by the
values of C1 and R2. The value of C1
should be in the range of 390 pF to
0.005 pF while R2 can vary from 1 to
3.9k ohms. It is common to use a cir-
cuitlike the one in Fig. 3to generate a
frequency that is higher than the one
needed, and to then divide the fre-
quency with a series of TTL counter
circuits cascaded together.

CMOS Generator Circuits. The
CMOS family of digital integrated cir-
cuits operates at lower frequencies
thanthe TTL family, but in return, CMOS
IC’s consume less power. While a typ-
ical TTL device might dissipate milii-
watts of power, an equivalent CMOS
device dissipates microwatts. Like TTL
ICs, CMOS devices can aiso be
powered from a 5-volt supply, and de-
pending on the situation, might be TTL

AMPLITUDE

‘ 3 l |

f 2f 4f 6f of 10f121”9921 1000f
FREQUENCY

Fig. 2. The frequency spectrum of

svmmetrical square waves consists of the

Sundamental frequency and a large

number of even harmonics.

.1
OUTPUT

Fig. 3. A TTL ring-oscillator circuit uses
an odd number of inverters in an astable
configuration.

“SEE TEXT

compatible. However, many CMOS
devices can be powered at higher
voltages.
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For a typical CMOS chip, a signal is
said to change state when it crosses
the voltage half-way between the
supply voltages. For example, when a
+mi12-volt supply is used, the thresh-
old is 0 volts, and when a single 12-volt
supply is used, the threshold is 6 valts.
The first digits in a CMOS-chip number
are generally 4 or 45,

A Schmitt trigger is a special circuit
that obeys slightly different rules than
do other forms of digital gates. For
example, when the 4584 hex inverting
Schmitt-trigger IC is operated from a
5-volt power supply, the output state
will change on positive-going input
signals at 2.9 volts, and on negative-
going input signals at 2.3 volts. The
difference between the 2.9- and 2.3-
volt signals is called the “hysteresis
band.”

Figure 4 shows a 4584 inverter (V. of
the total 4584) used in a very simple
square-wave oscillator circuit. Be-
cause the 4584 is an inverter, a low at
input pin 1 produces a high at output
pin 2, and consequently, a high input
produces a low output. When power is
initially applied, capacitor C1 is dis-
charged so the input sees zero volts (it
is low); the output is therefore high,
allowing C1to charge from the output
voltage at a rate limited by the time
constant R1C1. When the voltage at
the input reaches the Schmitt trigger’s
positive-going trip point, the 4584 in-
put sees a high. That results in a low
output, which causes C1 to discharge
through R1 until the voltage drops be-
low the negative-going threshold. The
capacitor will continue to charge gnd
discharge between those two levels
at a frequency of approximataly
0.72R1C1.

Figure 5 shows a CMOS square-
wave oscillator based on inverters (or
NAND OF NOR gates wired to act like in-
verters), which is similar to the ring os-
cillator shown previously. Unlike some
CMOS inverter-based circuits, the ane
in Fig. 5 will produce a square wave

<: R1

Fig. 4. A CMOS, inverting, Schmiti-
trigger square-wave oscillator requires
very few components to function.
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Fig. 5. This CMOS, inverting square-
wave oscillator can be varied over a
wide range. Note that R2 should be ten
times the value of Rl, as shown.
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Fig. 6. This square-wave oscillator,
based on the 4047 CMOS device, has
complemeniary half-frequency outputs.

that has a 50% duty cycle. There are
two resistors used in that circuit; R1 is
used to set the operating frequency
and R2 is approximately 10R1. Typical
values for R1 and R2 are 100,000 ohms
and 1 megohm, respectively. The val-
ue of C1is less than 1000 pk The oper-
ating frequency can be from 0.1 Hz to
1 MHz, depending on the values of R1
and C1, and is determined from:

f, = U(2.2RICY)

where £, is in hertz, R1is in ohms, and
C1is in farads.

Another CMOS square-wave gen-
erator is shown in Fig. 6. That circuit is
based on the 4047 multivibrator cir-
cuit, which can be used for either
monostable (“one-shot”) or astable
applications. In the configuration
shown in Fig. 6, the 4047 is an astable
multivibrator. There are three outputs
from the 4047. The first is the oscillator
(OSC) output, which is connected di-
rectly fo the internal oscillator circuit.
The other two outputs, Q and Q, are
complementary to each other and
operate at one-half the frequency of
the internal osciliator.

The output frequency is set by tim-
ing components R1 and C1, as in the
last equation, butthe Q and Q outputs
obey:

£, = 1(4.4R1C1)
The value of R1 should be between

10,000 ohms and 1 megohm, while
the value of C1 should be 100 pF or
more (the maximum capacitance is
not limited theoretically, but a prac-
tical limit exists when the leakage re-
sistance of C1 is of the same order of
magnitude as R1).

555-Timer Oscillators. The 555
timer, with the possible exception of
either the 741 operational amplifier or
some microprocessors, is probably
the most popular IC. That is because
the 555 is versatile, low-cost, and be-
haves itself (which means that design-
ing 555 projects is relatively easy).

The 555 is used to make monopolar
square waves that can be either TTL
compatible (V+ must be 5 volts DC),
or CMOS compatible. Any power-
supply voltage from 4.5- to 18-volts DC
can be used, as the voltage sefs the
value of the high state.
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Fig. 7. Of course, the old 555 timer can
be used as an astable multivibrator to
generate square waves. However, for the
circuit shown, they will not be
symmetrical.

Fig. 8. An operational transconductance
amplifier, square-wave generator circuit
looks much simpler than it sounds.

The 555 can be connected in either
monostable or astable configura-
tions, but for continuous square
waves, the astable version is used (see
Fig. 7). The square-wave signal ap-
pears at pin 3 of the 555, while timing
signals are processed at pins 2, 6, and
7. The output frequency of the 555
astable multivibrator is found from:

WAMAL 2merieaniadiahictary com

f, = 148/((R1 + 2R2)C)

The duty cycle of the 555 square-
wave output is determined by the re-
lationship between R1 and R2, and is
given by:

Duty Cycle = (R1 + R2)/R2

Linear IC Generators. Several
types of linear integrated circuits can
be used to make square waves. The
simplest of those is the operational
transconductance amplifier (OTA).
The only components in the simple
circuit shown in Fig. 8 are a CA3048
QTA, a feedback resistor (R1), and a
timing capacitor (C1). The output fre-
quency is approximately given by:

 ~ 1/(27R1CY)

Timing resistor R1 should be from 1
megohm to 3.9 megohms. When R1is
of a greater value, the circuit some-
times stops oscitlating, depending
upon the specific CA3048 used.

Operational-Amplifier Gener-
ators. The operational amplifier is
one of the most useful linear IC's
made. When introduced in the late
19405 (in vacuum-tube form), the op-
amp was intended for performing
mathematical operations in analog
computers. Very rapidly, however, de-
signers realized that the op-amp
could be used for a wide variety of
applications other than computing.
The transistor soon infroduced more
people to the op-amp, but it wasn't
until the advent of the integrated cir-
cuit that the complexity of the op-
amp became an internal affair. The
result was a simple amplifier in which
the transfer function was set by ma-
nipulating the feedback.

Figure QA shows a common Op-
amp square-wave generator circuit. It
uses two feedback paths: one sets the
DC level atthe noninverting input (+),
while the other is the RC timing net-
work (R1C1). In general, if the feed-
back constant (B) is:

B = R3/(R2 + R3)
the output frequency is set by:
f, = 2RCLn((1 + B)Y/(1 — B))

But, as with many circuits, a simple
assumption can simplify the equation
quite a bit. If we assume R2 = R3, then
the equation reduces to:
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Fig. 9. This operational-amplifier
square-wave generator (A) produces a
50-percent duty-cycle signal. That is
because both the charge and discharge
current for Cl flow through Rl. The
resulting charging and output waves are
shown in B.

fo = 1(2.2R1C1)

Figure 9B shows the annotated tim-
ing waveform for the above circuit,
with the capacitor charge/discharge
curves superimposed on the output
waveform. Because the op-amp is
powered from a bipolar supply, out-
put voltage V, jumps between +V,
and -V, The noninverting input is
biased to voltage V,, which is a frac-
tion of output voltage V,, according
to:

Vy = VB = V,R3/R2 + R3)
Since R2 = R3:
V, = V2

The rules for the operational ampli-
fiers used in the above nonlinear cir-
cuits are simple: If the inverting input is
less positive than the noninverting in-

put, then the output is high: if the inver-
ting input is more positive than the
noninverting input, then the output is
low; if the two inputs see the same
potential, then the output is zero.
Assume on initial tum-on that the
capacitor is discharged, so capacitor
voltage V. is zero. According fo the
rules for operational amplifiers, that
forces a high output. Capacitor C1
can now charge under the influence
of +V,,; and the R1C1 time constant.
After time t, expires, the capacitor
voltage V. reaches +V,, so the out-
put snaps low to —V,_,. At that time,
the low segment of the output wave-
form begins, and C1 begins fo dis-
charge under the influence of -V,

sat’
It then recharges under the opposite
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Fig. 10. Here is an op-amp-based
square-wave generator that uses diode
switching to produce a fixed duty cycle
other than 50 percent.
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Fig. 11. Use RS to adjust this variable-
duty-cycle square-wave generator. That
potentiometer controls 1, to vary the
timing.
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polarity. The process then repeats it-
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