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The Fluke 79:

More Of A Good Thing

Maore high-performance features.
More advanced measurement capa-
bilities. Maore of the vital information
you need to troubleshoot even the
toughest problems — with both ana-
log and digital displays.

Meet the latest, greatest member
of our best selling 70 Series Il family
— the new Fluke 79 digital multimeter.

It picks up where the original fam-
ily left off. In fact, it's a quantum leap
forward — in performance, value and
affordability.

It's got the features you'd expect
from Fluke. Including high resolution.
Fast autoranging. Patented, automatic
Touch Hold®. A quick continuity
beeper. Diode test. Automatic self-
test. Battery-conserving sleep mode.
And it’s just as rugged and reliable as
the rest of the 70 Series Il family.
Easy to operate, too — with one hand.

And thanks to the Fluke 79's
proprietary new integrated circuit
technology, that's only the beginning.
When it comes to zeroing in on tough
electrical problems, the Fluke 79
leaves the competition behind:

Hz

Frequency: The Fiuke 79's built-in frequency
counter iets you measure from below 1 Hz to
over 20 kHz. And while you view frequency on
the digital display, the analog bar graph shows
you AC voltage. So you can see if potentially
hazardous voltage is present.

Fast 63-segment analog bar graph: The Fluke
79's bargraph moves as fast as the eye can see,
updating at a rate of 40 times per second to
simulate the functionality of an analog needle.
You get the high speed and high resolution you
need to detect peaking, nulling and trending.

Capacitance: No need to carry a separate

dedicated capacitance tester; the Fluke 79
measures capacitance from 10 pF to 9999 F.

40€)

-Ohms range: Our proprietary Lo-Ohms
nction lets you measure resistance as low as
.01 ohms. High noise rejection and a test leac
ero Calibration function make the Fluke 79
dea! for detecting small resistance changes.

moothing™: Our exciusive new Smoothing
ode gives you a stable digital readout for
nstable signals — by displaying the running
average of eight readings. No more jitter or
digit rattie” due to noisy signals.

FLUKE 79 SERIES Il MULTIMETER

Get a good thing going: To put
ore meter to work for you —at a
price that works for you, too — head
for you nearest Fluke distributor. For
the name of your nearest distributor,
or for more product information, call
1-800-87-FLUKE.

he Fluke 79 comes with a
ellow holster and patented
lex-Stand™ — easy to
hang from a door or pipe,
clip onto a belt or tool
kit, or stand at virtually
any viewing angle.
‘There's even storage

space for test leads. \\q
~

Fluke 79 Series Il -
$185°

PRESS
rANGE® @D

AUTORANGE, 400

B (roucH HOLD) & ~ B+

4000 Count Digital Dispiay (9999 (n Kz, capacitance.
and Lo-Ohms)

163-segment Analog Bar Graph

.3% Basic DC Voltage Accuracy

Automatic Touch Hold

Diode Test, Audibie Continuity Beeper

‘Autoranging. Manual Ranging

—

alster with Flex-Stand

Frequency Counter to over 20 kHz

1000V ===

apacitance. 10 pF to 9999 uf

CcOoM

A
____C- 750V ~

0-Ohms Range with Zero Calibration

Smoothing

e

700 Hours Battery Life (atkaline)

FUSED

8-Year Warranty

0* Suggested U.S. hist price

Actual Size

John Fluke Mfg. Ce., inc. P.0. Box 9090, M/S 250E Everett.
WA 98206. © Copyright 1993. Prices and specifications
subject to change without notice. Ad No. 00425.
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Mini-Spur.

turns your PC into a Spectrum Analyzer

[Mini-Circuits®

MINI-SPUR"1.9

SPURIOUS RESPONSES BELOW DESIRED IF LEVEL

?»FR- S»FL
9«FR~- 7#FL
4«FR- 2«FL

6=FR- 4sFL
8«FR- G=FL

MIXER TYPE :
FREQ (MHz) : P to print display.

RF LEVEL : : . R to run again.
L0 LEVEL : : 14, T to toggle to LOCUS.
IF LEVEL : H <Esc> to return to DOS.

Spo]‘ Spurious Signuls Eusily_ .. Introducing Mini-Spur™ the software simulation program for analysis

] . of system spurious responses. Using actual data on Mini-Circuits mixers,
choose the bestmlxerforyour deS|gn problems spurious signal levels are calculated and then displayed.

=g Operation is simple. The user defines the input frequency and power
level, the program then graphically displays the various outputs including
95 all the spurs (up to 10xLO * 10xRF) falling within the user-defined IF filter
bandwidth. As the user tunes the frequency, the output spectrum scrolls
across the screen just like that of a sophisticated spectrum analyzer.
Required hardware; IBM AT or compatible with 640k memory, and
Free...740 page RF/IF EGA or VGA display. Optional, dot matrix, laser printer or plotter.
Designer's Handbook with So maximize design efficiency... use Mini-Spur™ only from Mini-Circuits.
purchase of Mini-Spur® program
place order as Designer’s Special, DS-1 finding new ways
setting higher standards
- - - -
[ Mini-Circuits
WE ACCEPT AMERICAN EXPRESS AND VISA
P O Box 350166. 3rooklyn,New York 11235-0003  (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010
For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.3

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. £167 REV. A
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A review of the latest happenings in electronics.

&  Electronics Now, November 1993

MiniDisc Data Discs

Building on its audio MiniDisc
specifications, Sony has an-
nounced a set of standards for its
MD DATA, a compact data storage
medium for personal computers
that it hopes will replace magneto-
optical floppy disks.

Sony sees MD DATA meeting the
computer industry's growing need
for more compact, high-density
storage. The new MD DATA discs
will hold graphic and audio data as
well as text. They offer 140-mega-
bytes of memory capacity; this al-
lows the storage of about 2000
frames of still color images on each
disc. A data-transfer rate of 150 kilo-
bytes per second allows them to
record full-motion video.

There are three different kinds of
MD DATA discs, and all can be
“played” on a single drive mecha-
nism. Prerecorded MD DATA (“MD
ROM™) discs contain prepackaged
software, while recordable “'Re-
writable MD" discs are for personal
data-storage use. For interactive
applications, "Hybrid MD DATA"
discs have some sectors that are
permanently prerecorded, leaving
| others for the user's data.

1 SONY’S 140-MBYTE MD DATA computer
discs include the blank disc (left) that

| could replace today’s floppy disk, and
the preprogrammed “firmware” version
(right). A third disc contain both pre-
programmed and blank sectors.

As part of its MD DATA standard,
Sony has developed a file system
that determines how information is
encoded onto the disc. The system

computers that have different mi-
| croprocessors or different operat-
ing systems.

provides compatibility between |

According to Sony, MD DATA
discs eliminate the problem of inter
changing floppy disk data between
different brands of computers. They
say that once MD DATA system
software is installed, any informa-
tion written onto MD DATA discs
can be retrieved and modified, re-
gardiess of differences in the CPU's
or operating systems.

The discs are similar in ap-
pearance to, but can easily be dis-
tinguished from, audio MiniDiscs.
MD DATA discs are encoded to pre-
vent playback and recording on MD
audio systems.

Motorola Facility slated for
1995 opening

Motorola has announced its
plans to start construction in Oc-
tober on a new combined advanced
products R&D laboratory and metal-
oxide semiconductor (MOS) man-
ufacturing plant at Austin, Texas.

The facility will produce, among
other devices, advanced RISC and
CISC microprocessors, and fast
static-RAM memory. The 800,000-
square-foot facility is expected to
cost between $850 million and $1
billion. It will contain 90,000 square
feet of Class-One clean-room of
which 34,000 square feet will be
assigned as a laboratory and
56,000 will be assigned for wafer
fabrication.

Motorola has responded to en-
vironmental protection imperatives
by limiting the amount of waste gas
and chemicals released into the at-
mosphere and ground. For example,

New ULSI/

MOS-14 Fab

I A
New parking
structure

New utilities.
building

MOTOROLA’S R&D LAB AND FACTORY,
to be built in Austin, Texas, is expected

to open in 1995,

| fax 817-921-3741.

a sulfuric acid recycling system will |
reduce chemical waste, and air- |
emission scrubbers will condition
air exhausted from the plant. A
waste-water treatment plant will
clean up the water, and a double-
walled chemical storage and deliv- |
ery system will minimize the toxic |
chemicals stored at the plant.

The laboratory is expected to
open in early 1995, and manufactur-
ing is slated to begin in 1996.

ISCET authorized to
administer FCC exams

The Federal Communications
Commission (FCC) has authorized
the International Society of Cer
tified Electronics Technicians (I1S-
CET) to administer FCC exams for
certificates and permits.

Included are First, Second, and
Third Class Radiotelegraph Oper-
ator's Certificates, the General Ra-
diotelephone Operator License, the |
Marine Radio Operator Permit, the
Restricted Radiotelephone Oper-
ator Permit, the Global Maritime
Distress and Safety System
(GMDSS) Operator's and Main-
tainer's Licenses, and the Ship
Radar Endorsement. ,

Out of 60 entities that applied to |
the FCC to administer the examina-
tions, - only nine were selected.
Those nine, including ISCET, will re-
ceive the question pools for the
General Radiotelephone Oper-
ator's License and Marine Radio
Operator Permit exams by the end |
of July, 1993. Other elements will be
available at a later date, due to an
insufficient quantity of available
questions for the pool.

ISCET will to have examinations
prepared and its test administrators
recertified for the FCC exams be-
fore the end of August. Information |
about ISCET and both FCC and |
| Certified Electronics Technicians |
| (CET) exams is available from IS-
| CET, 2708 West Berry, Fort Worth,
| TX 76109; Phone 817-921-9061, or

www americanradiohicstorvy com




VICA Skill Olympics
winners announced

The winners of the 29th annual
Vocational Industrial Clubs of Amer-
ica (VICA) United States Skill Olym-
pics were announced this summer.
The contests were held at the VICA
National Leadership Conference in
Louisville, Kentucky. More than
3600 vocational students com-
peted in 53 different trade, tech-
nical, and leadership fields.

Competitors worked against the
clock and each other to prove their
job skills for such occupations as
electronics technician, technical
draftsperson, machinist, para-
medical, and cooking and baking. In
the leadership-skills contests, stu-
dents competed in unrehearsed
public speaking and leadership in
meetings that followed parliamen-
tary procedure.

In the electronic products servic-
ing contest, the secondary division
first-, second- and third-place win-
ners,. were Emil Ureel (Port Huron,
MD, Robert Barnes (Lincoln, NDJ,
and Bryan Glotzbach (Scottsville,
NY), in that order. In the post-sec-
ondary division, first-, second-, and
third-place honors went to Martin
Vigesaa (Fargo, MN), Erwin Bier
mans (Cape Coral, FL), and Bryan
Greene (Florence, KY).

Section 1 of the electronic prod-
ucts servicing contest was held at
six individual test stations. The par-
ticipants were asked to service
modern TVs, VCRs and radios.
Section Il tested the students’ work-
manship in soldering as each as-
sembled an electronic kit. Section |l
was a written exam that tested the
participants’ understanding of safe-
ty procedures, basic electronic the-
ory, and standard servicing prac-
tice.

VICA is the national organization
for students being trained in tech-
nical and health occupations.

The contests, planned by com-
mittees made up of representatives
of labor and management, are in-
tended to test those skills needed
for success in each field. In the elec-
tronic products. servicing contest,
committee members included rep-
resentatives from the Electronic In-
dustries Association and several
electronics and test equipment
manufacturers. 1)

The Meter to Pick
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Digital Readout VV VvV vvvvyvyvyvyvy

Backlit 4-digit display with big
numerals (17mm, 5/8%).
Analog Bar Graph  |,;,[,1,].0.0u1.l

Simulates an analog meter to indicate
trends and changes.

Probe Hold™

Store your last stable reading for later;
allows safer meter operation because

you can keep your eyes on your work.

Peak Hold™

Measure and store peaks as short as
1ms. Detect transients, measure inrush
currents, and determine crest factors.

Auto Min Max™ with Averaging v/ vV # W ¥ VW ¥ V VV ¥V V V
Record the minimum, the maximum

and the average reading, unattended.

Fully autoranging for maximum

resolution.

Auto Rel™ Relative Mode
Read the difference between the
present and previously stored values.
Fully autoranging for maximum
resolution.

Intermittent Detector

Locate intermittents, broken wires,
loose connections quickly and easily.
Once you've used Wavetek's exclusive
Fault Finder™, you'll never want to be
without it.

he Wavetek Model 2030 DMM is packed ' =
Twith powerful tools for tough trouble- '
shooting jobs. The exclusive Fault Finder ' e

pinpoints intermittents faster than any other multi-
meter. Memory modes can store readings while
your hands and eyes are busy. True rms, as well
as peak readings, help hunt down damaging
power harmonics.

And there’s a big, 10,000-count backlit dis-
play, and an easy-to-use MENU system that
lets you jump between all these capabilities
without having 10 drag out the manual.

The Wavetek 2030. It’s the one meter
you'll choose when it’s time to
fix something, A
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MADE IN U.S.A.
Wavetek Corporation
9145 Balboa Avenue
San Diego, CA 92123
(800) 854-2708
(619) 279-2200

©1993 Waverek Corporation
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What's new in the fast-changing video industry.

DAVID LACHENBRUCH

® ‘‘Flat Vision'' TV. A unique
display device that combines some
of the principles of the cathode ray
tube with the addressing system of
the liquid-crystal display is now in
production in Japan. Its developer,
Matsushita Electric, maker of Pan-
asonic TV sets, forecasts that “Flat
Vision" will take over more than
10% of the world's electronic-dis-
play market by the year 2000.

Flat Vision, described as a “beam
matrix" tube, has been under de-
velopment by Matsushita for about
20 years and was demonstrated in
early prototype form in 1985. It pro-
duces a 14-inch color picture and its
first version is about 3.9 inches
deep. It is being offered in Japan
equipped with a TV tuner (at the
forbidding price of almost $2700).
However, Matsushita says that its
Flat Vision tube can be mass pro-
duced more cheaply than a CRT. By
the time the product is exported,
around the end of next year, it could
be competitively priced.

The Flat Vision tube is said to be
the equivalent of about 10,000 tiny
individual picture tubes, all in the
same evacuated glass envelope. In
place of the electron gunin CRT's, it
has 44 horizontal “line cathodes,”
which run the width of the tube.
Mounted vertically are 222 control
electrodes, producing 9768 junc-
tions where the cathode and control
electrodes cross. Each junction, or
matrix, controls its own screen area
with 20 sets of red, green, and blue
phosphor dots, 10 sets vertically by
two horizontally.

Although the display works as a
conventional picture tube—electron
beams activate phosphor dots,
making them glow—it is addressed
by a series of flat electrodes (within
the glass sandwich). Matsushita ex-
pects to build the tube for displays
as large as 25 inches, and possibly
to 40 inches. It expects Flat Vision
tubes to become common for com-
puters, multimedia devices, and

other applications that will benefit
from slim dimensions and high pic-
ture quality.

® Video MiniDisc? Sony's tiny

. MiniDisc digital audio recording

system is expanding into data stor
age. The company announced stan-
dards for an "MD Data" system
that could be used in personal com-
puters or portable digital-data prod-
ucts. Sony plans to try to
standardize MD Data as a replace-
ment for the floppy disc. Among its
claimed advantages are low cost,
higher recording density (actually
double that of a CD-ROM), small
size, portability, low power con-
sumption, and the ability to store
graphics, still pictures, and video.
MD Data has the ability to hold
2000 frames of still color pictures or
15 minutes of compressed full-mo-
tion video with digital sound. That
last attribute has led industry obser
vers to question whether—or
when—the MiniDisc would be
adapted as a video-recording medi-
um. Its small size and light weight
would make it an obvious candidate
for a camcorder medium. However,
Sony engineers caution that 15 min-
utes of video simply isn't enough,
and expanded playing and recording
time for MiniDisc is still in the future.
In 1992, when the audio MD was
introduced, Sony President Norio
Ohga said it had a future as a video-
recording medium, with the advan-
tage of quick random-access prop-
erties—a decided improvement
over tape. However, Sony ex-
ecutives told attendees at a recent
technical seminar that long-playing.
2%2-inch video MD is perhaps five
years off. Sony presumably will
await the commercial introduction
of a suitable blue laser for recording
on an optical disc with a much small-
er spot size than current infrared
models. A continuous-wave blue
laser with a wavelength of 460 to
500 nanometers (compared with

780 nm for infrared lasers) could
lead to many new applications of
optical discs by increasing record-
ing density by a factor of 2.5. Sony
has already succeeded in achieving
stable emission of a blue-green
semiconductor laser at room tem-
perature, considered a step toward
the blue laser.

® Cable interface. The cable-TV
and consumer-electronics indus-
tries have agreed on a series of
steps to make cable systems more
compatible with such home equip-
ment as TV sets and VCR's. They
have submitted their recommenda-
tions to the FCC, as required by the
Cable TV Act of 1992. In the near
term, the agreement provides for
signal scrambling only as a last re-
sort—where other measures aren't
effective.

In the longer term, the two fac-
tions agreed to work together to
develop a “decoder interface” for
the back of TV's and VCR's to per-
mit “signals to exit and enter the TV
or VCR for external descrambling or
decryption,” eliminating the need
for set-top boxes. That interface
would work with either analog or
digital signals, anticipating digital
cable systems. It would permit ac-
cess to all channels without the
need for a converter. This would re-
duce duplication of circuits between
the TV and cable system, thus in-
creasing video and audio quality by
eliminating redundant processing. It
would also reduce energy con-
sumption.

Receiver manufacturers agreed
to improve the front-end design of
their sets to facilitate both broad-
cast and cable reception, and to
eliminate direct pickup problems
when broadcast and cable pro-
grams are on the same channel. To
compensate for the increased cost
of the sets, the FCC was asked to
require lower cable subscriber
rates. Q
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FUSSY BBS

Ifinally gave in to all the adver-
tisements for Prodigy and
bought a new 9600-baud
modem. After several weeks of
effort I’m still unable to use their
service—I| always get an error
message when | call. Since it
seems to take about a half hour
to get someone on the phone,
and another half hour to find out
that his suggestions don’t work,
I'm just about at my wits end. |
know Electronics Now is not a
computer magazine, but at this
point | don’t know what to do.
Any suggestions?—R. Bishef,
Keystone, SD

And all this time | thought that
only happened to me! | also had
teething problems with Prodigy and
perhaps what | found out can help
you.

Prodigy's software is one of the
pickiest communications programs
| have ever seen. Sometimes it
won't even work with modems that
have no trouble connecting to any
other dial-up service in the universe.
Although | don't pretend to know all
there is to know about Prodigy, I've
managed to make some empirical
observations that might be helpful
to you, assuming that your modem
is working correctly.

The most important thing to real-
ize is that Prodigy will not tolerate an
IRQ conflict. Even if your modem is
smart enough to share interrupts
with another piece of hardware, Pro-
digy will give you an error (either a
25 or 26). The DIAGNOSE program
supplied with Prodigy will refuse to
even test a modem if there's an in-
terrupt conflict.

There's no understandable rela-
tionship between the modem baud
rate reported by DIAGNOSE and
the actual capability of your modem.
When | run it in my computer, it re-
ports back 2400 baud even though |
connect to Prodigy at 9600.

The DIAGNOSE program re-
sponds strangely to interrupts. The

“Check Ports™ option will correctly
locate a modem and identify its as-
signed interrupt regardless of the
interrupt line you use. The “Check
Modem™ option, however, will re-
fuse to find, much less test, a
modem that uses a non-standard
port address/interrupt combina-
tion. And if your modem is config-
ured for either IRQ2 or IRQS, the
“Check Modem™ option won't work
regardless of the COM port you're
using.

I'm mentioning these anomalies
so you'll understand that your
modem might work perfectly well
with the Prodigy software and still
fail to be recognized by their diag-
nostic software. Or vice versa, for
that matter. That’s the case with me.

Prodigy’s software wants to deal
with a modem that has absolutely
no special features at all. This in-
cludes such things as MNP error
correction and data compression.
As a result, you have to add a
modem initialization string to the
end of the CONFIG.SM file in your
Prodigy directory. You can use an
ASCII text editor or, more awk-
wardly, the MODEMUTL program
supplied with Prodigy.

I'm sure you've heard this before
from the technical support people at
Prodigy, but you'll have to go
through your modem manual and
put together a string that disables
everything your modem can do ex-
cept respond to commands. If this
doesn’t take care of the problem
and you still want to use Prodigy,
you'll have to get another modem. It
might sound silly, but as long as you
understand that the problem is with
Prodigy and not your modem, you
can at least make an informed deci-
sion about what to do.

HEARING AID
I've been repairing monitors
for years, and occasionally | get
one that gives off a high-fre-
quency squeal (around 15 kHz)
from the horizontal oscillator.

wwwW americanradiohistorv com

My problem is that | can’t hear
the squeal, although other tech-
nicians 25 feet away can. Is
there a simple circuit | can build
that will detect this sound and
indicate its presence on some-
thing | can see?—G. Swindell,
Deptford, NJ

What you need is a frequency de-
tector, which consists of two basic
circuits. The first section has to cap-
ture the sound from the environ-
ment, and that means a microphone
and maybe an amplifier is needed.
The second section has to react
only to the presence of only the fre-
guency you're interested in—name-
ly 15 kHz.

BANOWIDTH
FILTER

FIG. 1—THIS CIRCUIT will detect the
presence of a 15-kHz audio signal and
light the LED when it does so.

Most microphones and amplifiers
available today have bandwidths
that go way beyond 15 kHz, so the
first half of your circuit is easy. You
can either build a simple amplifier
circuit or just use the output of any
audio tape recorder that has a built-
in microphone.

The second half of the system,
the one that is frequency-sensitive,
is much more interesting. Although
there are several ways you could
build something like this, the easi-
est way to do it is to base the circuit
around an LM567 tone-decoder
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“Thanks to CIE | have tripled my previous
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“Completing the course gave me the ability
to efficiently troubleshoot modern
microprocessor based audio and video

systems and enjoy a sense of job securily.”

Tony Reynolds
Service Manager/Technician
Threshold Audio & Video
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electronics, and earn a good
income with that knowledge.
CIE’s reputation as the world
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on the success of our
graduates. And we've
earned our reputation with
an unconditional commit-
ment to provide our students
with the very best electronics
training.

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

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

IT'S THE ONLY SUBJECT
WE TEACH!

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

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

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

CIE pioneered the
first Electronics
Laboratory

Course
and the first
Microprocessor
Course. Today, no
other home study
schoo! can match CIE’s
state-of-the-art equipment
and training. And all your
laboratory equipment, books
and lessons are included in
your tuition. 1t's all yours to
use while you study and for
on-the-job after you
graduate.

PERSONALIZED
TRAINING....TO MATCH
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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.AS.
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.

Y ES ! | want to get started.

Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a
representative contact you - there
is no obligation.)
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No commuting to class. Study at
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from our instructors.

Our Computer B.S. Degree Pro-
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PASCAL and Clanguages — as well as
Assembly Language, MS DOS, CADD,
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Our Electronics B.S. Degree Pro-
gram includes courses in Solid-State
Circuit Analysis and Design, Control
Systems, Analog/ Digital Communica-
tions, Microwave Engr, and much more.

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.
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Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460

IC—it's specially made for the job. It
started its life as the heart of most
telephone DTMF decoders, but that
job has been passed on to more
specialized ICs.

The LM567 is an 8-pin DIP IC that
can be made into a tone detector
with the addition of only four com-
ponents as shown in Fig. 1. The val-
ues of the timing components Ry
and C; have been chosen to give
the LM567 a center bandwidth of
about 15 kHz.

The chip has an on-board voltage
controlled oscillator (VCO) whose
output frequency is set by Ry and
C+. Two phase detectors within the
IC compare the input frequency to
the center frequency of the VCO.
When the input frequency is within
the capture range (centered around
the VCO's frequency), the LM567’s
output will go low.

The bandwidth and output delay
are configurable, and are set by the
values chosen for Cg and Cg, re-
spectively. You should experiment
with the LM567 before settling on
your final circuit design. In general,
Co should be about twice the value
of Cg, and the narrower the band-
width (with increasing values of Cg),
the longer it will take the output to
go low. The formula for calculating
bandwidth, as a percentage of the
center frequency, or f, is as fol-
lows:

BW = 1070VV,/f~Cqg

Even though the LM567 is a fairly
simple chip to use, it's a good idea
to have a data sheet in front of you
while you're designing the circuit
since the math shown on the sheet
can speed up the design work.

TEMPERAMENTAL HARD DRIVE

The hard drive in my comput-
er seems to be temperature sen-
sitive. When the temperature
drops below 60° or so, | get
“boot disk failure” messages. If
| leave it turned on for a while, it
will eventually work. What'’s
causing this problem, is it dan-
gerous, and what can | do about
it?—J. Lewin, Ridgefield, CT

Even though all hard drives have
specified temperature ranges, tem-
perature sensitivity is more likely to
be a problem with older MFM drives
than with the newer IDE drives.
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A tremendous amount of ac-
curacy is needed to place the head
over the center of each track. Be-
cause the spinning platters change
dimensions slightly with tempera-
ture, the platters in a cold drive
might contract to the point where
the head isn't positioned accurately
over the track. Cold drives might not
be able to come up to full speed
either (about 3300 RPM), and the
internal tachometer won't allow a
“drive ready” signal to be sent back
to the controller when you turn on
the computer.

As far as it being dangerous, |
presume you're talking about your
data, or the loss of it. If you write to a
drive before it reaches operating
temperature, you won't write to the
exact center of each track. That can
make the recording unreliable be-
cause, once the drive has warmed
up. the signal from the center of the
track will be weaker (since it was
written off-center). The possible
crosstalk between adjacent tracks
can also cause problems in reading
data. You didn’t mention it, but I'm
willing to bet that when you finally
do get the drive working, you get
lots of “Sector Not Found" and
“Data CRC" errors as well.

The best thing to do with this
drive is transfer everything onto a
bunch of floppies and reformat the
drive from as basic a level as you
can. This is a low-level format for
MFM and RLL drives, and a com-
plete DOS format for all drives. And
don’t do it until the drive has been
running for a he.f hour so it's warm-
ed up. You don't want to mess
around with data!

AIRLINE PHONES

| am interested in using my
scanner to monitor telephone
calls made from airplanes.
Where should | look?—R. Turn-
er, Albany, NY.

Ground-station uplinks for most
airplane-based telephone services
are in the 849 and 851 MHz band.
Downlinks from the airplanes are in
the band from 894 to 896 MHz.
Channels are spaced 6 kHz apart.
Various modulation techniques are
used, including FM, SSB, and on
some systems, digital. Digitally mod-
ulated signals can't be received by a
conventional scanner. 0
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FOREIGN EXCHANGE

| have a simple, but perhaps ex-
pensive solution ‘to the problem
posedin Q&A (Electronics Now,
August. 1993) by a'French-speaking
reader who would: like to enter for
eign-letter accents with’ hns word
processor g

A program calfed French As-
sistant,” available from.several
sources (including MicroTac Soft-
ware of San Diegp, CA), transates
English text to French and vice-ver-
sa. Its ability to translate accurately
is limited by the user's knowledge of
the French. However, the program
includes a utility called FRENTOOL.EXE,
an excellent dictionary and gram-
mar tutor that can also produce ac-
cent marks in word processed text.
It can be loaded as a TSR and called
up with a user-selectable hot key.

| write a lot of French, and this
software has proved to be satisfac-
tory. | load the TSR as part of the
BAT file | use to call up the word
processor and printer configuration
programs. FRENTOOL can be loaded
into a RAM drive for higher speed,
and it can be unloaded with the
command FRENTOOL /U.
EMERSON M. HOYT
Beaverton, OR

SO MUCH BASS ...

The article "How Do They Get So
Much Bass Out Of Such Little
Boxes?" by Dale Blackwell that ap-
peared on page 67 in the May 1993
issue of Electronics Now com-
pelled me make a short response:
“They don't.”

Any article about bass cabinets
that does not recognize and refer to
the work in that field by Thiele or
Small should be viewed with suspi-
cion; its like discussing relativity
without mentioning Einstein.

Mr. Blackwell said that reducing
the size of the cabinet raises its
cutoff frequency. He also said that a
larger speaker makes the cabinet
"look” smaller. That is not correct.
Two speakers that have identical

Thiele/Small parameters and dif-
ferent diameters will have the same
cutoff frequency in any given en-
closure. Cutoff frequency is a func-
tion of enclosure compliance, which
is a function of the volume of the
enclosure.

The “inside surface area’ is total-
ly irrelevant. Two enclosures with
equal volume and different surface
areas will have the same cutoff fre-
quency. Many people have as-
sumed that the port is tuned to the
free-air resonance of the loud-
speaker in a.base-reflex cabinet.
That is true only in certain well-de-
fined circumstances.

| have speakers with a free air
resonance of 84 Hz, in an enclosure
with a volume of approximately 1.4-
cubic feet, and they have a cutoff
frequency of about 50 Hz. The en-
closure is tuned to 58 Hz.

Mr. Blackwell asserts that the
port must have at least half the area
of the speaker to be an effective
power radiator. Acoustic engineers
have long known that the efficiency
of the system is & function of its
cutoff frequency and the enclosure
volume. The output of the port is not
related to the cross-sectional area
of the port.Consider the following
equation

= kofaVe,
where 7 is basic system efficiency
is efficiency content which de-
pends on the driver's electromag-
netic damping

f5 is the cutoff frequency

V,, is enclosure volume

Next, examine the equation for a
ported cabinet (or a Hemholtz reso-
nator):

= C/2nlS /(L V12,
where F, is enclosure resonance

C is enclosure sound velocity

S=s, is vent cross-sectional
area

L, is effective vent length

V, is internal enclosure volume

There are many possible com-
binations of vent length and vent
area that will yield the same en-
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closure frequency. Blackwell shows

. no evidence of a knowledge of

sealed or ported systems.

The ported enclosure is analo-
gous to a fourth-order, high-pass fil-
ter with a 24 dB/octave rolloff, not
18 dB/octave. The sealed cabinet is
analogous to a second-order filter.
Those schooled in filter theory will
recognize that any of the classical
filter arrangements can be obtained
by changing the appropriate mathe-
matical coefficients.

It turns out that the efficiency of a
ported system is about 4.5 dB high-
er than that of a comparable sealed
system. Why are so many
bookshelf systems sealed? The an-
swer is that below the cutoff fre-
quency, ported systems are more
sensitive to damage, for a variety of
reasons. This becomes a more se-
rious problem in small bookshelf
systems whose cutoff frequency is
higher. This is of concern to equip-
ment manufacturers.

Any survey will show that the vast
majority of professional monitoring
systems are ported cabinets.

Now back to the original ques-
tion. Changing the transfer function
so that a bass boost is realized re-
sults only in in the illusion of “so
much bass."

GREG FREITAG
Potsdam, NY

The author, Dale Blackwell, re-
sponds:

In responding to Mr. Freitags let-
ter, | first want to emphasize that
when considering speaker sys-
tems, the only characteristic that
counts is what we can hear. Other
measurements, however startling or
unique, are meaningless unless
they are related to what is audible.

Qur ears respond only to pres-
sure, not to velocity. Therefore, only
measurements of sound pressure
level are meaningful. Sound-pres-
sure level is measured in dynes/
square centimeter.

Second, a lot of measurements
that can be made on speaker sys-



tems including impedance, efficien-
cy, response (sound pressure level
vs. frequency), directivity, and
power-handling capability. Those
measurements are useful, as are
computéer simulations, in the under-
standing and quantifying evets with-
in a speaker system.

In the specific case of low fre-
quencies, the range discussed in
my article, impedance curves will
help one to gain insight about those
events. However, they do not
replace the frequency response
curve, which plots the sound pres-
sure level vs. frequency over the au-
dio range.

Impedance curves only show the
motion of the speaker over the fre-
quency range. Sound-pressiire
level measurements permit correla-
tions to be made with impedance
measurements. These allow the
sound-pressure level vs. frequency
response to be estimated.

In response to Mr. Freitags crit-
icism of my omission of any mention
of Thiele and Small, I'd like to point
out that my reference to the design
of speakers and enclosures in ac-
cordance with network theory was
an indirect reference to those au-
thors. | did not want to complicate
an already complex subject.

The article discussed what can
be done with the speaker, cavity,
and a port. No frequency compen-
sation of the input signal was con-
sidered to offset losses in sound
pressure level due to limitations in
the speaker system.

The enclosure volume {cavity)
sets the box compliance, and the
resonance for a closed-box system
is that reactance (cavity) tuned with
the reactance of the mass of the
moving part of the speaker (cone,
voice coil, coil form) and the airload
mass on the cone.

If the speaker diameter is in-
creased, the volume of the cavity
looks smaller to the speaker. The
larger cone area (and, as a result,
less cabinet area for the same cab-
inet) moving a larger air volume is
now compared to a smaller cavity
volume (cavity volume minus the
cone air volume). | simplified this
relationship to an apparent reduc-
tion of surface area of the cavity.

If a port is now added in the cavity,
the reactance of the mass of air in

the port (inertance) with the cavity
compliance can be tuned at any fre-
quency consistent with reasonable
enclosure dimensions.

To lower the frequency of reso-
nance with the same cavity volume,
however, the port area must be re-
duced, or the length must be in-
creased. This now raises the
question of what sound-pressure
level can be produced at these low
frequencies, with a small diameter
opening.

As the area is reduced, the ampli-
tude must increase for a constant
sound-pressure level. The result is
that a 16-inch diameter piston (the
approximate size of a woofer with an
18 inch diameter) must travel only
about 0.05 inch at 100 Hz for 1 watt
of acoustic output.

By contrast, for a 4-inch diameter
piston, that distance must increase
to about a 0.8-inch travel. With small
ports of 2 inches in diameter or less,
it should be obvious that the air trav-
el will be prohibitively large at, say,
50 Hz, where even the 16-inch
piston must travel 0.2-inch. The 2-

inch diameter piston must travel
over 3 inches! There is excessive
loss due to the viscosity of the air.

My analysis of what occurs in the
speaker system described by Mr.
Freitag is simply this: If you look at
an impedance curve for his system,
you will see a double “bump” —
referred to in some literature as f,—
for the high-frequency impedance
bump, f, for the low-frequency im-
pedance bump, and f,, for the cavity
resonance and dip between the two
bumps.

The cavity is a resonant chamber
thatis canceling the speaker’s reso-
nance. That's why the dip exists and
produces two bumps. The cavity
resonance produces large air vibra-
tion in the port, the source of radiat-
ing sound, if there is enough area to
produce a reasonable sound-pres-
sure level.

Notice that at the dip frequency,
the speaker cone is not moving, an
effect that can be verified visually.
That's why the impedance dips to a
minimum. If the port tube is too

continued on page 88
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EQUIPMENT REPORTS

Wavetek Model 2010 Digital Multimeter

hen the Instrumentation
Products Division of
Beckman Industrial was

purchased by Wavetek Corporation
{Instruments Division, 9045 Balboa
Avenue, San Diego, CA 92123) we
were somewhat concerned. We had
long been fans of Beckman's pro-
fessional DMM's and we were wor-
ried that the new corporate
arrangement would affect product
quality. After having the opportunity
to examine Wavetek's newest multi-
meter, the model 2010, our worries
have been alleviated.

The model 2010 adds a 2-MHz
frequency and a 2000-microfarad
capacitance meter to the standard
DMM capabilities of measuring re-
sistance and AC and DC voltage
and current. A collection of special
features—including the ability to
capture and display minimum and
maximum readings—make it ideally
suited in professional applications.

The multimeter is housed in a
black high-impact thermoplastic
case that measures about
72 % 3% % 1%0 inches and weighs
20 ounces. The front of the case
contains a large 4'-digit, 19,999-
count LCD, five push-button feature
selectors, a 10-position rotary func-
tion selector, and four input jacks.

The LCD incorporates an analog
bar graph in addition to the %-inch
digit display. The bargraph, which
consists of a moving pointer on a
scale, updates twenty times per
second.

Below the LCD are five buttons
that serve to access many of the
features of the 2010 and that permit
the user to adjust the meter's mea-
surement ranges manually. Left and
right cursor buttons call up a menu
when first pushed, and they move a
cursor either left or right on subse-
quent pushes. When the cursor is
under one of the choices (HLD for
probe-hold, for example) pressing
the select key (indicated by a check
mark) turns the feature on.

The probe-hold feature allows the

DMM user to take a measurement
and then remove the probes form
the circuit while the measured value
remains displayed. It's convenient
when making measurements in
awkward positions.

An auto-relative mode permits
measurements to be made with re-
spect to a preset reference value.
For example, if the ideal output for a
power supply is input to serve as the
measurement baseline, other power
supplies could be tested quickly to
see whether they were within ac-
ceptable tolerances.

An auto min/max mode makes it
possible to record the minimum,
maximum, and running average of
input signals. It is ideal for monitor
ing voltage swings when the meter
is left unattended.

A peak-hold feature can capture
and hold voltage and current mea-
surements as short as one millise-
cond. It is useful for monitoring
power-line transients or inrush cur-
rent.

When the Fault-Finder feature is
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selected, the model 2010 emits a
tone whose pitch changes with the
input signal. For example, if the in-
put voltage, current, resistance, or
capacitance increases, the tone will
increase in frequency.

Ranges and accuracy

The model 2010 measures DC
and AC voltage over five ranges
(100 millivolts to 1000 volts) with
resolutions that vary from 0.01 milli-
volts to 100 millivolts. Over all
ranges, the meter's basic accuracy
for DC voltage measurements is
0.25% of the reading, + 2 digits. For
AC voltage measurements, the
rated accuracy is 2% of the reading
+ 8 digits.

AC and DC current can be mea-
sured with the 2010 over five ranges
(1000 microamperes to 20 am-
peres) with resolutions from 0.01
microamperes to 10 milliamperes.
Worst case accuracy is 1% of read-
ing +2 digits for DC measure-
ments, and 1.7% + 8 digits for AC
measurements.

Resistance measurements are
made over seven ranges from 100
ohms to 20 megohms. Correspond-
ing measurement resolution varies
from 0.01 ohms to 10 kilohms.
Worst-case accuracy is 1.2% of
reading + 4 digits.

Capacitance can be measured
over 6 ranges (0.2 microfarads to
2000 microfarads) with resolutions
that vary from 100 picofarads to 1
microfarad. Worst-case accuracy is
3% of reading + 8 digits.

Frequency can be measured over
three ranges (20 kHz to 2 MHz) with
resolutions from 1 Hz to 100 Hz.
Rated accuracy is 0.2% of reading
+ 2 digits. The duty cycle of inputs
from 40 Hz to 100 kHz can also be
measured. Worst-case accuracy is
5% of reading + 1 digit,

The model 2010 comes equipped
with a protective holster that fea-
tures both a tilt bale and a hanging
strap. It is priced tompetitively at
$239. Q



Countcersurveillance

Jever before has so much

wofessional information on the art

f detecting and eliminating
slectronic snooping devices—and

1ow to defend against experienced

nformation thieves—been placed
n one VHS video. If you are a
“ortune 500 CEO, an executive in
4ny hi-tech industry, or a novice
seeking entry into an honorable,
ewarding field of work in
sountersurveillance, you must
‘iew this video presentation again
ind again.

Wake up! You may be the victim of
tolen words—precious ideas that would
1ave made you very wealthy! Yes, profes-
ionals, even rank amateurs, may be lis-
ening to your most private con-
rersations.

Wake up! If you are not the victim,
‘hen you are surrounded by countless vic-
1ims who need your help if you know how
o discover telephone taps, locate bugs, or
‘sweep” a room clean.

There is a thriving professional service
iteeped in high-tech techniques thart you
:an become a part of! But first, you must
tnow and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
>le by a video VHS presentation that you
cannot view on broadcast television, sat-
zllite, or cable. It presents an informative

program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

Discover the targets professional
snoopers seek out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
tion they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tising plans. Information thieves eaves-
drop on court decisions, bidding
information, financial data. The list is
unlimited in the mind of man—es-
pecially if he is a thief!

You know that the Russians secretly
installed countless microphones in the
concrete work of the American Embassy
building in Moscow. They converted

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

what was to be an embassy and private
residence into the most sophisticated re-
cording studio the world had ever
known. The building had to be torn
down in order to remove all the bugs.

Stolen Information

The open taps from where the informa-
tion pours out may be from FAX’s, com-
puter communications, telephone calls,
and everyday business meetings and
lunchtime encounters. Businessmen need
counselling on how to eliminate this in-
formation drain. Basic telephone use cou-
pled with the users understanding that
someone may be listening or recording
vital data and information greatly reduces
the opportunity for others to purloin
meaningful information.

CLAGGK INC.
P.O. Box 4099 ¢ Farmingdale, NY 11735

Please rush my copy of the Countersurveillance Techniques
Video VHS Cassette for a total cost of $53.95 each (which
includes $+4.00 postage and handling)
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The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plus when to use disinformation to
confuse the unwanted listener, and the
technique of voice scrambling telephone
communications. In fact, do you know
how to look for a bug, where to look for a
bug, and what to do when you find it?

Bugs of a very small size are easy to
build and they can be placed quickly ina
matter of seconds, in any object or room.
Today you may have used a telephone
handset that was bugged. It probably
contained three bugs. One was a phony
bug to fool you into believing you found a
bug and secured the telephone. The sec-
ond bug placates the investigator when
he finds the real thing! And the third bug
is found only by the professional, who
continued to search just in case there were
more bugs.

The professional is not without his
tools. Special equipment has been de-
signed so that the professional can sweep
a room so that he can detect voice-acti-
vated (VOX) and remote-activated bugs.
Some of this equipment can be operated
by novices, others require a trained coun-
tersurveillance professional.

The professionals viewed on your tele-
vision screen reveal information on the
latest technological advances like laser-
beam snoopers that are installed hun-
dreds of feet away from the room they
snoop on. The professionals disclose that
computers yield information too easily.

This advertisement was not written by
a countersurveillance professional, but by
a beginner whose only experience came
from viewing the video tape in the pri-
vacy of his home. After you review the
video carefully and understand its con-
tents, you have taken the first important
step in either acquiring professional help
with your surveillance problems, or you
may very well consider a career as a coun-
tersurveillance professional.

The Dollars You Save

To obrain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-750
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
veillance Techniques at home and take
refresher views often. To obtain your
copy, complete the coupon or call.
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NEW PRODUCTS

Use the Free Information Card for more details on these products.

VGA-TO-TV PACKAGE. A
personal computer to tele-
vision video converter will
allow you to transfer pre-
sentations on your PC's
screen to a television re-
ceiver or store the presen-
tation on a video cassette
recorder.

Advanced Digital Sys-
tems' VGA-to-TV Elite PC-
to-video converter will let
you display your computer-
generated text, graphics,
and even games on a big-
screen TV set for con-
ferences, lectures or meet-
ings. All you need is a PC
with a video graphics array
(VGA) board and NTSC-
compatible TV or VCR.

The Elite portable con-
verter includes an encoder,
an AC power adapter, and
all cables and software
drivers. The package in-
cludes a software diskette,
an animated demostration
disk, and a user's manual.
The converter will support
VGA resolutions of

VGA-»T%L-’;%
ELITE ¥ ¢ §

3

CIRCLE 15 ON FREE INFORMATION CARD

640 x 480 in up to 16.7 mil-
lion colors. You can view
your VGA monitor and TV
at the same time.

The converter controls
include those for bright-
ness control, chroma-lock,
auto TV blanking, and hot
keys for positioning pre-
sentations and changing

type fonts.

The VGA-to-TV Elite is
priced at $399.
Advanced Digital Systems
(ADS)
20204 State Road
Cerritos, CA 90701
Phone: 800-888-5244
310-865-1432
Fax: 310-809-6144.
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SEMICONDUCTOR PARAM-
ETER ANALYZERS. Two new
benchtop parameter ana-
lyzers from Hewlett-Pack-
ard permit the electrical
performance of semicon-
ductor devices to be
monitored.

The HP 4155A and HP
4156A combine all the in-
struments needed for sem-
iconductor device perfor-
mance tests in single
cases. The HP 41554 of-
fers four built-in source-
monitor units (SMU'’s) and
two voltage-monitor units
(VMU's), and the HP
4156A adds remote volt-

age sensing and current
ranging for the charac-
terization of low-level leak-
age and resistance.

Both models are said to
be capable of the ultra-low
current sensitivity required
for design verification of
submicron devices. Full

: %
CIRCLE 16 ON FREE
INFORMATION CARD

Kelvin connections and 1-
microvolt sensitivity elimi-
nate the need for external
digital voltmeters when
semiconductor devices are
being analyzed.

Threshold voltage and
maximum gain are taken
automatically, so the align-
ment of cursors and mark-
ers need not be done
manually. The instruments
include “built-in" HP Instru-
ment BASIC for complex
analysis or sequential test
automation. A detachable
keyboard permits the test-
ing-to be performed re-
motely inside clean rooms.
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Programs and test results
can be exchanged over the
bus or through the internal
MS-DOS-compatible flop-
py disk drive.

Custom measurement
modes simplify incoming
inspection, failure analysis,
and reliability testing. The
stress mode can analyze
failure mechanisms such
as metal migration, oxide
breakdown, and hot-carrier
trapping. The standby
mode allows a device to be
biased continually while
multiple tests are per-
formed. A knob-sweep
mode gives the interactive
flexibility of a curve tracer
for the analysis of semicon-
ductor breakdown.

The HP 4155A semicon-
ductor parameter analyzer
is priced at $29,000 and
the HP 4156A is priced at
$34,450.

Hewlett-Packard Company
Direct Marketing
Organization

P. O. Box 58059
MS51L-SJ

Santa Clara, CA 95051
Phone: 1-800-452-4844,

FLUORESCENT LAMP DRIV-
ER. This integrated circuit
from Unitrode will drive the
cold-cathode fluorescent
lamp that backlights a lig-
uid-crystal display (LCD).
The UC3871 includes cir
cuits for background
brightness control, LCD-
contrast control, and fault
detection.

Fully synchronous oper-
ation of the IC eliminates
distracting lines on the dis-
play. Zero-voltage switch-
ing and sinusoidal output
waveforms are said to in-
crease the battery life of
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the host equipment while
minimizing EMI generation.

An open-lamp detect cir
cuit senses the lamp-cur
rent feedback at the error
amplifier input and shuts
down the output if insuffi-
cient current is present.
The UC3871 can be
powered from a 4.5- to 20-
volt supply.

The UC3871 fluorescent
lamp driver sells for $3.05
each in thousand-piece
quantities.

Unitrode Integrated Circuits
Corporation

7 Continental Boulevard
Merrimack, NH 03054
Phone: 603-424-2410
Fax: 603-424-3460

RS-232-CONTROLLED DIG-
ITAL MULTIMETER. Prairie
Digital’s digital multimeter
measures true rms AC volt-
age and current, DC volt-
age and current, resis-
tance, and frequency. The
Model 150-02 also does
continuity and diode test-
ing, and can be remotely
controlled through its
RS-232C serial port. Its in-
ternal microprocessor per
mits front-panel control of
baud rate.

CIRCLE 18 ON FREE
INFORMATION CARD

The DMM will work with
any computer that has an
RS-232C port, but the in-
cluded software and cable
are IBM PC- and DOS-
compatible. The data-log-

ging software will transfer
measurements to the com-
puter's screen, printer, or a
disk drive. The recording in-
terval is programmable,
and readings can be time
and date stamped.

The software also in-
cludes a program that dem-
onstrates how the 150-02
can be controlled and read
by the host computer.
Source code is included for
both programs.

The 150-02 remote-con:
trolled DMM is priced at
$179.

Prairie Digital, Inc.

846 17th Street
Industrial Park

Prairie du Sac, WI 53578
Phone: 608-643-8599
Fax: 608-643-6754.

DC/DC CONVERTERS.
Powercube has introduced
a new series of 300-volt
DC input DC/DC convert-
ers. The HD-Pak series is
intended for powering
computers, test equip-
ment, and machine-tools.
All models operate at a
fixed switching frequency
of 350 kHz.
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Powercube claims that
its integrated magnetic
packaging permits it to of-
fer converters that have
50% more power density
than competing products.
The converters are in in-
dustry standard (4.6 X
2.4 x0.5-inch) packages,
and they are said to have
efficiencies as high as
90%.

Standard models pro-
vide 2.6-, 3.3-, or 5- volt
DC outputs at 40 amperes.
Turbo models offer 60 am-
peres with the same out-

TSR A B R R
FROM HOOKING IT UP
0 FIXING IT UP
WE'RE THE PLACE
10 GO

America trusts Radio Shack for the products and advice
needed to hook up nearly anything electronic. You've made
us number one in adapters, cables and connectors, and we're
second to none in multitesters. We offer 18 different models,
from analog “basics” to our advanced PC-compatible digital
multimeter complete with software. At Radio Shack, you can
see and try before you buy. With more than 6600 convenient
locations, we'll fix you up in a hurry!

DIGITAL MULTIMETER

D-HMAX/MIN  LOGIC/REL
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AN IMPORTANT PART
OF YOUR PHOTOCOPIER
ISN'T PART OF
YOUR PHOTOCOPIER
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Having a machine may not permit you to photocopy
books, journals, newsletters and magazines.
The Copyright Clearance Center CAN.
Contact us to find out
how you too can COPY RIGHT!™

COPYRIGHT CLEARANCE CENTER

27 Congress Street, Salem, MA 01970 O Tel. (508) 744-3350 {J Fax (508) 741-2318
© 1993 Copyright Clearance Center
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Electropics

Build your own Environmental Radon
Monitor—determine the possible danger in
your home. Plus—build a wireless video
camera and additional projects for the
holidays. Circuit devotees—a cookbook of
practical transistor oscillator circuits.

On Sale
NOVEMBER 5, 1993

Watch for it!

Electronics Now, November 1993

Pick up Electronics Now at your favorite

Newsstand, Bookstore or Supermarket

puts at +85°C.

The HD-PAK Series con-
verters are priced at $260
each in hundred-piece
quantities.

Powercube Corporation
8 Suburban Park Drive
Billerica, MA 01821
Phone: 508-667-9500
Fax: 508-667-6280.

AMATEUR RADIO PEN. How
about a special pen for writ-
ing in your ham shack with
your call letters engraved
on it? You can use it to fill
out QSL's and logs. The
KTRB from Kilo-Tec is a
roller-ball pen that can be
engraved with your call let-
ters or your company logo.

£

s
N
2 $

CIRCLE 20 ON FREE
INFORMATION CARD

The pen has a high-gloss
black finish with gold trim.
Up to 25 letters will be en-
graved on one line as part
of the purchase price.

The KTRB pen is priced
at $19.95 plus $4 shipping
and handling.

Kilo-Tec

P. O. Box 10

Oak View, CA 93022
Phone: 805-646-9645.

EMBEDDED MICRO-
CONTROLLERS. Two new
controller boards include
CMOS versions of the Intel
8051 microcontroller. The
amrd51LC and amr552LC
are 4X6-inch micro-
controller boardss that
contain an RS-232C port
and + 5-volt regulation.
Standard features in-
clude sockets for up to 32
kilobits of RAM and ROM,
as many as 56 I/Os, dual
pulse-width modulators,
and eight-channel 8- or 10-
bit resolution analog-to-
digital converters. The
boards can have five timer/
counters with expanded
compare functions. They

www americanradiohistorv com
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have space for prototyping
circuits and can be ex-
panded by an additional
256 bits of I/0. A lithium
battery provides RAM
backup.

Systems including the
microcontroller boards
contain development soft-
ware tools including
FORTH high-level inter-
pretive language. Other
features include a full-
screen editor, an in-line as-
sembler, a source-level sin-
gle-step debugger, a de-
compiler, a disassembler, a
power source, cables, and
a 300-page manual.

Microcontroller boards
are priced a $99; systems
cost $199.

AM Research

4600 Hidden Oaks Lane
Loomis, CA 95650
Phone: 800-949-8051
(technical information:
916-652-7472).

BENCH-STYLE DIGITAL
MULTIMETER. B+ K Preci-
sion is offering a new
benchtop digital multimeter
that also measures capaci-
tance and counts frequen-
cy. The Model 2835 has a
basic DC-voltage accuracy
of 0.5%. It can be operated
from the AC line or battery
power, with battery life
rated at up to 1800 hours.

The DMM's functions in-
clude AC/DC voltage and
current measurement, re-
sistance measurement, di-



ode check, and continuity
check. Frequencies up to 1
MHz can be measured with
up to 1-Hz resolution, and
capacitance can be meas-
ured up to 40 microfarads
with one picofarad resolu-
tion.
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Other features include
autoranging and a high-
contrast, backlit liquid-
crystal display with a 42-
segment bargraph for ana-
log indications. The Mode/
2835 is in a case that
measures 2.9xX8.6 X 7.7
inches with storage space
for test leads and AC
power cord. The DMM in-
cludes a fuse and over-
voltage protection. Test
leads, an AC power cord,
straps and a manual are in-
cluded.

The Model 2835 DMM
is priced at $270.

B + K Precision

Maxtec International Corp.
6470 Cortland Street
Chicago, IL 60635

Phone: 312-889-9087
Fax: 312-794-9740.

COMBINED DIGITAL STOR-
AGE OSCILLOSCOPE, LOGIC
ANALYZER, AND MULTI-
METER. This instrument
combines a 50-megasam-
ple per second digital-stor-
age oscilloscope, 50-MHz
logic analyzer, and a 4000-
count digital multimeter.
The Model 3850 from HC
Protek has a 3 X 4-inch
LCD screen and an
RS-232C interface.

The dual-channel scope,
with 8-bit resolution and au-
toranging can store 15
traces and cursors to indi-
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cate time, voltage, and fre-
quency. The logic analyzer
can accept 16 channels of
input, and the multimeter

has a 3% digit LCD display

with a bargraph.

The DMM makes all
standard DMM measure-
ments plus frequency, and
capacitance; it also tests
diodes and does audible
continuity checks.

The Model 3850 is
priced at $1349.
H.C.Protek, Inc.

P.O. Box 59
Norwood, NJ

Phone 201-767-7242
Fax: 201-767-7343

DIGITAL MULTIMETER IN-
TERFACE MODULE. This
module permits up to four
lead pairs to be multiplexed
to a single multimeter. A ro-
tary switch on the Meter-
Mux from Innovative Solu-
tions selects the desired

pair.
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Compatible with all pop-
ular DMMs, it is offered in
4.4 x 3.3 x1.5-inch bench-
top or DIN-rail cases.

The benchtop Meter-
Mux is priced at $48; the
DIN-rail version is $56.
Innovative Solutions
416 Stewart Hollow Road
Portsmouth, OH 45662

Phone 614-574-4304. Q|

presents . . .

ISBN: 0-7906-1036-1
154 pages/6” x 9"/lilus.
$16.95/$22.95 Canadian

(Plus state sales tax, shipping and handling)

800-428-7267 4444

Howard W. Sams & Company
2647 Waterfront Parkway, East Drive
Indianapolis,

PROMPT® Publications :

The Tube
Substitution
Handbook,
a necessity for
every technican
and hobbyist
who repairs
or restores
tube-based
equipment.
V¥ 30,000 tube
subsitutions

V¥ 800 basing
diagrams

Indiana 46214
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I'm afraid
if I don’t get
a good education
I will end up

living the

rest of

my life
with my mother.

Joel Regimbal
5th grade

America needs more schools
that encourage our children to fulfill

their promise.

KEEP THE PROMISE.

For information on how you can
helpchange the schools in your

2%

MON S$2IUCL03|T ‘E661 JOGUISAON

community. call 1 800-96-PROMISE.

A
0
C(-xn(l

N
[3,]

‘Educaiion Excellence Purtnership

WWW.americanradiohistorv.com



Electronics Now, November 1993

N
(-2

Random-Access Audio: The
Complete Guide to Comput-
er-Based Audio Technology;
by David Miles Huber.
Howard W. Sams & Compa-
ny, 11711 North College, Car-
mel, IN 46032; Tel:
800-428-5331; Fax:
800-448-3804; $26.95.

This new book takes on
the subject of digital audio
and applications for that
technology. After explain-
ing the role of computers in
music and recording ap-
plications, Mr. Huber de-
scribes the equipment,
techniques, and processes
needed for digital-audio
productions. He empha-
sizes creativity and improv-
ing performance.
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The author goes on to
explain how musicians can
use fast access, re-
peatability, and full system
automation, and how to
work with quantization,
sampling, aliasing, and dig-
ital reproduction. Hard-disk
recording systems, multi-
media production, and ran-
dom-access audio from
broadcast stations are
other subjects described.

Test & Design Instrumenta-
tion Catalog; Global Spe-
cialties, 70 Fuiton Terrace,
New Haven, CT 06512;
Phone: 203-466-6103; Fax:
203-468-0060; free.

Test & Design

fastryments
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Global Specialties’ 1993
catalog contains listings of
the frequency counters,
pulse generators, power
supplies, logic probes, and
solderless breadboards it
is offering.

New products intro-
duced in the catalog in-
clude a programmable
bench power supply. a
sweep-function generator,
an intelligent universal
counter/timer, and a porta-
ble design workstation.

The catalog includes an
instrument selection guide,
and a chart that compares
specifications and leading
data on all instruments de-
scribed in the catalog.

File & Disk Management:
From Chaos To Control; by
Alfred Glossbrenner. Os-
borne McGraw-Hill, 2600
Tenth Street, Berkeley, CA
94710; Phone:
910-549-6600; Fax;
510-549-6603; $39.95 (in-
cluding 3.5-inch disk).

This combined book and
disk is a complete educa-
tional package intended to
help you to maximize the
performance, capacity, and
security on any hard drive
in your personal computer.

Mr. Grossbrenner starts
with the basics by explain-
ing how a hard drive works,
and how and where to buy

NEW LITERATURE

Use The Free Information Card for fast response.

the optimum drive for your
specific personal comput-
ing needs. The author then
discusses hard-drive in-
stallation in detail, and fol-
lows it up with step-by-step
instructions on the best
way to prepare, set up,
load, and organize your
hard disk.

Other topics covered in
the book include how to
use DOS, menus, shells,
and front ends. It also in-
cludes clever batch file
tips. A ten-step procedure
that can nearly double your
disk space is revealed. And
you'll find a wealth of point-
ers on how to adjust your
drive to maximize speed.

CIRCLE 27 ON FREE
INFORMATION CARD

The enclosed 3.5-inch
disk is loaded with soft-
ware utilities and tools.
These include McAfee's
Anti-Virus Package and
DIET, the DOS-compatible
file shrinker. It also includes
ORG for boosting a hard
disk’'s performance and
PLUS, a collection of tools
for disk housekeeping.

ARRL Technician Class
Exam Video Course; The
American Radio Relay
League, 225 Main Street,
Newington, CT 06111;
Phone: 203-666-1541; Fax:
203-665-7531; $99 ($119
with optional computerized
exam review).

wWwWwW americanradiohistorv com
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The ARRL Technician
Class Exam Video course
will help you to pass the
required Federal Communi-
cations Commission
(FCC) examination for
technician rating. It in-
cludes five hours of video-
tape and a review book. An
optional practice exam or a
floppy disk is available as
an option.

The disk administers and
scores sample tests based
on the the same pool of
questions that the FCC
draws on to make up its
exams. The course was
produced by King's School
of San Diego, CA. That
school has applied the
same instructional tech-
niques to help hundreds of
thousands of private air
plane pilots pass their
Federal Aviation Admin-
istration (FAA) pilot's li-
cense examinations.

Troubleshooting and Repair-
ing Audio Equipment, Sec-
ond Edition; by Homer L.
Davidson. Tab Books Inc.,
Blue Ridge Summit, PA
17294-0850; Phone:
1-800-233-1128; $19.95.
This book reveals many
of the secrets of profes-
sional audio equipment ser-
vicing. Mr. Davidson tells
you how to locate, diag-
nose, and repair problems
Continued on page 90



DRAWING BOARD

= _Uﬁ:lncking_ the secret software passag_ﬁ;.

~ ROBERT GROSSELATT |

he shareware debuggers de-
I scribed here last month are
posted on the Electronics
Now BBS (516-293-2283,
1200/2400, 8N1). Although they are
nice pieces of software, we've re-
ceived many requests for informa-
tion on commercial debuggers.

There's certainly no shortage of
commercial debuggers on the
shelves of your local software store,
but Codeview and Periscope are the
only ones I've really spent any time
with. The current generation of de-
buggers are all what the companies
who make them like to refer to as
“feature rich.” That's both good
news and bad news.

The good news is that a commer-
cial debugger will have the muscle
and subtlety to do whatever you
need it to. The bad news is that the
more powerful the software, the
steeper the learning curve. For that
reason alone, it's a good idea to pick
your debugger carefully. Because
you'll have to make an enormous
investment in time to become profi-
cient in using the software, make
sure the debugger you choose is
thé one that's going to do the job
you have in mind.

I've been using Periscope for
years, and | have never regretted the
time and money | invested in it. The
memory overhead it requires is min-
ute and, at a basic price of about
$300, it's a good deal. Some people
prefer Codeview. It's a good product
as well, but one of the major
strengths of any software is the
level of support the buyer can get
from the manufacturer. In my experi-
ence it’s a lot easier to get a person
on the phone when you call the Per-
iscope Company than it is when you
call Microsoft to get help with Co-
deview.

If you call Periscope, you'll find
that they have a wide range of prod-
ucts available ranging from a soft-

LISTING1
2BCO:1900 55 PUSH BP - :Save the register
2BCO. 1901 50 PUSHAX -Save the register
IBCO:1902 9ABI194F55  CALL 554F:19B3  .Show the company logo
IBC 1907 9ACH304F55  CALL 554F30C6  Play some music
ZBC0:190C 9A965D4FS5  CALL 554F:5D96 ;Do adoc check
2RC01911 9ATADBAFSS CALL 554F:DBE3A - Go fo the game

ware-only package at about $300 to
hardware/software combinations
that are a lot more powerful—but for
a lot more money. If you're in the
business of writing software, you'll
find that Periscope will earn its keep
the first time you use it to figure out
why your code keeps crashing. You
can get in touch with the Periscope
Company at 1475 Peachtree Street,
Suite 100, Atlanta, GA 30309 (404)
888-5335. But back to the business
at hand.

If you've been doing your home-
work over the last month, you've
gained some experience tracing
through the kind of code you see
when you do a dump in DEBUG.
The pages and pages of disassem-
bly seem to be meaningless at first
but, if you stick to it, you'll find that
there's an underlying rhythm to it all.

Most programs start off with a
bunch of setup instructions fol-
lowed by either a jump table or a
sequence of CALLs for displaying
the company logo on screen, start-
ing the music, and so on. With any
luck, the CALLs would be in the
same order as the list of events you
wrote down. If that's the case, you
will sooner or later come across
code that looks something like List-
ing 1, without the comments, of
course. The addresses and details
of each instruction would undoubt-
edly be different.

As discussed last month, you
should break into the debugger
after the company logo appears on
the screen, and trace back until you
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find the CALL that executes that
part of the code. If the CALL is fol-
lowed by a sequence of other
CALLs (as shown in Listing 1), just
try each of the CALLs to find the
one you want.

With your fingers crossed, call up
the JUMP instruction of our debug-
ger and execute the CALL at offset
1907. After a few tense millise-
conds, the catchy jingle from the
game might come blasting from the
speaker. After treasuring a vic-
torious moment of earned pleasure,
get back into the debugger and go
back to the table you found.

Executing the CALL at offset
190C will take you, just as ex-
pected, to the screen that's used for
the document check—and there’s
the cursor just waiting for you to
look up a number from a table in the
manual and enter it. “‘Look this up!”
you say with a smirk on your face,
and with supreme confidence you
Jump to the CALL at offset 1911.
The screen clears, and the opening
screen from the game appears with
its usual message telling you to
“Press Any Key to Continue.”

You press the Return key and
your jaw drops; instead of getting
into the game, you see a familiar
message saying that "That's Not
the Code Number | Want™ and
you're unceremoniously dumped
back into DOS. What's going on?

While the practical result of this
message is that you're going to be
up all night, the reason for its ap-
pearance is that there's more going
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on in the document-check routine
than you thought when you first
found it. Obviously, the program is
looking for something that was sup-
posed to happen during the routine.
Since your way of dealing with the
copy protection was to bypass it al-
together, what was supposed to
happen there was bypassed by the
routine as well.

When you run across situations
like this, the usual reason is that a
successful completion of the docu-
ment check (reading the correct
number from the correct table on
the correct page in the manual and
entering it correctly at the key-
board) sets a flag somewhere in
memory that tells the program to go
into the game. When the document
check is bypassed, the flag isn't
set, and instead of going on to save
the earth from an invasion by politi-
cally correct aliens, you're staring at
a DOS prompt.

To figure things out, you'll have to
trace through the document-check
routine whose starting address you
found in the jump table. This time
around, you'll have to look for dif-
ferent code than you did when you
were searching for CALLs. As you
trace into the document-check rou-

tine, keep an eye out for CALLs as
you did earlier, but also watch out
for code that looks like that shown
in Listing 2.

Whenever you run across a
CALL, write down the address, ex-
ecute the CALL, and observe what
happens. More than likely you'll run
across routines that do things such
as pausing for keyboard input, stor
ing an entered string in a memory
buffer, or calculating checksums.
These are all part of the larger docu-
ment-check routine that collects
and checks the validity of what you
type at the keyboard. But no matter
how fancy the document check is,
its only job is to give a go/no-go
indication to the rest of the program.
And in most cases, that indication is
marked by having a particular bunch
of bytes stored in a particular mem-
ory location.

The line of code in Listing 2 is
important because it's where the
successful completion of-the docu-
ment check is marked. Instructions
such as the one shown in Listing 2
will stand out like a sore thumb if
they're preceded by stuff like that
shown in Listing 3.

Notice the series of instructions
that come before the MOV instruc-

LISTING 2

4F1C:02BA C706321C1111

MOV WORD PTR [1C32],1111

LISTING 3
4F 1C:6290 3B46ED CMP AX [BP-20]
4F1C:6293 7505 INZ 629A :
4F1C-6295 CT46DEFFFF MOV WORD PTR [BP-22), FFFF
4F1C-629A EBOD IMP 629C '
4F1C:629C 837EDEOO CMP WORD PTR [BP-22]+00
4F1C62A0 7402 JZ 62A4
4E1C:62A2 EBOC IMP 62B0 :
4F1C:62A4 FF46D6 INC WORD PTR [BP-2A]
4F1C:62A7 B3TED6GO2 CMP WORD PTR [BP-2A],+02
4F1C.62AB 7D03 JGE 62B0 '
4F1C:62AD E93TFD IMP SFE7
4F 1C:62B0 83TEDEDD CMP WORD PTR [BP-22],+00
4F1C.62B4 7504 INZ 62BA
4F1C:62B6 0E PUSH CS
4F1C:62B7 ERESFC CALL 62A2

4F1C'62BA C706321C1111 MOV WORD PTR [1C32],1111
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tion at offset 62BA. A lot of things
have to happen successfully for that
instruction to be executed at all.
Storing a 1111 at location 1C32h is
the key to the siccessful completion
of the document check. All the code
in the routine is aimed at the rest of
the game seeing a 1111 there,
(meaning that correct code was en-
tered from the table in the manual)
or something else at 1C32h (mean-
ing that incorrect code was entered
and the user failed the document
check).

Being able to spot this kind of
code is partially due to luck, partially
due to experience, and often results
from an educated guess. There will
always be lots of false tries before
you find the one (or more than one)
solution that works. In general,
keep an eye out for lines of code
that put hard numbers in absolute
locations low down in the memory
map. Most games are written in
high-level languages such as C, and
it's standard programming practice
to declare variables early on in the
code. That's what was done in our
example here.

Once you find the key, it's a sim-
ple matter to check and see if it
works. Go back into the debugger,
manually stuff a 1111 into location
1C32h, and execute the CALL at
offset 1911. If the screen clears and
you see a shipload of aliens speed-
ing to the earth, you can hit the sack
and get some rest, secure in the
knowledge that the hardest part of
defeating the document check is
behind you. Next time we'll see how
to make it permanent. (4}

“Pardon me. Just jogging my memory."




Bachelor of
Electronic

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

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

Technology

A Quality Education
with a Flexible
In a world heavily dependent

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

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

a program created to provide
the best education and
training possible with  .+**" ¢,
a flexible schedule
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WORLD

COLLEGE

Bringing Technology Home/!

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

Send For Your Free
Course Catalog.

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

World College is affiliated with

ke

WOMVN.

N

World College is currently seeking
approval to confer the Bachelor
Degree from the Virginia Council of
Higher Education.

Complete the Entire
Degree Program Under

One Roof. Yours!

Only World College offers an
independent study, four year
technical degree which can
be completed through one
school. All lab equipment”,
parts, and software are
included in your tuition and
the program’s 300-plus
laboratory experiments can be
completed in your own home.

You Pay Only For Time
Actually Used.

World College not only
provides a means to earn

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

* Student must have access to a personal
computer system.
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What Do These Prestigious
Companies Have In Common?

Acrovox: AN A ORoaoN  IBERG

. Electrical /Electronic anneclors. MLC, Tantalum and Thin Film ELECTROMNICS a
DC Film ﬂ"}]i RFl Sl{ppressuﬁln (}Iapacnnrs, IC Sockets. PCB Switches Capacitors, Resistors, High Density and Industry Standard > BUQI?FIC&H’QY“Y
AC Oil Capacitors, EMI Filters Networks, Trimmers, Connectors/Subsystems

: = ic Connectors
Oscillators, Resonators, Filters Electronic

and Piezo Devices

v‘ - . ’
A .“ Communications COOPER c
CAROL CABLE COMPANY INC Tubing, Conduits, Hose, Sleevings, Splices. Relden

Instruments, Inc.
Electronic and Electrical Wire and Cable Insulation and Cable Haraess Products e Beiden Bussmann
and Power Supply Cords Relays and Solenoid Relays Multi Conductor, Paired, Coaxial, Flat,
Fuses, Fuseholders, Fuse Blocks,
and Fuse Accessories

Fiber Optic, Instrumentation/Process
A COMPANY OF

Control, LAN, Special Application Cables,
Co R N E L L H . . Power Supply Cords & Molded Cable
DALE DEAYNI O A, Assemblies

DUBILIER INDUSTRIES. INC. E A1 .N
Capacitors- Aluminum BATTERES. Computer, Rc/ocrdless m Eront - h |
i i il Fi one, Scanner e P, aton Corporation, Commercia

Eleclrolyncps. Mica, :i(:n.' Film, Dale Electronics, Inc. ANTENNAS.: Cordless Phane (metal & = §5an 2 Militar')” Controls Operation

MICA Paper and Relays Resistors. Networks, Oscillators, Displays, rubber), Scanner Bumpers. =" Switches, Relays, Displays and Keyboards

Inductors & Thermistors Grommets and Stik-On Feet i

A
GERNSBACK
Resistors, SMT Tantalum Capacitors Inductors,

PUBLICATION N n
Resistor Networks, SMT Thermistors North American Capacitor Company
Electronics Now Magazine Tantalums, Aluminums, Sonalerts® Quartz Cr,V_Slﬂl CIo?k Oscillators
Ceramics, Films and AC’s and Special Hybrid Products

P NERE NTE ELECTRONICS, INC. Philips ECG

MURATA ERIE NORTH AMERICA

A WORLDWIDE REPUTATION FOR QUALITY, SERVICE AND WALUE A North American Phl'lps Covi\pany ua m
Monolithics, Discs, Variable Capacitors,

N Semiconductors, Resistors Semiconductors. Test Equipment,
Oscillators, Potentiometers, RFI/EMI Filters, Capacitors RE|:‘,§ ’ Relays. A/V Parts and Loudspeakers and Commercial Sound

Microwave, Surface Mount Capacitors Chemicals Products

ROMM | =Seleca|

Encircar Encuon Protuts
Rohm Electronics Division

{CO\ SPEER ELECTRONICS, INC. MALLORY m'tron

A COMPANY OF

SPRAGUE Swilcheraft

N N A Raytheen
Resistors, Ceramic Capacitors, - SW“?;‘?' ll:el;ys, I;‘;"I'“:]S'l Switches, Conneclors, Jacks, Plugs, Non-CFC Cleaners/Degreasers,
i i ndicator/Pilot Lights, ndicators, ackfields & Audio Accessories .
St ) Test Clips, Test [ﬁads Cable Ties and Tantalum Capacitors, Wet & Foil e UV Cured Compounds, Swabs, Wipes,
Opto Components and IC’s Il{)e'at Shrinka.bI’e Tubing Capacitors, Resistor Networks, Brushes, Wick, Cleanroom Supplies, and

Resistor Capacitors Networks, Filters Static Control Products.

They sell through distributors.
They belong to the E.I.A.
They belong on your vendor list.

Leadership in electronics is not just a matter of designing products bet-
ter and manufacturing them better, but also of marketing them better. And
the sponsors of this message understand that better service to customers
requires effectively involving distributors as part of their marketing teams.

Distributor involvement means lower prices, quicker deliveries, better
service over-all. The Buyer wins. . .the Seller wins.
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Distributors help achieve marketing leadership. So does the manufac- T P
turer’s involvement in the Components Group of the Electronic Industries ot
Association. EIA fosters better industry relations, coherent industry stan-
dards, and the sharing of ideas, which helps one another and serves Electronic Inéiustries G
Association/Components Group
customers befter. . 2001 Pennsylvania Avenue, NW. 11th Floor
In choosing your component supplier, look for the marks of Washington, DC. 20006
leadership — Phone: (202) 457-4930 Fax: (202) 457-4985
30 'availability thl‘OUgh distribution Committed to the competitiveness of the
membership in the E.LA American electronics producer
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JOHN NEVES & BILL LEWIS

WHEN LISTENING TO AN FM STATION
in your car. have you ever
noticed the sudden onset of
noise L—pops, clicks and hum—
that lasts for just a short time?
Maybe you stopped at a traffic
light, heard the interference,
but found that it disappeared
when you drove away—less
than a car length.

This audio annoyance could
be caused by local sources of
noise, or it could be caused by
multipath—the convergence of
FM signals at your car's antenna
that arrived by taking different
paths from the FM transmitting
antenna. The interference is
commonly called “picket fenc-
ing” because it comes and goes
as you drive, much as your view
changes as you walk by a picket
fence.

You could be stopped under
overhead power lines or near
neon lights, motors or re-
lays that could intro-
duce noise into the FM
recelvers of even the
latest model, high-
priced cars. However, if
you look around and
find no obvious
sources of electrical
noise, consider the
possibility that the inter-
ference is caused by multi-
path.

As FM radio waves travel
from the transmitting antenna
to your receiving antenna, they
can take many different paths:
Some travel directly to your an-
tenna; others take more devious
routes as they bounce off build-
ings, hills or mountains.

Figure 1 illustrates multipath
radio waves converging on your
car’s antenna with different
phase relationships as a result
of traveling over paths of dif-
ferent lengths. This same phe-
nomenon can cause “ghosts” in
television reception. It is most
noticeable with radio waves
that have wavelengths of 3
meters or less.

The strength (and quality) of
the received FM signal is the re-
sultant of the phase and ampli-
tude of all the waves at the same

BUILD A

DIVERSITY ANTENNA

AND IMPROVE THE
PERFORMANCE OF
ANY CAR STERE©O!

Eliminate multipath noise from your
FM radio as you drive with this diversity
circuit that switches antennas.

WwwWw americanradiohistorvy com
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FM TRANSMITTER
ANTENNA

RECEIVING
ANTENNA

L,
MOVING CAR

FIG. 1I—MULTIPATH INTERFERENCE IN FM RECEPTION is caused by signals arriving
out-of-phase at the antenna after traveling over paths of different length.

frequency which arrive at your
antenna from the station tuned
in. Radio waves of the same fre-
quency that are out-of-phase, as
shown in Fig. 2, can cancel each
other in certain locations and
blank out the received signal,
regardless of the FM station’s
transmitter power.

However, the effects of multi-
path are more likely to show up
as partial cancellation of the re-
ceived signal accompanied by
extraneous noise. If you keep
driving, you will soon pass out
of this “noisy” region. Fluctua-
tions in signal strength might
occur just a quarter wavelength
apart.

The FM broadcast band
covers the radio-frequency
spectrum from 88 to 108 MHz.
Thus at the approximate mid-
band frequency of 100 kHz,
wavelength is 3 meters or about
3% yards. That's why moving
your car only a few feet can take
it out of the noise region.

By contrast, the amplitude-
modulated (AM) broadcast
band, covers the much lower
frequency spectrum of 540 to

1600 kHz. Thus at 1000 kHz, an
AM signal has a wavelength of
300 meters—100 times the
length of the FM signal. That's
why AM reception is unaffected
by multipath.

Diversity systems

In the FM reception situation
described, if instead of moving
the car out of the noisy region, a
second antenna were posi-
tioned at least 30 inches away
from the first, reception could
be restored. Unfortunately, con-
necting two antennas simulta-
neously to a single car radio will
not solve the problem.

The signals from the antenna
in the noisy region would com-
bine with the signals from the
antenna “in-the-clear,” and re-
ception would not improve. The
answer to this dilemmma is find a
means of switching automat-
ically to the one of two antennas
situated in the most favorable
receiving position.

There is nothing new about
the concept of switching anten-
nas to improve reception. One
method called diversity recep-

wWwWwW americanradiohistorv com

tion was developed in the early
days of radio to counter the
effects of “fading” in shortwave
reception. Shortwave or high-
frequency (HF) signals, are ca-
pable of traveling thousands of
miles by “bouncing” off ionized
layers 100 kilometers or higher
in ionosphere. They were once
the best method for long-range
communication, and fading
could break that communica-
tions link.

In those early high-frequency
diversity systems, two separate
antennas positioned several
miles apart fed two separate re-
ceiver sections. Electronic cir-
cuits compared the relative
strengths of the two received
signals, and automatically se-
lected the strongest for further
amplification and reception.
The selection was performed by
automatic gain control (AGC).
The output DC level was propor-
tional to the strength of the sig-
nal being received.

The same circuitry could im-
prove mobile FM reception, but
two complete receivers would be
required—obviously imprac-
tical and expensive. Moreover,
opening a standard automotive
receiver case to add circuitry
could pose a problem due to
space and power limitations.
The circuit described in this ar-
ticle solves that problem.

A novel FM system

In stereo FM broadcasting,
the transmitter encodes left and
right channels as sum and dif-
ference signals. The difference
signal, L — R, modulates the 38-
kilohertz sub-carrier necessary
for decoding the stereo chan-
nels at the receiver. It is not
transmitted because of band-
width restrictions. Instead, the
FM station transmits a pilot
subcarrier at 19 kilohertz, half
the subcarrier frequency. This
pilot phase locks a 38-kilohertz
oscillator in the receiver to de-
code the stereo signal.

The 19-kHz pilot subcarrier is
within the audio bandwidth,
but its amplitude is so low that
it doesn’t disturb the listener.
However, the presence of this pi-
lot subcarrier makes possible
the FM diversity reception sys-
tem discussed in this article.



The FM diversity circuit
monitors the 19-kHz pilot sub-
carrier signal.

Steadiness of the reception of
this 19-kHz pilot signal in the
audio portion of the FM trans-
mission is an indication of the
quality of the received signal.
Whenever this signal falls below
a specified threshold value, it
will be lost in background noise.
The threshold establishes the
criterion for switching anten-
nas. In effect, the pilot thresh-
old level functions in FM
diversity as the AGC level func-
tions in HF diversity.

How FM diversity works

A second antenna, installed
on your vehicle as far away from
the original equipment antenna
as practical, provides the sec-
ond FM signal. Figure 3 is a sim-
plified block diagram of the di-
versity system.

The cables from both anten-
nas are connected to the elec-
tronic antenna switch. The 19-
kHz pilot signal from the re-
ceiver’s audio output is passed
through a high-gain bandpass
active filter which attenuates
audio programming that is
much stronger than the pilot
signal. After amplification, the
pilot subcarrier becomes the
reference frequency for a phase-
locked loop (PLL) circuit. The
output of the PLL locks to the
19-kHz pilot signal and func-
tions as a subcarrier detector.

When the reference frequency
becomes noisy, the PLL will lose
“lock” and trigger the flip-flop
whose output switches the state
of the electronic antenna
switch. This action switches
the alternate antenna into the
system while disabling the orig-
inal antenna.

If that second antenna is posi-
tioned for better reception, the
received signal will clear, and
the PLL will again lock to the
subcarrier and hold the switch
in that state until the pilot sig-
nal drops out again. If the sec-
ond antenna does not restore
the pilot signal reception after a
0.1 second delay, the primary
antenna is switched back on.

When the radio is receiving
AM, the absence of a 19-kHz
subcarrier will also reactivate
the primary antenna that is
tuned to the receiver for the best
AM reception.

FM diversity circuit

Refer to schematic diagram
Fig. 4. The audio signal from
the FM receiver appears at con-
nector J4. The two capacitors
Cl11 and C16 in the audio input
section bypass any DC compo-
nents in the radio output or
overvoltages that could be
caused by miswiring. Trimmer
potentiometer R22 controls the
input level. The LF347 quad op-
erational amplifier IC3 is an ac-
tive filter with a gain of 50 at 19
KHz. It has four sections: a, b, ¢,

~—— WAVELENGTH

{= 3 METERS FOR FM)

FIG. 2—OUT-OF-PHASE SINE WAVES represent out-of-phase FM signals arriving at a
receiving antenna. They can combine constructively or destructively. An FM signal is

about 3 meters long.
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ANT1  ANT2

FM
RECEIVER

BANDPASS FILTER

FIG. 3—BLOCK DIAGRAM OF THE FM
DIVERSITY SYSTEM to overcome multi-
path interference or cancellation.

and d.

The active filter attenuates
the audio so that the LM180OON
phase-locked loop (PLL) IC1 can
lock onto the 19-kHz pilot sub-
carrier. With 2 millivolts input,
the output level at pin 14 of IC3-
d is about 100 millivolts. Light-
emitting diode LEDS is the level
indicator for IC3-d. Each of the
four 47,000-ohm feedback re-
sistors, R1, R6, R7, and RS,
around the op-amp sections in
IC3 has a 1% tolerance. The
feedback capacitors (reading
from left to right) C6, C4, C19
and C23, and the input capaci-
tors C7, C5, C20, and C21 have
closer 10% tolerances to assure
that the filter will tune in the 19-
kHz region.

Trimmer potentiometer R21
(in series with resistor R10 at
frequency pin 15 of IC1) sets the
PLL’ operating frequency to 19
KHz. Resistor R9 and capaci-
tors C2 and C12 form the loop
filter between pins 13 and 14 of
IC1 to set the PLL’s locking
characteristics including cap-
ture time and capture range.
The values shown result in a 1-
millisecond capture time and 2-
kHz bandwidth. Bandwidth is
not critical in this circuit be-
cause the center frequency is al-
ways 19 kHz. However, the wider
the bandwidth, the faster the
capture.

Every time the PLL locks to
the incoming signal, it pro-
duces a low-level logic output at
Lamp pin 7 of IC1. When the in-
put signal is lost, pin 7 of IC1
goes high, toggling 74C74
CMOS dual flip-flop IC2-a. Com-
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plementary output pins 5 and 6
of IC2-a control the on/oOFF
states of the two MR901 RF
transistors Q1 and Q2. They are
switched through 33-kilohm re-
sistors R13 and R12. respec-
tively. When Pin 5 of IC2-a is
high. Q1 turns on; when pin 6
id high Q2 turns on.
Transistors Q1 and Q2 are the

active components in two iden-
tical broadband. untuned, com-
mon-emitter amplifiers. Each
has a gain of about unity in the
AM broadcast band and about 6
dB in the FM band. That 6-dB
gain overcomes cable and con-
nector losses. The low AM gain
prevents AM signal overload.
Transistor Ql's base is con-

PARTS LIST

All resistors are Va-watt, 5%, un-
less otherwise specified.

R1, R6, R7, R8—47,000 ohms, 1%

R2, R11, R23, R27, R29—10,000
ohms

R3, R4, R5, R18, R24, R28, R32—
1800 ohms

R9—3, 300 ohms

R10—13,000 ohms

R12, R13, R25, R26—33,000

R14—100 ohms

R15—1 megohm

R16, R19—10 ohms

R17—1000 ohms

R20—680 ohms

R21, R22—20,000 ohms trimmer
potentiometer, PC mount, top ad-
just, Spectrol 321 or equivalent

R30, R31—150 ohms

R33—100,000 ohms

All capacitors are 20%, 25-volt,
unless otherwise specified

C1, C2--0.033 pF

C3—390 pF

C4, C5, Cs, C7, C19, C20, C21,
C23—0.001 pF, 10% polyester
film.

C8—0.068 pF

C9, C10, C13—470 pF ceramic disc

C11, C12, C15—0.01uF

C14, C18—0.001 pF ceramic disc

C16—1.0 pF

C17—0.1uF

C22—680 pF

C24—10 pF solid tantalum elec-
trolytic

C25—47 pF solid tantalum elec-
trolytic

Semiconductors

IC1—LM1800N phase-locked loop,
National Semiconductor or equiv.

IC2—74C74 CMOS B dual flip-flop,
National Semiconductor or equiv-
alent

IC3—LF347 BiFET quad opera-
tional amplifier, Motorola Semi-
conductor or equivalent

Q1, Q2—MR901 or MR911 RF NPN
transistor, Motorola or equivalent.

D1—IN914 silicon diode

LED1, LED2, LED3-light-emitting
diodes, T-1 package, red, green,
yellow

Other components

L1—22 pH RF choke

J1—power jack—Radio Shack
274-1565 or equivalent

J2—phono jack, RCA style

J4, J5, J6—Antenna connectors
Miscellaneous: automotive an-
tenna, Motorola type; cigarette-
lighter power cord (Radio Shack
270-1533-C or equiv.); plastic
case (Serpac No. 132from Ser-
co), extension cable, male-to-
male (Radio Shack 12-1314 or
equiv.); extension cable, male-to-
female, 12-foot, (Radio Shack
12-1311 or equiv.); audio cable,
RCA phono-type; one 14-pin DIP
socket; two 16-pin DIP sockets;
hook-up wire, stranded, insulated
24 or 26 AWG; plastic clamp (Ra-
dio Shack 278-1641 or equiv.);
solder.

Optional miscellaneous: adhe-
sive-mount automotive adhesive
antenna (Radio Shack 12-1325 or
equiv.); automotive antenna (No.
03CH7516N, J.C. Whitney, P.O.
Box 8410, Chicago IL 60680 (312)
431-6102); miniature power plug
(Radio Shack 274-1567 or
equiv.); fuse holder, in-line (Radio
Shack 270-1213 or equiv.).

Note: The following project com-
ponents and parts are avail-
able from Videoart, 4123 Mid-
dlefield Rd., Palo Alto, CA
94303:
® Double-sided PC board—
$28.00
® All components for complet-
ing the PC board assembly
plus three antenna connectors
but excluding the PC board)—
$23.00
® Plastic case specified in
Parts List—$7.50

Add $6.50 for shipping and han-
dling. California residents add
local sales tax. Make all pay-
ments as either in certified
check or money order. Please
allow 4 to 6 weeks for delivery.

www americanradiohicstory com

nected to antenna input jack J3
for Antenna 1 and transistor
Q2s base is connected to input
jack J3 from antenna 2. The
transistor collectors are con-
nected, but only one transistor
can be turned on at a time. As a
result, the circuit works as a
fast electronic single-pole, dou-
ble-throw antenna switch.

The load inductance for Q1
and Q2 presents a high imped-
ance at FM frequencies for good
amplification. However, at AM
frequencies this impedance is
low, resulting in low amplifica-
tion. The output signals at Q1
and Q2 feed back to the working
antenna input jack.

The second half of the CMOS
dual flip-flop IC2, section b, is a
0.1-second timer. If the FM pilot
subcarrier is absent for more
than 0.1 second. 0.1uF capaci-
tor C17, charging through 1-
megohm resistor R15, toggles
flip-flop IC2-b, forcing pin 8 low.
That low output presets the IC2-
a flip-flop, biasing Q1 o~ and ac-
tivating antenna 1. This feature
is necessary for AM operation
because antenna 1 is the car’s
original equipment or primary
AM antenna.

Flip-flop IC2-a also forces Q1
on for non-stereo FM signals.
The illumination of piLoT LED 3
indicates that the PLL is locked
to the pilot signal. The illumina-
tion of ANT1 LED2 indicates that
antenna 1 is active, and the il-
lumination of ant 2 LED1 indi-
cates that antenna 2 is active.

Building the circuit

Readers are cautioned that
this project is a relatively com-
plex RF circuit that is not rec-
ommended for beginners. Suc-
cessful completion of this proj-
ect will depend on the builder's
skill and the care taken in cir-
cuit assembly and soldering. An
understanding of how im-
properly placed and soldered RF
components can cause un-
desirable feedback is necessary.
Also, the installation of the cir-
cuit calls for current knowledge
of modern automotive radio and
electrical systems.

Even seasoned builders
should pay particular attention
to details and work cautiously.
especially in the RF adjustment,
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FIG. 4—SCHEMATIC DIAGRAM for the FM diversity circuit.

test and installation phases of
the project. Experience in work-
ing on automotive electrical and
entertainment systems will be
helpful.

Because the circuit must re-
ceive clear high-frequency FM
signals, PC board construction
is recommended. A partial kit,
including an etched and drilled
double-sided PC board with a
ground plane, is available from
the source given in the Parts
List. Foil patterns are provided
for those who want to make
their own boards.

The ground plane is copper
foil laminated over most of the
component side of the board to

ensure stable RF reception. It
shields the active components
to prevent inadvertent signal ra-
diation, thus preventing un-
wanted oscillations. All of the
electronic components are stan-
dard parts, stock items from
mail-order distributors and
most electronics retail stores.

All wiring must be as short as
practical. For example, the leads
of collector inductor L1 must be
short to prevent unwanted os-
cillations. However, parts place-
ment and wiring in the audio
section is not critical.

Refer to hoth the schematic
Fig. 4 and the parts placement
diagram Fig. 5. Follow accepted
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parts placement practices, and
do all soldering with a fine-tip-
ped soldering pencil rated 30
watts or less, preferably with a
temperature control set to
700°F. The cleanliness of the PC
board and component leads is
important for quality soldering.
Be sure that all solder joints are
smooth and shiny: cold solder
joints are usually dull gray and
irregular.

Use sockets for the all ICs,
and observe the location of pin 1
when installing all sockets.
Mount the eight axial-leaded
0.001 pF polyester capacitors
C4 to C7, C19 to 21, and C23,
the 390 pF C3 and the 0.047 pF
C8 vertically. With needle-nose
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pliers, grasp alead at one end of
the capacitor close to the body
and bend the lead back 180° to
form closely spaced radial leads.

Find the cathode band on di-
ode DI and insert the lead on
that end in the cathode location
shown in placement diagram
Fig. 5. The three light-emitting
diodes LEDs 1, 2, and 3 in the
prototype were'in T-1-style radi-
al-leaded packages. The longer
lead on these LEDs is the anode
lead (arrowhead side of the sym-
bol), and the short lead identi-
fies the cathode lead (bar in the
symbol).

Insert and solder the three
LEDs without cutting their
leads. Mount them so they
stand off the board about 1%-
inches so the leads can be bent
to insert the reflectors into the
pre-drilled holes in the case
after the completed board is
mounted to the lower case half.

Transistors Q1 and Q2 have
flat leads to minimize induc-
tance. Position the transistors
carefully on the board before
soldering them. Caution: The
transistors’ orientation and
spacing with respect to each
other and the other RF compo-
nents is critical.

Install the two polarized ca-
pacitors, tantalum dipped, ra-
dial capacitor C24 and alumi-
num electrolytic C25, according
to the polarity marks shown on
Fig. 5. Caution: Be sure the
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FIG. 5—PARTS PLACEMENT DIAGRAM for the FM diversity circuit.

minus (—) side of both capaci-
tors is connected to ground; an
improper connection can de-
stroy the capacitor.

Integrated circuit IC2 must
be a CMOS B 74C74 because the
power source is + 12 volts. Com-
parable parts in the HC and
HCT CMOS logic families are
rated for only 5 volts.

After inserting and soldering
all of the components on the PC
board, cut.insert and solder the
color-coded wires for the case-
mounted connector jacks. The
wires should all be cut about 3
inches long from No. 22 or 24
AWG insulated stranded hook-
up wire. Use red wire to indicate
positive (+) and black to indi-
cate negative (—) ground for
power jack J5. Use any other
color for the audio input signal
to jack J4, but use black for the
ground connection there also.

Insert and solder lengths of
twisted black and red wire for
the RF connector jacks J1, J2
and J3 with the red wires for the
antenna and radio input sig-
nals and black wires for ground.

Packaging the circuit

The plastic enclosure spec-
ified in the Parts List is recom-
mended because the circuit
board described in this article is
sized to fit snugly in it. Refer to
Fig. 6 for the proper orientation
of jacks with respect to the cir-
cuit board, and mark the cen-
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ters of holes to be drilled for the
five jacks J1 to J5 on the ends of
the lower half case using the
hole-forming templates in-
cluded in this article. Exact hole
diameter and shape should be
determined by measuring the
actual jacks.

Mark the positions of the
holes for the three LEDs in the
side wall of the case with the aid
of the template and as shown in
Fig. 6. Drill the LED holes with a
drill size that will permit the
LEDs to be press-fit in the side
of the case so that no adhesive
will be needed.

Clean the completed circuit
board with cotton swabs dipped
in cleaning fluids intended for
that purpose. Insert the board
in the lower half of the case as
shown in Fig. 6, and fasten it to
the two internal sidebars of the
case with small sheet-metal
SCrews.

Next, install and fasten the
three RF connector jacks, J1,
J2, and J3, power jack J5, and
audio input jack J6. Solder the
wires from the circuit board to
the lugs on the jacks. Wire jacks
J1, J2, and J3 with the twisted
pairs. They should be trimmed
as short as possible before they
are soldered to the connectors.
Solder the black wires for the
ground connections to the jack
shells and the red wires for the
signal paths from the antennas
and radio. (It might be neces-
sary to remove some metal
plating from the jack shells with
emery cloth or a file to obtain a
secure solder joint.)

Carefully bend both LED
leads together so that the reflec-
tor body can be press-fit
through the previously drilled
holes on the side of the case.

Double check the completed
assembly carefully. A magnify-
ing glass will be helpful. Check
for any incorrectly inserted
components, solder bridges, or
cold solder joints.

Identify all the jacks and
LEDs on the outside of the case
with a waterproof pen or dry
transfer lettering. Label LED3
as piLoy LED1 as anT 2 and
LED2 as aNT 1. Label J1 as rRaDIO
INPUT, J2 as aNT 1 and J3 as
ANT 2. Label J4 as AUDIO INPUT
and J5 as “+12 V.” Cover the




labels with transparent tape or
coat them with nail lacquer. Fig-
ure 8 is a photo of the author’s
assembled prototype.

Testing and tuning

Before applying power to the
board, measure the resistance
between the positive power sup-
ply connection and ground. It
should be 3000 ohms or higher,
after the filter capacitor
charges. If it is lower, recheck
the circuit for shorts or incor-
rectly installed ICs.

The power source required to
perform these tests can be a 12-
volt nickel-cadmium battery, a
12-voltlead-acid battery, or a 12-
volt DC wall-outlet adapter. If
you use an adapter, be sure it
has a standard 2.1 millimeter
diameter axial pin in the plug.
Read the label on the adapter to
be sure that the positive (+)
conductor of the plug is the ax-
ial lead and the negative (—)

conductor is the shell.

* Put a Ys-ampere fuse in series
with the power supply to pre-

vent damage to the circuit if
there are undetected shorts. An
FM radio or tuner with an ear-
phone or speaker plug con-
nector is also required. The test
setup shown in Fig. 7 emulates
the wiring circuitry of an auto-
mobile installation.

Tune the FM receiver to a ster-
eo FM station. (The stereo in-
dicator should be illuminated).
Set the volume control from one
quarter to one third of its max-
imum angle. Then connect the
audio input of the diversity cir-
cuit to the FM radio’s head-
phone or speaker.

Apply power to the system.
With a plastic alignment tool or
small screwdriver, adjust audio
input-level potentiometer R22
to mid-position. Then adjust
PLL frequency-set potentiome-
ter R21 slowly until LED3 is il-
liminated. After this adjust-
ment, LED3 will track the
radio’s stereo indicator to verify
the presence of the stereo pilot
subcarrier signal with different
thresholds.

The radio indicator works
with all stereo stations, and the
diversity circuit depends on the
audio volume and the setting of
input-level potentiometer R22.
Either LED1 or LED2 should be
on. Turn down the volume con-
trol on the FM radio until LED 3
extinguishes. Observe the
LED1 and LED2 pair: They
should alternate between on
and off each time LED3 goes
out.

Turn the volume-control knob
up and down to check the
switching action. Turn the vol-
ume down once or twice so
LED2 stays on, then keep the
volume low. After 0.1 second,
LEDI1 willlight and LED2 will go
off. That indicates the one-sec-
ond timer is working.

Connect the rabpio INpUT cable
from J1 to the FM radio’s anten-
na input jack. If the existing FM
radio receiver does not have ex-
ternal antenna connections, re-
tract its antenna completely,
and convert it to the input con-
nection with wires connected by
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two alligator clips. T'he second
connection is for ground, the
outer part of the cable or jack.

Unless this connection is
made with a coaxial cable, the
antenna will not function cor-
rectly, and the test will be inval-
id. Light-emitting diode LED2
will be illuminated after the one-
second timeout. Antenna 1 will
be the active antenna. Con-
versely, LED1 will indicate that
antenna 2 is active.

Connect two test antenna ca-
bles to their jacks in the diver-
sity circuit. One of these could
be the extra antenna you pur-
chased for installation in your
car. A three-foot length of insu-
lated hookup wire stretched ver-
tically will serve as the second
antenna. Regardless of what
you use as an antenna, it must
make contact with the axial
conductor of the connector. A
banana plug can serve as a
makeshift connector.

Tune in an FM station, check

FIG. 6—ASSEMBLY AND WIRING OF CASE-MOUNTED components.

to see which LED is illumi-
nated, and then disconnect the
related antenna. This step will
permit the circuit to switch to
the alternative antenna, as
shown by LED illumination. If
the signal from the FM station
selected is strong, switching ac-
tion can be prevented if the an-
tenna connections are not well
shielded.

Choose a different station
and repeat the test. Then repeat
the test for the other antenna.
Adjust the volume control to
command antenna switching.
When the desired LED turns on,
remove the corresponding an-
tenna, and the ability of the
LEDs to turn on and off should
be restored.

This test does not reproduce
actual circuit operation be-
cause it is not possible to simu-
late, at a fixed location, the FM
radio reception conditions to
which your vehicle is exposed.
In a car installation, the proper
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connectors and coaxial cables
form well shielded connections
without RF leakage. Neverthe-
less, this bench test can demon-
strate that the RF switching is
functional.

If you can perform this test
with an actual auto radio re-
ceiver and the coaxial cables
recommended in the Parts List,
the test will still be a realistic
approximation of an auto-
motive installation.

Installation in a car

Refer again to Fig. 7, and in-
stall the second antenna on
your car. The greater the separa-
tion between the primary and
secondary antennas, the more
effective will be the diversity cir-
cuit’s operation. If, for any rea-
son, you do not want to install a
second full-size antenna, you
can purchase a flat antenna
that adheres to the windshield
glass.

The cable from the originally
installed antenna probably will
not reach the diversity circuit
unless the antenna was in-
stalled at the rear of the car. In
that case, the secondary in-
stalled antenna must be located
at the front of the car. The an-
tenna extension cables listed in
the Parts List might be re-
quired.

Alternatively, you can make
your own extension cable from
low-loss coaxial cable termi-
nated by male and female
Motorola-type connectors.

Another possibility is an au-
tomotive AM/FM antenna whose
design is based on that for a sur-
face-mount cellular telephone
antenna. A source for the
03CH7516N antenna with 17
feet of cable is given in the Parts
List. However, an extension ca-
ble will not be needed for most
cars.

A horizontal antenna such as
the windshield type mentioned
will provide polarization diver-
sity because FM broadcast sta-
tions transmit both vertically
and horizontally polarized
waves. This will be an advan-
tage even if the two antennas
are not very far apart.

Access to the radio’s electrical
connections in most cars can be
gained by removing the front



panel of the radio, and pulling it
out to expose the antenna and
speaker connections. Consult
the maintenance manual for
your car radio for details on how
to remove the radio without
damaging it.

The latest model car radios
have RCA audio output con-
nectors. Those will will make it
easy to provide the audio for the
diversity circuit.

Alternatively, the audio signal
source will be the radio’s speak-
er output terminals. Any of the
stereo outputs will provide the
signal depending, of course, on
the stereo BALANCE control set-
ting. Identify all of the speakers’
terminals and wiring. Consult
your users manual or read the
labels on the wires.

Radio manufacturers do not
all follow a uniform wiring color
code, so the functions of the
wires cannot be determined
reliably from their colors. How-
ever, several leading manufac-
turers have agreed on green and
gray for the left and right speak-
ers, respectively, and black for
common or ground. The ground
(or low side) goes to the ground
side of the audio input jack of
the diversity circuit. Only one
audio source is required for the
operation of this circuit.

Caution: Do not connect the
unit to the output of an external
power booster.

Unfortunately. you have no
guarantee that your radio’s
power amplifier will have suffi-
cient bandwidth to allow the 19-
kHz subcarrier to pass. Tap the
audio from the input cable to
the power amplifier. If resistive
“faders” have been installed, tap
the audio signal upstream of
them.

Any connections spliced to
the speaker wires must be insu-
lated with quality electric tape
so they will not be shorted to
ground. Connect the original
equipment car antenna to the
antenna input jack ant 1. Then
connect the second antenna to
input jack ant 2. Connect the
diversity circuit to the FM re-
ceiver with an extension cable
terminated by two male plugs,
one end plugged into the rRabpIO
INPUT jack.

The required 12-volt power

radio and speakers.

can be obtained from a fused
cigarette lighter adapter cable.
Install a Y4- or s ampere fuse in
the fuse holder to protect the
diversity circuit. However, if you
want a more permanent con-
nection, you can make one with
an in-line fused cable for the
power connection to the spare
lugs usually available in the
car’s fuse box. See the Parts
List.

Turn on the receiver and plug
in the adapter. Tune to a stereo
station, and set the receiver for
normal listening while driving.
Readjust input-level trimmer
potentiometer R22 for this nor-
mal audio volume setting in the
car until LED3 remains on
without blinking. Set the tone
or treble control to at least one-
quarter of a turn towards max-
imum. If this is not done, the 19
kHz pilot subcarrier signal will
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FIG. 7—THE FM DIVERSITY SYSTEM instailed in an automobile with one antenna, a

be too low. If LED3 doesn't light
up. readjust the PLL frequency-
set trimmer potentiometer R21
until it does.

Verify that LED1 and LED2
change state each time you
lower the volume. Then change
stations. That also will control
the LEDI1 to LED2 switching.
Input-level trimmer potentiom-
eter R22 controls switching
sensitivity. If it is set too low,
LED3 will not light. Set it so
LED3 remains on without
blinking when a clear stereo sta-
tion is being received. Trimmer
R21 must be set in the middle of
its “lock™ range, the span be-
tween the two points in wiper
rotation where LED3 turns on
and off.

Check the 19-kHz pilot sub-
carrier level at the audio output
ofareceiver with a high-Q band-

continued on page 85
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Here comes the rain—

let’s make sure

our weather station is

ready for it.

RONALD M. JACKSON

IN LAST MONTH'S ARTICLE. CON-
struction details for an ane-
mometer, wind vane, and rain
gauge were described. Now it's
time to build the sensors to
measure temperature and hu-
midity and complete the
weather station. Experi-
menter's connections to your
computer were described in
Electronics Now, July and Au-
gust 1993. This month the
weather station’s connections
to the Experimenter are de-
scribed.

Air sensors

"It's not the heat, it’s the hu-
midity.”” Although sometimes
it's both! But in either case, the
weather station has the data
you need. Five temperature sen-
sors, with tenth-of-a-degree res-
olution, provide accurate tem-
perature information. You can
place one indoors, one out-
doors, one upstairs, one down-
stairs, and one, perhaps, in the
attic or deep freezer.

Two humidity sensors pro-
vide inside and outside relative
humidity information, with 1%
resolution. You might use the
information to calculate the
heat index, or to monitor condi-
tions in a greenhouse.

Changes in barometric pres-
sure are generally the most
useful weather prediction in-
dicators. A falling pressure
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trend usually means that
stormy weather is on the way,
while a rising trend portends
sunshine. The weather station
uses a solid-state pressure sen-
sor to make accurate, stable,
high-resolution barometric
pressure measurements. Al-
though not possible with the
“freeware” program, a profes-
sional version of the software
permits all weather data to be
stored on your computer’s hard
disk. Graphing features make it
easy to see and interpret pres-
sure trends.

The signal-conditioning elec-
tronics for the temperature and
humidity sensors can be wired
point-to-point in the wiring
grid area on the Experimenter
board. With a tight layout, all of
the components will fit on the
board. However, be aware that
every fourth pad on the top and
bottom rows of the wiring grid
are connected to +5 volts and
ground, respectively. Those
pads are convenient for supply-
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ing power to logic ICs, which
have power and ground connec-
tions in the standard locations
of upper right and lower left.
But you must be careful to avoid
inadvertent connections to +5
volts and ground when wiring
other circuitry.

As an alternative to point-to-
point wiring, you can make
your own signal-conditioning
board using the foil patterns
provided here. A high-quality
PC board is also available from
the source given in the Parts
List.

Signal-conditioning board
None of the meteorological
sensors connect directly to the
Experimenter. They all require
some signal conditioning from
the circuitry shown in Fig. 1.
The op-amps, RC filters, and
digital prescalers prepare the
outputs of various sensors so
that the Experimenter can mea-
sure them with maximum ac-
curacy. If your Experimenter
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board does not have the analog
supply option. you should add
it. Many sensors use the analog
inputs, and the optional analog
supply will assure the highest
accuracy in readings.

The through-hole plated cir-
cuit board from the kit supplier,
with solder mask and compo-
nent identification screened on
both sides of the board, sim-
plifies construction and im-
proves circuit reliability. Figure
2 is the part-placement di-
agram. Be sure to clean all re-
sidual solder rosin from the
board, which can provide leak-
age-current paths that will
cause loss of accuracy in the
temperature and pressure mea-
surements.

Inputs and outputs that con-
nect the signal conditioning
board to the Experimenter are
labeled on the board by
silkscreening. These connec-
tions must be made to the pads
of the same name on the Experi-
menter. Don't forget to wire the
+10- and —10-volt supply in-
puts on the conditioning board
to the power pads of IC5 pins 2
and 6 on the Experimenter
board.

Temperature sensors

The weather station tempera-
ture sensors are LM334Z cur-
rent sources. Because their
output is current, rather than
voltage, the sensors can be lo-
cated 100 feet or more from the

weather station without the se-
ries resistance of the wire leads
affecting the reading.

Each LM334Z requires a
2.26-kilohm bias resistor for
setting the nominal output cur-
rent. A 0.0l-microfarad capaci-
tor across each sensor en-
hances its stability. Both com-
ponents can be soldered directly
across the leads of the LM334Z
as shown in Fig. 3.

The completed temperature
sensors should be sealed in a
1.2-inch long piece of 3/16-inch
diameter dual-wall heat-shrink
tubing. This special tubing has
an inner layer of hot-melt gap-
filling adhesive; when the tube
is heated, the adhesive melts
and forms a moisture-proof seal
around the leads. If an end of
the tube does not close up com-
pletely, use a pair of pliers to
gently squeeze it shut while the
glue is still liquid. Use only a
hot-air gun or hair dryer to
shrink the tubing, and don’t al-
Jow the tubing to burn.

The male DB-25 connector,
J13, on the signal-conditioning
board makes it easy to connect
remotely-mounted sensors. Fig-
ure 4 shows how the various
sensors connect to J13. The
positive leads of the tempera-
ture sensors connect—with ap-
propriate lengths of wire—to
pins 14-18 of J14, a female
DB-25 connector that plugs
into J13. The output leads of
the temperature sensors con-
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PART HUMBE,FIS FUFI
* SIGNAL-CONDITIONING BOARD

' Resistors
Ri1-RS, R, BiB—100,000 ohms, 1%
_R6-—13,700 chms, 1%
Ri—12.700 ohms
. BB—2870 ohms, 1% i
Rg, R10—1 megohm, 5%
R11, R12-—10,000 ohms, 5%
FA13—20,000 chms, multiturn
potentiomatar ;
R14—1000 chms, 1% ¥
% R15—10,000 ohms, 13 §
¢ R17—28,000 ohms, 1%
= R1S-R23—489,000 ohms, 1%

¢ Capacitors

+ G1-C16—0.1 uF, caramic 3
. Semiconductors
IC1, IC2--TLC2274 op-amp {Matignal ~
Semiconduciar] or equivalent @
1C3—ADB21 instrumantation amplifier .
{Analog Davices)

IC4—74HC393 dual counter (Hamis) or
equlvalani
: ¢ IC5—SCC15A solid-stale prassure sen-
sor (Sensym)
= Other components
J13-—Male DB25 connector
Jid—Fermale DB25 connector
¢ JB—Triple 6-contact modutar phone ©
sk
o LR N % ir o FPee
nect to pins 1-5 of J13. You can
also connect the leads from tem-
perature sensor number 5 to
pins 1 (output)and 2 ( + V) of J8-
a, one-third of a triple 6-contact
modular jack. The modular jack
is a more convenient way to con-
nect outdoor sensors.

Once the temperature-sensor
outputs reach the signal con-
ditioning board, resistors
R1-R5 convert the current out-
puts from the five sensors into

Electronics Now, November 1993

F-3
N

s
e — P ——— -
oA kit A AR e e e 7
| — = ek
t Q—-—RG—& » R—a ll-—RB—i g oS [
e g s . a8 Ey
#—R2—@ $—R2I—® v +10y .
& Cl15—® #—Cl16—# P 5
*—Ri—4 & -Rs—e —Cl1— I |} s
[ *—Cl4—8 *—Ri4—8
: &—R3I—4& o R5—e |
Ll &—C3—@ &—Rlg—a e—-C10 i
— -—R21—d —-p17—@ " c—'ms:; .EU -
| e N M e ] o s e e - ; !
; /"“"“‘ T I | E 3 .’;
| "—RT?“-‘ i—-mR‘I‘Iwﬂ ""WE 4. .} H.'E——Q _ ’ * I R / o e T§
5 % —(8 8| & -"m‘—'i _,t—_‘-cs——Qw [ gm Ao } P ;iﬁ':ﬁ"z"\ : I:‘«T?E
o - e T L E |
i EEE IR . Jg
| @ L
\ -G‘Clﬁl’.‘ll‘.il‘ i - b
e : A
- ! e e e e : - = r_.z

FIG. 2—PARTS PLACEMENT DIAGRAM. Position the parts on the signal-conditioning
board as shown here.
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PARTS AND KITS

The following kits are available from
Fascinating Electronics, PO Box 126,
Beaverton OR 97075-0126. You can
cail 1-800-683-KITS with VISA and
Mastercard orders, catalog requests,
and technical questions 24 hours a
day, 7 days a week. Please include
$3.40 for US shipping and handling
with any order. Canadian shipping
and handling is $5.00, with payment
in US dollars. Foreign orders, please
inquire for prices and availability.
NOTE: The following kit descriptions
are aiso to be used as parts lists. If
you are gathering the parts together
on your own, you'll need all parts
listed under the “Complete Kit"
headings to build each unit.

voltage outputs of about 10 mil-
livolts per degree Kelvin (abso-
lute). The voltage divider R6-R7-
R8 provides a bias voltage to off-
set the temperature range from
absolute zero to more common
ranges. The TLC2274 op-amps
IC1-a-IC1-d and IC2-a, along
with R19—R23, provide a gain of
5, amplifying the temperature-
sensor outputs to 50 millivolts
per degree Celsius. Capacitors
C1-C5 and C12-C16 provide
low-pass filtering to remove elec-
trical noise from the tempera-
ture readings.

Humidity sensors

Relative humidity is the ratio
of the water vapor in the air to
the maximum amount of water
vapor that the air can hold at
the ambient temperature and
pressure. It is expressed as a
percentage. The humidity sen-
sors used here are capacitors
whose values change in propor-
tion to the humidity level. A
timer circuit converts the ca-
pacitance value to a frequency
that is prescaled and then mea-
sured by the Experimenter.

The circuit that converts the
capacitance of the sensor into a
frequency must be located very
close to the sensor so that stray
capacitance {from long lead
wires has no effect on humidity
readings. However, once con-
verted into a frequency, the sig-
nal can be sent over long wire
runs back to the Experimenter
without being affected.

As indicated in Fig. 4, humid-
ity sensors 1 and 2 get power
(+5 volts) from pins 10 and 24,

respectively, of the DB-25 con-
nector J13. Ground connec-
tions are provided on pins 23
and 12. Humidity inputs go to
pins 11 and 25. The signal-con-
ditioning board also provides
connections for humidity sen-
sor 2 on pins 3—6 of modular
jack J8-a. That allows you to
connect outdoor temperature
and humidity sensors to the
signal-conditioning board with
a single 6-conductor phone ca-
ble and modular plug.
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FIG. 3—TEMPERATURE SENSOR. The
LLM334Z is used as a current output tem-
perature sensor. A 2.26-kilohm bias re-
sistor and 0.01 F capacitor are soldered
directly to the leads of the device (see
text).

Simple 555 timer circuits
convert the capacitance of the
humidity sensors to frequency.
The frequency outputs then go
to 1C4, a 74HC393 dual divider
located on the signal-con-
ditioning board. The 74HC393
prescales the outputs (through
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a divide-by-16 operation), and
sends the results to the timer
inputs Ty, and Ty, on the Ex-
perimenter.

The circuit that does the fre-
quency conversion can be wired
directly on the 555 timer as
shown in Fig. 5. Solder a 1
megohm, 1% resistor between
pins 7 and 8 on the bottom of
the 555 timer. Solder another 1
megohm, 1% resistor between
pins 7 and 2, and continue the
wire from pin 2 to pin 6. Solder
a 0.1 microfarad disc capacitor
between pins 1 and 8, and bend
the capacitor over so that it
rests on the top side of the 555.

If a humidity sensor and a
temperature sensor will share a
modular-plug connection to J8-
a, the first two conductors in
the cable are used by the tem-
perature sensor, and the next
four by the humidity sensor.

A humidity sensors convert-
ed frequency output can inter-
fere with the temperature signal
if the two signals are conducted

ANEMOMETER

o Complete kit—$37.50

(3) 3-inch diameter plastic hemi-
spheres, punched

(1) oil-impregnated bronze bearing,
0.126- x 0.252- x 3-inch, flanged

(1) stainless-steel shaft, 0.1247- x 3-
inch, pointed on one end

(1) shaft lock, ve-inch

(1) magnetic switch, 1.5- x %e-inch, with
hex nuts

(2) disk magnets, Yz-inch diameter

(1) 2-inch schedule-40 PVC cap, preci-
sion drilled

(1) 1%2-inch schedule-40 PVC cap, preci-
sion drilled

(1) 1%-inch schedule 40 PVC pipe, 5
inches long, drilled

(1) wood block, ¥%- x 1%- x 1%-inches
(2) No. 4 stainiess-steel sheet-metal
screws, Yz-inch long

(3) 8-32 stainiess-steel machine
screws, 4 inches long

(15) 8-32 stainless-steel hex nuts

(3) No. 8 stainless-steel flal washers
(18) No. 8 stainless-steel fockwashers,
internal tooth

(1) No. 10 stainless-steel hex-head
sheet-metal screw, Y2-inch

Hard-to-find parts kit—$17.50

(3) 3-inch diameter plastic hemi-
spheres, punched

(1) oil-impregnated bronze bearing,
0.126- x 0.252- x %-inch, flanged

(1) stainless-steel shaft, 0.1247- x 3-
inch, pointed on one end

(1) shatt lock, ¥s-inch

(1) magnetic switch, 1.5- X %s-inch, with
hex nuts
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WIND VANE

® Complete kit—$39.90

(1) dual-wiper potentiometer

(1) ball bearing, Y-inch ID, %-inch OD,
flanged

(1) plastic spacer, Ye-inch ID, Ya-inch OD
(1) tail fin, anodized aluminum, punched
and folded

(1) potentiometer mounting bracket,
punched and folded

(1) 1%-o0z. lead egg-shaped fishing
weight, drilled

(1) 2-inch schedule-40 PVC cap, preci-
sion drilled

(1) 1%-inch schedule-40 PVC cap, preci-
sion drilied

(1) 1%-inch schedule-40 PVC pipe, 5
inches long, drilled

(1) wood block, %- x 1%- x 2-inches,
drilled

(1) hose, 1%z inches long, Ys-inch 1D
(3) 6-32 stainless-steel machine
screws, 1-inch long

(3) 6-32 stainless-steel hex nuts with
lockwashers

(6) No. 6 stainless-steel flat washers
(3) No. 6 stainless-steel lockwashers
(1) 8-32 stainless-steel machine screw,
2Y% inches long

(2) 8-32 stainless-steel machine
screws, Y2 inch long

(6) 8-32 stainless-steel hex nuts

(2) 8-32 stainless-steel hex nuts with
lockwasher

(6) No. 8 stainiess-steel lockwashers
(2) 10-24 stainless-stee! machine
screws, 6 inches long

(7) 10-24 stainless-steel hex nuts

(2) No. 10 stainless-steel Hiat washers
(8) No. 10 stainless-steel lockwashers

® Hard-to-find parts kit-—$15.50

(1) dual-wiper potentiometer

(1) ball bearing, Y%-inch ID, %-inch OD,
flanged

® Assembled and tested ane-
mometer & wind vane on “T” mount
with 100 foot cable and modular con-
nector—$159.90

in the same cable. For that rea-
son, digital output ao from the
Experimenter can be used to
turn the humidity sensor off
when temperature readings are
taken. The ao signal is routed to
pin 13 of J13 and to pin 6 of J8-
a, which lets the sixth wire in
the telephone cable connect the
acline topin 4 of the 555 assem-
bly. If a humidity sensor does
not share a cable with a temper-
ature sensor, jumper pin 4 of
the 555 assembly to the + 5-volt
supply at pin 8.

Attach three or four leads to
the 555 timer assembly depend-
ing on whether or not it will be
sharing a cable with a tempera-
ture sensor. (Remember to
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FIG. ——A MALE DB-25 CONNECTOR (J13) and a triple 6-contact modular jack (J8),
mounted on the signal-conditioning board, allow easy hookup of remotely located

sSensors.

jumper pin 4 of the 555 to pin 8
if only three leads are to be
used.) Use color-coded cabling
or label the wires.

Slip a 1%-inch long piece of
Y2-inch diameter dual-wall heat-
shrink tubing over the 555
timer assembly, and then solder
the humidity sensor to pins 6
and 8 of the 555. Its polarity is
unimportant.

Use a hot-air gun to shrink
the tubing over the 555 timer

www americanradiohistory com

assembly. (Note that too much
heat can damage 555.) Use
pliers to gently squeeze the tub-
ing closed as the hot-melt glue
cools to seal both ends around
the wires. Take care