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FLUKE AND PHILIPS - THE GLOBAL ALL[ANCE IN TEST & MEASUREMEN"

FLUKE =~ PHILIPS

High Resolution Digital Meter:
4000 count digital readout; 20,000
count mode (Fluke 87) for 4'/2
digit resolution

Analog Meter: High-spead
analog display updates 40 times/
second —as fast as the eye can
follow; X10 Zoom bargraph mode
(Fluke 83 and 85) makes high
resolution offset measurements
a snap.

Backlit display: Makes it easy to
read the DMM in dark, cramped
quarters. Automatically shuts
off after 68 seconds lo
save the battery.

Frequency counter: Accurate
down to 0.5 Hz; also measures
duly cycle

Capacitance meter:
Autoranging, with manual ranging
at the touch of a button

Recorder: records minimums and
maximums, plus true arithmetic
average; audible Min Max Alert;

selectable response times —

1 second and 100 ms (all models)

plus 1 ms Peak Min Max
(Fluke 87)

Holster with Flex Stand™:
Protects meter and provides test
lead storage. Flexible leg allows

meler ko be hung from peg,
bent around a pipe, or used
almost anywhere,

FLUKE 83  FLUKE 85 FLUKE 87

Volls, ohms, amps, moﬁew 1, audibl tinuity, nd duty cycle,
£, Touch Hold® relative, protectiveh wulnﬁer Sland e

§199° $229° $289°

0.3% basicdcacturacy  01%basicdcaccuracy  01% basigdea@bturacy

5 kHz acV 20 kHz acV 20 kHzaeV

Analog bargraph Analog bargraph Highi resolution

and zoom and zoom inigr:

Three year warranly Three year warrank -1ms ac
s PEAK MIN MAX
"fz digit mode

' 5 Backlit display

Three year warranty

*Suggested L5 [isl pricass s

1o fully annunciated display for clear  1-800-44-FLUKE, ext. 33 for the name
operation. Duty eycle function. High-speed of your nearest distributor,
analog indicator. A protective holster with Jehn Fluke Mig. Ca.,Inc. PO. B 9090 WIS 250C,

| il = ™ Everett. WA 98206 LS (206) 347-5400 CANADA: 416-850-7600
innovative Flex-Stand™ for easy, adaptable et )

) operation. Audible Input Alert™ to reduce S gy .
mgﬁdﬁﬁ\ﬂaﬁg ;r?gy%nud the risk of damage to the meter, the user, mggm@%;ﬂﬁ m m-?mé'é‘““"
find orly in dedicated insiruments. pius &0 the Unitbeing lested Plus the strongest. A P55
Fluke-exclusive features you can’t buy any-  Warranty in the business FROM THE WORLD LEADER
where else. All built with the most advanced  All good reasons to move up to the truly- IN DIGITAL MULTIMETERS.,

surface mount design and single-chip ASIC~ multi Fluke 80 Series today. You'll find 80
technology for a thinner, tougher, more reli- Series DMMs at your Fluke distributor. For

able package. immediate, off-the-sheif delivery. Call F LU K E
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If the idea of capturing video im-
agesonacomputergrabsyou, takea
look at our Video Frame Grabber.
The inexpensive, half-length card
plugs into any PC expansion slot,
and accepts standard NTSC black-
and-white or color input. Once
you've captured the shot from your
video camera, you can manipulate
i =2 the image—to create line drawings
=R or negative images, for example—
o ' and store or print it. Put actual pho-
: tographic images in your desktop-
published newsletters or brochures,
or use the frame grabber for elec-
tronic photography, security sys-
tems, computer ‘'slide’ presenta-
tions, or automatic inspection. For
all the details, turn to page 31.

Plex: & Nardwarn Hazhee
* A Update
* Wides Newn
i A oty more

THE SEPTEMBER ISSUE
GOES ON SALE
AUGUST 2.

R-E's VOCAL ZAPPER
Filter out the vocal tracks from recordings—then dub in your own voice!

BUILD THE LAWN RANGER
Ourconcludinginstallment.

THE AGONY OF AM
What does the future hold for the AM band?

BUILD A 100-MHz FREQUENCY COUNTER
Based on the Intersil 7216, it's accurate and easy to build.

BUILD R-E's DIGITAL DASHBOARD
Part 2 will return with complete construction details.
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COAX ADAPTER KIT

» Create any adapter in seconds

= Make all combinations of BNC, TNC, SMA,
N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female

connectors of all 8 types, and 6 universal inter-

faces. Simply screw any combination of 24 con-

nectors to one of the interfaces to create the

desired adapter. $150.

TEST PROBES INC. 9178 Brown Deer, San

Diego, California 92121. Call toll-free for cata-

log: 1-800-368-5719.

CIRCLE 225 ON FREE INFORMATION CARD

DELUXE TEST LEAD KIT
Users call TPI test leads The Absolute Best. The
TLS2000 features the highest quality cable in the
industry — with spring-loaded safety-sleeved
plugs. U.L. listed (file E79581). Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

CIRCLE 226 ON FREE INFORMATION CARD

BNC ATTENUATOR KIT
Contains 4 attenuators — 3dB, 6dB, 10dB,
20dB; 1 feedthrough and 1 termination. Thick-
film circuitry for low reactances. Rugged de-
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impedance: 500
Frequency: 1GHz. Maximum Power: 1kW
peak, 1W avg. VSWR 1.2:1. Attenuator
Accuracy:30.2dB. Terminations Resistance
Tolerance: +1%. $150.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

CIRCLE 227 ON FREE INFORMATION CARD

ECONOMICAL SILICON
RUBBER TEST LEADS

Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TL1000 $14. Satisfaction guaranteed.
TEST PROBES INC. Calltoll-free forcatalog:
1-800-368-5719.

CIRCLE 228 ON FREE INFORMATION CARD

No Better Probe Ever
at This Price!

Shown here §
Model SP150
Switchable 1x-10x 49

CIRCLE 180 ON FREE INFORMATION CARD

Risetime less than 1.5 nsec.

» Universal - works with all
oscilloscopes

« Removable Ground Lead

* Excludes External
Interference - even on
scope’s most sensitive range

» Rugged - withstands harsh
environments including high
temperature and humidity

» Advanced Strain Relief -
cables last longer

« Available in 10x, 1x and
switchable 1x-10x

Call for free catalog and Distributor in your area

» 10 day return policy -
performance and satisfaction
guaranteed

TEST |
PROBES, INC.

9178 Brown Deer Road
San Diego, CA 92121

Toll Free 1-800-368-5719

CIRCLE 123 ON FREE INFORMATION CARD
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WHAT’S NEWS

Individual atoms as building
blocks

Scientists at IBM’s Almaden Re-
search Center (San Jose, CA) have
managed to position individual
atoms on a surface, and have used
that technique to build structures
one atom at a time. Besides helping
scientists to better understand the
fundamental behavior of atoms on
surfaces—knowledge that is crucial
to many industrial processes—the
achievement opens the door for a
broad range of future applications.
Some of the possibilities are build-
ing custom molecules, making ul-
tra-small electrical circuits, storing
data on an atomic scale at densities
more than a million times greater
than is now possible, and perhaps
even duplicating structures atom-
for-atom. The technique might one
day be adapted to reduce the size of
semiconductor chips by a factor of
more than 500.

The process, which demonstrates
that atoms can be moved across a
surface and accurately positioned
where desired, was first used to

create the letters “IBM” in xenon -

atoms. Next, a chain of seven xenon
atoms bound together—the first
atomic cluster built one atom at a
time—was created. Both demon-
strations required the atoms to be
cooled to —269°C (—453°F), which
is only slightly higher than absolute
zero.

Physicists Donald M. Eigler and
Erhard K. Schweizer (a visiting scien-
tist at Almaden, on leave from the
Fritz-Haber-Institut in Berlin) used a
special scanning tunneling micro-
scope (STM) to move the atoms into
place and to view their progress.
STM’s can image individual atoms

“IBM” IS SPELLED OUT IN INDIVIDUAL
atoms. IBM scientists used a scanning
tunneling microscope to move single
xenon atoms across a surface and pre-
cisely position them one at a time to form
the letters. The distance between the
atoms in the pattern is about 50 billionths
of an inch; the image has been magnified
approximately 2.9 million times.

on a metal or semiconductor sur-
face by scanning the tip of a needle
over the surface at a height of only a
few atomic diameters. To study how
atoms and molecules interact with
surfaces, Eigler built an STM that
could operate with extraordinary
sensitivity and precision. He placed
the STM in a high vacuum, cooled it
with liquid helium, and isolated it
from vibrations.

In a process similar to using the
motion of a nearby magnet to move
another magnet, a xenon atom can
be “dragged” across a surface by
placing the STM’s needle tip close to
the atom and moving the tip parallel
to the surface. At the desired posi-
tion, the tip is lifted, leaving the
atom fixed in its new location. The
exacting process—atoms are moved
atarate of 16 billionths of an inch per
second—requires the STM operator
to maintain a delicate balance of
several attractive forces between
the atoms. It took 22 hours to move
the xenon atoms to form the letters
“IBM.”

Lightning forecaster

A system that predicts lightning
before it strikes was developed by
Dimensions, a French firm, in the
course of research conducted at the
French Matinal Institute of Aero-
space Research. Itis hoped that the

new lightning-detection system will
help to eliminate lightning-caused
damage and related fatalities. The
SAFIR system—which has been suc-
cessfully tested at several sites, in-
cluding the Kennedy Space Cen-
ter—monitors storm activities in

THE SAFIR SYSTEM MAPS STORMS IN
REAL TIME AND FORECASTS LIGHT-
NING danger zones up to a half hour be-
fore it strikes.

real time and issues lightning warn-
ings through the use of radioelectric
interferometry. Potential applica-
tions for the lightning-detection sys-
tem are at rocket-launching sites,
flight-testing centers, air bases, ci-
vilian airports, and air-navigation
centers.

As soon as it begins developing, a
thunderstorm produces changes in
the atmospheric electric field. The
SAFIR system monitors those
changes at their inception. One
type of sensor detects and traces
high-frequency radiating sources
from the heart of a cloud to light-
ning discharges that strike the
ground, and a second sensor mea-
sures the electrostatic field on the
ground. Together, the two sensors
detect the phenomena that precede
a strike.

A typical SAFIR installation con-
sists of three detection stations, lo-
cated 12-62 miles apart, that feed
data to a central station where it is
processed and displayed in real
time. That setup covers 186 square
miles, with a locating accuracy rang-

-ing from a few hundred yards to

three miles. The system can monitor
storms as they develop, producing
maps that indicate “lightning dis-
charge danger zones” on the
ground and in the air. Danger zones
are detected and located up to 30
minutes before the first lightning
bolts strike the ground lessening
the chances of a strike. R-E



Fluke Beckman Industrial
Feature Model 77 RMS225
Digits 3-1/2 Digits 4 Digits
e Resolution 3,200 Counts 10,000 Counts
Accuracy 0.3% 0.25%
Automatic Reading Hold Touch Hold® Probe Hold™
Analog Bar Graph 31 Segments 41 Segments
Battery Life 2,000 Hrs 1,000 Hrs
10A Range v/ (Fused) v’ (Unfused)
s Protective Holster v v
Beckman Industrial” 3 Year Warranty v v
At e True RMS 7
Auto Min Max™ v
Relative Mode v
Self-Resetting Fuse v/ (40mA Input)
Price $159* $149

Made in the U.S.A.

* Touch Hold is a registered trademark of the John Fluke Mfg. Co., Inc. * 1990 Fluke and Philips Catalog

other multimeters we've built over the
years, it's designed for long lasting and
trouble-free use. So, go '
visit your local dis-
tributor today and
check out the new
RMS225 digital
multimeter. Once you compare
it to the others, the choice
will be obvious.

Your best auto-ranging multimeter for
the money: It doesn't happen by accident.
It takes expertise, painstaking
R&D, and a solid commit-
ment to provide you with
the features you've asked for
at a price you can afford.
When you add it all up, the new Beckman
Industrial RMS225 simply outperforms
any meter in its class. And like all the

Beckman Industrial”

An Affiliate of Emerson Electric Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 921231898
(619) 495-3200 = FAX (619) 268-0172 * TLX 249031
Outside California 1-800-854-2708 Within California 1-800-227-9781
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VIDEO NEWS

® Video goes ‘“wireless.” In a little-noted
change in its “part 15” rules on RF interference,
the FCC last year voted to allow wireless
electronic products with increased frequencies
and no restrictions on usage, bandwidth, or type
of modulation, as long as the uses are non-
interfering. That will permit such limited-area
uses as wireless loudspeakers. One of the most
interesting new products permitted under the
new regulations is the “home TV station.” The
first such station actually to be tested and
approved by the FCC is the Videocaster by
accessory manufacturer Gemini Industries.

The Videocaster consists of a small transmitter
and receiver, and its principal purpose will be to
connect such devices as VCR's to TV's without
using cables. Thus one VCR can feed all the TV's
in a home, as long as each TV is equipped with a
receiver. Another suggested use is monitoring a
baby-sitting camera while visiting next-door
neighbors. Transmissions are in the 900-MHz
frequencies. The Videocaster will sell for about
$100, including one transmitter and one receiver.
Approvals of competing systems are expected
SO0O0M.

@ Cardboard cassette. Video junk mail has
arrived—in the form of the throw-away cassette.
The VHS-compatible (though not approved)
cassette is made of cardboard, and in large
quantities can sell for about $1.00, including tape,
duplicating, and four-color label. Developed by
Philmax, a Baltimore company, it's designed for
premium, catalog, and give-away uses where
durability isn’t required. The tape is designed to
be played five to ten times, although tested copies
have lasted for as many as 150 plays. The
developers say that the throw-away tapes won't
damage VCR's. The tape stops playing when it no
longer tracks correctly.

® WEC “shakes out.” Plagued with chronic
overproductions and cutthroat competition that
are bringing prices below the profit level in many
instances, the consumer-electronics industry saw
the first victim of a widely anticipated “shakeout
of the ‘90’s” in NEC, the American subsidiary of

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

Japan’s Nippon Electric Company. NEC, which
has been offering televisions, VCR's, and audio
systems on the American market for nine years,
has decided to abandon those traditional
consumer-electronics lines. Instead, it will
concentrate on such things as its sophisticated
TurboGrafx video-game system, personal
computers, and custom “home theaters,”
including the Improved-Definition-TV (IDTV)
two-piece projection system it has developed. Its
color-television factory in McDonough, GA, is
being converted to the production of laptop
computers and monitors.

In a move also related to the worldwide
competitive situation in consumer electronics,
the European giant Philips (which produces
Philips, Magnavox, Sylvania, and Philco products
in the United States) is buying a 25% interest in
the audio-video operations of Denmark’s Bang &
Olufsen, noted for its high-styled (and high-
priced) audio and video components. Both
companies that are involved said the move would
help them compete in the high-priced high-end
market.

® 8mm winning camcorder war. Sony,
whose Beta system lost the competition for home
VCR's to JVC's VHS, is winning a victory in the
struggle for format supremacy in mini
camcorders, as more brands begin to move to
Sony’s 8mm format over JVC's VHS-C (for
“compact”) system. The first major consumer-
electronics brand name in the VHS camp to move
to 8mm will be Zenith, which will add an 8mm
camcorder to their line this fall. The fact that
Zenith is defecting is particularly significant.
Zenith was the first traditional American brand
to enter the VCR market, in 1977, when it chose
the Beta format (its recorders were made by
Sony). As Beta lost the race, Zenith switched to
VHS machines (supplied by JVC). Zenith’s new
8mm camcorder will be made by Sanyo.

Full-size VHS is still the leading camcorder
format in the United States. In the first quarter of
1990, 57.5% of camcorders sold here used
standard VHS cassettes. For all of 1989, the figure
for VHS was 63%. R-E



U] 104 Ammeter
O Voltmeter
L1 Obmmeter

Functions.

With more uses and features than most trigger sensitivity, plus an LED tester. Both

other hand-held multimeters, the DM27x1. meters feature an enhanced display; including
and DM25xt. really pack a punch; especially a large, easy-to-read LCD, a full set of function
when you've got to troubleshoot or analyze annunciators and a battery-saving Auto
a variety of components and circuits. Power Off

Standard functions include capacitance Grab a DM25x. for just $109.95, or a
measurement to 20uf, logic probe to 20MHz, DM27xu. for just §129.95 (suggested retail
transistor tester and resistance ranges to price) at your local Beckman Industrial dis-

2000MS2. The DM27x1. further adds 20MHz tributor. After using one, you won't be able to
frequency counting capability with selectable  function without it.

Beckman Industrial”

An Affiliate of Emerson Electric Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego, CA 92123-1898
(619) 495-3200 * FAX (619) 268-0172 = TLX 249031
Outside California 1-800-854-2708 Within California 1-800-227-9781

© 1990 Beckman Industrial Corporation Al specifications subject to change without notice
CIRCLE 195 ON FREE INFORMATION CARD JN193-01-0850
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REASONS FOR
SELECTING CIE

W Approved for educational
benefits under the G.. Bill
for Veterans and other
eligible persons.

B CIE provides printed job
resumes, letters of recom-
mendation, and lifetime
Employment Service for all
graduates at no exira
charge.

B State-of-the-Art laborctory
equipment is yours to keep
and it comes assembled,
ready for hands-on-
experiments.

B Only CIE offers an
Associate Degree program
based on actual study
time used. The faster you
complete your degree, the
less your overall tuition.

B Upon graduation, CIE offers
you free preparation fo
pass the Ceriified Elec-
tronics Technician Exam.

CLEVELAND INSTITUTE OF ELECTRONICS 1776 East 17th Street » Cleveland Ohio 44114

PHONE TOLL FREE 4-800-324-2455 / In Ohio 1-800-523-9109
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tronics field and related indus-

fries have been growing at an
incredible pace. And today, a
career in electronics offers more
opportunities and greater rewards
than ever before.

Just ask any of the many
graduates of the Cleveland Insti-
tute of Electronics who have landed
high-paying positions with aero-
space, computer, medical and
communications firms. They'll tell
you success didn't come easy. . .
but that CIE made it all worthwhile.

PECIALIZED
TRAINING ci isn't just

another be-everything-to-everybody
correspondence school. We're
accredited by the National Home
Study Council. And with more than
1100 graduates each year, we're
the largest independent home
study school specializing
exclusively in electronics. CIE
has been training career-
minded students like your-
self for over 50 years and
we know the business
inside and out.

For the last few years, the elec-

Some courses feature the CIE Microprocessor
Training Laboratory, an integral part of com-

puters. You'll gain all the practical experience
needed fo work with state-of-the-ant equip-
ment of today and fomorrow.

RACTICAL

TRAINING ciE students learn
by doing, using sophisticated elec-
tronic learning tools that we've
designed and developed. One
such tool, our 4K RAM Microproces-
sor Training Laboratory, teaches
programming, interfacing and lets
you work with a broad range of
computers in a way that working
with a single, stock computer
simply can't.

We combine that valuable hands-
on fraining with our unique Auto
Programmed®lessons, designed to
teach you step-by-step and prin-
ciple-by-principle. The result is
practical training. . .the kind of
experience you can put o work in
the marketplace.

Accredited by the Accrediting Commission of the
National Home Study Council, Washington, D.C.

TRAINING while some of our

students have a working know-
ledge of electronics others are just
getting started. That's why we have
10 career course levels from Basic
to Advanced. They let you start
where you want. Learn at your own
pace. And learn as much as you
like. You can even earn an
Associate in Applied Science
Degree in Electronics. And when
you need help, our trained profes-
sionals are on hand fo assist you
by phone or mail.

Learning electronics isn't easy,
but getting started is. For a CIE
catalog and enroliment informa-
tion, just mail the coupon below.
Or call toll-free 1-800-321-2155. In
Ohio, call 1-800-523-9109.

ES1 [ want 1o get started. Send me |

Cl

Check box for Gll. Bulletin on Educational Benefits
O Veteran [ Active Duty

MAIL TODAY!

CLEVELAND INSTITUTE OF ELECTRONICS
1776 East 17th Street, Cleveland, Ohio 44114

{ my CIE school catalog including details |
about the Associate Degree program.
Print Name
Address Apt.
City State Zip
Age Area Code/Phone No. |
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ASK R-

DTMF CONTROLLER

I’'m trying to build a circuit that uses
the telephone DTMF (Dual Tone Multi
Frequency) tones as the basis to con-
trol several different devices. My
problem is that I'm having a hard time
finding out exactly what frequencies
are used for all the rows and columns.
The books I've looked through list only
the twelve telephone keys, but I
thought there were more that. Could
you tell me how many there are?—F.
Geof, Hunter, NY

You're right that there are more
than twelve standard DTMF tone
combinations available, and I'm sur-
prised how few people are aware of
that. Most of the books that talk
about telephones only refer to the
tones produced by the standard
keypad, but thats because they're
only dealing with telephones, not
DTMF in general.

Even though the standard tele-
phone uses only twelve tone com-
binations, there are really sixteen
available. There are actually eight of-
ficial DTMF tones, organized as
shown in Table 1. Seven of them are
in everyday use with telephones,
but the eighth one, the last member
of the high group, isn’t used in any
of the common consumer tele-
phone devices although I've heard
that it has some applications in mili-
tary and industrial equipment.

It used to be a real pain in the
neck to build a DTMF receiver be-
cause it had to be done with lots of
filters, decoders, and so on. These
days, the decoding methods have
become almost completely digital
(as has just about everything else),
and semiconductor manufacturers
have produced a wide variety of
chips to both generate and decode
the tones with an accuracy that's way
beyond the earlier circuits made
with acres of discreet components.

The official list of tone combina-
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tions is shown in Table 2, and you
can see that the last four digits all
use the 1633-Hz tone as one of their
components. Most of the available
IC’s that produce and read DTMF
tones will let you handle all sixteen
tones but, if you want to do that,
you won'’t be able to use a regular
telephone keypad in the design.
That shouldn’t be much of a prob-
lem since just about all the IC’s that
generate DTMF will accept either a
row-and-column or binary input.
That means you can use any one of
the commercially available matrix
keyboards—or even make your
own.

If your circuit can deal with
straight binary, the design is even
easier because chips like National

WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

Semiconductor’s 5088 converts bin-
ary directly to DTMF and has an out-
put level that will directly drive the
telephone line. How things have
changed!

DIY VOR GENERATOR

We would like to build a VOR gen-
erator in order for us to test IN-38
course indicators, part of the naviga-
tion system in Cessna aircraft. Accord-
ing to the service manual, a standard
VOR input is defined as an audio sig-
nal consisting of 30 Hz and 9960 Hz at
0.5-VRMS =0.05 VRMS. Can you of-
fer any help?—P. Jamison, Sutter
Creek, CA

Your letter isn’t really clear about
the form of the output signal but it
seems to me that you're looking for
a pair of simple oscillators. If that's
the case, there’s a wide variety of
circuits you can use to get the job
done.

Probably the easiest way to gener-
ate the frequencies you need at the
required level and degree of ac-
curacy is to build the circuit with a
pair of 555 timers. The design is
shown in Fig. 1. There's not much to
explain about the circuit since it's
one of the simplest 555 layouts you
can build. Because you're looking
for a pair of particular frequencies,
the trimmers will let you tweak the
output to get to the exact values you
need.

The 555 is extremely stable and
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the output frequency is relatively
immune to changes in voltage. Un-
fortunately, the output voltage is go-
ing to depend on the supply voltage
so it's a good idea to use a regulated
supply. You can either buy one
ready made or, since you're going to
be laying out the circuit anyway, it's

1

still a good idea, however, to stay
away from ceramic disc capacitors;
use something like mica or tan-
talum. The actual value of a ceramic
disc can be as much as 100% off, and
even though the circuit is tolerant,
there are limits to everything. R-E
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not much more work to add a three-
terminal voltage regulator and pair
of capacitors to the board. That will
give you a stable supply voltage and
peace of mind as well.

Sounds like a good deal to me.

I don’t know if the two frequen-
cies have to be mixed together and,
if so, whether they have to be of
equal amplitude. In any case, you
can use the simple resistor sum-
ming circuit shown in the schematic
to combine the two frequencies or
add a mixing amplifier. If you do
decide to use an amp, be careful
about the one you use since adding
more electronics to a circuit always
introduces the possibility of more
distortion.

As for the circuit itself, you don't
have to make a PC board to do the
job. A breadboard can be used as a
temporary solution, or you can
build it on a piece of perforated con-
struction board and wirewrap the
connections between components.

There’s nothing critical about the
parts layout and, since there are
trimmers to adjust both the output
frequencies and the amplitude, you
can get the exact signal you want
with standard-tolerance parts. It's

Cabl

Descrambler Article Parts

We stock the exact parts, PC Board and AC Adaptor
for two articles published in Radio-Electronics magazine
on building your own CABLE TY DESCRAMBLER

e TV

February 1984 issue

#7071 Parts..........cooueen. 19.00
Includes all original parts.
#702 PC Board............ 7.95

Original 3x4 etched, drilled
and silk-screened pc board.

#704 AC Adaptor........ 7.95

Original 18 Volt DC @ 200ma.

February 1987 issue

#3001 Pats. oo 29.00
Includes all original perts.
#302 PC Board............ 7.95

Original 5x8 etched, drilled
and silk-screened pc board.

#304 AC Adaptor........ 7.95
Original 18 Volt DC @ 200ma.

(#701,702 & 704........ 29.00 |

[#301, 302 & 304........39.00 |

Free article repri

nt with purchase.

Snooper Stopper.......35.00
Cable TV descramblers caen he
detected, protect your privacy
with the Snooper Stopper

Free article on Cable Snooping.

Macrovision Kit............ 29.00
Macrovision..now you see it, now
you daon’l wilh our macroscrubber
kit. Article was published in
Radia Eleclronics 1987 issue.
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POWER SUPPLY BOARDS

For those interested in build-
ing our “Generic Linear Power
Supply,” (Radio-Electronics, June
1990): Etched and drilled PC
boards are available from the au-
thor. Two boards cost $12.50
postpaid. Orders from Canada
should include an additional
$.25, and orders from South Car-
olinashould include 5% sales tax.
Write to John Wanamaker, Rt. 4,
Box 550, Orangeburg, SC 29T15.

TAKING IT TO THE LIMIT

I'm writing to thank you for an
excellent magazine. Radio-Elec-
tronics always presents the latest in
technology, such as your coverage
in Whats News (May 1990) of the
world’s first true digital optical pro-
Cessor.

In particular, | enjoyed Don Lan-
caster’'s Hardware Hacker. His arti-
cle on op-amp noise is the first |
have seen in any magazine that ex-
plains what those parameters (cur-
rent noise and voltage noise) are,
and how to optimize a circuit for
them. | have been an electronics
engineer for nine years, and they
don’t teach those details in school. |
recently went through several days
of optimizing a circuit for drift in
which | learned a lot about a similar
set of parameters involving offset
current drift and offset voltage drift.
It isn’t often that you have to push a
part to the edge of its specifications,
but when you do, there aren’t many
good places to turn to for the neces-
sary information. | would really en-
joy a tutorial series by Don
Lancaster on op amps that exam-
ined those parameters used when
pushing the edge of technology.

On another note, | was equally

unimpressed with the article in the
same issue concerning how to
choose the right transistor for your
next design. In that article, Josef
Bernard explained that as long as
your design does not “push the lim-
its,” and “sticks to middle ground,”
it's hard to go wrong! Of course it is!
| read the article in the first place to

AEEBAY [HIRTY
ITUNF AR
IVEFLRPE A%y
P IEE T S 1

LETTERS

RAD/O-ELECTRON/CS
S00-8 B/-COUNTY BOUEVARD
FARMINGDALE, NY 11735

learn what types were best for high-
power, high-frequency (RF) ampli-
fier, and other specialized applica-
tions. We know how to use a
general-purpose switching tran-
sistor—now show us how to use a
transistor to build a UHF amplifier.
JOHN BURGAN

NORTH PALM BEACH, FL

DON'T ARGUE WITH NYQUIST!

The excellent article “Inside Dig-
ital Oscilloscopes,” which appeared
in the May 1990 issue of Radio-Elec-
tronics, presented some interesting
and useful information about os-
cilloscope technology. While | en-
joyed the article, | must quibble on
one point. The article states: “...
sampling rate must be at least dou-
ble the bandwidth ...” of the
sampled signal. The term “band-
width” is a bit vague. As | recall, the
correct application of the double-
frequency law for sampled signals
requires sampling at double the
highest frequency component in
the signal. That distinction is impor-
tant. For example, a pure sine wave,
say 1 MHz, has a very narrow band-
width, although the sampling rate
must be twice the frequency (not
bandwidth), or 2 MHz, to recon-
stitute the 1-MHz signal.

That requirement is easily under-
stood in consideration of, first, the
need to detect both positive and
negative signal excursions and, sec-
ond, the assumption that the signal
is a perfect sine wave.

Given the sine-wave definition,
and given (as Fourier proved) that
any complex wave is composed of
sine waves, then the sampling rate
of twice the highest component fre-



quency provides information suffi-
cient to reconstitute the signal.
DAVE SWEENEY

SOMERS POINT, NJ

You are, of course, quite right.
The article should have said either
“absolute bandwidth” or “max-
imum bandwidth,” instead of sim-
ply “bandwidth.” Thanks for the
clarification.—Editor

KEEP ‘EM COMING!

I'm writing to show my support
for Robert Grossblatt's Drawing
Board series dealing with the gener-
ation of video signals. | am a student
at the University of Miami, studying
electrical engineering. After being
inspired by the first article in the
series, | went to the library to get
more information on the subject.
Although those sources covered the
video signal, timing, etc., none of
them discussed the hardware
needed to create those signals. |
would like to compliment Radio-
Electronics on doing just that—
enabling me to get first-hand expe-

rience in a subject not covered
elsewhere. Keep "em coming!
DAVID G. BURD

MIAMI, FL

DRAMA ON THE AIRWAVES

Radio-Electronics readers might
want to tune into a high-tech, futur-
istic techno-drama, RUBY 3, that is
being produced for radio by the ZBS
Foundation. The story, setin the 21st
century, follows the adventures of
two women: Ruby is a tough, witty
detective who is hired to find the
source that is causing a buying
frenzy in the City of Malls on the
planet Summa Nulla and Inanais on
a spiritual mission in which she
faces a series of life-threatening
tests. The two characters create a
drama that is at once comic, action-
packed, mythical, and spiritual. The
series of 20 self-contained half-hour
shows will be broadcast on various
public-radio stations beginning on
October 1, 1990.
KATHY GRONAU
ZBS FOUNDATION
FORT EDWARD, NY
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Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

Grantham College of Engineering
awards accredited degrees in

electronics and computers.

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

Grantham offers two degree pro-
grams—one with major emphasis
in electronics, the other with major
emphasis in computers. Associate
and bachelor degrees are awarded
in each program, and both pro-
grams are available completely
by correspondence.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Write for our free catalog (see address
below), or phone us at toll-free
1-800-955-2527 (for catalog requests
only) and ask for our “degree catalog.”™

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
250 Frontage Road
Slidell, LA 70460
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the user to set a reference value,

UIPM ENT PORTS

AS MUCH AS WE APPRECIATE THE STRIDES
that manufacturers have made in
packing more and more features
into handheld multimeters, we real-
ize that it's not always appreciated
by the professional user. If your job
calls for making accurate voltage
measurements, then a meter’s abil-
ity to measure capacitance, for ex-
ample, is just excess baggage.

That seems to be the philosophy
behind the RMS225, the newest ad-
dition to the professional line of
Beckman Industrial Corporation
(Instrumentation Products Division,
3883 Ruffin Road, San Diego, CA
92123-1898)

The RMS225 measures resistance,
and DC and AC voltage and current.
It can also test continuity and diode
junctions. A host of special features
add versatility to the meter without
making it more difficult to use.

The RMS225 offers five DC volt-
age ranges (1.0-1000 volts full scale)
with a rated accuracy of 0.25%.
Three AC voltage ranges (10, 100,
and 750 volts) offer a rated accuracy
0f 1.0% for sinewaves from 45 Hz to 2
kHz. The accuracy for the true RMS
measurements decreases slightly
for other waveforms. Six resistance
ranges (1K-40 megohms) and three
AC and DC current ranges (10 mA,
40 mA, and 10 amps) are also of-
fered.

The meter is housed in a gray,

high-impact thermoplastic case that
measures about 6% X 2% x 1%
inches and weighs less than 12
ounces. The front panel sports a 4-
digit LCD readout with analog bar-
graph, three pushbuttons, a rotary
function selector, and four input
jacks. The meter fits easily in one
hand, and all controls can be oper-
ated by the thumb of that one
hand—something that can’t be said
for many other “handhelds.”

Menu-selected features

Three pushbuttons below the
LCD readout are used to access the
meter’s special functions. Hitting
the menu button calls up the menu,
and allows you to scroll through the
selections.

Range lock is the first feature that
is menu selectable. Although the
meter is in an auto-ranging mode
when it is first powered up, itis pos-
sible to lock the meter scale to a
given range. Like all other menu se-
lected features, range lock can be
de-selected with the cLear button.

Probe Hold is a convenience fea-
ture that allows the user to take a
reading without looking at the
meter’s display—a stable reading is
held in the display for later viewing.
The meter beeps to indicate that it
has captured a stable reading.

A relative mode is also accessed
from the menu. That mode allows

and all other readings display with
respect to that reference.

Auto Min Max is a mode in which
the meter measures and stores the
minimum and maximum values,
while displaying real-time readings.
It's ideal for unattended monitoring.

Using the meter

The RMS225 is very easy to use.
Although-we were initially skeptical
about the presence of a menu on a
DMM, we were happy to find that
Beckman'’s implementation was in-
tuitively easy to use—even without
reading the manual. Of course, we
do encourage users to read operat-
ing manuals; this meter’s manual
was well written.

Unlike many other 4-digit multi-
meters, the RMS225 offers a 10,000-
count resolution—in other words,
it's maximum reading is 9999, which
results in a higher measurement res-
olution. For example, you can re-
solve 0.1-volt changes even when
measuring a 500-volt signal. A 3%-
digit meter would be able to resolve
changes of 1volt on the same signal.

We didn't have the opportunity to
overload the meter, but we know
that accidents can happen. That's
why we like the self-resetting fuse
that protects the low-current (40
mA) input jack. We also liked the
continuous tone that warns when
measurements exceed the meter’s
input ratings, and the lightning-bolt
annunciator that warns the user of a
potential hazard when measured
signals exceed 25 volts.

We also did not have the oppor-
tunity to try the protective holster
with Flex Strap that is normally sup-
plied with the meter. (Ours was an
early production model.) Besides of-
fering protection, the holster, with
its probe holders and strap, can
make many measurements more
convenient.

The RMS225 carries a suggested
retail price of $149. That competitive
pricing should get the meter into a
lot of hands rather quickly. R-E
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Video-scrambling techniques

TRUST ME, PEOPLE, THIS IS THE LAST
thing I'm going to have to say about
video—at least for a while. You
know enough now to make a pil-
grimage to your local library and get
a lot more information than | can
squeeze into this column. And, in
any event, my bench has been cov-
ered with video junk for a few
months now and I’'m getting the itch
to start messing around with some-
thing else.

Video-signal scrambling is the
only basic subject we haven't really
looked at.

Scrambling methods go from the
simple to the ridiculous, and the
ones you're likely to encounter lo-
cally depend entirely on who you
happen to be getting the signal
from. Small cable companies use
relatively simple methods, but the
people running the satellite systems
go much further because they have
less control over who can get the
signal. Last | heard, there’s no law
against owning a satellite dish, but
hook into the cable without autho-
rization and you're in really deep...
trouble.

Most of the current scrambling
methods fall into one or more of the
following four categories:

1. Screwing around with the sync
signals.

2. Screwing around with the picture.
3. Screwing around with everything.
4. Screwing around with something
else.

While I’'m the first to admit that it's
not the most informative list in the
world, it’s really what's going on. It's
also impossible to describe every
method there is because new ones
are being devised as fast as old ones
get beaten. But let’s look at a few of
them.

Screwing up the sync

The most common method of
scrambling, and one of the oldest, is
to mess up the horizontal sync. If
your TV can't find it, there’s no way
for it to lock its horizontal oscillator
to the beginning of each line of vid-
eo. The result will be a weirdly col-
ored, wavy bar somewhere in the
middle of the screen and a totally
unwatchable picture. As you proba-
bly realize, the vertical bar is the
sync portion of each line that really
belongs off to the right and left of
the screen. A line of video using this
method looks something like Fig. 1.

It takes only a simple twist of a
knob for the broadcaster to remove
the horizontal signal but, since he
wants to put it back in later, there
has to be some way to put it back—
at the right time and the right level.
The information used to be buried
in the IF but that’s been largely re-
placed with encoding the informa-
tion and sticking it in the vertical
interval. Since the FCC eased their
control of what can and can’t be
done during vertical retrace, people
have found all sorts of uses for it.
One of the newer wrinkles in the
wonderful world of sync suppres-
sion is to change the transmitted
sync level in each field of video. The
amount of gain needed to put
things back is encoded in the ver-
tical interval. The descrambler hard-
ware knows how to get that
information and, consequently,
how much gain to use to restore
horizontal sync.

Screwing up the picture

One method that my cable com-
pany is starting to use now messes
up both sync and picture. The basic
scrambling technique is simple and

ROBERT GROSSBLATT,
CIRCUITS EDITOR

makes the picture even worse than
just suppressing sync. What's also
interesting is that, even though it's
newer, it's theoretically much easier
to beat than suppressed sync.

All that's done is to inver the en-
tire video line using 0 IRE as the
center point. As you can see in Fig.
2, horizontal sync gets stuck in the
picture area (positive IRE numbers)
and picture information winds up in
the control-signal area (negative IRE
numbers). The TV can’t find the
horizontal sync and, since picture
luminance and chroma are upside
down, the colors are backward.

You might think that all that has to
be done to clean everything up is to
put the whole signal through a
wideband, inverting amp—and you
would be right—except for one
thing. If you look carefully at Fig. 2,
you'll see a positive-going pulse im-
mediately following the sync area. If
you invert the line, that spike will be
negative-going, and look some-
thing like a delayed version of hori-
zontal sync. The bottom line is that
it's going to confuse the horizontal
circuitry in the TV and the picture
will still be messed up.

The way to beat the system is to
invert the picture and then run it
through a circuit that does two
things: First it watches for horizon-
tal sync, and then, during the
period that the spike is being trans-
mitted, it adds a version of the spike
that's 180 degrees out of phase. That
will null out the spike and leave a
restored picture.

The circuitry needed to beat this
is simple. As a matter of fact, you
already know enough to design it.
You'll need an amp that can handle
video frequencies (top around 6
MHz), a sync separator, a counter,



FIG. 1

FIG. 2

and finally, a mixing amp.

Screwing up everything else

All the methods we've looked at
so far are the kinds of things you
find done by cable companies.
They're all fairly easy to implement,
and the circuitry to do the job (on
both ends) can be produced at man-
ageable economic levels.

Satellite systems don’t have the
luxury of an exclusive client list.
Anyone who has a dish can get their
signal so they need some sort of
scrambling that’s going to be more
difficult to beat. Most of these guys
use scrambling methods that really
tear the video apart. A system like
this is much more difficult to break.
It's not impossible, just much more
difficult.

If you look at some of them on a
scope, you'll see things that don’t
even look like video. Sync (both
horizontal and vertical) seems to be
nonexistent and the video is strange
as well. That's understandable since
a lot of satellite scramblers change
the order of lines and sometimes
even superimpose miscellaneous
waveforms on top of the whole
mess.

The initial stage of designing any

circuitry to decode scrambled sig-
nals is to look at the waveform. Be-
cause there are so many ways that
the signal can be screwed up, the
only piece of advice | can give you is
to use a dual-trace scope. Put a line
of plain video on one channel and
the scrambled signal on the other.
By triggering off real video, you may
be able to see a pattern.

Breaking scrambled video is not
something you can toss off between
breakfast and lunch. It takes a lot of
analysis and design. And, of course,
depending on what you do with
your new knowledge, you may be
risking a paid vacation in the slam-
mer. That isnt to say that digging
into a scrambling technique is not
fun to do—I'm a firm believer in
having a good time at the bench. If
you do have an urge to try it, re-
member that there’s always some
pattern to the scrambled signal.
Keep an eye out for a horizontal and
vertical interval. A good rule of
thumb is that no matter what’s done
to the signal, it has to be put back
together, and the numbers we
worked out a few months ago re-
garding field- and frame-repetition
rates should give you a starting
point. R-E

evaluating an
ANTENNA
(MATCH)

FIG. 9

10dB
per
DIV

100
uvlii:.;.-;l-wl
frequency 100MHz
The degree of match between a 50
Q) source and an antenna is
obtained with the set-up illustrated
infig. 9. The tuning, Q, and reflection
loss are available. The CPL output
with either an open or direct short on
IN is plotted as the fwd line in fig. 10.
Then the cable to the antenna is
attached, and the scope photo of fig.
10 results. The difference between
these lines is desired. The scope
indication of “37 dB"” forward, “12
dB” reverse, indicates the reflected
loss is down 25 dB at 68 MHz; (1.1
VSWR) 1/320=0.3% of the applied
power is reflected or about 99.7% of
the available power is radiated (or at
least absorbed) by the antenna.
Conversely, 99.7% of the received
power is applied to a 50 () receiver.
Since the probe can “see” a low
level, only a low radiated signal is
required. The discrete lines are
signals received by the antenna.
The logarithmic response allows
evaluation of good matches.

107 SPECTRUM PROBE *

converts your scope into a
100MHz spectrum analyzer

$1 99 direct

Smith Design 1324 Harris
Dresher, PA 19025 (215) 643-6340
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NEW PRODUCTS

DEVELOPMENT SYSTEM. De-
signers who are developing
systems based on Motorola’s
popular family of 68HC05
Customer  Specified
Integrated Circuit (CSIC) mi-
crocontrollers can debug
hardware and software faster
and easier than ever before,
using the CDS8/05 develop-
ment system. The first entry
in Motorola’s “Jewelbox Fam-
ily,” the affordable CDS8/05
provides a complete profes-
sional development environ-
ment in a portable 1112 x 2-
inch package.

The system provides real-
time, non-invasive emula-
tion of the microcontroller.
Time-saving features include
a window-oriented user in-
terface, menu-driven com-
mands, single-step execu-
tion, symbolic debugging,
software breakpoints, con-
tinuous run mode, and
memory mapping. As the
system is the first commer-
cial product based on
Motorola’s 68332, which re-
places the equivalent of nine

peripheral chips, the
CDS8/05 takes advantage of
the 32-bit microcontroller’s
advanced integration.

To make it completely por-
table, the CDS8/05 was de-
signed with alternate power
sources: either a universal
85-265-volts AC, 50-60-Hz
power supply or a 9-18-volts
DC converter. The system
also features a bus analyzer
that contains an 8K-by-80
real-time trace buffer. The
bus analyzer can connect to
on-board non-volatile RAM
that stores macros loaded in
the lab for use in the field.

The included software-de-
velopment package runs on
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an IBM PC, XT, AT, or com-
patible computer, which also
serves as the host computer
for the CDS8/05. PC inter-
connect software and a mac-
ro assembler/linker are in-
cluded with the software.
The interface features sym-
bolic debugging of assem-
bly-language programs,
macro definition and state
collection, help screens and
escape to DOS.

The CDS8/05 development
system costs $2950.00.—
Motorola Inc., Micro-
processor Products Group,
6501 William Cannon Drive
West, Austin, TX 78735-8598;
Tel. 512-891-3184.

THREE-CHANNEL OS-
CILLOSCOPE. For easy analy-
sis of low-level and high-
speed signals, Leader Instru-
ment’s model 1100 100-MHz,
three-channel, dual-time-
base oscilloscope features
six-trace capability with
500-V maximum sensitivity
and 5-ns maximum sweep
speed. Other features in-
clude alternate triggering, al-
ternate time base, and varia-
ble holdoff. The 7700 high-
intensity CRT and extensive
triggering controls provide a

T

T e

CIRCLE 11 ON FREE
INFORMATION CARD

bright, stable display, even of
complex signals. TV-V1, TV-
V2, and TV-H sync-separator
circuits allow optimum trig-
gering of video signals, and
alternate timebase allows si-
multaneous observation of
vertical and horizontal TV
signals.

The model 7700 os-
cilloscope costs $1545.00.—
Leader Instruments Corpora-
tion, 380 Oser Avenue,
Hauppauge, NY 11788; Tel.
800-645-5104 (in NY,
516-231-6900).

SURGE-PROTECTED TRIPLE
OUTLET. Designed for situa-
tions where electrostatic dis-
charge (ESD) is a concern,
Plastic Systems’ model
SP-0301 has three surge-pro-
tected outlets configured in
one unit, and also provides
assurance that the electrical

CIRCLE 12 ON FREE
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ground is accurate. Two
highly visible LED’s allow
quick verification of surge
protection and ground suit-
ability. The monitor also pro-
vides a plug-in ground point
for a standard 0.175-inch ba-
nana plug that is grounded
for safety through a one-
megohm resistor.

The model SP-0301 spike-
and-ground-alert outlet
costs $29.50.—Plastic Sys-
tems, Inc., 261 Cedar Hill
Street, Marlboro, MA 01752;
Tel. 508-485-7390.

FILTER-SUBSTITUTION
BOXES. With the Krohn-Hite
3000 Series Flexi-Filters, the
response can be changed to
fit many applications—with-
out purchasing additional fil-
ter cards. As many as four
filter channels have indepen-
dently variable parameters to
allow tailoring of their re-
sponse. With the push of a
button, the user selects But-
terworth, Bessel, Cheby-
shev, or RC responses with
attenuation slopes from 6438
dB/octave in 6-dB/octave
steps. Each channel can be
independently set to be low-
pass, high-pass, band-pass,
band-reject, amplifier only,
or any combination (such as
low-pass with band-reject).
Cutoff frequencies are tuna-
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ble from 0.001 Hz to 200 kHz.
The filter boxes, which have
differential or single-ended-
inputs, separately adjustable
input-output gains of up to
10,000, and output gain ad-
justable in 0.1-dB steps, can
be fine-tuned to suit the
user's application. Additional
features include up to two
oscillator outputs, battery
power, and |EEE-488 control
of all parameters.

The 3000 Series filter-sub-
stitution boxes range in price
from $1995.00 to $3600.00.—
Krohn-Hite Corporation,
Avon Industrial Park, Bod-
well Street, Avon, MA 02322;
Tel. 508-580-1660, ext. 31.

THREADED BANANA JACKS.
To solve the problem of “not
enough hands” while han-
dling test equipment and
making multiple test contact
points on terminal blocks
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and strips, ITT Pomona Elec-
tronics has introduced a
threaded banana jack. Avail-
able in three standard thread
sizes, each unit is an inte-
grally machined banana-jack
receptacle and screw, with
an insulated hex-head hous-
ing. The terminal strip jacks
thread directly into industry-
standard barrier and termi-
nal strips.

The integral threaded
studs, which are nickel-
plated for corrosion resis-
tance and low contact resis-
tance, meet or exceed the
torque specifications for the
screws that they replace in
the terminal strips. The insu-
lated heads are %6 hex, to
match the most common
hex drivers.

Models 5699, 5700, and
5701 are 6-32, 8-32, and 10-32
thread, respectively. Each is
available in seven colors for
easy recognition. The list
price is $2.75 each, with
quantity discounts avail-
able.—ITT Pomona Elec-
tronics, 1500 East Ninth
Street, P.O. Box 2767,
Pomona, CA 91769; Tel.
714-623-3463.

TELEPHONE-NETWORK SIM-
ULATORS. Two additions
have been made to Telecom
Analysis Systems’ popular
TAS 100 family of telephone-
network simulators. De-
signed for testing modems,
fax machines, voice/data ter-
minals, transmission test
sets, and telephone sets,
models TAS 721 and TAS 122
are compact 'tools for de-
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velopment, reliability test-
ing, manufacturing, field
support, and maintenance.

The TAS 122 provides si-
multaneous bi-directional
simulations of trunk impair-
ments, and the TAS 127 pro-
vides uni-directional impair-
ments. On both units, im-
pairment features include
attenuation and noise; gain
and group-delay distortion;
phase jitter and frequency
offset; nonlinear distortion;
gain hits, phase hits, and im-
pulses; and satellite delay
and echo. Simulation of cen-
tral office (exchange) varia-
bles is also provided, includ-
ing loop current, ring volt-
age, ring frequency, and
signaling frequencies and ca-
dences. Both models simu-
late 4- and 2-wire private
lines and 2-wire switched
lines. Automatic calibration
and diagnostics assure test
integrity. Standard GPIB and
RS-232C remote-control in-
terfaces are provided.

Prices for the TAS 727 and
TAS 122 telephone-network
simulators start at

$11,950.00.—Telecom Analy-
sis Systems, Inc., 34 Industrial
Way East, Eatontown, NJ
07724; Tel. 201-544-8700.

ELECTROMAGNATIC-RADI-
ATION MONITOR. Designed
to meet the rising concern
about the potential hazards
of low-level electromagnetic
radiation, Walker Scientific’s
ELF-50D field monitor is a
hand-held instrument that
provides accurate readings
instantly on a digital display.
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The ELF-50D measures the
extra-low-frequency (ELF)
electromagnetic radiation
that is generated from power
lines, TV's, video displays,
home appliances, and other

[J
I H
| '

Model UTC3000 2600H 2210A 1300HA
Freq, Period
Function RatioInterval, Frequency Frequency Froquency
Avg, Preseale
Range 10Hz- 10MHz- 10Hz- 1MHz-
2.4GHz 2.4GHz 2 4(iH 1.3GHz
10 Digit
‘ Display LCD 10 Digrit # Digit gt
wiFunction LCD LED LED
Annunciators
RF Signal 16 Segment 18 Segment
Strength  Adjustable Adjustable
Indicator Bargraph Bargraph
Price $375. 5325, $239. $179.
Sensitivity: <1 to <1UmV typieal. Time Base: = Lppm.; < Sgpmiadd 375
LED Models; + 2ppm add $530. - LOD Models. Nicads 8AC charger!

adapter included.  Carry Case, Antennos and Prolues

extra. One year parts & labor warranty on all pnﬁue!p

The only name in HANDI-COUNTERS

Check These Incredible Features

On The All New UTC3000
* 10Hz to 2.4GHz Range.

Simply amazing!
* 10 Digit LCD Display.
1Hz resolution to ever 150 MHz direct,
Readable in bright sunlight.
* RF Signal Strength Bargraph.
16 Segment, Zero, & Full Seale adjustment.
SEE the input signal!
* Super Sensitivity. <ImV 10-200MHz.
<5mV to 2GHz for efficient antenna pickup.
* 6 Functions. Frequency. Period, Ratio
Time Interval, Average, & Prescale
* Hold Button.
'Locks in” your exact Measurement FAST!
+ Extruded Aluminum Enclosure.
Designed to fit every hand.
* Priced Right! Only $375.
Includes Nicads, AC Charger/Adapter.
Or Select Our Most Popular
HANDI-COUNTER, the madel 2210A
that set the standard in handheld
frequency counter technology!
Value Priced at only $239.

Professionals and Hobbyists all over
the world have chasen OEI for 16
vears! Shouldn't YOU?

HANDI-COUNTERS! ...Only from OEI!
Choose the model that fits vour needs..,

and vour budget! CALL NOW!
: astorcara)
Toll Free Order Line:1-800-327-5912 FL(305)771-2050 * FAX(305)771-2052 |\ghg
5821 NE 14th Avenue * Ft. Lauderdale. FL 33334
Visi, ME, COLY, Cashy M. O.aceepted. Porsinal Check allow 3 weeks. 5% Shipping, Handling, t Maximum $100 U8 & Canada, 15% outside continental 1S A VISA
In FL ndd 6% sales tax. Full-line Produet and Accessory Catalog available on request
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equipment. By simply
switching the unit on and
holding it where radiation is
suspected, a reading is in-
stantly provided on the 3):-
digit display.

The ELF-50D is calibrated
to measure with *1% ac-
curacy the electromagnetic
radiation generated from any
50- or 60-Hz device. It has
two switch-selectable mea-
surement ranges: a low
range from 1 milligauss to 2
Gauss, and a high range up
to 20 Gauss.

The ELF-50D electromag-
netic-radiation monitor has a
suggested list price of
$225.00.—Walker Scientific,
Inc., Rockdale Street, Wor-
cester, MA 01606; Tel.
800-962-4638.

CAPACITANCE METER.
Boonton Electronics” model
7200 capacitance meter accu-
rately measures 1-MHz ca-
pacitance in the presence of
loss—and measures the par-
allel conductance loss as
well. The unit will compute
and display on command the
parallel resistance, dissipa-
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tion, quality factor (Q), the
equivalent series capaci-
tance and resistance, AC,
and A%. It features a 0-2000-
pF capacitance range and a
conductance range of 0 to
2000 p.S. Test levels are pro-
grammable from 15 to 100

mV.

The 7200 accepts, mea-
sures, and displays external
bias voltages to + 200 V. an
optional internal supply pro-
vides programmable bias
voltages to £100 V. That, to-
gether with fast analog C, G,
and V outputs, make the in-
strument useful for C-V and
G-V plots of semiconductor
devices. When operated on
the GPIB bus, the C,G,and V
information is available si-
multaneously for rapid data

transfer.
The model 7200 capaci-
tance meter costs

$4,495.00.—Boonton Elec-
tronics Corp., 791 Route 10,
Randolph, NJ 07869; Tel.
201-584-1077.

PORTABLE FUNCTION GEN-
ERATOR. A versatile general-
purpose signal source,
Beckman Industrial’s model
FG2A function generator
performs over seven fre-
quency ranges (0.2 Hz
through 2 MHz) and a very
large array of signal outputs,
including both TTL pulse
outputs and adjustable low-
distortion sine-, square- or
triangle-wave signals. The in-
strument offers the con-
venience of push-button
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selection of power, frequen-
cy range, and wave form. Itis
housed in a durable case that
has a cushioned handle/tilt
stand and recessed areas in
the top cover for easy stack-
ing of multiple units. Ap-
plications for the portable
field-test instrument include
such things as testing vibra-
tion, servo systems, audio
systems, and ultrasonic de-
vices, as well as in R&D and
in teaching electronics.

Various controls provide
flexibility. The duty-cycle
control allows users to
change the nominal 50%
duty cycle of the signal to any
desired value, and the DC
offset control adds a variable
DC-offset voltage to the sig-
nal. The VCF input, which
permits the frequency to be
controlled with an external
DC control voltage, is useful
for generating 1000.1 or
1.1000 sweep signals.

The model FG2A function
generator has a suggested
list price of $215.00.—Beck-
man Industrial Corporation,
Industrial Products Division,
3883 Ruffin Road, San Diego,

CABLE - TV

SIGNAL REMOVERS

+FOR ELIMINATION OF SEVERE INTERFERENCE
+FOR "CENSORING" OF ADULT BROADCASTS

« ATTENUATION - 45 dB TYPICAL
* BANDWIDTH - 4 MHz AT 5 dB POINT
+ INSERTION LOSS -2 dB

TUNING
RANGE

MODEL cuiﬁssm
23H 50-66 MHz
46FM | 56-108 MHz
1417 | 120-144 MHz
1822 | 144-174 MHz

713 174-216 MHz

PASSBAND SHIPPING

2.3 (or 6 mater ham) 50-300 MHz HO
4.5.6 (or any FM) 50-300 MHz SHIPPING|
14{A) 15(B) 16 {C) 17(D} 50-400 & C.sr.D.

18(E) 19(F) 20(G) 21(H ) 22 {1} | 50-400 MHz CHARGES|
7.8.9.10.11.12.13 50-400 MHz

3for $75 - 10 for $200 - mix or match

CALLTOLLFREEFORC.0.D.ORSEND CHECK TOORDER
FASTDELIVERY
30 DAY MONEY BACK GUARANTEE (3FILTERLIMIT)

Star Circuits
P. O. Box 94917
Las Vegas, NV 89193-4917

1-800-433-6319

KENWOOD

OSCILLOSCOPES

AMALOG OSCILLOSCOPLS W/0 RCADOUT

MODEL C5-5135

40 MHz, Dual Channel.
Delayed Sweep.

REG. $895.00 SALE $719.95

MODEL CS-5155

50 MHz, 3 Channel,
6-Trace, Delayed Sweep.
REG. $995.00 SALE $819.95

MODEL C5-5165

60 MHz, 3 Channel,

6-Trace, Delayed Sweep.
REG. $1095.00 SALE $899.95

MODEL CS-2150
150 MHz, 4 Channel, REG.

B-Trace, Delayed Sweep. SALE $349 .95

MODEL CS-4025

20 MHz, Dual Channel
fscilloscope.
£495.00

REG. $2395.00 SALE $1495.95
AMALDG OSCILLOSCOPES M/READOUT/CURSORS

IRINT '@”
Ptoducts International

8931 Brookville Rd.

Silver Spring, MD 20910
(800)638-2020 (301)587-7824
FAX# 301-585-5402

EASY ORDER FAX LINE (800)545-0058

800-638-2020

I |
=< =-
REG. $2395.00 SALE $1999.95 —

MODEL CS-5130

40 MHz, Dual Channel,
4-Trace, Delayed Sweep.
REG. $1095.00 SALE $899.95

MOOEL C€S-5170

100 MHz, Dual Channel,
4-Trace, Delayed Sweep.

REG. $1695.00 SALE $1399.95

MODEL CS-6010

100 MHz, 4 Channel,
10-Trace, Delayed Sweep.
REG. $1995.00 SALE $1699.95

MODEL C5-6020
150 MHz, 4 Channel,

CIRCLE 192 ON FREE INFORMATION CARD



CA 92123-1898; Tel.
619-495-3240.

NTSC-PAL-SECAM TV/
MONITOR/VCR. Incompati-
ble TV-broadcasting sys-
tems—NTSC, PAL, SECAM—
have created problems in in-
ternational communications
for years. The Multicombo
and Super Multicombo TV/
monitor/VHS VCR’s allow
PAL tapes to be enjoyed with
no loss of quality. Ten-Lab
describes the units as the
first “built-in, up-dated
American (NTSC) video cen-
ters that have foreign sys-
tems capabilities.”
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Both cable-ready sets are
available in either 20- or 27-
inch sizes, and feature 155
channels, wireless remote
controls, double multi-func-
tion on-screen color display,
hi-fi stereo sound, MTS
broadcast stereo decoder,
and two built-in full-range
speakers. The Multicombos
provide play-back of NTSC
and PAL videotapes in color,
and SECAM playback in
black-and-white. The Super
Multicombos also allow PAL
and SECAM recording (in full
color), as well as PAL and
SECAM monitoring (PAL in
color, SECAM in B&W). For
the proper color, video quali-
ty, sound linearity, and syn-
chronism, the sets provide
525 lines, 60 Hz for NTSC and
625 lines, 50 Hz for PAL.

The 20- and 27-inch
Multicombos cost $1345.00
and $2495.00 and the 20- and
27-inch Super Multicombos
cost $2100.00 and $3200.00,
respectively.—Ten-Lab Multi-
system Video Products, 11064
Mississippi Avenue, Los An-
geles, CA 90025; Tel.
213-473-66551.
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SYNTHESIZER/CLOCK GEN-
ERATOR. Designed for engi-
neers who require an afford-
able, basic frequency
source, Novatech’s 2901A
synthesizer/clock generator
offers 10-ppm accuracy, sta-
bility, good spectral purity,
and low harmonic distor-
tion. The instrument’s out-
put frequency is adjustable
from 200 kHz to over 32 MHz
with 5-digit resolution. Sine-
wave and TTL-compatible
outputs are available on the
front panel. The sinewave
output amplitude is adjusta-
ble from 100 mV to 1.1 volts
peak-to-peak. The 2907A also
has an auxiliary sinewave-
tracking output on the rear
panel that is equal to the
front-panel sinewave output
plus 128 MHz. The unit is
housed in a convenient

bench-top case with tilt-up
bail.

The Novatech 2901A fre-
quency synthesizer/clock
generator costs $750.00.—
Novatech Instruments, Inc.,
1530 Eastlake Avenue East,
Suite 303, Seattle, WA 98102;
Tel. 206-328-6902.

THREE-WIRE CIRCUIT ANA-
LYZER. A.W. Sperry’s easy-to-
use, hand-held circuit ana-
lyzer, model CA-300A, warns
against faulty wiring in 3-wire
receptacles. As soon as the
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Cut Your Video
Servicing Time
by 54%*

$3,495
Patented

With The Market Proven VA62A Universal Video Analyzer™

Are you finding it tough to service today's hi-tech VCR and TV
circuits? Successful video servicers have told us that, to them, the
new technology meant lost profit and troubleshooting grief until
they tried the VAB2A's time tested, functional analyzing methods.
‘The VA62A cuts servicing time and increases profits . . ."

*Based on a nationwide survey of users who reported an average time
savings of 54% compared to their previous test equipment.

You can prove it to yourself, in your shop, absolutely risk free—
and share in the profits successful video servicing can bring. Call
1-800-SENCORE (736-2673) and ask about our exclusive
VAB2A instrument evaluation program. Tech-Tape Video Preview
and FREE full line color catalog are also available.

SENCORE"

3200 Sencore Drive, Sioux Falls, SD 57107

100% American Made
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Programmable In/Qut

of Circuit IC Tester.

REG. $3500.00 SALE $2940.95
FREE AK-560 SOFTMWARE!!!

FREE 1541A or 2520 Scope!!!

MODEL 2120

Oscilloscope, 20 MHz,

Dual Trace.

REG. $549.00 SALE $374.95

MODEL 1541A

Oscilloscope, 40 MHz,

Dual Trace.

REG. $845.00 SALE $597.95

MODEL 2160

Oscilloscope, 60 MHz, Dual-
Trace w/Delayed Sweep.

REG. $1099.00 SALE $874.95

MODEL 388-HD

"Test Bench,” 41 Range, 3%
Digit, Multifunction DMM.
REG. $129.00 SALE $99.95!

COMPLETE B&K LINE AVAILABLE
"CALL FOR YOUR PRICE QUOTES™

> B PRECISION

MAXTEC INTERNATIONAL CORR

SUMMER /.

MODEL 2522

Oscilloscope, 20 MHz,

10 MS/s, Dual Trace, DSO.

NEW LIST $995.

OLD LIST $1495.

383595

pRm'r;#sm

Products intcmlﬂomi

8931 Brookville Rd.

Silver Spring, MD 20910
(800)638-2020 (301)587-7824

FAX (301)585-5402

E Z Order Fax Line 1-800-545-0058

800-638-2020
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unit is plugged in, a succes-
sion of yellow and red indica-
tors signal exactly which wire
in the receptacle is the defec-
tive one.

The CA-300A will not nor-
mally trip a GFCI (Ground-
Fault Circuit Interrupter). It is
intended for use on 110- to
125-VAC circuits.

The CA-300A 3-wire circuit
analyzer costs $4.50.—A.W.
Sperry Instruments, Inc., 245
Marcus Blvd., Hauppauge,
NY 11788; Tel. 516-231-7050.

REMOTE/WALL SWITCH ON/
OFF CONTROL. For security
purposes, or just for the sake
of convenience, the versatile
model 72-320 from Midland
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can be used manually or re-
motely to control on/off
functions as well as to dim
lights.

A keychain-size transmit-
ter controls both functions
from a dstance of up to 50
feet away.

The transmitter, which
uses UHF radio technology
on coded channels, can han-
dle up to 400-watt incandes-
cent bulbs in indoor or
outdoor settings. (For exam-
ple, a porch or garage light
can be controlled from with-
in a car)

All kinds of household de-
vices can also be manually
turned on and off, and lights
dimmed, using the perma-
nently installed wall switch.

The model 72-320 remote
controliwall switch with the
included light-dimmer func-
tion fits in a standard-sized
electrical box. It has a sug-
gested retail price of
$39.95.—Midland Interna-
tional Corporation, Consum-
er Communications Divi-
sion, 1690 North Topping,
Kansas City, MO 64120; Tel.
816-241-8500.

NEW LIT

EQUIPMENT, TOOLS & SUP-
PLIES FOR ELECTRONIC
MAINTENANCE AND SER-
VICE 1990 (Volume 01). PRint
Products International Inc.,
8931 Brookville Road, Silver
Spring, MD 20910; Tel.
800-638-2020; $2.00

1990
S —
Gl Cur ol Frv Mambar
EQUIPMENT, TOOLS & AR B BT G STATE
SUPPLIES FOR ELECTRONIC weanem
et
e (M) s
Exey Ocder
e Fax Lina
800-545-00%0
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PRint Products’ 1990 cata-
log contains a wide selection
of products for electronic
troubleshooting, mainte-
nance, and repair. Several
major manufacturers are
represented. Some of the
items featured in the 64-page
brochure are Pace desolder-
ing and PC-board repair
products; Leader, Hitachi,
B&K, Kenwood, Simpson,
Beckman, and Hameg test
instruments; tools and sup-
plies from Cooper, Crescent,
Weller, and Xcelite; and
PRint’s own line of tool cases.

COOL-AMP/CODUCTO-
LUBE BROCHURES. The Cool-
Amp Conducto-Lube Co.,
8603 5.W. 17th Avenue, Port-
land, OR 97219; Tel.
503-244-2230.

These two booklets high-
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light the uses of Conducto-
Lube, an electrically con-
ductive lubricant, and Cool-
Amp, a product developed
for silver-plating high-am-
perage connections on the
job. Originally developed for
high-speed air-blast break-
ers, Conducto-Lube is highly
conductive because it con-
tains pure silver. Power

losses and overheating can
be reduced using Cool-Amp,
which deposits a coat of sil-
ver that provides lasting pro-
tection against oxidation. It
is widely used in radio and
TV stations.

HIGH DEFINITION SUR-
ROUND SOUND; by Herbert
I. Gefvert. Audio Video Tech-
nologies, Inc., 60 East Ida,
Antioch, IL 60002;
312-395-6321; $6.00,
postpaid; $10.00 with room
templates.

This fact-filled guide, writ-
ten to help those who plan to
install a surround-sound sys-
tem to select the best format
for their listening rooms,
covers all aspects of sound
theory. All of the various sur-
round-sound formats are
discussed, including Dolby,
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Sony SRS, Lucas THX, and
Audio Video Technologies’
own Omnisound. Dispelling
the idea that surround sound
requires spending a lot of
money and sophisticated
electronic components, the
booklet explains how effec-
tive surround sound can be
accomplished without using
decoders and black-box am-
plifiers. To help the reader
customize a system to his en-
vironment, room templates
are available.

THE ABC’s OF DMMs. John
Fluke Mfg. Co., Inc., P.O. Box
9090, Everett, WA 98206;
1-800-44-FLUKE; free.
Offering a short course on
the operation, capabilities,
and selection of a digital mul-
timeter, this 16-page bro-
chure can also be used as a
quick-reference guide. It
features sections on the
common uses of the instru-
ment—AC and DC-voltage
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measurements; resistance,
continuity, and diode tests;
and DC- and AC-current
measurements. In addition,
multimeter safety is dis-
cussed, and accessories are
described. Each section of
the booklet is clearly illus-
trated and includes a glos-
sary of electronic and multi-
meter-related terms.

THERMAL MANAGEMENT
SOLUTIONS: HIGH POWER
FABRICATED EXTRUSIONS.
Aavid Engineering, Inc., One
Kool Path, P.O. Box 400, Lac-
onia, NH 03247;
603-528-3400; free.

This solution-oriented il-
lustrated catalog describes
Aavid’s full line of fabricated
extrusions for cooling high-
power semiconductors.
Standard and customized ex-
trusions are offered for vir-
tually all medium- and high-
power devices, including
power modules and stud-
mount devices, transistors,
rectifiers, GTO’s, and SCR’s.
Extrusions for cooling DC-
to-DC converters and press-
pack (hockey puck) devices
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are also covered. The catalog
includes detailed dimension
drawings, performance
curves, and mounting speci-
fications. The extrusions are
available in a variety of
anodized and chromate
finishes.

1990 DATA ACQUISITION
AND CONTROL CATALOG.
Analog Devices, Literature
Center, 70 Shawmut Road,
Canton, MA 02021; 1-800-4-
ANALOG; free.

In its 258 pages, this cata-

THE HOUSE SITTER THAT
DOESN’T NEED A KEY

Use the keyboard to set
emergency phone numbers, high
and low temperatures, listen-in
time and more

ALERT/CANCEL key
cancels automatic dial-out,
allows you to answer phone

WHAT IS key lets vou
listen to function
settings and dial-out
numbers

“This is 555-3210. Alert condition is OK. Temperature
is 65°. Electricity is on. Sound level is OK.” Monitoring
your home from work or a vacation spot is made easy
with the Heath/Zenith House Sitter Security Monitor/

Dialer.

Monitors Your Home

When you call, the House Sitter will report on the AC
electric power, the room temperature — comparing it
with high and low limits you've already set, loud noises
such as burglar alarms and fire alarms , the unit’s own
battery backup condition, and an additional alert condi-
tion. You can even listen to the sounds in the room
using the built in microphone.

1990, Heath Company
Subsidiary of Bull Data Systems, Inc,

Use the keyboard to
ask for information

SET key allows you
to change previous
settings

SENSOR ONIOFF key
chooses the functions
to report

ONLY
$129.95

Dials Out In Alert Conditions

Set the unit to call out to your office, neighbors’ and rela-
tives’ to announce any alert conditions that are outside
preset limits. Up to four numbers can be programmed.

Order Toll Free 1-800-253-0570

The SD-6230 House Sitter is yours for only $129.95%. To
order, call toll-free 1-800-253-0570. VISA, MasterCard,
American Express or your Heath Revolving Charge card

accepted. Use order code 601-015.
®
Heath

Benton Harbor, MI

See our full line of electronic products for
our home in the Heathkit catalog — call
{-800 44-HEATH for your FREE copy.

*Price does not include shipping and handling, or applicable sales tax.
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LOW COST PC LOGIC ANALYZER. De-
signed for students and hobbyists working
with 5V TTI/CMOS signals in the Khz range.
36" data cable—eight channels, external
clock, ground. Selectable trigger & clock
edge, internal clock (1Hz-100Khz). Full-fea-
tured software, state table graphics, file/print
utilities, etc. Over 100,000 samples/sec on 12
Mhz AT. LA1—$99.95. PHOTRONICS, INC.
109 Camille St., Amite, LA 70422 (504)
222-4146.
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SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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A VIDEOPHONE CHIP, DRAM, A/D etc. (6
chips & discretes), capture any NTSC video
picture and sends it over the phone in 12
seconds. It displays on any composite
monitor or TV (VIA VCR). It is offered, pres-
ently in KIT form. The CONTROL chip ONLY,
and schematic are available for $59.95. from:
PMC ELECTRONICS, Box 11148, Marina
Del Rey, Calif. 90292.
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-Bl $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.
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THE MODEL WTT-20 1S ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to ¥4 mile range. Adjusta-
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S +H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

@ Short lead time for the placement of
ads.

e We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735.
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log provides complete prod-
uct descriptions, configura-
tion charts, block diagrams,
specifications, and pricing
for sensor-to-host sub-
systems. Featured are prod-
ucts such as modular signal
controllers, PC-compatible
data-acquisition adapter
boards, distributed data-ac-
quisition and -control hard-
ware, and a variety of
applications software. A
helpful tutorial and refer-
ence section guides users
through the selection and
configuration process.

DATA CONVERSION PROD-
UCTS SHORT FORM CATA-
LOG 1990. Micro Networks/
Unitrode, 324 Clark Street,
Worcester, MA 01606;
508-852-5400; free.

This 12-page booklet pro-
vides an overview of data-
conversion products for
high-end-industrial and mili-
tary/aerospace applications.
It contains more than 75
product groups, organized
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into easy-to-read specifica-
tions tables. It includes dig-
ital-to-analog converters,
analog-to-digital—including
sampling and multi-chan-
nel—converters, and data-
acquisition systems. A broad
selection of track/hold ampli-
fiers is highlighted. R-E



Get hands-on training for a high-paying
career in today’s booming electronic
information industry as you build
your own complete data
communications system

NRI's new Data
Communications
training gives you the
high-tech, hands-on
skills in demand in
today’s explosive new
electronic information
industry. Now with NRI,
you actually build and
go on-line with your
own powerful data
communications
system, complete with
IBM PC/XT-compatible
computer, 2400 baud modem,
communications software, breakout
panel, test instruments, and more!

Ju_— = = e e e e -]
It's a fact: The hot jobs in electronics today
are in the electronic information industry.

An explosion in new technologies is turning
desktop computers into high-powered, high-
speed data communications systems—making

it possible for computers to talk to computers
the world over.

Already, electronics technicians trained
to install and service the new data com-
munications equipment demand and get
$25,000, 330,000, $35,000 a year and more.

Now with NRI, you get hands-on data
communications know-how, so you too can
cash in on today’s multibillion-dollar elec-
tronic information industry. NRI's ready to
help you succeed now with new at-home
training featuring a powerful data com-
munications system you build, program,
operate, and keep!

NRI trains you from the basics on up—
giving you everything you need to geta

fast start in data communications
e e e o e T

Your NRI training starts with the electronics
fundamentals you need to understand and
service all data communications equipment.
As you assemble your NRI Discovery Lab®, a
complete breadboarding system included in
your course, you perform experiments and
demonstrations that show you electronics
principles at work firsthand.

Quickly moving on, you use NRI's pro-
fessional digital multimeter to take voltage,
current, and resistance measurements, testing
avariety of circuits you build on your

Discovery Lab—circuits just like
those in today’s data communications
equipment.

And that's just the beginning. With a
solid foundation in electronics behind you,
you're ready to build your own powerful data
communications system.

Breakthrough training includes

512K computer, 2400 baud modem,
communications software, breakout
panel, much more

EEesTa e e e e e e S g eea]
At this point in your training, you're sent the
new IBM PC/XT compatible Packard Bell
VX88 computer. Following NRI's clearcut in-
structions, you easily master your computer’s
powerful operating functions, then move on
to build your own complete data communica-
tions system.

You begin by programming the RS-232C
communications interface built into your
computer, giving the Packard Bell the power
to transmit data over serial lines. Next you
construct a high-quality

you use to examine and
test the internal workings
of your interface.

Then, completing your
state-of-the-art system, you
: i O Roboti
modem included in your iy
course and take it through

breakout panel, an indis- & - _s;:u;{—of _______ 2 |
pensable diagnostic tool ”a Electronics E§;m5:m| bill

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

¥ Check one catalog only

[ Data Communications
O Computers and Microprocessors

O TViVideo/Audio Servicing

*kc‘/”e/(,o’
O/b S¢
Py
4—9 f@f 'y b/@
s 7%

your modem, and
you're ready to put
your system on-line
with a world of elec-
tronic information.

Go on-line with
the exclusive NRI
network

Your NRI training
continues by giving
you exciting real-
world experience in
data communications.
Having completed your data communications
system, you actually take it on-line to “‘talk”
to your instructor and other NRI students,
complete a final project by computer link, and
leave messages on the NRI Bulletin Board.

Step by step, NRI gives you a complete
hands-on understanding of the technology
that’s powering today’s booming electronic
information industry. Step by step, you get
what it takes to start a high-paying career as
today’s in-demand data communications
technician!

FREE 100-page catalog tells more

Send today for NRI's big, 100-page, full-color
catalog describing every aspect of NRI's
hands-on training in data communications,
as well as at-home training in other fast-
growing, high-tech career fields.

If the coupon is missing, write to NRI
School of Electronics, McGraw-Hill Continuing
Education Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

[ check for details

O Computer Programming
) Electronic Music Technology
O Cellular Telephone Servicing

[ Digital Electronics Servicing
O Basic Electronics

a series of comprehensive
tests and demonstrations.

Name

(please print) Age

Address

I
I
I
|
I
power up the 2400 baud |
I
|
In no time, you have a firm I|

I
I
|
|
O Security Electronics I
I
|
I
|

understanding of the data
conversion system built into

Accredited Member National Home Study Council

City/State/Zip
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Radio Shack Parts Place

YOUR NEARBY SOURCE FOR HOBBY AND REPAIR ELECTRONICS
Over 7000 Locations in the USA—NOBODY COMPARES!

Try Our Special-Order "Hotline” Battery Special-Order Service

Hundreds of Types
Available Now

ICs, Crystals, Tubes, Lots More

In addition to our large in-store
stock, Radio Shack can now
supply almost any currently
manufactured battery—even
special communications bat-
teries for walkie-talkies and
pagers. Batteries are sent from
our main warehouse to the
Radio Shack near you. Never a
postage charge!

Hookup Tools

Your Radio Shack store manager can special-
order a wide variety of parts and accessories
from our warehouse—vacuum tubes, ICs, mi-
croprocessors, phono cartridges and styli,
crystals, even SAMS Photofacts® manuals.
There are no handling charges or minimum
order requirements—just fast delivery to our
store near you.

Plug-in Board

Resistor Buys

a o S
: @ q 18°
- _ Quiet and
Efficient

(1) Thermistor. #271-110 . .1.99

(1) 72-Position Board. Great for a variety
of projects. Popular 100" contact centers.
42 x 51he! #276-192 ,...........4.99

(2) Socket for Above. #276-1452 . . . 4.59

Car Connectors

D =2
@130
% £ a':

(1) Solderless Motorola-Type Plug. Fits
car radios and many scanners. #274-709

(2) Solderless Jack. #274-710
(3) Lighter Outlet DC Plug. #274-335

a @
s
Just Add
Battery

e

\ 1995

Prewired Temperature Module

2) 0.1W Trimmers. 1k, #271- 280 4.7k,
#271-281; 10k, #271-282; 47k, #271-283;
1005! #271-284 ... . Each 49¢

(3) Color-Code Decoder. #271-1210, 69¢

» 99° =

1) Power Transformer. 120VAC primary.
econdary is 18VAC, 2.0 amps, center-

tapped. 2% x 2'/s x 2! #273-1515

(2) 0.1 mH RF Choke. #273-102

You can use it “as-is" for a thermom-
eter. Or, add switches to select For C
display and simple circuits to control
abuzzer, LED, fan or heater at preset
temperatures. Automatic attic ex-
haust fan controller is just one possi-
ble application. 12" digits. Range:
-40 to +120° F. 2116 x 138 x 11/s!
Requires “AA" battery. Low current

drain. With complete data. #277-123

(1) D-Sub Pin Cﬂmper Crnmps #20, ﬂza
and #28 pins. #276-1595

2) 1IDC Tool. Allaches IDC type plugs tu
lat cables. #276-1596 . 95

Proiect Box

Only

399

Transmitter Case. |deal for an RF or infra-
red control, beeper or portable device. Du-
rable molded case has a removable end
panel and compartment for 9V battery.
3% x 2518 x 17 #270-293

oF
@ !:#

(1) Solderless Male BNC. For RG-58 ca-
ble. #278-185 .. .. 3.59
(2) 90° BNC Adapter. #278-116 ... 3.99
,3] Stackab\e Banana Plugs. Built-in jack
or “chain" hookups. Solder type. One red,
one black. #274-734 ;

et of 2/1.59

Connectors for Test Equipment

© =il © ——

() —mgEm ) EE— -

Protect your éurpman:! This 4" fan oper-
ates on 120VAC and provides aboul 65 cu-
bic feet per minute airflow. It's easy to
mount and rated 11 watts. #273-241

. V]
(3] r‘?
M 3
UL Listed = © [II

@ ;

(1) Normally Closed. #43-513 . .1.29

(2) Tamper Switch. For alarm panel or si-
ren. Normally open. #49-528 . .1.59

(3) Panic Switch. N.O. #49- 51? .1.49

7

(4) Flex Banana Plugs. #274-730, Set of 2/1.69
(5) 'Gator Adapters. #270-354 . Pair/1.89

(6) Mini- Honk Adapters. Fit test probe
tips. #270- Pair/2.59

Crimp D-Sub Connectors

Autoranging Probe DVM

4-in-1 Soldering Tool

—_—

(7] Mlcro Fla1 Test Clips. 1 red, 1 black.
Bk R e Set of 2/1.19 ﬁ

Gold-Plated Contacts

Pos.| Type | Cal No. Each‘ Pos.| Type |Cat. No. |Each
9 |Male |276-1427| .99 25 |Male |276-1429|2.49
9 |Female |276-1428(1.19 25 |Female |276-1430(2.99

Great for Tiglit Spaces

Data-hold button freezes display and lets you re-
move tester for easy reading. Has continuity
sounder, low-battery indicator and overload pro-
tection. Measures to 400 volts AC/DC and resist-

Provides up to 60 minutes of operanon and refills with
butane lighter fuel. #64-2161 . 29.95

2.4 mm Replacement Tip. #64- 2152 i ..9.95
1.0 mm Replacement Tip. #64-2163 . 9.95

Blow Torch Tip, #64-2188, Heat Blower Tip, #64-2169, and
Hot Knife Tip, #64-2170 are available on special CMC

ance. Includes batteries, manual, case. #22-165 order Each 9.95

Radlo .l'hack
MERICAO'S

TECHNOLOGCY

STORE"

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More!

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation.

& s
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'Visiun_pmimbly the ultimate '
' computer enhancement. Eal
What's the big deal? Once an im-

age is digitized, applications are

limited only by the imagination.
Such as? How about electronic
photography, automatic inspec-

tion, securily systems, pattern

recognition, image processing/
enhancement, desktop publish-
ing—to name just a few.

Yesterday, adding vision to a PC
was expensive; today it's nol. e
These da_\-'i-; you can add a tl'apz;li))lcc . : Give your PC
vision system to any standard PC 7 : : :
for well under $150, depending : the g{ﬁ pf srghtfw:fh
on the state of your junk box. ¥ 3/ RES inexpensive
Our frame grabber is a half- [ . il frame-grabber.
length card that plugs into any 8- [ = |
or 16-bit expansion slot. The card
accepts standard NTSC black-
and-white or color video input,
and digitizes it at a resolution of
256 by 256 pixels, with 4
shades of gray. Images are cap-
tured in real time at a rate of 60
per second; depending on youu
PC’s video system, the [rame
grabber can display images at a
rate of about two per second.
The card works best with «
VGA system, because its analog
inputs are amenable to display- §
ing gray-scaled data, but all ot h ¢
standards (Hercules, CGA, EGA)
are supported, but at lower reso-=
lution. When displayed on a VGA
system, the image approaches a
black-and-white broadcast pic
ture in quality. The "real-time”
video capture allows images to i:\
digitized on the fly Irom any
source, so the source need not
stand still or be freeze-framed.
Images that you capture are
stored in the TIFF (Tagged Image
File) format: most desktop pub-
lishing and pixel-based paint
programs read TIFF files directly @
Our software also includes basic
editing functions and a prin
function that lets you get harc
copy on common dot-matrix an
laser printers.

How it works

Our image capture board ags
cepts any RS-170 specificatigm
video signal, be it from a vid
camera, camcorder, or VCR, color
or black-and-white. In case
you're new to the field, a standard
video signal is composed of two
fields, one in which the even
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scan lines are displayed, the
other in which the odd scan lines
are displayed. Our board cap-
tures the even field.

Figure 1 shows a block di-
agram. The video signal is ap-
plied to a differential video ampli-
fier (IC1) that serves two pur-
poses: signal gain and noise
rejection. The video amplifier
must have sufficient bandwidth
for the application. We chose an
LF353 dual-FET input op-amp; it
has a 4-MHz bandwidth, which is
enough for our application. The
output of the video amp drives
the sync separator (IC2) and the
video DC restoration block (IC3
and IC4).

A National LM1881 is the hub
of the sync separator. (see Fig. 2).
That IC is a video engineer’s de-
light, as it provides composite
sync, vertical sync, odd/even
frame detection, and burst-gate/
black-level timing information.
The odd/even frame signal is
used to detect and capture the
even frame, since this frame has
afullline of video on line one. The
black-level timing signal is used
by an LM398 sample-and-hold
amplifier (IC3) to sample the vid-
eo for its black-level reference.
This level is later subtracted from
the amplified video to fix the ref-
erence level at ground for subse-
quent digitization.

The subtraction process leaves
us with a ground-referenced vid-
eo signal with an amplitude of
about 3.3 volts at the white level,
just right for digitization by A/D
converter IC13.

To digitize the incoming video
at the frame rate, a flash A/D con-
verter must be used. Other types
of A/D converters (such as the
common successive-approxima-
tion type) are too slow to digitize
six bits of information in the 200
ns required by this application. A
flash A/D converter has 2nmil
comparators so that a conversion
can be done in one clock cycle.
The low phase of the clock initi-
ates conversion, and the high
phase transfers the data to the
capture memory. In our case,
n=6.

The digitization hardware is
controlled by software; the two
communicate via a two-bit com-
mand latch that together with

the six data bits occupy several
addresses in the PC’s I/O space.
The two command-latch bits are
connected to data-bus lines DO
and DI1. To avoid conflict with
other boards, the I/O address is
configurable via a pair of ad-
dress-selection jumpers (JUBG
and JU7) that allow you to select
one of four base addresses (02E0,
02F0, 03E0, and 03F0). The cir-
cuit occupies four addresses in
the I/O space, but only two are
actually used.

The software checks for the
presence of the image-capture
board in a PC as follows: First it
writes to the command latch
(sets DO and DI high) and then
reads back the data port (IC16)
and checks the two high bits (D6
and D7). That bit displacement
ensures that the software finds
our card and not any others.

The decoding scheme is imple-
mented by IC17, an eight-bit
magnitude comparator
(74HC688), and IC18, a triple
three-input or gate (74HC4075).
The latter provides three out-
puts: Wro, which is used to clock
the command latch; Wri, which is
used to reset the pixel counters;
and rRoo, which is used to read
captured data into the host PC.

The command latch consists of
both halves of IC19, a dual-D flip-
flop (74LS74). The two bits of
this latch control the two operat-
ing modes of the card: capture
and read. We'll discuss each in
turn.

Capture mode

To initiate a capture, the soft-
ware first resets the pixel coun-
ters and the line counters
(IC9—-12) by writing to the base
address plus one. After reset, the
board is ready to take a picture.
To do so, a capture request and
the start of an even frame must
be synchronized.

Synchronization is accom-
plished by writing ones to the
command latch. Doing so drives
the g output of IC19-a high,
which in turn clocks a capture
request into IC8-a, a dual-D flip-
flop. Its output enables the out-
put of the gated oscillator and di-
vide-by-four circuit (XTAL1, IC8,
and IC7), which clocks the A/D
converter (IC13). The enabled

Resisions e
All resistors are Yi-wait, 5% unless
otherwise noted.

R N TS nhims
REVRIILELE, . st 511 ohms. 1%
RAGRE= o 2300 ohms, 1%
RE 7 T R S 390 ohms
RF S 150 ohms
RB i 080.000 ohms
ROGRIA o i 1000 ohms
RIO—RI13 .......cccconvise 10.000 ohms. 1%
RIS RIG =2, 90 ISt h el 330 ohms
BT s - T 2200 ohms
RIS iatnnanys ol el 220 ohms, ¥

Locitt
R19, R20 rerraanneeee D100 Ohms

Capacitors me———————

CIECD O e SO I DAY= il 150 pF
o L 0.22 uF, metal
Jim

CAL R IR wona 0.1 pF. metal film
(o st e e S8 =R S & 68 pF disk
G0 Lt Ol R disic
C6, COCLE TR e I pF
C12--C22 Cl 0.01 pF disk
e e e S 22 pF
Semiconductors m———
1CL 1A v LF353N dual bi-
FET op-amp

(o e o o, LMISSIN video
syne separator

2 (6% ] P L o e B R LE398N FET
samplefhold amplifier

3 L]y O e L 74L504 hex
tnverter

O i L e s 74L500 quad
two-input NAND gate

IC7,IC19 ........cvoo... ... T4LST4 dual-D
Mip-flop (National Semiconductor)

TC8 o s e e s 74HC74 dual-D
Sip-flop

1C9--TO12 /0| = sl e 74LS193
Ssynchronous up/down binary counter
TCEI o, & mall e L MP7682JN 6-bit
Mash A/D converter

IC14,IC15 .................43256-15 32K %

8 static RAM. 150 ns

IC1I6 ...oooiviiiiiinnninn.e - 74LS5244 fri-state
octal buffer

ICLT ool T4HE 688 Bhbit
magnitude comparator

{88 Uil L T4HC4075 triple
three-input OR gate

DD 25, L e K IN4148 switching
diode

D3 IN5226B, 3.3-voll
Zener diode

Other components m————————

JFlonianiei e PCrMountREA
video connector

AT H 2 S e e e ) o R L se
JU3—JUS ...................single-row 2-pin
header

XTALL .........cocoevnuiiieen. 20-MHz erystal
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Fig. 1. BCK DIAGRAM. The frame grabber consists of a video circuit, a clock/counter
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circuit, a bus interface, the A/D converter, and 64K of static RAM.

clock signal (via pin 6 of IC6) also
drives the pixel counters
(IC9-IC12) when the second bit
(pin 9 of IC19) of the command
latch is high.

At this point, the A/D convert-
er's output is enabled and the
outputs of the capture memories
are disabled, thereby giving the
D/A converter control of the local
data bus. When a high from the
pixel clock is presented to the A/D
converter, a conversion is com-
pleted. Then, when the pixel
clock goes low, the data is trans-
ferred to the output buffers of the
A/D and presented to the capture
memories. When the pixel clock
again goes high, the rising edge
of that signal strobes the data on

the local bus into the capture

memories, and simultaneously
starts another conversion.

That cycle proceeds until 256
samples have been taken. Then
the output of the second pixel
counter (pin 13 of IC10) goes low,
and that signal resets IC8-b,
which causes the gated oscillator

to stop. The circuit remains dis-
abled until the black-level refer-
ence signal (at the start of the
next horizontal scan line) goes
low and then high, which clocks
a high into flip-flop IC8-b, and
thereby allows the gated os-
cillator to resume.

The output of the pixel counter
is differentiated by the network
consisting of D2, C8, and R17.

Ordering Inform ;

256-STATE
LINE COUNTER
ADDRESS GENERATOR

256-STATE
PIXEL COUNTER
ADDRESS GENERATOR

B4K BYTE
CAPTURE
MEMORY

Otherwise a continuous low
would be presented to the reset
input of IC8-b, thus causing con-
tinuous reset and system lockup
after one video line had been cap-
tured. The diode prevents the
voltage at pin 10 of IC8 from ex-
ceeding V. + 0.7. The IC spec-
ified for IC8 is a 74HC74, which
can take a voltage exceeding V..
by 1.5 volts, as opposed to a
74LS74, which can only take V.
+ 0.5 volts.

When the next black-level refer-
ence pulse is encountered, the
line-capture cycle is repeated.
The cycle repeats until 256 lines
have been captured, at which
point the output of the second
line counter (pin 13 of IC12) goes
low.

That action resets the enable-
capture flip-flop (IC8-a) as well as
the command latch (IC19-a,
IC19-b). The software can read
the contents of the command
latch, so that reset provides a
convenient means of signalling
end-of-capture.

8 066} L1SNONY
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Fig. 2. COMPLETE SCHEMATIC. The full circuit is shown here.




Read mode

The next step is for the soft-
ware to read the captured data
into main memory. This is done
by setting bit O of the command
latch low, which enables the cap-
ture memories and disables the
A/D converter. The counters are
again reset by a write to base plus
one, and the data read at the data
port. Only the lower six bits of the
data port are of interest, as the
upper two bits reflect the con-
tents of the command latch, and
must be masked off by the soft-
ware. The pixel counters are ad-
vanced to the next pixel by
strobing bit two of the command
latch first low and then high.
That sequence must be repeated
until all pixels have been read
into memory, from where they
can be processed, saved to disk,
etc.

Construction

Due to the high frequencies in-
volved, we recommend that you
build the frame grabber on a PC
board. Patterns are shown in PC
Service; if you make your own PC
board. remember that you'll have
to solder many lands on both
sides of the PC board. As an alter-
native, you may want to pur-
chase a PC board from the source
mentioned in the parts list. Kits
and assembled versions are also
available.

Construction of the board is
straightforward and should pres-
ent no problems. Figure 3 shows
where all parts are mounted.
When mounting parts, observe
the polarities of all diodes, IC’s,
and electrolytic capacitors.

On the PC board, pads for C23
are shown just above IC7. Mount
the capacitor instead between
the pad above pin 1 and directly
topin 3 of IC7, as shown in Fig. 4.
Doing so lets C23 provide a stable
load for the crystal oscillator.
Check all solder joints after
mounting the components, and
then remove all flux residue.

Installation

First install jumpers as follows:
® JU3: If installed, the computer
is the last device on the video ca-
ble. Normally installed.
® JU4/JU5: Set both jumpers the
same way, installed for sources
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Fig. 3. PARTS LAYOUT. Mount all components as shown here. Note the connections for

C23.

J/

daaasld

2
b

. |

3
&
- .
¥
5

51

P L L

o [ ]
Fig. 4. C23 MOUNTING. Connect one teg
of C23 to the pad directly above pin 1 of
IC7, and the other leg directly to pin 3 of
IC7.

with a strong video carrier, unin-
stalled for normal sources. Nor-
mally uninstalled.
e JU6/JU7: Selects I/0O port ad-
dress according to Table 1.
e JUS8: Install to ground input
cable shield. Normally installed.
Then install the board in an
empty 8- or 16-bit expansion slot.
Copy the software to a subdirec-
tory of your working disk and
then run VSETUPF. The program
asks you to specify your PC’s vid-
eo adapter and printer. Then you
can run the main program,
VGRAB.

TABLE 1—I/0 PORT SETTINGS
1/0 Port Jue Ju7
03F0 Off On
03E0 On Off
02F0 Off Off
02E0 On On

In bringing up the board for
the first time, feed a good, clean
RS-170 video signal to the card—
not a signal from an inexpensive
video modulator.

If you have a problem, be sure
that there is valid output from
pin 1 of IC4, especially if you have
to reset the computer to regain
control. The signal there should
resemble a standard video signal,
with the end of the horizontal-
sync pulse at ground and the
white level at about 3.3 volts.

The LM1881 is very sensitive to
the value of R8 (680K). If solder
with water-soluble flux is used,
be sure that the area around this
resistor is clean, as the flux is
conductive and may alter the
effective value of the resistor.

Using VGRAB

As shown in Fig. 5, the soft-
ware has a friendly user interface
with drop-down menus and sta-
tus panels. The software is avail-
able on the RE-BBS (516)
293-2283; download the file
called VGRAB.ARC. Going from
left to right, the first menu allows

0661 LSNoNyY
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SUIG Card Installed :

Image Loaded °

Inage Saved !

Working Directory !
System Resolution : UGA

Display Mode : UGA 64 GRAY

Printer Installed : HP LASERJET

Picture Size @

Left Margin : 1.60 in.

¢ 1.60 in.

BUPERVISION Video Frame Grabber

IHNTXNRENVIDG

3.25 % 2.66 in

Copyright (c) 1589
Fig. 5. VGRAB SOFTWARE. The menu bar across the top line provides access to the

THESE SCREEN SHOTS HINT at the versatility of the VGRAB software.
Clockwise from the top left, the same image is shown in: VGA mode with 64
shades of gray; EGA mode with 4 gray levels; CGA mode with 2 gray levels; a
negative image; a line drawing; and a horizontally flipped image with a black/

white threshold condition applied.

IMAGE UTILTTIES FRINT UTILITIES

BRIGHTNESS
8

Ualue: 8

CONTRAST
0

Value: @

IDEC, IHC. Uersion 2.21

capture. file, image-manipulation. and print functions.

you to capture the currently dis-
played image from the board. The
next menu contains file utilities

(save, load, etc.). The third menu
contains functions for manip-
ulating the image. You can re-

verse it horizontally and ver-
tically, turn it into a negative or
line drawing, adjust contrast and
brightness, change the display
resolution, ete. (The box above
shows some examples.) The last
menu allows you to set print pa-
rameters and print the image.

Images are saved in the TIFF
file format, which is just right for
importing into desktop pub-
lishers (Ventura, PageMaker),
and modern word processors
(Word, WordStar, etc.) that sup-
port the format.

[dec has developed software
that interacts with database pro-
grams such as Ashton-Tate’s
dBASE III. These programs allow
dBASE III to capture, display, and
print images from normal
dBASE III record fields, allowing
the construction and mainte-
nance of image databases. Con-
tact Idec at the address in the
“Ordering Information” box for
more information. R-E



MOST OF US ARE FAMILIAR WITH AN ORDI-
nary pressure gauge, such as that used
for tires that measures pressure in
pounds per square inch (psi). They are
usually analog devices with an indica-
tor bar or a moving needle whose
movements depend on the specific
pressure. However, with the advance
of solid-state technology, it is possible
to construct an accurate electronic
pressure gauge with a resolution as
low as 0.1 psi.

Our digital pressure gauge operates
from a 9-volt battery, so it is com-
pletely portable. The circuit uses only
4 milliamperes, so battery life will be
extremely long. A large two-digit
LCD is used to display pressure read-
ings, but we’ll also show you how to
build it with a 3)2-digit display.

The full-scale range of the pressure
gauge is determined by the selection
of the pressure sensor; in this case we
have used a 0—100 psi semiconductor
sensor, manufactured by Sensym
(1255 Reamwood Ave, Sunnyvale CA
94089). Other sensors are available in
full-scale ranges of 1, 5, 15, 30, 100,
and 150 psi. Using a 15-psi sensor, for
example, would. result in a display
resolution of 0.1 psi-with a two-digit
readout.

Pressure is measured by connecting
a flexible hose between the sensor and
source of pressure. If the project is to
be used for differential pressure mea-
surements, two hoses must be con-
nected to the sensor and the device
under test. Vacuum measurements re-
quire only one hose connection.

The circuit

The sensor is a differential device,
which allows two pressure connec-
tions, and it measures the difference
between the two. The sensor also per-
mits vacuum measurements when one
side of the sensor is exposed to the
atmosphere and vacuum applied to
the other. Pressure and vacuum mea-
surements may be taken on any non-
corrosive and non-toxic media such as
air, dry gases, etc. The portable
nature of the unit allows it to be used
almost anywhere, such as for check-
ing tire pressure or a compressed air
tank.

The heart of this project is a dif-
ferential piezoresistive pressure sen-
sor which is constructed using
integrated-circuit technology. It con-
sists of four resistors connected in a
Wheatstone bridge configuration,
which are deposited on a silicon di-
aphragm that separates two chambers
of the sensor housing. Each side of
the diaphragm can be exposed to a
pressure source by means of “‘ports”
called P1 and P2. Any pressure dif-
ference between port Pl and port P2
will be detected by the sensor, provid-
ing a differential pressure reading.
Figure | shows a closeup of the sen-
SOr.

The common pressure gauge which
many people are familiar with is, in
reality, a differential pressure gauge,
with atmospheric pressure (14.7 psi)
being the reference pressure. Thus,
when no pressure is applied to the
sensing port of the common gauge,

DIGITAL

PRESSURE

GAUGE

Now you can take pressure

readings the modern way using

our electronic pressure gauge.

ANTHONY J. CARISTI

the reading is zero. The same goes for
our gauge; pressure is applied to P2
while Pl is exposed to the atmo-
sphere.

When the pressure sensor is at rest,
there is no stress on the silicon di-
aphragm and the values of the re-
sistors are essentially equal. The
Wheatstone bridge is thus balanced
and its output voltage is virtually
zero. During a pressure measure-
ment, any difference in pressure be-
tween the two ports of the sensor
result in mechanical stress of the sil-
icon diaphragm and a change in the
values of the four resistors. Two re-
sistors increase in value and two de-

FIG. 1—HERE IS A CLOSEUP of the semi-
conductor pressure sensor.
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FIG. 2—SCHEMATIC DIAGRAM of the electronic pressure gauge. It uses a Sensym

semiconductor pressure sensor.

crease. That causes the Wheatstone
bridge to become unbalanced, pro-
ducing an output voltage which is pro-
portional to the difference in pressure
between the two ports of the sensor.
That voltage, which in the millivolt
range, is amplified and used to pro-
vide the drive signal to the display
section of the circuit.

The schematic diagram is shown in
Fig. 2. In order to preserve the ac-
curacy of the pressure measurement
with respect to variations in battery
terminal voltage, IC3, a fixed 5-volt
regulator, maintains a constant power
source which feeds the sensor bridge.
A set of four silicon diodes, DI
through D4, has been placed in the
circuit to temperature compensate the
bridge. That eliminates changes in
calibration of the circuit due to am-
bient temperature effects.

Three sections of IC1, an LM324N
quad op-amp, amplify the millivolt
output of the bridge to a useful level
for the analog-to-digital (A/D) con-
verter circuit that follows.

When there is no pressure applied
to the sensor, the voltage between ter-
minals 2 and 4 of the sensor is essen-
tially zero; however, there may be a
small output voltage, called zero off-
set. To compensate for that error, po-
tentiometer R16 allows a small DC
voltage to be fed to the amplifier cir-

cuit which negates the offset voltage
of the sensor.

When the sensor is exposed to 100
psi, the output of the bridge circuit
will generate approximately 34 milli-
volts. However, there may be varia-
tions in output voltage of as much as
30% between different sensors. To
compensate for any given sensor, the
amplifier gain is adjustable by means
of potentiometer R6.

The display section consists 1C2,
which is a combination A/D convert-
er/7-segment decoder/display driver,
capable of driving a 3'2-digit LCD
(we've used only a two-digit display,
DSPI). It is driven by the voltage be-
tween pins 7 and 8 of op-amp ICI.
The sensitivity of the A/D converter is
set by the reference voltage applied
between pins 35 and 36. The refer-
ence voltage, which is about 238 mil-
livolts, is set by the divider composed
of R2, R3, and R4.

In this project only two digits are
required since the resolution of the
project is 1 psi and full scale is 100
psi. However, note that if you measure
exactly 100 psi, the readout will dis-
play 00, since the hundreds digit is
not present.

Note that for readings greater than
99 psi, or for 0.1 psi resolution, the
circuit can modified to use the most
significant and least significant digits

of the A to D chip. In this case you’d
need to use a 3'4-digit readout, and its
decimal place would be illuminated as
required. If you wish to use a 3V5-
digit LCD, Fig. 3 shows the addi-
tional connections to the A/D con-
verter that are required. However, note
that the 3)5-digit display is a 40-pin
device that won't fit on the provided
PC board. You must either hardwire it
or design your own board.

Because of the characteristics of
the pressure sensor, the display will
read up-scale regardless of which port
of the sensor is pressurized. However,
you should use the same port for
which the project was calibrated. If
the project is to be used for vacuum or
differential pressure measurements,
the display will indicate the pressure
difference in psi, with no polarity in-
dication. The A to D converter used in
this circuit does have an output termi-
nal to indicate polarity, but it is not
used.

Construction

The project is constructed on a sin-
gle-sided PC board. A foil pattern is
provided in PC Service. The circuit
can also be hard wired on a perforated
construction board if you wish. The
parts-placement diagram is shown in
Fig. 4. Note that the LCD readout is
mounted on the copper side of the
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FIG. 3—HERE ARE THE ADDITIONAL CONNECTIONS to the A/D converter that are
required for a 3'2-digit display. Note that the 40-pin display won’t fit on the PC board—
you'll have to hardwire It or design your own board.
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FIG. 4—PARTS-PLACEMENT DIAGRAM. Note that the LCD readout is mounted on the

copper side of the board.

board. That allows the relatively flat
side of the PC board to be mounted
next to the side of a suitable enclosure
containing a cutout or window to ex-
pose the readout for viewing.

You should use sockets for both of
the IC’s. Especially for IC2, which is
a 40-pin chip and not inexpensive.
The cost of a socket is minor com-
pared to the IC itself, and you can
never predict when an IC will have to
be removed from a PC board. Once
the sockets are in place, continue in-
stalling components, but do not insert
the IC’s yet.

The 5-volt regulator, IC3, looks
like a small transistor; simply solder it
directly to the board, and be sure to
watch its orientation. Also be sure
that the diodes are properly oriented.

The circuit requires four jumpers;
the short jumper wire between pins 2
and 6 of the LCD can be a piece of
bare wire, but the other three should
be insulated to avoid shorts.

Many of the resistors specified in
the parts list are metal-film types
which exhibit excellent temperature
stability. Since we want the project’s

calibration to remain stable with vary-
ing temperature, you should not sub-
stitute other types of resistors.

The LCD and the pressure sensor
are fragile and must be handled care-
fully to avoid breakage. It is sug-
gested that the readout be mounted to
the board last. You may wish to use a
socket for the readout, and you can
make one by taking an ordinary 18-
pin DIP socket and cutting it in half
lengthwise. Remember, the socket
(and readout) will be placed on the
copper side of the board, so you must
allow some space between the plastic
of the socket and the board itself to
allow room for soldering.

Before mounting the LCD, take
note of where pin 1 is. If you look at
Fig. 5, the black border around it has a
marking on one side. Looking at that
marking, pin | is where you’d nor-
mally see it on any ordinary IC.

The pressure sensor may be fas-
tened to the board using two #4 ma-
chine screws and nuts, but be very
careful not to over-tighten them; it
could result in a cracked plastic as-
sembly. Note that one of the terminals

PARTS LIST

All resistors are Ya-watt, 5%, car-
bon, unless otherwise indicated.

R1—51 ohms

R2, R4, R8-R10, R12—100,000
ohms, 1% metal film

R3, R15, R17—10,000 ohms,
metal film

R5—100,000 ohms

R6—200,000 ohms, PC-mount po-
tentiometer

R7, R14—41,200 ohms,
film

R11—1 megohm

R13—221 ohms, 1% metal film

R16—100,000 ohms, PC-mount po-
tentiometer

R18—47,000 ohms

Capacitors

C1-C3, C5—0.1 uF, ceramic disc

C4—100 pF, ceramic disc

C6—0.01 pF, ceramic disc

C7—0.47 puF, ceramic disc

C8—0.22 pF, ceramic disc

Semiconductors

IC1—LM8324N quad op-amp

IC2—ICL7108CPL 3'%-digit A/D con-
verter (Intersil)

IC3—AN78L05 5-volt regulator

IC4—differential semiconductor
pressure sensor,

SXO1DN for 1 psi full scale

SXO5DN for 5 psi full scale

SX15DN for 15 psi full scale

SX30DN for 30 psi full scale

SX100DN for 100 psi full scale

SX150DN for 150 psi full scale

(Sensym, 1255 Reamwood Ave,
Sunnyvale CA 94089)

D1-D4—1N4148 silicon diode

DSP1—two-digit LCD module (Di-
giKey LCDO0O1)

Optional—3'2-digit module (Digikey
LCD002)

Other components

S1—SPST toggle or slide switch,
N.O.

1%

1% metal

B1—9-volt battery

Miscellaneous: battery clip, en-
closure, IC sockets, hose wifitting,
clamps, wire, solder, etc.

Note: A PC board is available for
$14.95 and a pressure sensor for
$35.00 from A. Caristi, 69 White
Pond Road, Waldwick, NJ 07463.
Add $2.50 postage and handling
per order.

of the sensor is marked with a small
dot. That is pin 1, so be sure to mount
it as shown in Fig. 4. The four termi-
nals of the sensor are very fragile, and
must be carefully bent into position
using a needle-nose pliers to support
the leads next to the body of the part.
If you attempt to bend the leads with-



RADIO-ELECTRONICS

£
=

18 17 16 15 14 13 12 11 10
B S B\ s S @ e

B e Ee E S B E e
RSP S B G 6 ST B

FIG. 5—THE BLACK BORDER around the
display has a marking on one side. Using
the marking as a reference, pin 1 is where
you'd normally see it on any ordinary IC.

out such support, you risk breaking
the wires.

A suitable pressure hose must be
connected to port P2 of the sensor,
and secured with a small metal clamp
that has been designed to handle high
pressures. Such clamps can be ob-
tained from automotive supply out-
lets. It cannot be over-stressed that
pressures greater than 10 psi are sub-
stantial, and the hose and clamp must
be able to withstand such force.

If you want to use the project to
measure tire pressure, you need a
hose from a bicycle shop with a fitting
at the end that depresses the valve
stem during a pressure measurement.
You might be able to take an old tire
pressure gauge and modify it for use
with our digital pressure gauge. As
with the pressure-sensor connection,
you will need to clamp the valve fit-
ting to the hose.

You may wish to use a normally
open pushbutton switch for your proj-
ect. That will prevent accidentally

leaving the power on and depleting
the battery.

Be sure to use a connector clip for
the battery to ease replacement when
necessary. The battery should be se-
curely mounted in the project’s en-
closure so that it does not rattle
around and break anything.

When you have completed assem-
bly, examine the circuit board very
carefully for bad solder connections
and inadvertent short circuits, es-
pecially between adjacent IC termi-
nals. Bad solder joints often are dull,
rough blobs of solder. Correct any
problems that you find. Figure 6
shows both sides of the completed
unit.

Checkout

To check out the project you will
need a DC voltmeter, as well as a
source of air pressure such as a porta-
ble air tank. Be sure tank pressure is
not over 100 psi. For the preliminary
checkout it is not necessary to know
the precise pressure of the source, but
it should be in the range near the
maximum measurement capability of
the project.

Before putting IC1 and IC2 in their
sockets, set the calibration potenti-
ometers to mid-position. Connect a 9-
volt battery, and turn on power.

Measure the voltage across C2; you
should obtain a reading between 4.8
and 5.2 volts DC. If you do not obtain
the correct reading, do not proceed
with the checkout until you trou-
bleshoot the problem. Check IC3 for
proper orientation. Check the termi-
nal voltage of the battery to verify that
itis delivering at least 7 volts. Discon-
nect the battery and measure the resis-
tance across C2 to verify that you do
not have a short circuit between the 5-
volt bus and ground.

FIG.6—HERE ARE BOTH SIDES of the completed unit. notice how the display goes on the

foil side.

When you are satisfied that the 5-
volt regulator is operating properly,
disconnect the battery from the proj-
ect and insert the IC’s into their sock-
ets. Be sure to follow the orientation
as indicated in Fig. 4.

Reconnect the battery to the project
and turn the power switch on. No
pressure is to be applied to the sensor
at this time. The display should indi-
cate a two digit reading, and adjust-
ment of R16 should allow you to set
the reading to 00.

If you don’t get any display, check
that the LCD is properly mounted on
the copper side of the board. Check
IC2 to be sure that it is properly ori-
ented in its socket. Check the 5-volt
regulator to verify that power is being
applied the circuit. If your meter is
capable of measuring DC current, you
can check the current draw from the
battery to determine if it is approxi-
mately 4 milliamperes, which is the
normal current draw of the project.

If you obtain a display but the il-
luminated segments of the digits are

not entirely correct, the most likely
cause is open or short circuits at the
output connections of IC2 which
drive the readout. Disconnect IC2 and
the battery from the project and locate
the fault using an ohmmeter.

Note that the display may, on occa-
sion, indicate 01 instead of 00. This is
not to be construed as a defect in the
circuit; it merely means that your zero
adjustment is not centered exactly.

When you are satisfied that the zero
adjustment of the display is correct,
you may apply full pressure to the P2
port of the sensor. When that is done,
the readout will indicate some
number. Adjust R6 for a display equal
to the pressure of the source, if
known.

continued on page 83
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LASTMONTH WE DIDN'T GET A CHANCE TO FINISH THE MOTHERBOARD
and the motor-controller board. So let’s finish up those two
boards now, and then continue with the story.

Construction

Assemble the motherboard by soldering the three edge conneetors
onto the PC board with the connector pins protruding through the
circuit side of the PC board. The schematic is shownin Fig. 1. The

circuit side of the board contains the large ground plane. ' | A This month

Figure 2 shows the parts-placement diagram for the : we di s
motor-controller board. First, solder the IC sockets to Joas i S(;IUS‘_S fhe 7%
the PC board (one can be obtained from TSI or you gd £ motor-controller _bQ&!‘d.

can make one from the foil pattern provided in

PC Service). Next, solder in; all remaining

components except for the following com- ) R
ponents that require special installation: S e LR
R71, R76, R85, R88, R93;, C6, CI7, = 1 i
C46 C48-C51, D20, andDZE, e R
' CapacﬂorsCﬁ CI7; and CAbare 70
_tall and have radial leada bty i
 leads stick out of the bottom) Rk

order to keep the height of the
- metor—cﬁnmllerbnarrlh '
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P21 POWER P22 MOTOR CONTROLLER P23 DIGITAL
BOARD BOARD BOARD
1 1 L. FOR 2 i START/STOP PROG
2 2 BD1 2 BO1
3 3 BD2 3 BD2
4 4 BD3 4 BD3
5 5 BD4 5 BD4
6 6 BD5 B BD5
7 1 BDG 7 BD6
3 8 BD7 8 BD7
9 {] BDS g BD8
10 BDY 10 BDY
1 BD10 11 BD10
12 BD11 12 BDN
13 BDI2 13 BD12
14 BD13 14 BD13
15 BD14 15 BD14
16 BDIS 16 BD15
17 STOP 7| L. TACH
18 + 10V 10V 18 | STOP
19 +5V + 5V 19 + 5V
20 + 5V + 5V 20 45V
21 DAD- 21 DAD
2 DAl 2 DAl
2 GND GND 23 GND
24 GND GND 24 GND
25 L FOR L. FOR 25
26 L. REV . REV % | DA8
27 R. FOR R. FOR 27 DAY
28 R. REV R. REV 28 DAID
29 FULL STOP DA2 29 DAZ
30 —10V —10V 30 DAS
31 + 40V DA 31 DA3
32 + 24V + 24V 32 DA4
33 FULL STOP L. REV 2 3 10V
34 L FOR 2 34 GATE PULSE 34 GATE PULSE
35 L REV 2 35 35 L TURN
36 R.FOR 2 36 START 36 START
37 R REV 2 37 MON SIG 37 FULL STOP
38 LC+ 38 38 | DA
39 L= 39 LC - 39 CUT SIGNAL
40 CUT SIGNAL 40 STOP. MOVE 40 STOP MOVE
41 POWER ON/OFF L. TACH 4 POWER ON/OFF
42 RC + RC + 42 KILL
43 RC — R.FOR 2 43 MON SIG
44 POWER START R.REV 2 4 POWER START
RC—
+40V
L. TURN
DA4
045 BUS

FIG. 1i—ALL OF THE INTER-BOARD CONNECTIONS are made via the motherboard.

PC board is disconnected from the
motherboard. The same D/A inputs
could be established by temporarily
blocking (with electrical tape) grass
sensors 1-8 after the Lawn Ranger is
completely assembled.

Motor controller test

The best way to test the motor-con-
troller board is after the Lawn Ranger
is completely assembled. By block-
ing grass sensors with your fingers or
electrical tape, you can simulate a
grass border that the Lawn Ranger
can track. As you block different

grass sensors, you can verify that the
motor controller is working properly
by observing the drive wheels as they
change speed and direction.
However, that will have to wait until
next month, when we will discuss the
construction and operation of the
power board. We’ll also discuss the
manual controller and mechanical
frame. Start building your own Lawn
Ranger now so you can have fun
learning valuable electronic skills
and, at the same time, produce a per-
sonal robot that can perform useful
work while amazing your friends

Power board

The power board is responsible for
providing regulated DC voltages,
controlling the power on/off function,
switching + 24-volts DC to the
motors (for forward and reverse rota-
tion), and stopping the cutting motors
after power is turned off. Figure 3
shows a photograph of an assembled
power board.

Figure 4 shows the block diagram
of the power board. The + 24-volt DC
input power is supplied by two 12-volt
lead-acid batteries that are connected
in series. The batteries are rechargea-
ble and can be purchased from sup-
pliers of electric wheel chair batteries
for about $35-$45 a piece.

Three DC/DC converters are used
to efficiently convert the + 24-volt in-
put to #+10-, +5-, and-+30-volts
DC. The DC/DC converters can be
purchased from Power General di-
rectly (see parts list).

The left and right motor power
drive circuits energize the drive
motors. The circuitry contains a se-
ries of power MOSFET’s that act as
low-resistance (0.035 ohm) switches.
The MOSFET switches can turn the
motors on and off, as well as apply a
reverse voltage to make the drive
wheels spin in reverse.

The cutting-motor drive circuitry
controls the rate at which the cutting
disks spin when they are initially
turned on. The amount of current that
is sent to the cutting motors is
monitored and limited to 15 amps
(peak) or approximately 10 amps
(average). The circuitry is also used to
quickly stop the cutting motors when
power is turned off by shorting the
motor leads together. That technique
is typically referred to as dynamic
braking. The shorting of the motor
leads causes a reverse magnetic field
to be generated inside the motors
causing the cutting blades to stop
within 3 seconds. A 0.0l-ohm re-
sistor (R32) is used to limit the motor
current to a safe level during dynamic
braking.

Circuit description

Figure 5 shows a detailed sche-
matic of the power board. The + 24-
volt battery power is routed through
J11 pins 4 and 5 and fuse Fl1. Relay
RY [ is used to connect and disconnect
power from the entire robot. Power is
switched on by the operator when the
ignition key is turned. The memen-
tary ignition switch grounds J21 pin
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FIG. 2—PARTS-PLACEMENT DIAGRAM for the motor-controller board.

FIG. 3—AN ASSEMBLED POWER BOARD should look similar to this one.

44 and energizes the relay. When the
relay switches, the three DC/DC con-
verters will begin to produce the ap-
propriate voltages and the CPU board

will come alive. The CPU board will
begin to run diagnostic checks and
then place +5 volts on J21 pin 41 in
order to turn QI1 on; that keeps the

relay energized after the operator re-
moves the key.

Forward/reverse motor drive

Transistors Q3-Q6 and Q7-QI0
are power MOSFET’s that are used to
control the left and right drive motors,
respectively. When the left drive
motor spins in the forward direction,
Q3 and Q5 are turned on and Q4 and
Q6 are turned off. Figure 6-a shows
the path that current follows when the
left drive motor is going forward. On
the other hand, if Q3 and Q5 are
turned off and Q4 and Q6 are turned
on, the current will flow through the
motor in the opposite direction caus-
ing the motor to spin in reverse (see
Fig. 6-b).

Cutting-motor control

The cutting motor circuitry con-
tains power MOSFET’s (QI3 and
Q14) for switching, as well as a feed-
back control system for current limit-
ing. Current limiting allows the
cutting motors to come up to speed in
a controlled manner by limiting large
current spikes when the cut button is
pushed. The MOSFET’s are con-
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FIG. ——HERE IS A BLOCK DIAGRAM of the power board.

PARTS LIST—POWER BOARD

All resistors are Ys-watt, 5%, un-
less otherwise indicated.

R1-R10, R13—R15, R17, R18,
R20-R28, R45-R49—not used
R11, R44, R50—3300 ohms
R12—680,000 ohms, 6-pin, Ya-watt,
SIP resistor network
Ri16, R19, R32, R43—0.01 ohm,
5 watts
R29—150,000 ohms
R30, R31, R34, R35—270,000 ohms
R33, R36—1 megohm
R37—147,000 ohms, Ya-watt, 1%
R38—10,000 ohms, potentiometer
R39—82,000 ohms
R40—100,000 ohms
R41—27,000 ohms
R42—22,000 ohms
R51-R54—560,000 ohms

Capacitors

C1-C5, C7-C13, C16, C17—not
used

C6-—1000 pF, 35 volts, axial
electrolytic

C14, C15, C23-C26—0.1 .F, 50 volts

C18, C21—100 p.F, 50 volts, radial
electrolytic

C19, C20—100 p.F, 16 volts, radial
electrolytic

C22—220 pF, 16 volts, radial
electrolytic

Semiconductors
IC1, IC2—not used
IC3—LF412N op amp

D1, D2, D11-D13, D30, D31-—not
used

D3, D4, D16, D17, D20-D24,
D33-D38—1N4001 diode

D5, D14, D18, D19, D32—1N4148
diode

D6, D15—1N5402 diode

D7-D10—1N5256B 30-volt Zener
diode

D25-D29—1N4740 10-volt Zener
diode

Q1, Q2, Q12—not used

Q3-Q10, Q13, Q14—IRFZ42
MOSFET

Q11, Q15, Q16—293904 NPN
transistor

Other components

Ji1—terminal strip

RY1—T90N1D12-24 relay (Potter
Brumfield)

RY2—68P-111P-US-DC24 relay
(Omron)

F1—3AG 30-amp fast-blow fuse

F2—2AG 0.5-amp fast-blow fuse

MOD1—Model DC2-2-24/12, = 12-
volt DC converter (Power General)

MOD2—Model DC2-2-24/15, = 15-
volt DC converter (Power General)

MOD1—Model 710, 5-volt DC con-
verter (Power General)

Miscellaneous: 3AG fuse holder,
2AG fuse holder, solder posts for
the “E” terminals, 18-gauge solid
insulated wire, 18-gauge stranded
insulated wire, solder, etc.

PARTS LIST—CONTROL PANEL

S1-S4—momentary pushbutton
switch

S5—SPDT switch

LED1—red light-emitting diode

Wire and sheet metal for the panel
itself

Note: The following equipment
can be purchased from Tech-
nical Solutions, Inc., P.O. Box
284, Damascus, MD 20872
(301-253-4933): etched and
drilled PC boards for CPU
Board, Motor Controller Board,
Power Board, and Motherboard,
$39 each; programmed EPROM,
$39; grass sensors, $8.99 each;
hand-held manual controller kit,
$39; full kit for CPU Board, $129
(PC board, EPROM, all parts);
full kit for Motor Controller
Board, $169 (PC board and all
parts); full kit for Motherboard,
$69 (PC board and all parts);
Power Board kit (PC board, and
all parts except DC/DC convert-
ers), $149; Detailed drawing
package, $59; Lawn Ranger
demo videotape and information
package, $19; complete elec-
tronic kit with everything men-
tioned above, $757. Please add
$8.00 for S/H. Maryland resi-
dents add sales tax.

nected in parallel in order to share the
switching load. They are turned on by
pull-up resistor R42 and turned off by
Qleé.

After the MOSFET’s are turned on,
the +24-volt power supply will be
routed to through R32 to pin 5 of relay
RY2. As the operator presses the cut
button, +35 volts will be applied to
J21 pin 41 and QI5 will turn on; that
grounds pin 4 of RY2 causing it to
switch the +24-volt battery power to
the cutting motors. The cutting
motors will begin to spin, and as they
begin to, the current through resistor
R32 will rise sharply; R32 is used as a
current monitor and the voltage across
it will rise in proportion to the current
flow.

Differential amplifier [C3-a ampli-
fies the voltage drop across R32 and
feeds it to pin 5 of IC3-b, which is a
comparator circuit that compares the
current flow with a preset value of 15
amps. When the current through R32
reaches 15 amps, the comparator out-
put (IC3-b pin 7) will swing positive
and Q16 will turn on. The power
MOSFET’s will turn off and the cur-
rent will stop flowing through the cut-



FIG. 5—DETAILED SCHEMATIC of the power board. High-current jumpers have to be
installed on the solder side of this board.
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FIG. 6—LOOKING AT a, YOU CAN SEE the
path that current follows when the left
drive motor is going forward. However, in
order for the motor to spin in reverse, b
shows the path that the current must take.

FIG. 7—THE HAND-HELD CONTROLLER
allows you to “walk” the mower around
the yard to cut a perimeter for it to follow.
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FIG. 8—HERE’S THE SCHEMATIC DIAGRAM of the hand-held controller.
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FIG. 9—THE ELECTRONIC CONTROL PANEL must be wired as shown.

PARTS LIST
HAND CONTROLLER

R1—240,000-ohm resistor

R2—56,000-ohm resistor

R3—10,000-ohm potentiometer

C1—47 uF electrolytic

S1—SPDT switch

S2—DPDT slide switch

S3—momentary pushbutton switch

Male and female DB-25 connectors,
ribbon cable, suitable enclosure

ting motors and R32. That causes the
comparator output to swing negative
and the MOSFET's will again turn on
causing the current to be applied to
the cutting motors. The process is re-
peated until the cutting motors have
reached their maximum velocity. Be-
cause the MOSFET’s are turning on
and off, instead of supplying full
power all at once, the cutting motors
will slowly come up to speed in a
well-controlled manner.

(Continued on page 80)
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Learn the principles of measuring power.

AC POWER MEASUREMENT: YOU PROBABLY
don’t think about it very much. Most
engineers and technicians normally
don’t even give it a second thought.
Nonetheless, it’s an extremely impor-
tant and pervasive area of electronics,
used in a wide variety of fields, in-
clude determining RF transmitter
power and field strength, radar, motor
and generator testing, sonar, stereo,
and acoustics, and one area that af-
fects all our daily lives, commercial
AC power distribution.

We’re all billed using a kilowatt-
hour (kWh) meter, and obviously
want it to be accurate. Utilities need to
measure true usage, because it affects
generator loading and fuel consump-
tion. Consumers likewise need to
control operating efficiency, peak
load usage, and billing. With rising
fuel costs and the need for con-
servation, the subject has become in-
creasingly relevant. AC power isn’t
always easy to measure, because it’s
affected by such factors as phase shift
and waveform distortion. This article
discusses techniques of measuring

HARRY L. TRIETLEY

AC power, using some special IC’s
designed for this purpose.

True power and RMS voltage
Let’s review DC power; the power
law, P=E X I, and Ohm’s law,
E=1XR, produce the 12 equations in
Fig. . They're for DC only, and omit
capacitive and inductive reactances.
They're valid for AC if the load is

FIG 1—0HM S LAW AND THE POWER
EQUATION combine to form 12 basic
equations for resistive circuits.

purely resistive (causing no phase
shift), and if E and I are true Root
Mean Square (RMS) values. RMS
means the square root of the average
of the squares of a series of voltages or
currents. The RMS concept is neces-
sary, because the time-average value
of a sinusoidal voltage or current with
no DC component is zero. Let’s see
why, and how this relates to power.

Figure 2-a shows a sinusoidal volt-
age sampled 16 times, applied across
Rl1in Fig. 2-b. As each sample varies,
the dissipated power is P(t)=e2(t)/
R1. To find the approximate RMS co-
efficient for time-average power, the
power is found for each sample, and
the average of the values is deter-
mined. Increasing the number of in-
tervals increases resolution, and
improves accuracy.

Table | shows the calculations; the
average sampled instantaneous power
is P=0.503X V2, /R1=
(0.709 X Vp)2/R1. The letters A-P
in Fig. 2 correspond to the same let-
ters in parentheses in the left-hand
column of Table I. The RMS value for
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Table 1—DETERMINING THE AVERAGE AND RMS CONVERSION
FACTORS

Sample Sample
Val

Sample
Angle, deg

‘Square of

Value

11.25 (A)
33.75 (B)
56.25 (C)
7875 (D)
112.25 (E)
134.75 (F)
146.25 (G)
168.75 (H)
191.25 (I)
213.75 (J)
225.25

281.25 (M)
303.75 (N).
326.25 (0)
348.75 (P)

Sample Value ot 1

Sums:

‘Average conversion factor: 10.292116=0.1

RMS conversion factor: 8.044/16 — 0,503, /0503 = 0.709,

FIG. 2—A SINUSOID SAMPLE IN 16 EQUISPACED locations in (a) is applied across R1in
(b). This is the first step in the approximate calculation of the RMS conversion factor.

sinusoidal current is found similarly.
If the RMS value for a different wave-
shape were desired, the process
would be repeated using new sam-
ples. This crude approximation gives
an RMS value of 0.709 X V., versus

a correct value of Vpr/V2

=0.7071 X Vp, an error of only
0.27461%.

The average or mean value isn't
just the average of the actual sin-
usoidal samples. since this is 0 volts,
as mentioned earlier. To find the aver-
age value, the average of the absolute

value of the samples in Table 1 (the
full-wave rectified case) is
0.643 X V. The correct value is
0.6366 X Vp, an error of only
1.01%. Fig. 3 shows the peak, RMS,
and average values for several wave-
forms, with sketches of each.

One of the more difficult concepts
to understand about power is that
there are really two separate types of
power, instantaneous and time-aver-
age. Since DC values are time-invar-
iant, instantaneous and time-average
DC powers are always equal. The
term used when referring to an RMS
value is that of “‘equivalency.” RMS
power, in an AC context, is consid-
ered “equivalent” to DC power. The
major factor for judging this equiv-
alency is what is referred to as the
“I2ZR™ effect, from the power for-
mula.

RMS power yields the same heat
dissipation in a resistive load as an
equal value of DC power. Reactive
loads (those with inductance or ca-
pacitance) cause a phase angle dif-
ference between voltage and current
equal to the phase angle of the load
impedance. Such a load may have
both resistive (real) and reactive
(imaginary) components; real “I2R”
power (heat) dissipation occurs only
in the real part, never the imaginary
part. The imaginary part refers to the
energy stored in capacitive electric
fields, and inductive magnetic fields.

You should know the meaning of
the word “imaginary” in this context;
it refers only to the phase difference
between voltage and current, never
that these quantities aren’t physically
present. As you've probably heard
before, “imaginary” voltages and
currents are quite capable of causing
real shocks.

Measuring true RMS voltage

You may have heard of “average-
responding” and “‘true RMS” AC
meters. Average-responding meters,
shown in Fig. 4, are simpler; they
rectify and filter AC to give the aver-
age value as a DC voltage, that's then
scaled to display RMS. Thus, a sine
wave with Vpe=1 volt produces
0.6366 volt going into the display, but
the display is calibrated to read 0.7071
volt. Because the relationship be-
tween RMS and average depends on
the waveform, the reading is accurate
only for sinusoids.

For example, average-responding
meters aren’t useful for measuring



RMS power in most modern circuits,
since nonsinusoidal waveforms are
very often used in SCR controllers
and variable-speed motor drives, nec-
essitating true RMS measurements.
The most common methods are ther-
mal, direct (explicit) computation,
and implicit computation. In imple-
menting these approaches, we’ll also
examine two RMS-to-DC converter
IC’s that take the work out of true
RMS measurement.

Thermal RMS measurement
Thermal techniques find RMS volt-
age by exploiting the fact that the real
component of power is dissipated as
heat in a resistor, as mentioned ear-
lier. In Fig. 5, R1=R2; the measured
voltage is amplified, buffered, and/or
scaled by Al, and passed to R1. Sim-
ilarly, R2 is connected to A2, a high-
gain differential amplifier producing
DC. Matched series-opposing tem-
perature sensors, usually thermocou-
ples, are in physical contact with RI
and R2, and A2 responds to their tem-
perature difference. If R1 is hotter
than R2, the output of A2 increases
until the temperatures of Rl and R2
are equal. The two temperatures will
be equal when the DC output of A2
equals the RMS output of Al.
Although this is a simple approach,
accurate measurements using this
method are difficult. The main prob-
lem is the need for highly accurate
thermal matching. Any difference in
size, shape, contact, or insulation
causes errors. Also, thermal inertia
has to be optimized. It has to be slow,
to average the AC waveform over its
whole cycle. However, excessive iner-
tia causes sluggish measurements.
The Linear Technology LT1088
RMS-to-DC converter has matched
pairs of 50- and 250-ohm resistors
and diode sensors in a thermal pack-
age. The diode has a forward-bias
voltage drop temperature coefficient
of —1.75 mV per °C, and the two sets
of internal resistors provide flexibility.
Figure 6 shows the LTI088 in a
practical circuit. Vy comes from an
amplifier stage, heating the 50-ohm
AC resistor while Al heats the 50-
ohm DC resistor via emitter-follower
QI. The level at pin 9 is | volt DC per
volt of RMS input, while A2 provides
gain adjustment. The maximum input
is 4.25 volts for 50 ohms, and 9.5
volts for 250 ohms. Accuracy is 1%
upto 50 MHz, with a 3-dB bandwidth
for Al of 300 MHz, and input crest

FIG. 3—PEAK, RMS, AND AVERAGE VALUES OF typical waveforms. Listed are a simple
square wave (50% duty cycle, 0 volts DC), a periodic pulse train (25% duty cycle, positive-
only), a triangle wave (0 volts DC), a sawtooth wave (positive-only), a sinusoid (0 volts
DC), and a 50%-sine wave used in light dimmers.

FIG. 4—AN "AVERAGE RESPONDING” AC POWER meter is calibrated to display the
equivalent RMS voltage of a sinusoid only.

factors (peak-to-RMS ratio) up to
50:1, making this method highly suit-
able for RF RMS measurement.

Direct RMS computation

Direct or explicit RMS computa-
tion solves the problem of RMS
power measurement electronically.
As shown in Fig. 7, the amplified or
buffered AC is rectified, squared,
averaged, and presented to a circuit
that determines the square root of the
average, giving the RMS level. The
problem here is the dynamic range of
the squared signal.

The squaring multiplier produces
full-scale output with both X and Y at
full scale. Thus, 100% inputs produce
100% output, 10% inputs produce 1%

FIG. 5—THERMAL RMS VOLTAGE MEA-
SUREMENT by the power dissipated by R1
and R2. Here, R1=R2; matched tempera-
ture sensors contact R1 and R2, and A2
responds to the temperature difference. If
R1 is hotter than R2, the A2 output in-
creases until the resistor temperatures
are equal, and the DC voltage across R1
equals the RMS voltage across R2.
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output, and 5% inputs produce 0.25%
output, and so on. Thus, this method
isn’t suited to voltages varying over a
wide range, or waveforms with high
crest factors.

Implicit computation

Implicit computation as shown in
Fig. 8 may seem less direct than ex-
plicit computation, but it’s simpler.
There’s no square-root needed, and
this approach has better dynamic
range than is the case in direct RMS
computation. Here, A and B in the
multiplier/divider are V,, and C is
VOUT' Thus Vi= (VIN)Z‘{VOUT‘ This
voltage is filtered (averaged) to be-

come the output. so
Vour=Aval(Vin)2NVourls

Vour= VAVG[(V )],

Analog Devices makes several IC’s
for implicit RMS-to-DC conversion,
such as the general-purpose
AD536A, the low-power/low-level
AD636, the high-performance
AD637, and the low-cost/low-power
AD736/7, all used by several man-
ufacturers of true-RMS DVM’s. For
an in-depth study of RMS-to-DC con-
version, you can get a free copy of the
RMS-to-DC Conversion Application
Guide (see the box on page 57).

Figure 9 shows a practical circuit
for a low-cost true-RMS meter using
an AD536A as ICl. The input is
scaled for 200 millivolts RMS at full
scale, applied to a buffer amplifier on
pin 7 (BuriN) of IC1, and fed from pin
6 (BUF OUT) to an absolute value preci-
sion rectifier on pin 1 (V). It then
passes through a squarer/divider that
provides a log output scaled in dB on
pin 5. :

The final output comes from a cur-
rent mirror that produces a current of
40 pA DC per RMS volt of input.
This current passes through an inter-
nal 25K resistor, to produce 1 volt DC/
RMS volt of input. There’s no offset
or gain adjustment, since the AD2026
Digital Panel Meter (DPM) module
includes them. If you use your own
meter, you can add an output ampli-
fier with gain and offset adjustments.

or

Current transformers

Electronic current measurement
usually begins by passing a current
through a dropping resistor to create a
proportional voltage. For currents of
tens, hundreds, or thousands of amps,
this is impractical, requiring resistors
in the milliohm range, or below. Cur-

FIG. 6—A PRACTICAL RMS-TO-DC CONVERTER using an LT1088. V,y heats the 50-ohm
AC resistor while A1and Q1 heat the 50-ohm DC resistor. The level at pin 9 is 1 volt DC per
volt of RMS input, and A2 provides gain adjustment. Accuracy is 1% up to 50 MHz, 3-dB
bandwidth is 300 MHz for A1, and input crest factors reach 50:1.

FIG. 7—DIRECT RMS computation; Amplified AC is rectified, squared, and integrated;
taking the square root gives true RMS. The squaring multiplier gives full-scale output with
both X and Y at full scale.

FIG. 8—IMPLICIT RMS COMPUTATION; it may seem less direct than Fig. 7, but it's simpler,
as no square-root is needed, and has better dynamic range. Analog Devices makes
several IC’s for this role; the general-purpose AD536A, the low-power/low-level AD636,

the high-performance AD637, and the low-cost/low-power AD736.

rent transformers reduce such high
currents to practical levels, using a
single winding of N turns on a
toroidal core.

The wire carrying the current is
threaded through the center of the
toroid and becomes a single-turn pri-
mary. The secondary current is I/N
times the primary current, and is
passed through a dropping resistor to
create the proportional voltage. Cur-
rent transformers generally produce 5
amps out at full-scale primary cur-
rent.

Power and phase shifts

Up to this point, we’ve considered
only true RMS measurement. Next,
we'll examine the effect of phase
shifts on power measurement. Our

discussion will deal only with pure
sinusoids. The concept of phase shift
has meaning for sinusoids as well as
other periodic waveforms of the gen-
eral form:

V(t)=Vpg Xsin[(2 X T X X t)+0].

Phase shifts are caused by capaci-
tive or inductive reactances. In a pure
capacitance, voltage lags current by
90 degrees, while in a pure induc-
tance, current lags voltage 90 de-
grees. RC or RL circuits produce
phase shifts other than 0 degrees or 90
degrees, while pure resistances cause
no phase shift at all.

In Fig. 10-a, a charging current
starts to flow into the capacitor as the
voltage rises, stops when the voltage
reaches its peak, and reverses as the
voltage falls. If there were no resis-
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FIG. 9—A CIRCUIT FOR A LOW-COST TRUE-RMS meter using an AD536A. The current
mirror sources 40 A DC per RMS volt of input through an internal 25K resistor, producing
1 volt DC per RMS volt of input. There’s no offset or gain adjustment, since the AD2026 D
igital Panel Meter (DPM) module includes them.

tances and thus no power loss, the
capacitor would store energy from the
inductor part of each cycle, and feed it
back the rest of each cycle, the gener-
ator acting like a motor. Looking at
the waveforms, instantaneous power
E X1 is positive for half a cycle and
negative the other half, so no net
power is gained or lost.

Figure 10-b illustrates pure induc-
tance. Any change in inductor current
induces an EMF opposing the
change, so current lags voltage by
90°. Energy is alternately stored in the
magnetic field and fed back to the AC
source. As in the case of the capacitor,
no net power is gained or lost in an
ideal inductive circuit with no resis-
tance.

Resistances convert electrical cur-
rent to heat; Fig. 10-¢ shows a pure
resistance, and Fig. 10-d an RL circuit
of under 90° phase shift. In general,
power usage for purely sinusoidal cir-
cuits is P=E x1xcos(0), where E
and I are RMS voltage and current, 6
is the relative phase, cos(0) is the
Power Factor (PF), and E X I is mea-
sured in Volt-Amps (VA). Also, at
0 =0 degrees, PF=1, while at 6 =90
degrees, PF=0.

Ideal reactive loads don’t consume

power, but they increase total current
drawn from a source, causing extra
loss in the resistance of generators,
transformers and power lines. Phase
shifts are minimized by adding capac-
itance to balance inductive loads
(motors and transformers). As men-

SOURCE INFORMATION
Burr-Brown Corp.
6730 S. Tuscon Blvd.
Tuscon, AZ 85734
(602) 746-1111

Analog Devices Corp.

1 Technology Way

P.O. Box 9106

Norwood, MA 02062-9106
Wilmington, MA

(800) 343-0315

Linear Technology, Inc.

970 Fraser Drive

Burlington, Ontario, Canada,
L7R3Y3

(416) 632-3998 or (800) 263-9353

Marshall Technology

(distributor for Linear Technology)
336 LosCoches Road

Milpitas, CA 95035

(408) 943-4600 or (800) 877-5682

tioned earlier, the imaginary compo-
nent of a joint resistive-reactive load
corresponds to the reactive part. The
fraction of the total power going into
the reactive part of the load is mea-
sured in Volt-Amps Reactive (VAR),
given by VAR =E x 1 X sin(0). Also,
at 0 =0 degrees, VAR =0 VA, while
at =90 degrees, the VAR is max-
imized, with no power is being re-
sistively dissipated as heat.

Measuring phase shift

Phase shift provides a measure of
the time difference between two
waveforms, by detecting the time be-
tween zero crossings; Fig. 11 gives the
general layout of a circuit that can be
used to measure a time difference.
Each comparator flips when its input
crosses 0 volts; their polarities are op-
posite one another. Comparator B sets
the flip-flop, while comparator A re-
sets it, both on positive-going transi-
tions.

If the voltage and current are in
phase, the transitions will be Y2-cycle
apart, and the flip-flop will be set 50%
of the time. Lagging current delays
the set, producing longer low and
shorter high intervals, while leading
current does the opposite. The filter
averages the flip-flop output, produc-
ing a voltage proportional to phase
shift, and rises or falls indicating lead
or lag.

This isn’t a complete working cir-
cuit, as component values depend on
input levels, supply voltages, and de-
sired output. Gain and offset adjust-
ments will be needed for calibration;
the output stage is a good place to add
them. One or both inputs should be
transformer-coupled for safety, but re-
member that transformers add phase
shift. Also, the output represents
theta, not sin(0).

Measuring true AC power

Now that we’ve covered true RMS
measurement and phase shifts, we
could consider a computational cir-
cuit for E X I X cos(0), but that would
be complex, and inaccurate for non-
sinusoidal waveforms. It’s easier to go
back to the basic definition of power;
at any given instant, power is
P=E X1. Power is found by integrat-
ing (averaging) the E X I product over
one or more cycles, as shown in Fig.
12-a.

Figure 12-a shows what takes place
in an electromechanical wattmeter
movement, while Fig. 12-b shows the
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FIG. 10—A PRESENTATION OF VOLTAGE, CURRENT, and power waveforms, for capaci-
tive, inductive, RC, and RL loads (a—d). With a 90° phase shift as in (a) and (b), average
power consumption over a complete line cycle is zero. Voltage and currentin phase, as in
(c), produces maximum power. A 45° phase shift as in (d) reduces average power.

FIG. 11—AN INCOMPLETE CIRCUIT CONCEPT TO measure relative phase shift. By set-
ting and resetting the flip-flop when the current and voltage waveforms cross 0. the
relative phase shift can be measured.

movement itself. In the meter, one
field is created by E, the other by I,
and the attractive force between them
is proportional to E XI. Filtering is

achieved by the inertia of the meter
movement plus mechanical damping;
otherwise, the pointer would vibrate
rapidly with each cycle.

FIG. 12—TRUE POWER MEASUREMENT,

UNAFFECTED by phase shifts and wave-
form distortions, is found by averaging
e(t) xi(t). In (a) appears a sketch of the
principle, while (b) displays a diagram of
an electromechanical wattimeter move-
ment.

Three types of electronic multi-
pliers are used: log/antilog ampli-
fiers, duty-cycle (pulse-width) modu-
lators, and Hall-effect devices. Figure
13 shows the first, that performs mul-
tiplication by adding logarithms,
log(E x I) =log(E) + log(1), and then
takes the antilog, anti-

log[log(Ex1)]=Ex1. The final re-
sult is integrated to find average
power.

The object here isn’t to discuss log/
antilog amplifiers; that’s an article in
itself. They all use the log relation



FIG. 13—MULTIPLICATION USING LOG/ANTILOG amplifiers. This circuit is also in-
complete, but the log/antilog amplifier exploits the log relation between current through
and voltage across the Base-Emitter (BE) junction of a bipolar transistor to find average

power.

DUTY-CYCLE |
| (PULSE-WIDTH) |
| moouLaTorR ® |

D UL L

FIG. 4—AN INCOMPLETE DUTY-CYCLE (PULSE-WIDTH) modulator. The voltage input is
converted to a duty cycle, modulating the current input to perform modulation.

FIG.15—A HALL-EFFECT DEVICE USED TO PERFORM multiplication, producing an EMF
proportional to the product of the semiconductor’s current times the magnetic flux

density.

between voltage and current in the
Base-Emitter (BE) junction of a bi-
polar transistor. IC multipliers are
available that perform the complete
log-sum-antilog function internally.
Examples include the Analog Devices
AD530/630/830, Burr-Brown
MPY 100 and 4203, and Raytheon
RC4200. Their prime advantages arc

simplicity, typical frequency response
of 400 kHz or higher, accuracy of
0.25-1.0%, and temperature stability
of 0.02-0.05%/deg C.

When extreme accuracy is needed
at low frequencies such as 50-60 Hz,
the duty-cycle (pulse-width) modu-
lator shown in Fig. 14 gives superior
performance. At 0 volts in, the pulse-

width modulator produces a 50% duty
cycle; its output controls an analog
switch that alternately connects non-
inverted or inverted inputs to the filter.
At 50% duty cycle, the signal fed to
the filter spends equal times positive
and negative, so the filtered output is
0 volts regardless of the current input.

As the input goes positive, the duty
cycle exceeds 50%. The switch
spends more time in the normal posi-
tion and less in the inverted, so the
filtered output polarity is the same as
that of the input current. Similarly,
when the input voltage goes negative,

the switch spends more time in the

inverted position and the output polar-
ity becomes opposite to that of the
input current. The higher the voltage,
the higher the duty cycle, and the
higher the filtered output. The output
is proportional to the product of duty
cycle X1, or e(t) xi(t).

Unlike the log/antilog circuit, this
one isn’t available as an off-the-shelf
IC, and is more complex to design
and build. It’s frequency response is
also lower, since the duty cycle fre-
quency must be many times higher
than that of the inputs. Properly de-
signed, however, it's capable of ac-
curacies lower than 0.1%, limited
more by the ability to obtain precise

AC calibration sources than the cir-

cuitry itself.

Finally, we’ll examine Hall effect
multipliers, as shown in Fig. 15. A
Hall-effect device uses a shaped and
doped semiconductor in a magnetic
field. As the holes or electrons flow at
right angles to the field, they're de-
flected in a curved path toward the
semiconductor edges, inducing an
EMEF between two edges proportional
to the product of flux density B and
current i(t); reversing either reverses
the EME

In AC power measurement, the
power current controls the magnetic
field, and the power voltage controls
the semiconductor current. The in-
duced EMF is amplified by a differen-
tial amplifier, filtered, and scaled.
Hall effect devices are very linear, and
have a wide bandwidth. Their main
drawback is they need temperature
compensation to achieve high sta-
bility. Clearly, AC power measure-
ment involves much more than
multiplying voltage and current. The
techniques shown here make possible
precise measurement of RMS voltage/
current, phase shift, and true power in
electronic circuits. R-E

066} 1SNONY

o
w



L

SOINOH1OTTI-OlavH 8
T r——L —




the original World War II band desig-
nations, and then add their own letter-
ing. They maintain the HE VHE and
UHF designations, but above that,
use the designations L, S, C, X, Ku,
K, Ka, Millimeter, and Sub-
millimeter.

For purposes of this series, the high
end of the UHF region will be consid-
ered part of the microwave region,
since there’s no sharp transition in
properties from the shortest non-mi-
crowave UHF wavelengths to the lon-
gest microwave wavelengths. Also,
certain applications usually consid-
ered strictly in the microwave region
sometimes also use UHF (such as
long-range radar). For present pur-
poses, our definition includes all fre-
quencies above 500 MHz but below
the IR region.

No doubt you’re wondering how
microwaves differ sufficiently from
other frequency ranges of electromag-
netic waves to warrant a separate se-
ries of articles. Microwave wave-
lengths approximate the physical size
of ordinary electronic components, so
components tend to behave dif-
ferently when this is the case. At mi-
crowave frequencies, a half-watt
metal film resistor is a complex RLC
network with distributed inductance
and capacitance, and a much different
resistance. Certain characteristics ir-
relevant at lower frequencies become
significant in the microwave region.
Components and conductors act in-
creasingly like transmission lines,
with reflection, transmission, and
cross-talk becoming critical to circuit
function.

Microwave history

Microwave technology was rela-
tively undeveloped until World War
I1, when huge investments in research
and development led to rapid develop-
ments in radar and other electronics
technologies used in the war. Vacuum
tubes of the 1920’s and 1930’s
wouldn’t work at the UHF or micro-
wave frequency ranges. The main
problems were interelectrode capaci-
tance and electron transit time from
cathode to anode. Attempts to reduce
electrode size and spacing caused
other problems that proved unaccep-
table in practical circuits.

Interelectrode capacitance was re-
duced using clever geometries and
closer interelectrode spacing (also a
factor in transit time). By World War
II, operation at 200 MHz was possi-

TABLE 1—OLD U.S. MILITARY MICROWAVE FREQUENCY BANDS

BAND DESIGNATION

FREQUENCY RANGE

S<OARXOWr T

225 MHz—390 MHz
390 MHz—1.55 GHz
1.55 GHz—3.9 GHz
3.9 GHz-6.2 GHz
6.2 GHz—10.9 GHz
10.9 GHz-36 GHz
36 GHz—46 GHz
46 GHz-56 GHz

56 GHz—-100 GHz

TABLE 2—NEW U.S. MILITARY MICROWAVE FREQUENCY BANDS

BAND DESIGNATION

FREQUENCY RANGE

ErxXe—IOmMmmMOOT>

100 MHz—250 MHz
250 MHz=500 MHz
500 MHz—1 GHz

1 GHz-2 GHz

2 GHz-3 GHz

3 GHz—4 GHz

4 GHz—6 GHz

6 GHz-8 GHz

8 GHz—10 GHz

10 GHz—20 GHz
20 GHz—40 GHz
40 GHz-60 GHz
60 GHz—100 GHz

TABLE 3—IEEE/INDUSTRY STANDARD MICROWAVE
FREQUENCY BANDS

BAND DESIGNATION

FREQUENCY RANGE

HF
VHF
UHF

L
S
C
X
Ku
K
Ka
Millimeter
Submillimeter

ble, 500-800 MHz was achieved by
the end of the war, and 800 MHz by
the early 1950’s. In 1920, Barkhausen
and Kurz of Germany achieved 0s-
cillation at 700 MHz by manipulating
electron transit time. Although the
Barkhausen-Kurz Oscillator achieved
UHF/microwave oscillations, it was
inefficient. Overheating was also a
problem, because the grid glowed
white hot at high power.

3 MHz-30 MHz
30 MHz-300 MHz
300 MHz—-1 GHz
1 GHz-2 GHz

2 GHz—4 GHz

4 GHz-8 GHz

8 GHz—12 GHz
12 GHz-18 GHz
18 GHz—27 GHz
27 GHz—40 GHz
40 GHz-300 GHz
>300 GHz

One solution in 1921 by A.W. Hull
replaced the grid with a magnetic
field, which later evolved into the
magnetron, the first practical high-
power microwave generator, still used
in some radars and microwave ovens
today. Unfortunately, it’s a narrow-
band device, often requiring the de-
signer to make a trade-off, regarding
available output power versus fre-
quency agility.
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FIG. 1—THE ELECTROMAGNETIC SPECTRUM; the upper end of UHF is considered
microwave. Both regions have common properties, and certain microwave applications,
like long-range radar, are often UHF. Here, microwaves include all frequencies above 500

MHz and below IR.

The power-vs-frequency dilemma
seemed insoluble until 1935, when
W.W. Hansen of Stanford Univ., and
A.A. Heil and O. Heil exploited tran-
sit time by velocity modulating an
electron beam. In 1939, W.C. Hahn
and G.F. Metcalf proposed the theory
of velocity modulation for microwave
tubes. A few months later, Russell H.
and Sigurd F. Varian extended Dr.
Hansen’s work, producing the first
two-cavity microwave vacuum tube
using velocity modulation, known as
a reflex klystron. And, in 1944, R.
Kompfner invented the helical Travel-
ing-Wave Tube.

Much of the really critical micro-
wave development work during World
War II was performed at the Massa-
chusetts Institute of Technology Radi-
ation Laboratory, known as the
RadLab. Their reports are still ac-
tively used today by many working
microwave engineers as references,
and can be found—over 45 years
later—as standard items in many
technical bookstores.

In the 1950s vacuum tubes began
to be replaced with bipolar tran-
sistors. Although P-N junction semi-
conductor diodes like the IN23 were
made for low-frequency microwaves
during World War I, other solid-state
devices simply refused to function at
these frequencies. Semiconductor
materials exhibit a phenomenon anal-
ogous to vacuum tube transit time,
called electron saturation velocity.

B.K. Ridley and T.B. Watkins in
1961 and C. Hilsum in 1962 indepen-
dently predicted that gallimum-arse-
nide (GaAs) would exhibit the
transferred-electron effect. In 1963,
John B. Gunn of IBM experimented
with N-type gallium-arsenide
(GaAs), and noted current instability
that was due to negative resistance.
That observation evolved into the
Transferred-Electron Device, or
Gunn diode.

Other solid-state microwave de-
vices soon followed. You can now buy
DC-to-2-GHz Monolithic Microwave
Integrated Circuits (MMIC’s) that

w
tromagnetic waves, exhibit the characteristics of amplitude, propagation in free space at
the speed of light, frequency, wavelength, period, and phase.

produce about 13-20 dB of gain for
about $1. Other solid-state microwave
devices operate at 20 GHz or more.
All such microwave solid-state de-
vices exploit negative resistance for
oscillation and amplification.

Modern electronics designers have
a wide variety of solid-state devices to
select from, and microwave tech-
nology is no longer the poor orphan of
electronics. Radar, communications,
electronic navigation, and satellite
TV links all operate at microwave fre-
quencies. Also, modern medical di-
athermy, or tissue heating, long ago
moved from the 11-meter band to mi-
crowave frequencies.

Wavelength and frequency

Microwaves, like all other elec-
tromagnetic waves, exhibit the
characteristics of amplitude, propaga-
tion at the speed of light in free space,
frequency, wavelength, period, and
phase (see Fig. 2). Amplitude is the
measure of intensity, expressed in
electric or magnetic field (volts/meter
or amps/meter). The speed of light in
free space is ¢=3 X 108 meters/sec-
ond = 186,200 miles/second.

Frequency is the number of indi-
vidual oscillations per unit time, as
measured in Hertz (Hz), or cycles per
second. Figure 2 shows a cycle as one
complete reversal of the waveform,
e.g., either TI-T3 or T3-T5. The
GHz, or 10° Hz, is the frequency unit
most commonly used in microwaves.

Wavelength is the interval in dis-
tance between identical points on suc-
cessive cycles of a wave (see Fig. 2).
It’s measured between identical peaks
or zero crossings in a given direction.
For all propagating waves, the prod-
uct of frequency and wavelength is the
propagation speed, or v=X\ X fVe,.

Here, A is the wavelength in
meters/cycle, fis the frequency in Hz,
€, is the magnitude of the complex
relative permittivity or dielectric con-
stant of the propagation medium rela-
tive to vacuum (unitless), and v is the
propagation speed.

Solving for wavelength:

A=c/fVe
or frequency:
f=c/\Ve.

For microwave signals in air, wave-
lengths vary from 10 centimeters at 3
GHz to | millimeter at 300 GHz. Mi-
crowave frequencies above 20 GHz
are also called millimeter waves due
to their extremely short wavelengths
(under 1.5 centimeters). In media



other than dry air or vacuum, propa-
gation speed decreases. To maintain
constant propagation speed. the
wavelength must decrease if frequen-
cy is held constant. .

The only characteristic quantity that
remains perfectly constantin a propaga-
ting wave is frequency. When micro-
wave energy passes through a piece of
plastic, for example, its speed decreases
because €1, but A must also decrease
to produce the same number of cycles
in a given time interval.

Any waveform can be described ei-
ther temporally (in time) or angularly.
As is shown in Fig. 3-a, period is
shown to be the reciprocal of frequen-
cy T=1/f, where T is the period (in s/
cyc), and f'is frequency (in Hz).

The angular description of a sin-
usoid stems from the fact that it’s
mathematically generated from a cir-
cle, arbitrarily defined as containing
360°. The true, non-arbitrary angular
unit is the radian (or rad); to define it,
consider a circle. If, as is shown in
Fig. 3-b, you bend a line segment one
radius long to fit along a sector of the
corresponding circle, it subtends a
57.3° angle. If you repeat this as
many times as possible over the entire
circumference, you’ll fit 6.28 radii on
the circle in all, or 3.14 radii along a
semicircle.

By definition, the number 6.28 is
twice the constant pi (), or 2Xm
radians = 6.28 rad, so w=3.14. Since
2 X it radians =360°, then 7w radi-
ans =180°, or 1 radian=57.3°. The
term phase denotes either Absolute or
Relative Phase Angle (APA or RPA).
The APA refers to the number of de-
grees or radians into a given cycle
where the instantaneous point of inter-
est is located. In Fig. 3-a, for exam-
ple, point A’ has an APA of /2
radians or 90°.

Relative phase angle (RPA) refers
to the phase angle between two sig-
nals, whether two voltage signals,
two current signals, or voltage and
current signals. The waveforms of
Fig. 4 aren’t coincident (phase angle
6 isn’t 0°). In this example waveform
A is a cosine function, while wave-
form B is a sine function). These
waveforms are of the same frequency,
but 90° out of phase with each other.
This condition is called a quadrature
phase relationship.

Skin effect
There are several reasons why ordi-
nary lumped components don’t work

=
E
z
z

r+ 4 1+14r=3.14r=180°=57.3°+ 57.3°+ 57.3°+8.1°.

e B i i e M[gf

FIG. 3—WAVEFORMS ARE DESCRIBED EITHER temporally or angularly. In (a), the Abso-

lute Phase Angle at A’ is 90° or 1/2 rads. In (b), a radius bent to fit on its circle subtends a
57.3° angle, so 6.28 radii fit in all. Or 2 x x rads = 360° = 6.28 rads, = rads = 3.14 rads = 180°,

or 1 rad =57.3°, the most basic angular unit.

AMPLITUDE

i__ PHASE
DIFFERENCE

ELATIVE PHASE ANGLE REFERS TO the phase angle between two signals,
whether two voltage signals, two current signals, or voltage and current signals. Here,
waveform A is a cosine function, while waveform B is a sine function. They have the same
frequency, but are 90° out of phase, called a quadrature phase relationship.

FIG.

well at microwave frequencies. As
mentioned earlier, component size
and lead lengths approximate micro-
wave wavelengths. Also, distributed
values of inductance and capacitance

become significant here. Finally,
there’s the skin effect, which occurs
when AC tends to flow on the surface
of a conductor.

While DC flows throughout the en-
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tire cross-section of a conductor, AC
flows only near the surface, in a nar-
row cross-sectional band that gets
thinner as frequency increases. Cur-
rent density falls off exponentially
from the surface of the conductor to-
wards the center, as shown in Fig. 5.
At the critical depth 8, called the skin
depth, the current density is 1/

FIG. 5—THE SKIN EFFECT CAUSES AC
TO flow near the surface of a conductor.
While DC flows through the cross-section,
AC flows only in a narrow band near the
surface (a). Current density falls off expo-
nentially toward the center; at the critical
(skin) depth &, the current density is 1/
e = 36.8%, of that of the surface (b).

e=1/2.718=0.368 = 36.8%, that of
the surface.
Skin depth is defined as

d=1/VrXfXpo,

where 8 is skin depth (in meters), f is
frequency (in Hz), p is permeability
(in henries/m), o is conductivity (in
siemens/meter).

Microwave components

Because current only flows in a
small part of the cross-section of a
microwave conductor, instead of
through its entire cross-section as at
lower frequencies, the AC resistance
of a microwave conductor is consider-
ably higher than its DC resistance.
Because skin effect is a function of
frequency, conductors will perform as
they do at DC for very low frequency
AC, but may be useless in the micro-
wave range.

For these reasons, microwave cir-
cuit design must consider the dis-
tributed resistance, inductance, and
capacitance for components. In addi-
tion, specially designed lumped con-
stant components like thin-film in-
ductors, and chip resistors and
capacitors, are necessary. For exam-
ple, Fig. 6 shows how an inductor

\—v__/
TV

FIG. 6—MICROWAVE CIRCUIT DESIGN
MUST consider distributed resistance, in-
ductance, and capacitance of compo-
nents. Also, special lumped-parameter
parts are used, like thin-film inductors,
and chip resistors and capacitors. Here's
how an inductor might appear in a micro-
wave circuit on a PC board. Capacitors are
similar, but the conductors are separated
from one another.

might be formed in a microwave cir-
cuit built onto a PC board. Capacitors
are also made similarly, but with the
conductors separated from one an-
other.

In our next installment, we'll con-
sider traditional methods of generat-
ing RF power. While not specifically
microwave technology, that little his-
tory lesson will set the stage for your
understanding of why vacuum tubes
and other early generators fared so
poorly at microwaves. R-E
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HARDWARE
HACKER

Data compression

THERE'S A PAIR OF STUPENDOUS NEW
high-end compaction break-
throughs for this month, so |
thought it might be a good time to
go over some of the fundamentals
oft:

Data and image compression

You can compact data or an image
whenever you wantto store itin less
space or else transmit it in less time.
The process of compaction is some-
times called compression, while the
reverse process is called restoration,
expansion, or regeneration.

A compression scheme is
noiseless if it does not add anything
in the way of artifacts to the output
data string. A scheme is lossless if
nothing gets removed and if the re-
covered data is exactly the same as
the input data. Being both lossless
and noiseless is obviously impor-
tant if you're dealing with electronic
funds transfer. On the other hand,
slight video-image quality variations
to that tapioca pudding scene in
Godzilla versus the Night Nurses
will usually not be noticeable. Even
to the critical reviewers of this cross-
genre classic.

A data compression scheme func-
tions in real time if it keeps up with
TV frames or movie film, or else if
less than one second of delay is
needed for a user interaction. The
compression is symmetric if the
same amount of time and hardware
is needed for either data compac-
tion or regeneration.

The compression ratio is simply
how much compaction you gain. If
you reduce a 100K textfile to 12.5K,
your compression ratio is a big 8:1.
Similarly, a 20 percent compression
reduces your file size by 5:4.

As you might suspect, a modest

amount of compaction, say 30 per-
cent, is easy to do. Things get sticky
fast after that. The higher the com-
pression ratio, the more time and
effort that is required to do the job.

Naturally, there is a fundamental
limit to the ultimate achievable com-
pression, based upon information
theory and on entropy constraints.
Because both the English language
and typical pictures are extremely
redundant, these limits are often
surprisingly generous.

But do note that the less redun-
dant your information, the more in-
tolerable any errors will become.
Further, any simple errors tend to
become far more destructive.

For instance, any uncompressed
error that misspells a single word
can instead totally trash the entire
message in your compacted file.
This error intolerance, along with
the long processing times, are the
two serious tradeoffs that get in-
volved in extreme compaction.

Compression schemes which are
content dependent are often (but
not always) more effective than
schemes that can accept anything as
an input. In general, the more you
know about what you want to com-
press, the more you can squash it.
For instance, the compacted data
string alincgburgadd should not

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:
Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

= =
Huffman Codes
Video Line Drivers
Run Length Encoding
New Compaction Chips

Amateur Radio Astronomy

e L

DON LANCASTER

take you four score and seven years
to expand into its full text version,
especially if you have got a library
handy.

Or, as a second example, you
could use a city, state, and azip code
consisting of the single digit 0 for
your own town in a local mailing list.

Several popular areas of compres-
sion interest include ASCII text
strings, fax printouts, delta modula-
tion, disk data formats and full color
HDTV video images.

Text compression

Eight-bit bytes of 256 states are a
wasteful way of showing ASCII text
letters, which at the most needs 127
characters, and often require only
26. Early Infocom text adventures
used a scheme that crammed three
ASCII characters into a pair of 8-bit
bytes, a compression to 67 percent.
Which also made snooping for hints
real tough. The Adams adventures
instead used character pairs. The
most commonly used occurrences
of two characters got placed in un-
used code slots, again giving you
something like a 3:2 compression
on the average.

In spelling checkers, the words
are usually arranged alphabetically.
Since each new word will share
many of the initial characters with a
previous one, you can provide a
leading number instead. For in-
stance, to get from fixation to
fixative, the second word could be
coded as 6ve. You can also use
character pairs as well as a trailing
byte that could represent the 256
most popular combined ways of
ending words, s, ing, ly, ed, and so
on. When all is said and done, it
takes only slightly over 9 bits to rep-
resent an average English word in a
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spelling checker.

Advanced data compaction
schemes often are first described in
the Communications of the ACM
from the Association for Computer
Machinery.

Going to a non-ASCll interpretive
code can also help you bunches.
For instance, to describe a single
curved portion of a PostScript
character, six signed integers, seven
spaces, and the word curveto get
involved. For a total of around 42
characters.

In Adobe’s Type | Fonts, a special
character string code gets used, of
which 32 entries are commands,
and the rest signed numerics of one
or two self-spacing bytes. Typically,
only six bytes will be needed for the
same curveto example, giving you a
compaction of 6:1 or so. There are
more details in Adobe’s Type | Font
black book. | do have a few of these
in stock.

The ASCII letter “e” usually needs
eight bytes for transmission. So
does an ASCII “z.” But the “e” gets
used far more often. So, why not set
up a code where an “e” needs four
bits, while a “z” needs fourteen? On

NEW FROM
LANCASTER
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Symbo! "A" that is 20% iikely codes as 10

Symbol "B" that 1s 18% likely codes as 000
Symbo!l "C" that Is 10% likely codes as 011
Symbot “D" that is 10% likely eodes as 110
Symboi "E" that is 10% likely codes as 111

Symbol "F" thatis 6% likely codes as 0101

Symbo! "G" that is 6% likely codes as 00100
Symbol “H" that is 4% lixely codes as 00101,
Symbo!l "I thatis 4% likely codes as 01000.
Symbol "J" thatis 4% likely codes as 01001

Symbel "K" that Is 4% likely codes as 00110.
Symbol “L" thal is. 3% likely codes as 001110
Symbol "M" that 's 1% likely codes as 001111

FIG. 1—A HUFFMAN COMPRESSION
USES SHORT CODES for often-occurring
letters or symbols, and longer codes for
those less often used. On the average,
your overall message will end up shorter.
Here's a simple example code which in-
volves thirteen symbols.

the average, all of your text mes-
sages will end up somewhat shorter.

Such a scheme is called Huffman
coding. The original horse’s mouth
document is A Method for the Con-
struction of Minimum-Redundancy
codes, as found in the September
1952 Proceedings of the IRE. An ex-
ample of a Huffman code appears in
Fig. 1.

gHt.n‘fman codes are based upon
making the length of a character
code inversely proportional to the
popularity of that character’s use.
The good news here is that a
Huffman coding is fairly fast and
simple, and often can be applied in
combination with other compaction
techniques. The bad news is that a
variable bit length word can be awk-
ward to handle in an 8-bit or 16-bit
micro, and that the total compaction
you get is often rather modest and
typically in the 20-percent range.
Worse, errors under a Huffman cod-
ing do tend to trash the entire mes-
sage, rather than a single word or
two.

Variations and improvements on
this scheme are known as modified
Huffman codes. These are in no way
limited to ASCII. Any place you have
symbols with different probabilities,
you can use variable-length codes
to your advantage. Often, your mes-
sage will first get analyzed, and a set
of rules in dictionary form will get
sent as a prolog. Matching the cod-
ing to the message usually gives you
the optimum compaction.

Fax and the printed page
Most fax images and most printer
output consists of little bits of black

buried in a sea of white. Obviously,
a bitmap that sets aside one bit for
each black or white dot is horren-
dously inefficient most of the time.

One popular way around that
which works exceptionally well with
black-and-white images is called
run length encoding. With run
length encoding, each successive
byte represents how many black
dots or how many white dots are to
follow. For instance, four bytes in a
bitmap could only represent 32 pix-
els. But those same four bytes co-
ded -18- -56- -9- -143- could now
represent a string of 226 pixels, a 7:1
compaction. In this case, the first 18
pixels would be black, followed by
56 white ones, followed by 9 black
ones, and a final 143 white ones.
Figure 2 shows you a simple exam-
ple of run length encoding.

Should you have lots of picture
detail, popular run length encoding
schemes will automatically switch
back to a bitmap whenever bitmaps
are more efficient. The code can
also be extended to allow for identi-
cal sequential lines.

In PostScript, the first time your
descriptive font character is used,
that character gets converted into a
bitmap and placed into a font cache.
Repeated use of the same character
becomes much faster, since you are
now only moving a bitmap using a
BitBlt operator, rather than generat-
ing fancy paths. On up to a certain
size, “real” bitmaps are used. Above
that size, run length encoding is
used to minimize the storage
needs. While run length encoding
in PostScript is typically six times
slower than using a real bitmap, the
method is still many hundreds of
times faster than using the original
character description.

Most modern fax machines use
what is known as a Group /Il com-
pression, which is based largely
upon run length encoding. One
source of circuits and information
on Group Il compression is
American Micro Devices, especially
their AM95C71 video compression-
expansion chip set.

But the best way to compress a fax
image is to flush it and use
PostScript instead. Besides offering
you a ridiculously better image
quality, most PostScript superfax im-
ages transmit in one-tenth the time
and will store in one-tenth the
space.



HORIZONTAL BITMAP CODING:

00
00
01
OF
7C
TF
00

07
3F
F7
87
07
EE
TE

FOQ
EQ
co
co
co
1)
PE

00
00
00
00
00
00
00

00
0o
03
I
FF
00
00

RUN LENGTH ENCODING:

D7
i
15
D8

cc
55
T
ce

8C
g7
co
DB

B9
C5
FO
9D

CA
53
.\
B9

OF
TE
E7
07
FF
07
R

8¢
ic
OF
DB

FO
FO
co
co
EF
FD
FE

.
45
09
9D

00
00
00
00
co
00
00

c9
47
70
BO

00
00
07
3E
E'F:
00
00

BC
c3
FO

IE
EF
c7
o7
EFE!
07
1F

BC
55
97

FO
co
co
co
EE
FO
FE

ce
qc
01

00
00
00
0o
80
00
00

[oled
26
FO

00
00
07
3E
EF
00
00

e
Bl
78

143
FF
c7
07
FF
07
i7h3)

17
Cid:
D8

FO
co
co
co
FE:
FO
FE

cé
65
CD

00
00
00
00
80
00
00

52
c
8C

(A zero value means "don'i change” unless at the line end.)

FIG. 2—RUN LENGTH ENCODING IS AN EFFECTIVE compression scheme for black-and-
white images. In this example, four-bit bytes representing how many white or black pixels

replace the bitmap for a 2:1 compaction.

Doing the obvious

One obvious way to compress
files is to not send what you don’t
need. Eliminating all comments and
REM statements from programs at
run time is a typical example. So is
getting rid of any extra spaces used
for pretty printing. In PostScript,
careful use of persistent downloads
and common dictionaries will very
much reduce your individual file
sizes.

Another way to really compact
certain types of images goes by the
name of delta modulation. With de-
Ita modulation, you transmit only
the changes between what you have
now and what went by previously.

Animation is one obvious exam-
ple. I've had one of my students do
some incredible 4-stroke engine an-
imation on the Apple lle simply by
brute force coding only frame-by-
frame changes in successive pic-
tures.

Butdeltamodulation really shines
in sound synthesizers. To compact
voice or music, you try to anticipate
where the sound is going to be in
the next sample, and then transmit

only the difference between the
predicted and exact value.

This is known as linear predictive
coding, and the sound toolkits on
the Macintosh and the Apple ligs
include lots more detail. A typical
compression is 2:1 or 8:3, depend-
ing on the acceptable quality.

| use an even sneakier form of
delta modulation to speed up
PostScript. Say you have a shipping
label orabusiness letter with a fancy
letterhead and a digitized signature.
Instead of retransmitting the entire
image each time, you simply place
the total image into your PostScript
printer once and then print the first
name and address. You then erase
only the name and address, and
then print up your second name
and address, repeating the process
until your entire mail list or what-
ever is finished. The same idea
works well with forms, or anywhere
else a long makeready time can be
shared among many different out-
put copies.

The disk breakthrough

Most floppy- and hard-disk for-
mats are surprisingly wasteful of
space. So there are lots of pos-
sibilities here, over and above the
obvious of trying to increase the
number of tracks or the number of
bytes per track.

Knowing exactly how your disk
space is organized can often save
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you bunches of room. As one an-
cient example, leaving off those last
eight invisible bytes of an Apple Il
HIRES image saved you an entire
DOS disk sector per picture.

In ProDOS, a511-character textfile
needs only one sector, while a 513-
character one needs three sectors;
one for the first 512 characters, a
second for the new index block now
required in your switch from a
seedling to a sapling file, and a third
for the final data byte.

In fact, you can save at least one
sector anytime you can get your file
size just under a multiple of 512. Full
details in the Beneath Apple Pro-
DOS from Quality Software.

On the Mac, removing unused re-
sources from your System files can
often free up surprising amounts of
disk space. This becomes especially
critical on earlier Mac versions with
limited RAM.

Similarly, knowing how your disk
files are arranged and stored on any
system can sometimes save you
quite a bit of space. Especially on a
disk that is nearly full and needs
room for one or two more short
files.

Our first major compression chip
breakthrough for this month is the
IC-105 co-processor from Infochip
Systems. This one is initially intend-
ed for the MS/DOS world and gives
you an average of a 3:1 or higher
compaction of disk files. And does
so while remaining fully noiseless
and lossless, and still allowing a full
random access. Compression is real
time up to 2 megabytes per second,
and the decompression blazes
along at a 5-megabyte per second
rate.

An adaptive algorithm is used that
senses the type of data and creates
optimum data dictionaries for each
type. A Markoff scheme is used.

Interestingly enough, you do not
have to store these data diction-
aries. They will automatically build
themselves up during the de-
compression process. Image com-
pression can go as high as 15:1. The
initial cost is in the $200 range.

The obvious first use for this chip
is for tripling the amount of disk
storage space on any laptop com-
puter. It will be interesting to see
how error-tolerable this new tech-
nique is. It should be a real winner if
it works reliably enough under real-
world noise conditions.
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The image breakthrough

But the really big development
this month is the CL550A chip by C-
Cube. This beauty does a full-color
video compression from any source
to 33:1and beyond in real time, up
to and including 60-frame-per-sec-
ond HDTV! A massive 300:1 parallel
pipelining is provided through an
unusual architecture. The action in
this chip takes place at a previously
unheard of ten billion operations
per second.

The compression is done by mak-
ing what are known as Discrete Cos-
ine Transforms, that involve blocks
of 64 pixels. It turns out that certain
spatial frequencies and some color
shifts are nearly invisible to the
human eye, so a careful filtering
throws out anything that you aren’t
going to be able to see anyway.

Best of -all, this chip implements
what is soon to be an international
JPEG (Joint Photographic Experts
Group) image standard, soitisin no
way proprietary.

The obvious uses include gen-
uine multimedia on personal com-
puters, compact full animation on
CD-ROM and for squashing the
bandwidths needed for HDTV
broadcasts to well under those cur-
rently being used for plain old TV.

C-Cube does have a free technical
information packet for you on their
products, along with demo boards
and software emulators. Projected
pricing of their chip is in the $95
range.

Video distribution amplifiers
There are lots of times when you

Open Circuit
Termination Termination

Open Circuit

el 1

=t

might like to drive more than one
video monitor from a single source.
Unless you are very careful, you will
get disappointing results. For-
tunately, there’s a brand-new low-
cost MAX457 chip from Maxim
which greatly simplifies this task.

Video is normally routed through
shielded cables with a characteristic
impedance, of 75 ohms or so.

If you do intentionally open or
short-circuit a cable, whenever a
pulse or other signal gets to the end,
itwill reflectand bounce back to the
source and cause standing waves—
unless the cable is terminated at
both ends by a load equal to its
characteristic impedance.

At baseband video frequencies,
reflections off a short cable may not
be all that bad. As a crude rule, if the
cable is ten feet long or less, you can
often get away without terminating
it. Longer than that, and you will
want resistive terminations at both
ends, or you will get character
smearing and other loss of quality.

Figure 3 shows you the correct
way to tie several monitors to a sin-
gle source. You can use a daisy-
chain connection. The monitors in-
side the chain should all be set to
their high impedance termination
stage. The last monitor in the string
should get load terminated.

Note that you cannot simply put a
bunch of monitors in parallel, since
all their loads will gang up and
swamp your source, leaving you
with a very washed out picture,
poor sync, or even nothing at all.

Figure 4 shows you a dual video
driver using the MAX457. Each out-

75 Ohm
Termination

|
b

i

Video Source

758

FIG.3—THE CORRECT WAY TO CONNECT several video monitors to a single source is to
daisy chain them. Only the last monitor input should be terminated with a 75-ohm

resistor. Never connect cables in parallel!

PROTECTIONS

0
-' O

While watching rental
movies, you will notice an-
noying periodic color
darkening, color shift, un-
wanted lines, flashing or
|agged edges. This is
caused by the copy protec-
tion jamming signals em-
bedded in the wdeo tape,
such as Macrovision
protection. Digital Video
Stabilizer: RXlI completely
eliminates all copy protec-
tions and jamming signals
and brings you crystal clear
pictures.
FEATURES:

@ Easy to use and a snap

to install
® State-of-the-art in-

tegrated circuit technol-

L] ?gg% automatic - no
need for any
troublesome adjust-
ments

©® Compatible to all types
of VCRs and TVs

@ The best and most excit-
ing Video Stabilizer in
the market

@Light weight (8 ounces}
and Compact (1x3.5x5")

@ Beautiful deluxe gift box

@ Uses a standard 8 Voll
battery which will last 1-
2 years.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY

copy people to use

WARNING :

SCO
Electronics and
RXIl dealers do
not encourage

the Digital
Video Stabilizer
to duplicate
rental movies
or copyrighted
video tapes.
RXIl is in-
tended to stabi-
lize and restore
crystal clear
picture quality
for private
home use only.

( Dealers Welcome )

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-694-1240
Visa, M/C,COD  M-F:9-6
SCO ELECTRONICS INC.
Dept. cr4g 581 W, Merrick Rd. Valley Stream NY 11580
Unconditional 20 days Money Back Guarantee

(battery not Included)

CIRCLE 196 ON FREE INFORMATION CARD

1 Unit 10+
Jerrold S.B. $74 ....$55
Jerrold SB w/Trimode.....$90 .....$70
0ak N-12 (W/VS)...cevvienae $89 ....$65
Scientific Atlanta............ .$109...875
Pioneer $109...8375

Panasonic converter........ $98.....379

73 channel converter.......$79......$59

We Beat Anyone’s Price!
30 Days Money Back Quaranty
Free Catalog
Visa, M/C, COD or send money order to:
US Cable TV Inc. Dept.KCT8
4100 N.Powerline Rd., Suite F-4
Pompano Beach, Fl 33073

1-800-445-9285

Please have make and model number of the
equipment used in your area ready.

No Florida Sales!

It's not the intent of US Cable TV Inc. to
defraud any pay TV operator and we will not
assist any company or individual in doing so.

CIRCLE 197 ON FREE INFORMATION CARD
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BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

ek

: Earn up to
| $30 an hour
gi@ R and more!

/ I [mamenen e,
No costly School. No commuting to class.
The Original Home-Study course pre-
pares you for the **FCC Commercial Radio-
telephone License'. This valuable license
is your “‘ticket’ to thousands of exciting
jobs in Communications, RadioTV, Micro-
wave, Computers., Radar, Avionics and
more! You don't need a college degree to
qualify. but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS — You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

| [ e et bl |
1

Ccommanb PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90
P.O. Box 2824, San Francisco, CA 94126

1

1

: Please rush FREE details immediately!
1 NAME
]
1
L

ADDRESS
CITY =S, P STATE A0 P 8
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LEARN VUR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK,WORKING
PART TIME FROM YOUR OWN HOME!

Secrets
Revealed!

NO Special
“Tools or
Equipment

THE MONEY MAKING OPPORTUNITY
OF THE 1990°S
IF you are able to work with common small hand
tools, and are familiar with basic electronics (i.e. able
to use voltmeter, understand DC electronics). . . .
IF you possess average mechanical ability, and have a
VCR on which to practice and learn. . . .then we can
teach YOU VCR maintenance and repair!
FACT: up to 90% of ALL VCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77 million VCRs in use today nationwide!
Average VCR needs service or repair every 12 to 18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho-
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals the SECRETS of VCR mainte-
nance and repair—"real world” informafion that is
NOT available elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of running a successful service op-

eration!  ppEE |NFORMATION
CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.
3540 Wilshire BL. STE. 310

RADIO-ELECTRONICS

Los Angeles, CA 90010 Dept. RE
CIRCLE 182 ON FREE INFORMATION CARD
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FIG. 4—THIS DUAL VIDEO DRIVER is handy any time you want to use more than one
monitor with a VCR or a computer, especially with long cables.

put is an independent 75-ohm
source. You can cascade as many of
these as you need to.

To make up for the drop across
the 75-ohm source resistance, the
video gain is set to precisely two.
Half of that develops across the
source, and half across your termi-
nating load. At a gain of two, the
bandwidth is around 30 megahertz,
so high-definition stuff can be han-
dled as well as ordinary video.

Asplit +5, —5 supply is required.
Sorry about that, but you do have to
somehow suck out current on all
your grounded sync tips. Supply
current is under 40 mils for the pair
of drivers. The normal output level
is adjusted to a white level of 2 volts
and grounded sync tips. That be-
comes a standard one-volt video
signal after the drop across the
source resistor.

Radio astronomy resources

For our resource sidebar this
month, | have chosen to round up
some stuff for amateur radio astron-
omers.

Two of the foremost resources are
Bob Sickels and Jeff Lichtman. Bob
runs Bob’s Electronic Service and
publishes the Radio Observer mag-
azine. He also stocks parts and kits
for low-noise amplifiers, microwave
electronics, chart recorders, and
lots of similar stuff. His free catalog
also has a good no-nonsense intro.

Jeff has published three classics in
the field which include his fine

Radio Astronomy Handbook, his
Solar Radio Astronomy, and his
Microwave Radio Astronomy.

A leading amateur astronomy
club is apparently the Society of Am-
ateur Radio Astronomers. Their $20
yearly membership includes a
newsletter.

Publications providing radio as-
tronomy information in them in-
clude Science, the Astrophysical
Journal, NASA Tech Briefs, and their
discontinued [EEE Transactions on
Radio Astronomy.

Two radio astronomy sites which
welcome visitors are the NRAO ob-
servatory located in Greenbank,
West Virginia, and that VIA site in
New Mexico.

New tech literature

Useful new data books for this
month include a Voice Synthesis LSI
and Telecom LSIvolumes from OKI;
Microwave Transistors from Phillips,
High Speed CMOS Logic from
Samsung; Optoelectronics and Im-
age Sensors from Texas Instru-
ments; and A/D & D/A Converters
from Sony.

Toni Patti of the Cryptosystems
Journal offers some newly revised
free Lorenz attractor “Owl’s Mask”
chaos theory programs when you
send him a formatted IBM disk. In-
cluded is a powerful set of new 3-D
graphics routines. Other free soft-
ware includes a Selectrim trimpot
selector from Bourns, and a

continued on page 90



| Low-cost Logic Analyzer l

ogic analyzers can inspire

fear. They're usually expen-
sive, conceptually difficult, and
hard to use. To counteract that
trend, Photronics has intro-
duced the LAl Logic Analyzer, a
$100 device that plugs into your

COMMAND : T Center Eye Focal Grids Hide Length Options Plot Quit Windou PC. The LAl is not going to put
y gth Op

Zoon

Center x:0

ast time we outlined the
hardware and software com-
prising the static RAM disk. Un-
like a RAM disk allocated from
system memory (whether con-
ventional, extended, or ex-
panded), our RAM disk occupies
only afew I/O port addresses. And
because it contains its own
CMOS memory subsystem, our
RAM disk can be immunized
against power failures.
Now let's talk about how the cir-
cuit works, and about how to
build and use the SRAM disk.

Hardware details

The circuit consists of three
main sections: a bus interface, a
battery backup circuit, and the
static RAM array. Figure 1 shows
the complete schematic diagram.

The PC bus interface consists
of IC3, IC4, and IC5. The latter
are a pair of 74LS5244’s (three-
state octal bus drivers) that buff-
er the address lines. A bi-direc-
tional three-state octal buffer

Length x:10 1y:10 Derive 3D-

Tektronix out of business, but it’s
not even trying to compete. The
LAl is really an educational tool
that provides a low-cost, easy-to-
use introduction to logic ana-
lyzers. It keeps cost down by lim-
iting operating speed to about
(IC3, a 74L5245) buffers thedata | 100 kHz, and by relying on the PC
lines. for its intelligence.

The ©R (/O Read) line from the The LAl consists of a half-
expansion bus drives the data di- | length card that plugs into any 8-
rection input of IC3; the decod- | or 16-bit slot. As shown in Fig. 1,
ing circuitry discussed below | A connector is accessible to the
drives IC3's gate input (pin 19). user through the rear bracket; a

The decoding circuitry con- | supplied ten-conductor ribbon
sists of IC6, IC7, and several | cable plugs into the connector.
gates in IC9 and IC10. Two out- | The cable is terminated with
puts from IC6, a 74LS138 3-to-8 | color-coded mini-clips that you
line decoder, drive the TS inputs | attach to the circuit under test.
of the parallel ports (IC1and IC2). | Eight lines are for data, one is
In a multi-board system, the first | ground, and the other is for an
board uses the two low-order out- external clock.
puts (Y0, v1) of IC6; subsequent (Continued on page 78)
boards use higher-order outputs. .
Address lines AO and Al select
one of four registers (three data
ports and one control port) in the
selected port (IC1 or IC2). Address
lines A2—A4 drive IC6, which pro-
vides an output select every four
addresses.

For IC6 to be enabled, its Gza
must be driven low. For that to
happen, several conditions must
be met. First, aen from the bus FIG. 1
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must be low. If it is notlow, a DMA
operation is taking place. Sec-
ond, either R or oW must be ac-
tive (low). When those conditions
are met, pin 3 of IC10 will go
high.

Another necessary condition is
that the a=B output of IC7 be
high. That IC is a four-bit magni-
tude comparator; it has three
outputs that reflect the state of
two four-bit sets of inputs. If the
binary-weighted A inputs are less
than the binary-weighted B in-
puts, the a=p output goes high.
The a=8 and asB outputs function
similarly. To compare more than
four bits, you can cascade IC’s by
connecting outputs of one stage
to corresponding inputs of the
next. The lowest-order stage re-
quires its A=B input to be high.

In our circuit, A9 from the bus
drives the A=B input, and A5—-A8
drive the comparison inputs. DIP
switch S1 is connected to the
other group of comparison in-
puts. The A5 and A8 address
lines actually drive the a3 and ao
inputs, and A6 and A7 drive the
B2 and B1 inputs respectively. The
other A and B inputs are con-
nected to the poles of S1. The net
effect is that pin 6 goes high
when A9 is high and when A5-A8
match the DIP-switch settings.

Table 1 shows the switch set-
tings for various I/O port ad-
dresses. In each line of the table,
the address shown is 512 more
than the sum of the binary
switch weights. The reason is
that A9 is also decoded, so the
minimum address is 512.

When pin 6 of IC7 and pin 3 of
IC10 go high, pin 8 of IC9 goes
low, thus enabling IC6-d, one of
the port ICs. In addition, after
inversion by IC10-b, the pin-8
output also enables IC3, the
data-bus buffer. At that point a
byte will be read or written (de-
pending on the states of Tor and
ow) to the appropriate port of the
selected port IC.

SRAM array

Each SRAM has fifteen address
lines, eight data lines, an output-
enable (oE) line, a write-enable
(W) line, and a read/write (rRW)
line. Port A of IC1 drives the low-
order address lines of all SRAM’s;
the lower seven bits of port B

0661 LSNODNY
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side of the board install all re-

TABLE £ O HOREADURESSES sistors, then IC sockets, then ca-

Si-d Si-c Si-a Si-b Address pacitors, then the DIP switch and
(256) (128) (64) (32) (decimal) the two header blocks for the

backup battery and the decoding
ON ON ON ON 512 block. Then, on the back side of
ON ON ON OFF 544 the board, install the six jumpers
ON ON OFF ON 576 shown in Fig. 2. Connect a pair of
ON ON OFF OFF 608 wire-wrap wires to each pin of a
ON OFF ON ON 640 two-pin female header; connect
gﬁ SEE 8‘:[: 8EF %E the other ends of the two wires to
ON OFF OFF OFF 736 the pads by the ©5 inputs of IC1
OFF ON ON ON 768 and IC2 (pin 6). Then connect the
OFF ON ON OFF 800 female header to the desired pair
OFF ON OFF ON 832 of pins on Pl. Choose A+B,
OFF ON OFF OFF 864 C+D, E+F or G+h, and make
OFF OFF ON ON 896 sure that the wire from IC2 goes
8§E 8;": SEF 8;’: ggg to the lower-order pin (A, C, E,
OFF OFF OFF OFF S5 or G). In a multi-board system,

use the jumper settings shown in
Table 2.

drive the high-order address
lines; and port C drives the data
lines. The high bit of port B (PB7)
functions as a pseudo read/write
line that drives the ok lines, and,
after inversion by IC8-a and IC8-
b, also the WE lines. Last, the A
and B ports of IC2 drive the chip-
select inputs of the SRAM’s, one
bit per SRAM. Port C of IC2 is not
used in the present design; you
could modify our circuit to de-
code an additional 8 SRAM's or
use the port for other things.

Data retention

The battery-backup circuitry is
quite simple. Five volts from the
bus feeds all of the logic and par-
allel ports. In addition, bus
power also feeds the SRAM's and
associated chip-select pull-up re-
sistors (R6—R21) via diode D1.
When bus power is off, the back-

up battery feeds the SRAM's and
pull-ups via D2.

The author successfully used
several types of batteries for
backup, including a 0.1-Farad ca-
pacitor formerly sold by Radio
Shack, four AA cells, and a re-
chargeable cordless phone bat-
tery (Radio Shack number
32-173). If you use a rechargeable
battery, install a jumper in D2’s
position.

Construction

You can build the circuit on a
prototype board with an XT-type
bus interface, or you can build it
on a PC board. Foil patterns are
shown in PC Service; a drilled
and etched board with plated-
through holes is also available
from the source mentioned in the
parts list.

Asshown in Fig. 2, on the front

O T LR

[+

a
[ B
Tt HE e

TABLE 2—BOARD SELECT

Board IC2,Pin6 IC1,Pin6
1 A B
2 Cc D
3 E F
4 G H

The board is a little too tall to fit
in an XT-style case. Either use an
AT case, or trim the board to a
height of about four inches.
Doing so will cut through several
traces, which can then be re-
placed by jumper wires. Make
sure you don’t remove any more
than the top eight traces to keep
the additional jumpers to a mini-
muin.

If you trim the board, the addi-
tional jumpers should be added
between the correspondingly
numbered pads J1...J8. For ex-
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Parts List

All resistors are Yawatt. 5% unless
otherwise noted.

RIERE i b 4700 ohms

Capacitors mmesss——
CICI8. s 0.01 WF polyester

(o3 BV i ek oo e it g 10 pwF, 10 volts,
electrolytic

Semiconductors m———

D1,D2 ...........coeroennn.. INS14 switching
diode

3 (e L (ov s e ot o i sl = L R 8255
Programmable peripheral interface

d (e o 7415245
Bidirectional bus buffer

) (87 3 (o J e o 7415244 Octal
bus driver

2 (O A S e e 74LS138 Three-
e T to-eight line decoder
MO it iy e 74LS85 Four-bit
comparator

L T o e ) 741504 Hex
nverter

B L o e R . 74LS00 Quad
NAND gate

FCTO PR Ll i ol 74LS08 Quad
AND gate

IC11-IC26 ..................43256-10 Stalic
RAM

Other Components msss—

SWL e s Four-position DIP
switch

Bl e e Four AA cells
{with holder) (optional)
R 2-position, single-
row, 0.1" female header

8 b e e 2-position. singte-
row, 0.1" female header

L N vy 8-position, single-
rotw, 0.1" male header

S SR AR R 2-position, stngle-

row, 0.1" male header

Ordering Information

The following are available from
Hatronics
145 Lincoln Street
Montclair, NJ 07042
(201) 783-7264
(201) 245-6614 (BBS, join the
Hatronics conference)

Bare PC board...............

Kit with OK RAM

Kit with 128K RAM ....cvvvivniniiiisrinin $155
Kitioith 256K RAM ..ol 5220
Kit it b I2IRAM . el ey $322
Assembled and

testednRil O T Tty e $135
Assembled and

testediunit 2o6K: s on $255
Assembled and

fested unit  DIa K e s $395

All orders add 810.00
_for shipping and handling.
New Jersey orders

add sales tax (6% ).

5 CLS

10 PRINT"#*%*kkkkkhhdhhhhdhdthhhhhhhhhdhkhhkhhhbhhhhthhhhihhhhdhn

20 PRINT"*
30 PRINT"*
40 PRINT"*
50 PRINT"*
60 PRINT"*

e

SRAM INITIALIZATION PROGRAM LTy

ot

COPYRIGHT HATRONICS * 1

P

70 PRINT"*®#%%kkkkhdkkdhhhhidhkdbhhhddhbhhhhhhhhhhhhrhihhhhhhhihin

80 PRINT"

THIS PROGRAM WILL INITIALIZE THE FIRST 32K "

90 PRINT" THIS WILL SET UP THE FAT AND DIRECTORY AREAS "

95 PRINT

97 INPUT" WHAT PORT ADDRESS ";

99 IF PO%=0 THEN GOTO 130

PO%

100 PRINT" ARE YOU SURE YOU WANT TO DO THIS 772 Y or N "
110 AS=INKEYS$: IF AS="Y" OR AS="y" THEN GOTO 140

120 IF AS="" GOTO 110
130 PRINT" ABORTED !!1": END
140 DIM S2(16)

150 82(1)=254:82(2)=253:52(3)=251:82(4)=247
160 S2(5)=239:52(6)=223:82(7)=191:52(8)=127
170 P1A=PO%:P2A=P0%+16:P1B=P0O%+1:P2B=P0%+17
175 P1C=PO%+2:P2C=PO%+18:P1D=P0O%+3:P2D=P0O%+19

180 OUT P1D,128
190 OUT P2D, 128
200 OUT P2B,255
210 OUT P2A,255
220 P$=P2A
230 PRINT"
240 IF BA =2 THEN P$=P2B

250 FOR S = 0 TO 127

260 FOR T = 0 TO 255

270 OUT P1A,T:OUT P1B,S$+128
280 OUT P1C,0

290 OUT P%,S2(S3):0UT P%,255
300 NEXT T
310 NEXT S
320 PRINT

ample, run a jumper from J1 un-
der the DIP switch to J1 by C9,
from J2 under the DIP switch to
J2 by C10, etc.

If you're not going to install all
sixteen SRAM’s, install the
SRAM’s in part-number order
(IC11, IC12,...1C26).

Check your work carefully for
solder bridges and cold solder
joints. Fix any problems, and
then set S1 to a value unused by
any other adapter in your system.
Try 768 if you're not sure; that
address is reserved by IBM for
prototype boards.

Then power down your PC and
insert the board into a vacant ex-
pansion slot.

Initialization

Power your PC up; if it doesn’t
boot normally, power down
quickly, check the board again,
and correct any mistakes.

Before you can use the board,
you must initialize it. Run the
BASIC program shown in Listing
1; that program performs a func-
tion similar to DOS’s FORMAT
command. If you don't keep a
battery attached to the board,

INITIALIZING FIRST 32K"

" END INITIALIZATION":END

you'll have to run the BASIC pro-
gram each time you boot. In that
case, you may want to modify the
program so that it automatically
uses the correct port address and
so that it returns to DOS after it
finishes executing. In other
words, change all END state-
ments to SYSTEM statements.
Then you could execute the pro-
gram from your AUTOEXEC.BAT
like this: GWBASIC SFORMAT.
The author is working on an
enhancement that will allow the
driver to optionally initialize the
board each time you boot. Both
the initialization program and
the device driver are available
from the RE-BBS, 516-293-2283,
300/1200, 8N1. The file called
SRAMDISK.EXE is a self-extrac-
ting ZIP file that contains the
BASIC program, the executable
version of the device driver, and
the source for the device driver.
Run SRAMDISK.EXE on a disk
with at least 150K of free disk
space. Check with the author at
the address given in the parts list
for the latest version of the ini-
tialization program and device
(Continued on page 80)
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(Continued _from page 73)

The card has several jumper
blocks for specifying the I/O ad-
dress through which data is
passed to the host PC, and for
selecting the clock type and rate
of the clock. If you use the inter-
nal clock, you can specify a clock
frequency of 1, 10, 100, 1,000,
10,000, or 100,000 Hz. The board
is laid out well, has a solder mask
and a silk screen indicating all
component positions, and all IC's
are installed using socketed con-
nectors.

The software consists of a sin-
gle executable file that uses a
drop-down menu system for load-
ing and saving files, configuring
defaults, capturing data, print-
ing the results, etc. To capture
data, you first specify capture pa-
rameters using the dialog box
shown in Fig. 2. The trigger byte
lets you specify the byte with
which capture will begin. You can
specify O, 1, or X for each bit. For
capture to begin, you must re-
ceive a byte that matches the pat-
tern of 1s and O in the trigger
byte. (X matches eitheralora0.)

The Edge Select field in the di-
alog box allows you to specify
whether each byte will be cap-
tured on the leading (+) or the
trailing (—) edge of the clock.
Sampling Count specifies the
number of bytes to capture: 16,
32, 64, 128, or 256.

Timeout specifies the max-
imum period of time to wait for
the trigger byte. If it is not re-
ceived in that amount of time,
the capture process terminates.
You can specify an infinite wait
by specifying a value of 0; how-
ever, your computer will lock up if
the desired byte is not received.

After capturing data, you can
view a graph of the state of each of
the eight captured bits at each
clock cycle. The software switch-
es to a graphics mode for this dis-
play; all standard IBM adapters
(CGA, EGA, VGA, 8514, 3270) are
supported, as are several others.

The program will also print the
graph; most common dot-matrix
and laser printers are supported.
Figure 3 shows a LaserJet II
printout of one sample run.

Trigger Byte

Edge Select &

Sampling Count 7503

Timeout [ztcs]

Color Code

Number of Seconds for Trigger Time Out 0-25

Port: COM1 of 2 Options: 9660

Send Status:

MENU
Fi-Help
Fi-Fort
Fi-lptions
F4-RTS
F5-DTR
Fo-ASCII
F7-Send
Fi-Capture
F-Handshaking
Fle-fuit

No Parity, 1 Stop

&1 |CTS- DSR- CD Rl

FIG. 3

The LAl also has a special “Log-
ic Probe” mode, in which a bit-
mapped display is constantly up-
dated to reflect the state of the
input probes. For demonstration
purposes, you can run the soft-
ware without the card in a ran-
dom mode, in which data is not
captured but created by a ran-
dom-number generator.

Documentation consists of a
20-page pamphlet that does a
good job of explaining how to set
up and use the LA1, but is weak
on background information and

examples. That's a weakness, be-
cause [ doubt that anyone famil-
iar with logic-analyzer operation
would be interested in a product
like this. Its low speed and 8-bit
operation simply aren’t sufficient
for real-world use.

For educational use, the easy-
to-use interface has a distinct ad-
vantage, but the documentation
should have some sort of tutorial
information. All in all, though,
the LA1 would be valuable in con-
junction with a beginning course
in digital electronics.pCD4
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GETTING

)
THE MOST | Mimer™" "
FROM YOUR |-—
PRINTER ‘
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BP181—It is probable that 80% of dot-ma-
trix printer users only ever use 20% of the
features offered by their printers. This book
will help you unlock the special features and
capabilities that you probably don't even
know exist. To order your copy send $6.95
plus $1.50 for shipping in the U.S. to Elec-
tronic Technology Today inc., P.0. Box
240, Massapequa Park, NY 11762-0240.

SECRETS OF THE
COMMODORE 64

Secrets of the
COMMODORE 64

BP135—A beginners guide
to the Commodore 64 pre-
sents masses of useful data
and programming tips, as
well as describing how to
get the best from the
powerful sound and graph-
ics facilities. We look at how the memory is
organized, random numbers and ways of
generating them, graphics-color-and sim-
ple animation, and even a chapter on ma-
chine code. Get your copy today. Send
$5.00 plus $1.25 for shipping in the U.S.
to Electronic Techology 'ﬂma Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.
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PROMPT DELIVERY!!
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DYNAMIC RAM

2Ca7-10
$250,00

8B

S8 g3Raznhs

256Kx1
256Kx1
256Kx1
256Kx1
B4Kx4
G4Kxd

. EPROM
27C1000 128Kkx8 200 ns
27512 g4kx8 200 ns
27256 32kx8 150 ns
27128 16KxB8 250 ns

TATIC RAM
62256P-10 32kxe 100 ns
6264P-12 BKx8 120 ns
6116aP12 21x8 120 ns

OPEN 6 DAYS, 7-30 aw-10 pu. SHIP VIA FED-EX ON SAT.

SAT DELIVERY | MasterCard VISA or UPS CASH COD

INCLUDED ON w%cs;p&osﬁisms UNLIMITED, INC.

RECEVED BY; | BEGGS, OK 74421 (91 8) 267-4961
»
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| Serial port setup with sPORTt |

ou can never have enough
weapons in the never-ending
battle with RS-232 interfaces.

sPORTt is a software-only serial
port tester that aids determining
correct port settings for PC com-
patibles. It provides an interac-
tive screen, shown in Fig. 4, in
which you can change settings at
will, as well as send and receive
data. Whatever you type at the
keyboard is sent out the current
port at the current settings. You
can also send a disk file, and re-
ceive to a disk file.

The nice things about sPORTt
are that you can quickly and easi-
ly change settings, and that the

Photr onics LAL Logic Analyzer
Binary Counter Test

o5 [[[L[]

A

Data Bit Number
=
-

o -

1& 24

32 40 48 56 &4

0
Bute Sampled l
Sec. L
Hag. 44X
FIG. 4

current settings are always visi-
ble. For example, if you wonder
whether that plotter requires a
high on RTS, press F4 to make it
high, and then send some data. If
that doesn't work, press F4 to
turn it back off, and try again.
You can follow the same pro-
cedure with DTR. The states of
the receive signals (CTS, DSR,
CD, RI) are constantly displayed
as well.

The central portion of the
screen contains the Communica-
tion Display, in which all sent
and received characters are dis-
played. Each character is dis-
played according to the current
display mode (ASCII, hex, deci-
mal, binary), which you set with
F6. Unfortunately, the numeric
display modes are a little raw,
with no spaces between adjacent
characters, which makes the val-
ues difficult to read. I'd like to see
the display formatted in a DE-
BUG style, with numbers on the
left and ASCII on the right. A
“chat” mode, in which keyboard
characters (BackSpace, Tab, etc.)
were interpreted intelligently
would also be nice.

The program currently sup-
ports COM1 and COM2; it would
be nice if the user could specify a
port address, because the “stan-
dards” for COM3 and COM4 are
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not universally adhered to, and
multi-port serial boards use al-
together different addresses.

Using the program is easy, be-
cause the single screer is self-ex-
planatory. Printed documenta-
tion includes a 40-page three-
ring notebook with background
information on serial communi-
cations, 9-pin, 25-pin, and null-
modem wiring diagrams, etc.

At bottom, sPORTt is a handy,
easy-to-use diagnostic for PC’s. It
won't substitute for a fancy exter-
nal serial-port analyzer, but at
$90, it costs 10% of one of those
devices.pCD4

| C: The Complete Reference ]

-language aficionados will

appreciate McGraw-Hill's
comprehensive new reference by
the prolific Herbert Schildt. The
book is divided into five parts.
Part one includes an introduc-
tion to C that is as good as some
textbooks. Part two includes
complete descriptions of all stan-
dard library functions. Part three
discusses data structures and al-
gorithms common to all types of
programming (searching and
sorting: stacks, queues, and
linked lists; arrays; etc.). Part
four discusses programming
problems from a higher level, and
includes discussions of interfac-
ing with assembly language;
porting and debugging, and soft-
ware engineering. Part five dis-
cusses C+ +, ANSI C, and how
the latter differs from the classic
K&R version of the language. At
800 pages, the book is about two
inches thick, and it’s filled with
code examples, all of which are
available on-disk directly from
the author for about $25. If
you're thinking about switching
to C, this book will help you get
up to speed quickly. If you're al-
ready there, it will serve as a valu-
able reference.pCD4

ITEMS DISCUSSED
® LAl Logic Analyzer ($99.95),
Photronics, Inc., 109 Camille
St., Amite, LA 70422. (504)

748-7090.
CIRCLE 260 ON FREE INFORMATION CARD

® sPORTt ($90), Western Hy-
drologic Systems, 3037 Grass
Valley Hwy., #8201, Auburn, CA

95603. (916) 885-2480.
CIRCLE 261 ON FREE INFORMATION CARD

® C: The Complete Reference,
2nd ed. (8$28.95), Herbert
Schildt, Osborne McGraw-Hill,
2600 Tenth Street, Berkeley, CA

94710.
CIRCLE 262 ON FREE INFORMATION CARD

RAM DISK DRIVE

continued from page 77

driver.

The next task is to add the de-
vice driver to your CONFIG.SYS
file. Until you are sure things are
working the way you want, you
may want to boot from floppy, not
your hard disk. Later, after you
arrive at the correct configura-
tion, copy the device driver to
your hard disk and edit its CON-
FIG.SYS.

The device driver line in CON-
FIG.SYS takes the form:
device=a:ramdev.sys /768 #16

$016 %2
The first parameter specifies the
board’s base address, in this case
768. Next comes the number of
SRAMS installed (16), followed by
the number of directory entries
(016), and last by the number of
sectors per allocation unit (2).
Each parameter must contain
the number of digits shown
(three, two, three, and one, re-
spectively). Add a leading zero (or
leading zeros) if necessary. In ad-
dition, you must prefix the base
address with a slash, the number
of IC's with a pound sign, the
number of directory entries with
a dollar sign, and sector number
with a percent sign.

Edit the CONFIG.SYS of your
boot disk to add the appropriate
values, and then reboot. If all is
working well, you should be able
touse the static ram disk just like
any other kind of drive in your
computer.pCD4

LAWN RANGER

continued from page 50

Hand-held controller

The hand-held controller allows the
operator to manually steer the robot
forward and backward. It contains a
potentiometer and switches that inter-
face with the electronic control sys-
tem. The cable from the controller
plugs into the electronic control panel
located at the rear of the Lawn
Ranger. Figure 7 shows a photograph
of the hand-held controller, and Fig. 8
shows the schematic diagram.

Potentiometer R3 is used to steer
the robot to the left or right. Micro-
switch SI is hand-activated and stops
and starts the forward motion of the
Lawn Ranger. As the operator
squeezes the hand control, S1 closes
and allows the robot to move. If the
operator opens his hand or drops the
controller, the robot will automat-
ically turn itself off. Switch S3 is a
momentary pushbutton that is used to
activate the cutting motors. An RC
delay circuit formed by R2 and ClI
slows the Lawn Ranger down before it
goes into reverse after the operator
pushes the REVERSE button. DPDT
slide switch S2 allows the operator to
choose either a slow or fast driving
speed. As far as the contruction of the
controller goes, simply install the
components as shown in Fig. 8 in-a
suitable enclosure.

Electronic control panel

The electronic control panel is lo-
cated at the rear of the Lawn Ranger.
The control panel consists of a DB-25
female connector (for the manual
controller), three momentary push-
button switches, a POWER switch (ig-
nition), and a flashing power-on LED
indicator. The schematic diagram of
the control panel is shown in Fig. 9.
The power switch is a key-operated
ignition switch that supplies power to
the robot. The stop button cuts the
power and stops the cutting blades.
The cut button is used to energize the
cutting motors. The START button is
used to start the automatic cutting op-
eration after the hand-held controller
is disconnected.

Next month the Lawn Ranger story
will continue. We will be covering the
power board and the mechanical as-
sembly. We’ll also show you how to
thoroughly test each section of the
mower. R-E
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UPDATE

The High End Hi-Fi Show

MY BIG EVENT OF THE SEASON IN THE
late 1950’s was the annual Institute of
High Fidelity Music Show at the
New Yorker Hotel. Along with hun-
dreds of other early audiophiles, |
elbowed my way through crowded
corridors for the chance to meet
face-to-face such audio luminaries
as Vic Brociner, Sol Marantz, Avery
Fisher, Rudy Bozak, Gilbert Briggs,
and Paul Klipsch. | remember a fel-
low audiophile who, impressed by
the imposing physical and sonic
presence of a dozen Klipschorns,
asked timidly, “Mr. Klipsh, what
would happen if you turned up all
these speakers to full volume?”
Without missing a beat, Klipsch re-
plied in his characteristic drawl, “My
boy, it would permanently damage
the structure of the building!”

| encountered no such claims at
the recent High End Hi-Fi Show
sponsored by Stereophile maga-
zine, a publication that caters to the
needs, rational and otherwise, of
dedicated audiophiles. What | did
hear at the High End Show was ex-
cellent sound produced by the
products of scores of high-end man-
ufacturers.

Touring the show

A $25 admission fee covered all
three days of the High End Show
and included admission to the vari-
ous panels, discussions, demon-
strations, and live music events. |
must admit that my tour of the show
was far from definitive. Other com-
mitments had limited the time | had
available, but part of the blame has
to be placed on the show’s sprawl-
ing layout. Manufacturers’ displays
were scattered throughout two

tems are shown side by side, with and
without their grill covers. Their brilliant
sound, impressive size, and distinctive
shape are matched only by their $18,000
price tag.

floors and two mezzanines, and
close study of the show directory
was required to locate the ex-
hibitors of interest. It turned out
that the show organizers had delib-
erately spaced the exhibitor’s rooms
both to expedite traffic flow and to
prevent sonic conflicts.

The products

Near the entrance to the show
floor was the B&W room, featuring
their new Matrix 800 speaker system
pictured elsewhere on this page.
Note that the photo shows two com-
plete systems side by side, one with
its grille cloth on, the other with it
off. | was rather startled by the ap-
pearance of the speakers, each of

LARRY KLEIN,
AUDIO EDITOR

which stands more than 6-feet tall.
But | have enough confidence in
B&W'’s engineering integrity to
know that the design configuration
was neither arbitrary nor specifically
designed to impress by its sheer size
and strange shape.

How did it sound? In a word:
magnificent! Small musical groups
came across with a natural quality
and balance and an impressive
sense of depth and space around
the performers. Large orchestral
performances were handled at real-
istic (loud!) concert-hall volumes
with no sense of strain and a
substantial bottom end. The free-
field frequency-response specifica-
tions of the system are given as 23
Hz to 20 kHz =2 dB, and | don't
doubt it for a minute. Few of us
would be willing to fita pair of Matrix
800’s into our listening rooms (or to
accommodate their $18,000! cost) but
they’re a good example of how good
a speaker can be when its manu-
facturer makes an all-out effort.

An interesting contrast to the
enormous and expensive B&W Ma-
trix 800 was provided by the dimin-
utive Atlantic Technology Pattern
woofer/satellite speaker system.
The Pattern system has separate 15-
watt amplifiers for each of its two
satellites and a single 30-watt ampli-
fier for the dual bass drivers. Each
satellite measures 4 inches square
and 7 inches high, and consists of
two black cubes joined together by
a pivot that allows one cube to be
rotated 360 degrees relative to the
other. The amplifiers are housed in-
side the bass module, which mea-
sures 19 inches long, 12% inches
high, and 8% inches deep.
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ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations fo help
you gauge your personal pro-
gress. A truly great learning
experience.

Prepare now to take advan-
tage of the growing demand for
people able towork at the engin-
eering level.

Ask for our brochure giving
complete details of content. Use
your free information card num-
ber, or write us directly. $99.95,
Postage Included. Satisfaction
guaranteed or money refunded.

Banner
Technical
Books, Inc.

1203 Grant Ave.
Rockford, IL 61103
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The Pattern’s amplifiers do more
than simply feed a chosen signal to
its drivers. The bass amplifier in-
cludes a dynamic equalizer that en-
hances the low-base output at
reasonable volume levels, but turns
itdown about5 dB when a combina-
tion of low bass and high volume
would tax the 6%-inch woofers’ ex-
cursion capabilities. The Pattern’s
highly flexible input arrangement
accepts connections from up to
three stereo program sources plus
wires from the speaker outputs of a
separate amplifier or receiver. The
sound from the Pattern system was
very good, although not quite up to
the standard set by B&W's $18,000
Matrix 800. But for $500—built-in
amplifiers and all—most people
would probably consider the Pat-
tern a better buy.

Accessories

In the past decade, the audio
business has been “accessorized”
to a fare-thee-well. For the dealer,
accessories answer the question of
what to sell the audio consumer
once he’s bought his basic compo-
nents; for the audiophile, accesso-
ries provide an opportunity to be
consistently involved in what he
perceives as an evolving system. For
example, for quite a while it has
been possible to buy shock mounts
for every component in your sys-
tem—even the amplifier. Following
an opposing theory, “spiking” de-
vices are also available to ensure a
firm connection between the com-
ponents and the surface they are
resting upon.

| don’t know how many au-
diophiles are losing sleep over the
question of whether to shock
mount or to spike, or whether to
apply the various clamps, weights,
preservatives, and enhancing fluids,
but there is one category of accesso-
ry seen at the High End Show that |
can heartily endorse. Several man-
ufacturers are selling gold-plated
RCA-type phono plugs that have
been redesigned and machined to
provide a constant ground during
insertion and withdrawal and to
have a clamping action once in-
stalled. A great idea. Over the years
I've probably blown hundreds of
dollars worth of midranges and
tweeters because of carelessness
and cable problems that would have
been prevented by proper plugs.

Very expensive special speaker
leads and interconnect cables (we
used to call them “phono” cables)
were seen in profusion at the show.
The manufacturer’s claims and
quasi-technical explanations for the
superior performance of their prod-
ucts ranged from the vaguely possi-
ble to the definitely ridiculous—as
did the prices. |1 was told of one
speaker cable that sells for approxi-
mately $200 per foot!

| didn’t get a chance to check out
the Wadia line of outboard digital
decoders meant to be connected to
CD and DAT players with digital out-
puts. | must admit that the technical
content of the impressive Wadia lit-
erature lost me in the section about
LaGrangian and Spline decoding
polynomials, but their basic claim is
simple enough: Critical amounts of
information are lost (and displeas-
ing artifacts added) in the D/A-con-
version sections of all current CD
and DAT players. The Wadia 2000
decoding computer purports to re-
store the sound to the quality in-
tended by the recording engineers.
It's possible, but my CD players
sound just fine to me as is. It would
seem that | lack both the aural sen-
sitivity and financial wherewithal
($7,700) to ever be a customer for
their top-of-the-line decoder.

The final word

Consumer hi-fi shows have ap-
parently fallen out of favor in the
past decade. Whether the reason is
lack of manufacturer support or loss
of public interest | can't say, but the
Stereophile Show is the only one
currently scheduled. Perhaps it's
just as well, because the hi-fi shows
generally had deteriorated to SPL
(Sound-Pressure Level) contests
where it was difficult to find anyone
really knowledgeable about the
products shown and impossible to
make critical sonic judgments be-
cause of the noise leakage from ad-
jacent rooms.

I would guess that the 7,000-or-so
attendees at the High End Show
were mostly critical music listeners,
and the exhibitors, by and large, re-
spected their serious interest both
by the choices of the program mate-
rial and the reasonable levels at
which it was played. | regret that |
didn’t get a chance to cover all the
products played and displayed.
Maybe next time. R-E



DIGITAL PRESSURE GAUGE

continued from page 44

PRESSURE
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FIG. 7—TO CALIBRATE THE GAUGE, use this setup. Remember that all hose connections

must be securely clamped.

Final calibration

The best way to calibrate your pres-
sure gauge is to compare it to the
reading of a known, accurate gauge.
Additionally, if you plan to use the
gauge to measure pressure which is
normally less than full-scale ca-
pability. it would be prudent to cali-
brate it at this pressure level rather
than at full scale. Use the setup in Fig.
7. remembering that all hose connec-
tions must be securely clamped. The
setup allows the pressure source to be
applied simultaneously to both
gauges.

Adjust R6 so that the digital read-
out agrees with the reference gauge.
After adjustment of R6, remove the
pressure from the sensor and check
the display, which should read zero. If
there is some offset from zero, repeat
the adjustment for R16 and R6.

Battery life should be as long as 1 or
2 years if the project is used intermit-

tently. The display will change in ap-
pearance when the battery needs to be
replaced, and it will disappear al-
together when the battery is totally
exhausted. R-E

EARN YOUR

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. Mo residence schooling re-
quired for qualified Electronic Technicians.
Through this Special Program you can pull all of
the loose ends of vour electronics background
together and eamn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING

@ E 4251 CYPRESS DRIVE
E JACKSON, MISSISSIPP| 39212
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ARE YOU IN DEFAULT
on a student loan?

If you're in default on a guaranteed
student loan (FISL, GSL, Stafford,
SLS, or PLUS loan), you may be
eligible to pay it back without penalty
or collection charges. For information
about this special program, call the
guarantee agency that holds your loan,
or call the U.S. Department of
Education’s toll-free number:

(800) 333-INFO

Assembly
Power!

e

Heath provides an alternative for
computer buyers who want to do more
than just plug in a ready-made computer.
Heath computer kits offer superior per-
formance - and the satisfaction and pride
of building a high-power laptop or
desktop computer yourself.

Our expert team of computer sales
consultants will give you a special price
that’s sure to fit your budget. Simply call
1-800-753-5454 and ask about any of
these unbeatable systems:

+ HS-3286 SupersPort 386 SX laptop
+ HS-2862 12 MHz 80286 laptop
» HS-3629 32-bit, 25 MHz 80386 desktop

Heath

1-800-753-5454
(M-F, 8:00 a.m. - 4:30 p.m., EST)
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CRYSTAL
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COMMUNICATION

* YOUR RELIABLE SOURCE
SINCE 1965

e QUICK DELIVERY

e PRICED RIGHT

« EMERGENCY ORDER
SERVICE AVAILABLE

FOR FREE CATALOG,
CALL OR WRITE:

JAN CRYSTALS

PO. BOX 06017

mmmmmm) FORT MYERS, FL 33906 [ an
s/ (813) 936-2397

TOLL-FREE:1-800-JAN-XTAL
(526-9825)

FAX ORDERS: 1-813-936-3750
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MARKET CENTER

FOR SALE

GREAT buys! Surplus prices, ICs, linears, transfor-

mers, PS, stepping motors, vacuum pump,
hototransistor, meters, LSASE, FERTIK'S, 5400
lia, Phila., PA 19120.

DESCRAMBLERS. All brands. Special: Combo
Jerrold 400 and SB3 $165.00. Complete cable de-
scrambler kit $39.00. Complete satellite de-
scrambler kit $45.00. Free catalog. MJM
INDUSTRY, Box 531, Bronx, N 10461-0208.

T.V. notch filters, surveillance equipment, brochure
$1.00. D.K. VIDEO, Box 63/6025, Margate, FL
33063. (305) 752-9202.

TUBES: “"oldest," "latest.” Parts components sche-
matics. SASE for list. STEINMETZ, 7519
Maplewood Ave., RE, Hammond, IN 46324,

CABLE TV DESCRAMBLERS!

m

[

ARTERS!

BARGAIN HEA
+ JERROLD « TOCOM » HAMLIN
« SCIENTIFIC ATLANTA » ZENITH
Oak M35B ONLY $60
6 month warranty! We ship C.0.D.1
Lowest retail/wholesale prices!
FREE CATALOG:
Global Cable Network

1032 krving St. Suite 109
S.F., CA 84122

ORDER TODAY! 800-327-8544

ENGINEERING software, PC/MSDOS. Hob-
byists — students — engineers. Circuit de-
sign $49.00, PCB layout $99.00, Logic
simulation $29.00, FFT analysis $69.00,
Mathematics $39.00, Circuit analysis
$29.00. Call or write for free catalog. (614)
491-0832, BSOFT SOFTWARE, 444 Colton
Rd., Columbus, OH 43207.

RESTRICTED technical information: Electronic sur-
veillance, schematics, locksmithing, covert sci-
ences, hacking, etc. Huge selection. Free
brochures. MENTOR-Z, Drawer 1549, Asbury
Park, NJ 07712.

RENTAL movie stabilizer. Connect between VCRs
or to monitor. Satisfaction guaranteed. $69.95,
$4.00 handling. 1 (800) 367-7909.

Quality Microwave TV Antennas

WIRELESS CABLE-1 9t02.7 Ghz. 40db Gain ( +)

36-Channel System Complete $149.95

12-Channel System Complete $114.95

Call or Write for “FREE" Catalog

Phillips-Tech Electronics

| = P.0. Box 8533 e Scottsdale, AZ 85252
LIFETIME  (602) 947-7700 ($3.00 Credit all phone orders!|

WARRANTY MasterCard » Visa » COD's Quantity Pricing

LASERS. 1mw to 2kw, worlds largest selection of
new & used surplus. Free catalog. MWK INDUS-
TRIES, 1269 Pomona Road, Corona, CA 91720.
(714) 278-0563.

LOTTERY - IBM computer disk for all lotteries
$10.00. ROBERTS, Box 63/6025, Margate, FL
33063.

MAGNET wire 18-38 gauge solderable. Send SASE
to'SMW DIST., PO Box 1015, Huntington, IN 46750,

CATALOGS you can get free over 200. Send $3.50
to ERIC LIVELY, 3982 Stuart, Bossier, LA 71112.

ZENITH descrambler test device. Authorizes all
channels for full service. Sold as test aid only!
$69.95 each for info call (407) 768-0278.

DESCRAMBLERS: dealers! We have new Z-Tac
descramblers, only $185.00 in 10 lots, with other
systemns available. 1 (800) 695-CABL.

CLASSIFIED AD ORDER FORM
To run your own classified ad, put one word on each of the lines below and send this form along with your check to:

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.
% ; Plans/Kits () Business Opportunities (

) For Sale
Education/Instruction () Wanted

() Satellite Television

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)
16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)
21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)
26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)
31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

/

Signature

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT 