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Before you get turned on
by the front of a meter, make sure there’s
something behind it.

m’(s ‘;7 PRE AN 4 190y

Fluke meters are designed for professionals who value function over frills.

There’s nothing superficial about the Fluke family of versatile digital multimeters. Pick one up and you feel

that it's a substantial tool. Designed to fit the application and the way you work. With features like our pat-
ented Touch Hold® function that freezes a reading on the display, and intelligently updates with each new
reading. Automatically. Without requiring a third hand to push a button. Fluke meters attain stable, accurate
readings in half the time of most imitations, making you more productive on the job.

Other meters are merely “designed to meet” certain guidelines; Fluke
designs and builds a full line of meters that actually achieve UL, VDE and TUV
safety certification. Fluke’s guarantee goes beyond manufacturing defects to

include meter specifications for an entire year, so you can trust the readings.

And Fluke backs you with toll-free customer assistance numbers, and a world-
wide service organization. Discover why more professionals around the world say, “Hand me the Fluke."” See

your local distributor, or call 1-800-87-FLUKE for a catalog and the name of the distributor nearest you.

Serious Tools for Serious Work

© 1994 Fluke Corporation. P.O. Box 9090. M/S 250E, Everett, WA,
USA 98206-9090. U.S. (206) 356-5400. Canada (805} 890-7600.

Europe (31 40) 644200. Other Countries (206) 356-5500. F I I I K E
All rights reserved. Ad No. 00567
CIRCLE 121 ON FREE INFORMATION CARD
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“Design work is faster and
cheaper with Electronics

Workbench.”
Mark Weaver

Production Engineer Technician
Colorado Memory Systenis/HP

Electronics Workbench is a highly productive
bench where you design and verify circuits
in a fraction of the time. Connections are atways
perfect. Wires route themselves. And the
simulated components and test instruments work
just like the real thing.

Flle Edit Cireult Vidow Help | Buret | 5]

File Edit Circuit Window Help Bode 5 [ealk
bmtr-rf.ca3d @l Parts Bidediade —— 141 1] et
— i Sdadul. e = | (Do)
= —— 4585886 il
=] bmtr-rfi R . - | 0
@ Digital Module: Analyzing a logic circuit.
I = 0 SpF f— @
. § - - .
DJ : g it It’s faster than building with actual components
== zopF ‘@ .
. | . $ 1oua . because you change connections and
LS 1 1 X L)~ component values instantly. And since the
L ) = 91 simulated components are free, you don’t need
(- RS J
ok == 0 0oEMF == gy S 0. aesuF | ) to replace burntout parts or keep an extensive
- L :_I_: L e inventory. The result: You save precious time and
=] Bode Plotter it money. Guaranteed"
mooE  [MAGNITUDE [PHASE] - L . .
S eRTTER T NORTZONTALT D The standard for simplicity and power for over six
3 vears, Electronics Workbench is the most popular
2 9 1 GHz jal . g " . .
] ¥ ool of its kind. It has gained worldwide acclaim
* as the ideal complement to any test bench. Fact:
190 OMH2z ; J
1 EouTE . = Over 90% of our customers recommend
— - — 1> L1 it to their friends and colleagues.

Analog Module: Tuning an RF front end.

E‘Iéctronics

=~ Electronics Workbench

The electronics lab in a computer™

Call: 800 263-5552

Just $299* INTERACTIVE IMAGE TECHNOLOGIES LTD.

908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060

For DOS, Windows or Mac Version.

MON SOIUOIIOB|T ‘G661 YoIBN

Telephone: (416) 361-0333 FAX: (416) 3685799

o n W42
e ) *30-day money-back guarantee. 2NN %
VISA c‘ Prices in U.S. dollars, shipping $15. Offer valid in U.S. and Canada only. ‘{{ﬂ&,ﬂ N
v All trademarks are the property of their respective owners. commiat  INTERACTIVE 1
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wwWwW americanradiohistorv com


www.americanradiohistory.com

Electronics Now, March 1995

N

Vol. 66 No. 3

CONTENTS

MARCH

1995

mmON THE COVER

J5 MicroPROCESSORS

nologies. This

Serving as the heart of today’s computers, the micro-
processor is a vital part of our lives on and off the job.
The development of better microprocessors leads di-
rectly to the advancement of other products and tech-

designers, this ar- | it
ticle will help you | fecelver

mOnth, we take an A UNIQUE PROTOTYPING STATION FOR YOUR TESTBENCH

in-depth look at

the evolution of ec ran'cs
MiCroprocessors,
examining two Abrlelhlsmrvnlme

decades of micro- anﬂpﬂﬂﬂfssm‘

and how It has changed our lives

processor history. | Bt St
. . System
ReqU|red l’eadlng thal even thwarts
carjackers
for computer How 1o use
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users, hobbyists, Amp Fiiters
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understand what asy-to-build
. Solid State Thermometer
MiCcro p rocessors lets you monitor temperatires accurately

are, how they

work, and how they developed. It also includes a cap-
sule history of the early days of computers, as well as a
glossary of microprocessor-related terms.

— Stephen J. Bigelow
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45 SoLp-STATE THERMOMETER
You can build o s W,
this accurate e s
handheld
thermometer ghe’ g
from scratch or AT
from a kit.
— Marc Spiwak

49 WWV Recelver

Pick up the time
signals broadcast
by the National
Institute of
Standards and
Technology using
this simple heterodyne receiver.
— Neil Heckt

naen s

54 PROTOTYPING STATION
How to build a custom
workbench for
testing your
next project.
— Carl
Bergquist

f5 THe ProCar

SECURITY SYSTEM

This automobile alarm, anti-
theft, and anti-
carjacking
system sounds
an alarm and
then disables
the car. —
David T. Miga

patent attorney.

As a service to readers, ELECTRONICS NOW pubtishes available plans or intormation relating to newsworthy products, techniques and scientific and technological
developments. Because of possible variances in the quality and condition of materiats and workmanship used by readers, ELECTRONICS NOW disclaims any
responsibility for the safe and proper functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW disclaims any liability for
the infringement of such patents by the making, using, or selling of any such equipment or circuitry, and suggests that anyone interested in such projects consuit a

ELECTRONICS NOW, (ISSN 1067-9294) March 1995, Published monthly by Gernsback Publications, tnc., 500-B Bi-County Boulevard, Farmingdale, NY 11735,
Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Canada Post IPM Agreement No. 334103, authorized at Mississauga, Canada.
One-year subscription rate U.S.A. and possessions $19.97, Canada $27.79 (includes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280}), all
other countries $28.97. All subscription orders payable in U.S.A. funds only, via international postal money order or check drawn on a U.S.A. bank. Single copies
$3.50. © 1985 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to ELECTRONICS NOW, Subscription Dept., Box 55115, Boulder, CO 80321-5115.

A stamped self-address envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is desired should they be rejected. We
disclaim any responsibllity for the loss or damage of manuscripts and/or artwork or photographs while in our possession or otherwise.
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| WHAT'S NEWS

A review of the latest happenings in electronics. ‘

Legal cable equipment sales
The Nebraska Supreme Court

| has upheld the right of independent

vendors to sell cable converters and
descramblers legally in Nebraska,
and the National Consumer Cable
Association (NCCA) has hailed the
decision as "‘a major victory for the
cable equipment manufacturing and
distributing industry.”

The Nebraska Supreme Court
decision followed an appeal on a
lower court decision in the case of
illegal seizure of cable receiving
equipment by the Omaha police. In
November of 1988, the Omaha po-
lice confiscated and later destroyed
200 converters and descramblers
owned by Imperial Trading Compa-

| ny. The District Court determined

that the Omaha Police had wrong-
fully destroyed Imperial's property,

| but it only awarded the company a

token S1 in damages.
After reviewing the lower court
decision, the Nebraska Supreme

Court ruled that Imperial must be |

properly compensated for its prop-

| erty losses for an amount equal to
| the market value of the equipment |

when it was seized. The Supreme

Court also decided that the District |

Court made a mistake in finding that
no lawful market for the equipment
existed outside of the cable indus-
try.

The NCCA sees the decision as
an important step toward preserv-

| ing the freedom of independent
| companies to manufacture and sell
| cable equipment. Moreover, it says

L

the decision gives consumers the
right to purchase and own their own
cable receiving equipment rather
than requiring them to rent it from
cable companies.

Battery-powered cars tested

Twenty battery-powered “station
cars,” are being tested in a year
long Massachusetts Electric Vehi-
cle Demonstration Project that was
launched in April of 1994. The com-

muters selected to test drive the |

P Pk R R, S oA S ;.i}:«:?‘ Y
ONE OF THE 20 ELECTRIC CARS being |
tested in Massachusetts over short
commuting distances..

Force vehicles, Geo Metros modi-
fied by Solectria Corporation,
Wilmington, Mass., offer high |
praise for their performance.

The commuters have been driv-
ing the electric cars, owned by the
state-sponsored program, between
their homes and nearby rapid transit
stations. The drivers plug the bat- |
teries into electric outlets at the sta-
tions during the day and into
household outlets when they arrive
home. The chargers are built into
the vehicles.

Karl Thidemann, Solecteria’s mar f
keting director, reports that all of the
participating drivers have ex-
pressed satisfaction with the vehi-
cles.”No drivers have called to say |
they were stranded because of bat-
tery problems.” he declared. Fif-
teen of the cars are powered by
lead-acid batteries and five are
powered by nickel-cadmium bat-
teries.

The Force cars have direct-drive,
brushiess AC induction motors and
an electronic motor controller with
power-assisted regenerative
brakes. The onboard chargers for
the vehicles powered by lead-acid
batteries are rated 1 kilowatt/120
volts AC, and those for the nickel-
cadmium batteries are rated 2 kilo- |
watts/208-240 volts AC. System

power is 42 kilowatts. The test cars
are equipped with many of the same
standard safety and convenience
features found in gasoline-powered
cars.

The nickel-cadmium batteries in
the five cars were produced by Saft
America, Valdosta, GA. Jim Miller,
Saft’s project manager, said that
these batteries function more effi-
ciently in the bitter New England
winter weather than lead-acid bat-
teries. "At freezing temperatures,
nickel-cadmium batteries lose only
5% of their capacity,” he explained.
"By contrast, lead-acid batteries
can fall to 25 to 50% of their capaci-
ty,”

Miller said the nickel-cadmium
batteries give the test cars a range

| of 100 miles at 45 mph, while the

lead-acid battery-powered have a |

range of only 60 npiles at 45 mph. ’

Test Equipment sales to
rebound

The communication test-equip- l
ment market will grow from $776 |
million in 1993 to $1.3 billion by the |
year 2000 according to a report en- |
tittled "U.S. Communications Test
Equipment Market
Sales,"published by Frost & Sul- |
livan.

The report says that the market
will expand at an 8% compound an- ‘
nual rate, and this expansion will be |
driven by growth in both the com-
puter and telecommunications mar-
kets, as well as generally recovering
capital goods sales following the
economic recovery.

The report predicts that by the ‘
year 2000, dedicated communica-
tion and telecommunication test
equipment will account for 53% of
all communications test equipment
sales. General purpose signal
sources wil account for 15%, spec-
trum analyzers 11%, power meters
8%, and optical time-domain reflec-
tometers 7%.

The largest growth will be in the |

Continued on page 96
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Why Design Circuits The Hard Way"

B2 Spice and B? Locic Make It Easy!

Introducing B? Spice and B? Logcic for Windows™
Macintosh™ , and NEW for Power Macintosh™

or imwerier- tul 580 Sweep 61 L
r——'ﬁ op Graph — 008 cmas iverier— tui 4--0C Sweep braph g
0Cs: G ——r, <mos ln\mlnr tut4--0C Swooo Grap
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B? Spice B? Logic

B? Spice v.1.1 and B? Locic v.3.0 are the most powerful and affordable
integrated analog and digital circuit design, simulation, and analysis packages
available. B? Sice and B? LoGiC neatly integrate the schematic editor, simulator,
and graphics post processor. Each is fully integrated and inferactive and are
exiremely easy to use for Windows™, Macintosh™, and Power Mac™
Both B2 SPicE and B? LOGIC are currently in use at over 100 major universities
and many leading Fortune 500 companies such as The University of Michigan, .,
Stanford, AT&T, General Electric, and Hewlett Packard, to mention a few! ,

\
's_.

$149

e Simulgtion: Transient, DC Operating
Point, DC sweep, and AC sweep

* Library: MOSFETs, BJTs, JFETs,
op amps, & many more

¢ Circuit analysis based on
Berkeley SPICE

* Device & Model Property Editing

* Flexible Visualization of Results:
Customized Graphs and Tables

$270

¢ Includes B? Spice and B? LOGIC

$199

* State-of-the-art Circuit Editor
Includes support for Buses, Virtual
Net Connectors, and Subcircuits.

e Simulator provides realistic timing
to 0.1 nanoseconds

e Define your own components
using Subcircuits and PLD’s

* Subcircuit Probing

* Multiple Libraries

* Customize Device Properties

* EDIF File Format Output

* Demo Disks Available

® University & Student Prices Available
* Site Licenses Available

* Dealer Inquiries Welcome

* Visa/Master Card Accepted

Beige Bag Phone 313.971.4227
Software Fax 313.971. 3632
A 2000 Hogback Rd, Ste. 2 E-Mail info@beigebag.com or

softwore Ann Arbor, MIChIgGﬂ 48105

71620.347 4@compuserve.com
CIRCLE 198 ON FREE INFORMATION CARD
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Whats new in the fast-changing video industry.

DAVID LACHENBRUCH

[— T —

Electronics Now, March 1995

| ital audio and subtitling.” The use of

| ilar to that of conventional CDs, a

® Digital Video Disc Clash. |
Smoldering dispute over standards
for the next-generation video-disc
system has broken into the open,
threatening exactly the standards
battle the movie industry had hoped !
to avoid. As reported here (Elec-
tronics Now, January 1995), the ma- |
jor movie companies established a |
de facto group to select a digital |
video disc (DVD) standard offering
135 minutes of playing time on a‘
five-inch disc with higher quality

| than current laser discs. The stated

aim was to avoid a repetition of the |
Beta—VHS wars.

Now, Sony and Philips have gone
public with their system, forcing the |
competitive Toshiba~Time Warner
system into the spotlight as well. ‘
The Sony—Philips system, as an-
nounced, uses a single-sided, five-
inch, high-density CD (HDCD) that |
is capable of storing 135 minutes of
MPEG-2-quality video '‘together
with muititracks of compressed dig-

“variable transfer rate” for video of
up to 10 megabytes per second
(mbps) "“means that the picture
quality will be superior to that of
current consumer video,” the an-
nouncement said. The companies
indicated that the system could be
modified in order to achieve a “uni-
form standard.” They said that their
HDCD platform will be capable of |
storing 3.2 gigabytes (GB) of
data—more than five times the data
capacity of existing music CDs.
They emphasized that the discs |
could be produced at “conventional
manufacturing facilities with only
minor modifications. That means,
they said, that “production costs of
the proposed new discs will be sim-

major advantage for consumers and
media manufacturers as well for the
hardware and software industries.”

Philips and Sony said that they
are also discussing CD-ROM ap-

| plications of their HDCD with Ap-

ple, Compaq, IBM, and Microsoft,

18

-
<

PHILIPS’ LATEST GENERATION CD-i
PLAYER is capable of playing full-mo-
tion-video movies and music videos re-
corded on five-inch digital video discs.

and are planning other multimedia
uses, including interactive enter-
tainment, video games, or "ultra-
high sound quality audio.” They also
revealed specifications for a dual-
layer version, developed in collab-

oration with 3M, which doubles disc

capacity to about 7.4 GB. It uses
two reflective layers within the disc,
making possible double playing
time without turning the disc over.
Both the single- and dual-layer ver:
sions will be 1.2mm thick. The two
companies said that standards will
be finalized by mid-1995.

® The other system. The Phi-
lips—Sony announcement smoked
out some details of the
Toshiba—Time Warner proposal,
which had been kept secret. A
statement from Toshiba said that a
prototype had already been de-
veloped and “‘mass production
technology' was being completed
for double-sided discs. The system
has storage capacity of 4.8 GB per
side, Toshiba said, adding that "we
believe the number of sub-channels
for dubbing soundtracks in different
languages and the long recording
time offered by our system ... satis-
fy the needs and expectations” of
the movie industry. Toshiba said that
‘‘a storage capacity of 4.5 gi-
gabytes is the minimum required to
realize quality pictures and sound.”

Toshiba’s partner, Warner Home

Video, said that the system should

__— | produce "radically improved pic-

tures and audio quality at affordable
prices on equipment that can sus-
tain software upgrades,” and added
that, “We believe our manufacturing
costs of discs should be compara-
ble to those claimed by Sony and
we have proven its manufacturability
using existing CD equipment.”
Warner Home Video's president,
Warren Lieberfarb, was quoted in
Television Digest as saying that
manufacturability of discs was

| proven at Warner's CD plant, which

he called the world's largest. “We
do not believe Sony has proven the
manufacturability or costing of its
discs,” he added. "We believe that
both the yield and cycle time of the
double-sided disc for these high-
density formats is vastly superior to
the 1.2mm proposal of Sony. We
also do not think there is a material
cost factor associated with our play-
er achieving backward compatibility
with CD.

Toshiba sources have suggested
that the two-sided discs might ac-
commodate two complete
movies—one on each side, or pos-
sibly a movie on one side and a
derivative video game or CD-ROM
on the other. The larger data capaci-
ty presumably could accommodate
five audio tracks and as many as 30
subtitle tracks.

® Video CD, too. The fanfare

| over DVD has left Video CD in a

sort of limbo. That format. widely |

used in Japan for karaoke, stores
74 minutes of VHS-quality, full-mo-
tion video on a single five-inch disc.
In the U.S., Philips is emphasizing
Video CD as a significant add-on to
its CD-i interactive system, al-
though Video CD is the least inter
active of its features, being
designed to show linear movies.
CD-i's main competitor, 3DO, is
also featuring Video CD as an add-
on, although currently only about 30

Continued on page 96
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Look
ourS
Tektronix gives you an entire hench

of affordable test instruments.

You know us for our oscilloscopes. (Considering we are the widely

accepted market leader, it’s not surprising.) @ Now we’ve expanded .

our vision. And it’s grown to include function generators, cou

timers, multimeters, power supplies, and accessories. All built w

B
same devotion to accuracy and reliability that you’ve experienced in

s

our scopes. It’s all compatible, fully integrated and best of all, simple

to use. @ And all made TEKBENCHM

from Tektronix

available to you in a compre-
hensive, affordable port-
folio we call TekBench

B Come, try one out when

you next need something for your bench. We believe we’ll be well
within your scope. For more information or the name of the
Authorized TekBench™ Distributor nearest you, call 1-800-426-2200.

(When prompted, press 3 and request ext. 335.)

_©Copyright 1994, Tokuronix, | B . ] Lt ¥ TEktl'Oll/iX

ix, [
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@

Write to Q & A, Electronics Now, 500-B Bi-County Blivd., Farmingdale, NY 11735

LOW-POWER CLOCK

I’m building a circuit that
needs a relatively slow clock to
control it. The frequency of the
clock has to have a range from
about 0.1 to 2 Hz. I'm not looking
for crystal accuracy. However,
because the circuit must be bat-
tery powered and mounted in a
remote location where it will be
difficult to service, | do want a
circuit that uses very little
power. Do you have a simple off-
the-shelf circuit | can use?—D.
Katz, Great Neck, NY :

The development of low-power
components over the last several
years has made the working life of
batteries approach their shelf life in
some circuits. This made the whole
digital wristwatch industry possible.
While it's not easy to steal clock
pulses from a digital watch, there
are some alternatives you can use
for your application. You should find
the circuits shown in Fig. 1 to be
what you need.

The LM3909 is an LED flasher IC
that is designed to oscillate at about
the frequencies you're looking for. It
can be set to one frequency or its
frequency can be trimmer-adjusta-
ble. The 3909 will work reliably with
a wide supply voltage range, and if
you power it with a single alkaline D
cell, the cell should last more than
two years. Even though you need
only clock pulses, remember that
the 3909 can supply current pulses
of up to 45 milliamperes at greater
than 2 volts.

The clock output of the first cir
cuit can be changed by changing
the value of the capacitor, as indicat-
ed in the drawing. If you want to be
able to adjust the clock frequency
onthe fly, use the second circuit and
adjust the frequency with the trim-
mer shown in the schematic.

DECELERATION DETECTOR

I’'m looking for a way to detect
deceleration in an automobile.
Do you have any ideas about
how this could be done? I'd like

_?’
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o
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FiG. 1—THE LM3909 is an LED flasher IC that is designed to oscillate at low frequen-
cies. The clock output of the first circuit can be changed by changing the value of the
capacitor, and the second circuit lets you adjust the frequency with the trimmer.

the device to be completely
electronic because | think that
would make it more reliable.—P.
Pezzino, Cedar Grove, NJ

Detecting acceleration or de-
celeration always requires some
kind of mechanical sensor. Even the
accelerometers used in the most
modern missiles and airplanes con-
tain mechanical components.

This type of circuit can be broken
into two basic parts. The first part
detects changes in movement and
converts those changes into an
electronic signal. The second part
measures the signal and displays it.

One technique is to measure the
rotational speed of either the
wheels or the drive shaft. How you
do this depends on the particular
car; front wheel drive cars don'’t
have drive shafts in the traditional
sense. In that case, you'd have to
measure the speed of the wheels.

The basic procedure is to attach
something to the moving part that
can sense the rotational speed. This
can be done optically or magnet-
ically, but considering the harsh en-
vironment under a car, a magnetic
pickupis the better choice. Magnet-
ically coupled switches—such as
the kind used in alarms to detect
when a door or window opens—are
readily available.

Another possibility is to use a de-

www americanradiohistorv com

vice made specifically for the job,
such as Analog Devices' ADXL50
solid-state accelerometer. The
ADXL50 is essentially a capacitor
with one stationary plate and one
flexible plate. Acceleration can be
determined by measuring the
change in capacitance that occurs
when the device is accelerated.

You could also try experimenting
with your own accelerometer de-
sign. The resistance of conductive
foam (the kind that protects static-
sensitive CMOS ICs) changes as
the foam is compressed. If you sus-
pend a relatively heavy object be-
tween two pieces of this foam,
changes in speed will cause the ob-
ject to compress the foam in front
when you decelerate, and com-
press the foam in back when you
accelerate. By constantly measur
ing the minute changes in the resis-
tance of the two pieces of foam,
you'll have a signal that can tell you
how much your car is accelerating
or decelerating.

The circuit you need to convert
the signal to a number on a dial
depends on which approach you
take to produce the signalin the first
place. For example, the magnetic-
pickup approach would require a
counter circuit to count the change
in rate of the number of switch clo-
sures per second.
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Be a high-paid computer
service technician

Train With NRI — America’s #1 Choice in Computer Training

Only NRI gets you inside a powerful

486DX2/66 MHz Intel-based computer NEW! YOU GET EVERYTHING YOU
system you keep—-giving you the 486DX2/66 MHz NEED FOR SUCCESS
hands-on experience you need to Multimedia PC and

work with, troubleshoot, and repair
today’s most widely used computer
systems. There’s no more affordable
way to start a money-making career,
even a business of your own, as a

Windows 95 B POWERFUL 486DX2/88 Ml INTEL-BASED
COMPUTER

Features IBM compatibility, 8 meg

RAM, Pentium Overdrive-ready
motherboard, and math coprocessor

I SUPER VGA COLOR MONITOR
computer service technician. With .28mm dot pitch for high-resolution
graphics and tilt-swivel base
Rely on the 15 420 MES HARD DRIVE
onglnal -- NRI For greater data storage capacity
Over a decade ago, NRI % — S Ml dta access spaec
pioneered at-home training — b 1 EXCITING MULTIMEDIA
in computer e ; PERIPHERALS
icing. Toda Doubie-speed CD-ROM
servicing. \ 143 drive, 16-bit sound
NRI offers the I card with speakers,
only computer 4 and reference CD
servicing course Il FAUMODEM

Gives you access to a
world of on-line information

with real-world
experiments

using state-of-the-art W ULTRA-X DIAGNOSTIC
computer equipment PACKAGE
R.A.C.E.R. plug-in card and

and professional diagnostic tools.

There’s no doubt about it: Working
“hands-on” with all the most sought-after
technology gives you practical skills and
lasting confidence. Performing key tests
and demonstrations, you're able to see for
yourself how things work, what can go
wrong, and how you can fix it.

QuickTech-PRO software help you detect
problems on virtually all IBM-compatibie
machines, even if computer is 5% operational.
[H NRI DISCOVERY LAB

Complete breadboarding system lets you design
and modify circuits, diagnose and repair faults
[l DIGITAL MULTIMETER

Professional, hand-held test instrument for quick
and easy measurements

computers before, NRI's interactive training
builds such a solid foundation of know-how
and practical experience that tomorrow’s
jobs can be yours.

Right from the start, hands-on
experiments reinforce concepts presented
in NRI's bite-sized lessons. And because
your work is reviewed by your personal

— i i I WINDOWS 96
Train with and keep instructor, you know for certain that you
g The time-saving operating system that everyone
the most a dvance d comp uter can apply theory to real-world demands. il be iss g Aammatrow Yy
in home study today FREE NRI catalog tells more

If the coupon is missing, write to: NRI

NRI’s unique training has you explore a top-
notch computer system and its peripherals,
beginning with the 486DX2 Intel CPU and

Send today for your free, full-color catalog
describing every aspect of NRI's innovative
computer training in the up-and-coming

Schools, McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue, NW,

Pentium Overdrive-ready motherboard. Washington, DC 20008.

Your computer features 8 meg RAM,
420 meg hard drive, and fax/modem to

field of your choice.

IBM is a registered trademark of the IBM Corporation. R.A.C.E.R. and QuickTech-PRO are registerea trademarks of Ultra-X, Inc.

store, receive, and send huge amounts N ’
T ND TODAY FOR FREE NRI CATALOG!
) ; - K
~You'll also appreciate the brilliant I ”El McGraw-Hill Continuing Education Center o
display of your Super VGA color monitor, 4401 Connecticut Avenue, NW, Washington, DC 20008 Hill'
the drama of your CD-ROM drive and |
16-bit sound card, as well as the dCheck one FREE catalog only 2 gt:::l: g;ge;szus
cuttmg-edge tEChHOIOgY of Windows 95. O MICROCOMPUTER SERVICING approved under GI Bill
Plus learn to use Ultra-X professional | O Computer Programming U LAN Specialist
diagnostic hardware and software to pinpoint | O Tv/Video/Audio Servicing O Bookkeeping and Accounting

problems on any IBM-compatible machine. | U Desktop Publishing & Design O Programming in C++ with Windows

No experience needed, I C— H

@ = * ease print]
NRI builds it in I il
Studies show that jobs for computer service | Address
technicians will be up by 38% in the next I Ciy S 7
: ] ; g

10 YeRs: Even if oL VEEvel; worked with Accredited Member, National Home Study Council
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Measure It All!

The DMM/LCR Meter/
Frequency Counter. All in One.

roubleshoot down to the
component level — any

component! Verify poorly

marked parts, test for toler-
ances and damage. Wavetek's

new DM27XT is not only a full-

function DMM, but also
includes complete inductance,
capacitance, and frequency
measurement capabilities.

¢ Wide LCR range:
10 Q to 2000 MQ
10 pF to 2000 pF
100 pHto 20 H

* Autoranging frequency
meter 10 Hz to 20 MHz

¢ Ac and dc current to 20 A

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

Consolidate your test bench with
one meter that does it all —
Wavetek’s high-performing,
full-function XT Series DMM.
It's all in one compact, rugged,
field-ready package with a big
0.7-inch, 31/2-digit display.
Insulated probes and alligator
clip leads are included, and
there is a huge selection of
accessories, including current,
rf and HV probes, temperature
converters, holsters, and cases.
Ask for Wavetek DMMs. They’re
the meters to pick when you
have things to fix.

1195

Other XT Series DMMs from $89.95

U.S.A.: (619)279-2200
Europe: (44/243) 531323
Asia Pacific: (852)865-1903

©1993 Waverck Corporation

CIRCLE 98 ON FREE INFORMATION CARD
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MOTHERBOARD MISERY

| recently upgraded my com-
puter by replacing its 8088-
based mctherboard with one
based on an 80386. | reinstalled
all my original expansion cards
and peripherals, and while the
computer turns on without any
apparent problem, It won't rec-
ognize my hard drive. If | boot
the computer from a floppy and
try to access the hard drive, | get
an “invalid drive” error mes-
sage. I've checked all my cable
connections and everything
seems cerrect. Do you know
what I'm doing wrong?—G.
Fischer, New York, NY

The cause of the problem is the
difference in the way the two micro-
processors are designed to ad-
dress the hard drives. To control the
hard drive, the computer needs a
collection of primitive routines that
can control the cylinder and head
selection, sector read and write,
and so on.

In the design of an 8088-based
computer, these routines were in
the firmware on the hard drive con-
troller card. In machines based on
80286 and later microprocessors,
these routines were incorporated in
the BIOS (basic input output sys-
tem), usually contained in one or
more EPROMs on the mother-
board, and the computer’s setup
program stored the hard-drive spec-
ifications in permanent (battery-
backed) CMOS memory.

If you use the hard drive and con-
troller from an 8088 in a later com-
puter, the hard drive must be
accessed with the controlling firm-
ware on the controller card. This
means you have to tell the CMOS
setup program that there are no
hard drives installed in the comput-
er. If you set the drive types in the
computer's CMOS setup memory,
all software, including DOS, will try
to access the hard drive using the
primitive routines in the computer’s
BIOS. This will result in a failure, and
an "invalid drive” message.

The way to correct this problem is
to run the setup program again and
tell the computer that there are no
hard drives installed. This will allow
the controller card's firmware to ad-
dress the drives and everything will
work correctly. 4]
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Take this GIANT CIRCUIT

LIBRARY for only $9.95

when you join the Electronics Engineers’ Book Club®

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS |
—Vols. 1, 2 & 3 by Rudolf F. Graf |

Hundreds of circuit ideas alphabetically arranged — from Alarm circuits to Zero
crossing detector circuits!

Turn to this
comprehensive circuit
library for hundreds of
project ideas . . .
valuable troubleshooting
and repair tips ... and
concise pinout diagrams
and schematics. In each
volume you'll find more

than 700 electronic and S —— Pl
integrated circuits and o~/ 'ﬁ nfn A

100+ circuit categories L g~ 4‘{‘

right at your fingertips . Y=y 'f } $1 80.00
to give you ideas you . R G ‘,'"r - Value!
can use on the job or R 2T | |
at your workbench. il R e i

2,344 total pages 3,490 total illustrations Book No. 5489C Hardcover

If coupon is missing, write to: Electronic Engineers’ Book Club, P.O. Box 549, Blacklick, OH 43004-9318

B R T S 0 i et B T ST T P
ELECTRONICS ENGINEERS’

. BOOK CLUB IS
A Division of McGraw-Hill, Inc., P.O. Box 549, Blacklick, OH 43004-2918

YES$! Please send me The Encyclopedia of Electronic Clrcuits—
Vols. 1, 2 & 3 (5489C), billing me $9.95 plus shipping/handling &
tax. Enroll me as a member of the Electronics Engineers’ Book
Club according to the terms outlined In this ad. if not satisfied, |
may return the books within 10 days and have my membership
cancelled.

Name __ -
Address
City
State

Zip Phone —

Valid for new members only, subject to acoceptance by EEBC. Canada must remit In U.S. funds drawn
on U.S. banks. Applicants outside the U.S. and Canada will receive special ordering Instructions. A
shipping/handling charge & sales tax will be added to all orders. RPIF395
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Write to Letters, Electronics Now, 500-B Bi-County Blvd., Farmingdale, NY 11735

REPRINTED PROGRAM

In the article, "'Programmable
Sinewave Generator' (Electronics
Now, January 1995), program List-
ing 1 (pages 46 and 47) was printed
on a background that was too dark
and so the listing was hard to read.
A clearer version is reprinted
here.—Editor

WRONG ADDRESS
In the article ," Power Control-
fer''(Electronics Now, January
1995). on page 60 the address of
Richard L. Roan is incorrect. It is
PO. Box 752, Saluda, VA, 23149 —
Editor

SWEEP/FUNCTION CORRECTIONS
The following corrections should
be made to the article "Sweep/
Function Generator, "Electronics
Now, December 1994, page 53
Fig. 1—(1) Ground the negative side
of capacitor C1 and the positive
sides sides of capacitors C2 and
C3. (2) Connect the collector of Q1
to the junction of R13, D4, and C9.
(3) Connect the wiper lead of trim-
mer R22 to the " + "side of C10. (4)
Ground the junction of resistors
R37 and R40 and the collector of
Q4, (5) Indicate that the — 15-volt
supply for IC1 is obtained from the
anode of D8.
Fig. 4—(1) Diameters of three pilot
holes (lowest row) should be 0.062,
not 0.62 inch, (2) Diameter of first
0.375-inch hole (lower left) should
be 0.234, not 0.375 inch, Diame-
ters of two holes, right end of row,
should be 0.375, not 0.234 inch.
Fig. 5—(1) Switch S2 pinout: con-
nect pin 6 to the R27 wiper. (2)
Switch S5 pinout: jumper pin 2 to
pin 5 (R31) and jumper pin 1 to pin 3
a, 3.

Page 56 "Circuit description:" In
column 3, lines 17 and 18, change
R1t to R12 and R15 to R186; line 24,
change R11 to R30. Refer to the
corrected schematic, Fig. 1.

Page 56 ""Power supply:" The AC
input is supplied by a 120-volt AC to
15- to 18-volt AC wall-outlet trans-

former, not a DC wall-outlet adapter.
(Make this change in the parts list,
page 60.)

Page 59 "Test and checkout:" In
column 3, line 3, change R6 to R7;
line 7, change R5 to R6.—Editor

RETHINKING THE RESISTOR CUBE

As a retired electrical engineer, |
enjoy the diversity of topics covered
in Electronics Now. The article "Sol-
ving the Resistor Cube’ (De-
cember 1994) triggered my memo-
ries of the early 1930s when | first

encountered the problem.

| agree that it's a good teaching
aid, but please let's not give the up-
coming generation of young engi-
neers and technicians the impres-
sion that the solution is complex
and difficult—four pages of di-
agrams and calculations—shame!

The author says that this is a
beautiful example of “electronic
symmetry” but he fails to take full
advantage of that fact.

| didn't have a pencil and paper
handy at the time, but by just look-

LISTING 1
R A R R R R R e R R T T T S
> PSG CONTROL PROGRAM =
* COPYRIGHT 5/94 by R.J. PORTUGAL, NORTH HAVEN, CT. 06473, U.S.A =

I R R T T T R e R Y

FREQUENCY (L1, L2, FLAG)
FREQCLR (L1, L2)

DECLARE SUB
DECLARE SUB

teeew

Frequency input routine

'¢¢¥+ Clear frequency entries

DECLARE SUB LOAD () '4+4+ Parallel-serial data convert
DECLARE SUB ERMSG (L1, L2) 'te¥vs Frror messages

DECLARE SUB DSPLY (} '#++¢ Display screen

COMMON SHARED FMT$, Nl&, MN24&, K, DP, PORT$, MSGS(), L1, L2

DIM Z AS STRING * 1: DIM MSG$(20)

FMTS$ = "H##, H§#H, AH#E, ##4. HAH4": Clk = 32000283: K = {2 ~ 32 / Clk)

R e R R R R R R R R e e R R R R A R R RS A R R R RS
' To select NCO parallel printer removeé the (') "comment symbol”

! in front of the appropriate p
! PRINTER PORT "LPT2” will be s

'port$ = "LPT1”: dp = &H3BC
PORTS$ = "LPT2": DP = &H378
'port$ = "LPT3": dp = &H278

T R e R R Y

thvseksbsty (Megsage List) *rAaeeswse

MSGS (1) = " Input range is fr
MSG$ (2) = " Program accepts nume
MSG$(3) = STRINGS (64, * “): MSG$(4) =
MSG$ (5} = "Last input not transferred
MSG$(7) = "PSG output signal OFF"
MSG$ (8) = "PROGRAMMABLE SINEWAVE GENE
MSG$(9) = "PSG printer port is " + PO
MSG$ (10) = PORT$ + " uses 1/0 port "
MSG$ (11) = "COPYRIGHT 5/94 by R.J. PO

: CALL DSPLY: Nl& =

DO: K$ = INKEY$S
IF LEN(K$) = 2 THEN 'check keyb
IF ASC(RIGHTS(KS, 1)) = 59 THEN
IF ASC(RIGHTS(KS$, 1)) = 60 THEN
IF ASC(RIGHTS$ (KS, 1)) = 61 THEN
Nls = 0: N2& = 0: CALL LOAD
CALL FREQCLR{5, 6): CALL FREQ
END IF
IF ASC(RIGHTS(KS, 1}) = 62 THEN
IF ASC(RIGHT$(KS, 1)) = 63 THEN
COLOR 6 + 16, 7: OUT DP, 1 + 8

LOCATE 15, 40 - LEN{MSGS$(7)) / 2: PRI
DO: KS$ = INKEY$: LOOP UNTIL K$ = CHR$
COLOR 15, 1: LOCATE 15, 40 - LEN(MSGS$
OuT DP, 1

END IF

IF ASC(RIGHTS$ (K$, 1)} = 68 THEN
END IF
Loop
endp: COLOR 7, 0: CLS
END 'xxxx END PROGRAM x
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rogram line.
elected by the following:

'+++ LPT1 DATA PORT ADDRESS
'*** LPT2 DATA PORT ADDRESS
'+++ LPT3 DATA PORT ADDRESS

e R R R R T S T R Y

om 0.00Hz to 10,000,000.00Hz v
rals and a single decimal point W
STRINGS (21, " ")

to NCO": MSG$(6) = STRINGS (50,

" ony
RATOR CONTROL SCREEN"

RTS + ". "

+ HEX$ (DP) + "HEX"

RTUGAL, NORTH HAVEN, CT. 06473, U.S.A."

0: N2& = 0: CALL LOAD

'#%+ Main Program
card entry for 2 character scan code
CALL FREQUENCY(5, 6, 1} 4 Al SRERTN)

CALL FREQUENCY(8, 9, 2) thewe  [F2]
Pk [E‘3)
CLR(8, 9)
CALL LOAD ke Y ]
Tesw [FS5]

****+ nco clock off
NT MSG$(7) '*¥+ Prints message
{0) + CHR$ (63) '¥++ Wait for "F5" key
{4)) / 2: PRINT MSGS$ (4)

'*++ Turns NCO clock ON

GOTO endp tere [F6)

XxXxX END PROGRAM xxxxx END PROGRAM
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ing at the cube it was apparent to
me that the battery current (1) enter-
ing one corner, the “in"" junction will
divide equally three ways—the
three resistors at that junction will
carry (1/3) current each. The three
resistors on the “out” junction also
will carry (1/3) each, and all other
resistors will carry half that amount
because the (1/3) current divides
equally between them (as a result of
symmetry).

The total voltage drop across the
cube will equal the sum of voltage
drop across the three resistors
comprising a pathway—any path-
way—from the “in" junction to the
“out” junction. Thus, the voltage
drops of the first “in" resistor as
well as the last "out” resistor are R(
I/3) each, and the resistor between

is RU/6).

Then | called on my grandson
(who is in the fifth-grade and is is a
whiz at adding fractions in his head)
to do the calculations. He said that
Va + Y5 + Y% = ¥, so the cube
voltage (E) is R(%l). The net cube
“in" to “out" resistance is E/R = (
%)R.

Thus, | really didn't need my pen-
cil and paper after all. A bit of advice
here: Be sure to use a negative sign
in summing if any pathway in a sim-
ilar kind of problem includes a re-
sistor in which current flows in the
opposite direction.

| appreciated the opportunity to
dig this little gem out from my dusty
old memory files.

E.D. SISSON
Columbus, OH 0

SUB DSPLY

COLOR 15, 10: LOCATE 2, 40 - LEN{MSG$(B)) / 2: PRINT MSGS$ (8}

COLOR 15, 1: LOCATE 5, 1

PRINT “ {F1} Enter Fregquency 1 Hz"
PRINT " {0.00 to 10,000,000.00Hz usec”
PRINT

PRINT " [F2} Enter Frequency 2 Hz"
PRINT " (0.00 to 10,000,000.00Hz usec"
PRINT

PRINT " {F3] Clear Frequency 1 and 2 to zero": LOCATE 19, 1

PRINT " {F4] Load NCO [F5] Start/Stop PSG output"
PRINT

PRINT * [F10] End program-return to DOS"

COLOR 15, 10

LOCATE 23, 40 - (LEN{MSGS$(9)) + LEN(MSG$(10))) / 2: PRINT MSGS$(9) + MSGS(10)
COLOR 7, 9: LOCATE 25, 40 - LEN(MSG$(11)) / 2: PRINT MSG$(1ll); : COLOR 15, 1
END SUB

SUB ERMSG (L1, L2)
CALL PREQCLR(L1, L2}

'+#++ Displays 2 line error message

COLOR 14, 4: FOR i = 14 TO 15: LOCATE i, 9: PRINT MSG$(i - 13); : NEXT i
SLEEP 4: COLOR 15, 1: FOR i = 14 TO 16: LOCATE i, 9: PRINT MSG$({3): NEXT i
END suB

SUB FREQCLR (L1, L2}
COLOR 14, 4: LOCATE L1, 45:
END SUB

PRINT MSG$(4):

SUB FREQUENCY (L1,
COLOR 14, 4:

L2, flg)

CALL FREQCLR(L1, L2}:

LOCATE L1, 45:
IF VAL(£S} > 10000000 OR VAL(fS$) < 0 THEN CALL ERMSG(L1l, L2):

'**+ Clears control panel Fl & F2 display areas

LOCATE L2, 45: PRINT MSGS$ (4)

t+#++ Fl & F2 input routine

LINE INPUT f£$

GOTO esub
numeral & multiple decimal point

1: GOTO x

dpf = ©
FOR i = 1 TO LEN(f$) sk F1/2
%x$ = MIDS (£$, i, 1) t*++ check
IF x$ = "." AND dpf = O THEN : dpf =
IF x$ = "." AND dpf = 1 THEN CALL ERMSGI(L1,

IF ASC(x$) < 48 OR ASC(x$) > 57 THEN
X NEXT i

f = VAL(£S):
LOCATE L2, 45
IF f <> 0 THEN PRINT USING FMT$; 1000000 /

LOCATE L1, 45:

IF flg = 1 THEN Nlg¢ = K *

IF flg = 2 THEN N2s = K * f

COLOR 22, 7: LOCATE 16, 40 - LEN(MSGS(5)) / 2:
esub:

END SUB

SUB LOAD

IF (PEEK(VARPTR(N2&) + j) AND 2 * x)
OUT DP, dt + 4: OUT DP, 1 + dt + 4
NEXT ®: NEXT j
FOR j = 3 TO O STEP -1: FOR x = 7 T

IF (PEEK{VARPTR(N1&) + j) AND 2 ~ x)
OUT DP, dt + 4 + 16: OUT DP, 1 + dt
NEXT x: NEXT j

OUT DP,
COLOR 15, 1
LOCATE 16,
END SUB

1+ 16

10: PRINT MSGS$ (6)

PRINT USING FMTS; f;

+ 4 + 16

L2): GOTO esub
CALL ERMSG(L1l, L2): GOTO esub

'*#++ prints freq

£33 t+#++ period of F1 or F2

'+#+#+ Converts Fl or F2 to a 32bit word
t+++ compatible with NCO input specs

PRINT MSG$(5): COLOR 15, 1

"#%% Converts Fl&2 into serial format & shifts them into NCO
FOR j = 3 TO 0 STEP -1: FOR x = 7 TO 0 STEP -1

tasess Yfer first 32 bits
> 0 THEN dt = 2 ELSE dt = 0

1++* Serial data and shift
1+%*+ pulse generator
O 0 STEP -1

‘#+++4 Xfer second 32 bits
> 0 THEN dt = 2 ELSE dt = 0
'*#++ gerial data and shift
'+++ pulse generator
f+++ YXfers new Fl&2 to NCO

wwWwW americanradiohistorv com

EARN YOUR
B.S. DEGREE
IN

COMPUTERS
ELECTRONICS

o e s “
By Studying at Home

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

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

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

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

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

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

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

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

°

Accredited by
the Accrediting Commission of the

Distance Education and
Training Council

GRANTHAM
College of Engineering

Grantham College Road
Slidell, LA 70460
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EQUIPMENT REPORTS :

Sencore CM125 Computer Monitor Signal Generator

If you regularly test
computer monitors, the
Sencore CM125 computer
monitor signal generator
will make your work easier
and you'll do it faster.

CIACLE 15 ON FREE INFORMATION CARD

The need for specialized com-
puter monitor test equipment
has increased dramatically in
the last decade, not only in repair
shops but at the factories where
they are made. Monitor video band-
width has expanded as a result of
the increases in horizontal scan fre-
quency and the display resolution.

Computer monitors with cathode
ray tubes are among the most ex-
pensive personal computer pe-
ripherals, and they are those most
likely to fail because of their high-
voltage power requirements and the
complexity of their scanning circuit-
ry. With the price and performance
of monitors increasing, they are no
longer disposable components.

The CM125 "Pix Pak™ computer
monitor signal generator from Sen-
core is intended for testing, trou-
bleshooting, evaluating, and com-
paring all brands of computer
monitors and projectors on the
shop test bench, at the burn-in rack,
orin the field.

The CM125 offers a 125-MHz vid-
€0 bandwidth and pixel resolution of
2048 x2048. The portable instru-
ment is output protected to prevent
it from being damaged by defective
computer monitors under test. It
weighs less than five pounds and
has a price tag of $2,995. (Sencore,
3200 Sencore Drive, Sioux Falls,
SD 57107, 605-339-0100, 1-800-
SENCORE)

How is it organized?
The CM125 is packaged in a
book-sized rectangular case with an

(T mrd T REALELE
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array of resilient pushbutton con-
trols and a liquid-crystal digital dis-
play on its front panel. Some of the
pushbuttons contain LED function
indicators. The pushbuttons on the
left side are organized as TYPE. INTER-
LACE. MONITOR PARAMETERS, BLANKING
TIME and POWER.

The middle pushbuttons are ENTRY
AND MEMORY and those on the right
side are VIDEO PATTERNS. POLARITY. VIDEO
OUTPUT. SYNC OUTPUT, andSyNC ADDER.
The two-line LCD readout shows
the scan frequency, pixel resolution,
and blanking timing of signals gener
ated by the CM125.

The output terminal for phase-
locking accessories, a 15-pin D-
type connector, and sync and video
outputs for driving the monitor un-
der test are on the right side. An
RS-232 connector for connecting a
personal computer to automate
test functions and an AC power jack
are on the left side. A fold-down
handle on top makes the instrument
easy to carry, and fold-out bails on
the back permit it to be positioned
at different angles.

The first step in setting signal pa-
rameters is to select one of the
three pushbuttons designated for
the three different kinds of
monitors—digital, analog, or ECL
(emitter-coupled logic). A digital
monitor receives TTL logic signals
and can display a limited number of
colors while an analog monitor re-
ceives a 0.714-volt signal and can
display an infinite number of colors.

An ECL monitor, a form of digital
monitor that receives a signal be-
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tween —1.6 and —-0.9 volts, can
display a limited number of shades
of gray. A fourth pushbutton turns
the interlace scan on and off. Most
computer monitors in service today
are noninterlaced analog units.

The next step is to select the
monitor parameters including hori-
zontal sync frequency, horizontal
pixel resolution, vertical synch fre-
qguency, and vertical pixel resolution.
After a function is selected, numer-
ical values are entered from a key-
pad. Horizontal frequency can be in
the range of 10 to 250 kHz, vertical
frequency can be from 10 to 250 Hz,
and both horizontal and vertical pix-
els can range from 80 to 2048. The
LCD normally displays the numer
ical value of those four settings.

Next, four blanking parameters
must be set: front porch time, sync
time, back porch time, and active
video time. The combination of front
porch, back porch, and sync times
makes up the blanking time. That
value added to the active video time
equals the total scan time.

Four pushbuttons set the polarity
of the video, horizontal sync, ver
tical sync, and blanking signals.
Other pushbuttons activate red,
green, blue (R, G, B), and (intensity
(1) lines. Only digital monitors have
an | output. Other controls turn the
horizontal, vertical, and composite
sync signals on and off, and add
composite sync to the video.

The process of entering all pa-
rameters for certain monitors can
be time-consuming, but the CM125
can test most popular monitors
conveniently with the 43 factory
setups stored permanently in mem-
ory. Moreover, the other 57 custom
settings can also be stored.

Available test patterns

After the CM125 is set for a spe-
cific monitor, a video pattern must
be selected from the seven available
patterns: raster, circle/cross, color
bars, staircase, windows, multi-

Continued on page 33
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Y come Hell or high water,
you can count on us for the components
you need..when you need them.

NTE distributors will move the exact resistor, capacitor, and a copy of our <
heaven and earth to make sure semiconductor, relay, or flyback FREE Short Form :
wummn . yOU get the critical transformer you're looking for, Catalog, call us at 3
SR |+ part you need. you won't have to wait 40 days 1-800-683-6837.
L And if for some and 40 nights. We'll drop ship it NTE. Action.. not Jr—

reason to your door the next day! '
they Best of all, NTE parts are empty promises.

easily cross-referenced to match
over 250,000 U S., Japanese and
European components.

For information, the name NTE ELECTR6M08, INC.

of your local NTE distributor, AWORLDWIDE REPUTATION FOR QUALITY, SERVICE AND VALUE
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NEW PRODUCTS |

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

PC TRAINING KITS. The
Tech-Knowledge system is
intended for teaching per
sonal computer servicing,
troubleshooting, and net-
working. Offered by Heath-
kit Educational Systems, it
is now available in a single,
comprehensive package,
the EZS-400 for PC servic-
ing, troubleshooting, and
networking, or as three
separate complementary
units. They are the
EZS-401 for PC Servicing,
the EZS-402 for PC Trou-
bleshooting, and the
EZS-403 for PC local area
networking.

Each training unit is com-
plete with hardware, soft-
ware, and course materi-
als. The system is based
on an IBM-compatible per
sonal computer with an In-
tel 486 microprocessor.
The PC can be upgraded
by replacing the 486 pro-
cessor with an Intel P24T
Pentium processor.

The personal computer
servicing course covers
substantially all a student
needs to know about ser
vicing, maintaining, up-
grading, and optimizing a
personal computer. Hands-
on exercises reinforce
each topic covered in the
textbook.

Students will be able to
study the operation of vari-
ous computer circuits with
the guidance offered by
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manufacturer's technical
manuals and schematics.
That knowledge can be ap-
plied to troubleshooting
personal computers with
the aid of diagnostic soft-
ware and standard test
equipment.

Instruction is also given
in specifying, installing, and
troubleshooting local area
networks. The course also
explains how to install and
configure modems and
communications software.
It includes Microsoft Win-
dows for Workgroups Soft-
ware and Novell Personal
NetWare.

The courses include
seven of Heathkit's fault in-
sertion and removal mod-
ules (FIRMs), circuit
boards with DIP switches
that permit the simulation
of circuit faults without al-
tering the training comput-
er or its peripherals. Each
course includes a student

text book, student work
book, instructor's guide
and course experiment
parts packages.

The complete EZS-400
package includes two
Zenith Data Systems com-
puter trainers with multi-
frequency color monitors,
210 Mbyte hard-disk drives
and PS/2 compatible key-
board and mice. If pur-
chased as separate units,
the EZS-401 and EZS-402
packages each contain one
computer and monitor. The
EZS-403 package includes
two computers and two
monitors.

The pricing of the in-
struction packages is as
follows: EZS-400—S$7495,
EZS-401 and EZS-402—
$2495, and EZS-403 —
$5995.

Heathkit Educational
Systems

455 Riverview Drive
Benton Harbor, Ml 49022

DSP DEVELOPMENT SYS-
TEM. The digital signal pro-
cessing development sys-
tem from Domain Tech-
nologies is an integrated
software development plat-
form for the Texas Instru-
ment TMS230C31 float-

ing-point, digital-signal pro-
cessor (DSP). The system
is intended for developing,
testing. debugging, and
running DSP software. it in-
cludes an assembler, a
symbolic debugger, and a
target card.

Applications for the sys-
tem include algorithm de-
velopment, data acquisi-
tion, instrumentation, tele-
communications, and sig-
nal processing. The PC
plug-in card contains a
TMS320C31 IC, static
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memory, an analog input/
output port, and two inde-
pendent personal comput-
er interfaces.

The analog I/O unit in-
cludes an analog interface
IC with 14-bit resolution
and two RCA jacks. The in-
terface IC can sample up to
19,200 samples per sec-
ond, and it contains filters
for anti-aliasing and
smoothing.

The debugger screen in-
terface is symbolic and vi-
sual. Each of the DSP's
resources is displayed in its
own window. A built-in as-
sembler/disassembler can
monitor and edit the ap-
plication routine. Data can
be displayed in one of
seven modes, and up to
128 breakpoints can be set
simultaneously. Programs
written in C can be debug-
ged at the source level.
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The floating-point macro
assembler is fully compati-
ble with the TMS320C3x
instruction set. It supports
macro capabilities, con-
ditional assembly, symbol
table generation, source-
level information, and full
error diagnostics.

The DSP Development
System is priced at $600.
Domain Technologies, Inc.
1700 Alma Drive #245
Plano, TX 75075
Phone: 214-895-7593
Fax: 214-985-8579
E-mail: domain@metro-
net.com
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The Four-Year Electronics Degree

Program That Really Hits Home!

Bring The Technology Home With A Bachelor Of Electronics

%

Nows the time to prepare for a profitable career.

We've lowered the cost of
higher education.

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

Mail/Fax Today
or Call

1-800-696-7532

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

Aworld of opportunity.

Where is your career headed?
With a four-year bachelor's degree
from ‘World College, you call the shots,
chocsing from incredible, high-paying
opportunities in electronics, tele-
communications, computer, electrical
power, and many other growing fields.

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

Without leaving home.

World College continually works
to provide its students with the most
advanced education tools. From the
latest equipment and reference books
t6 breaktHrough computer-simulated
experiments, students are exposed to
the latest technological advancements.

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

Choose your own pace.

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

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

Take charge of your future in electronics.

wWAWW americanradiohistorvy com

Engineering Degree. No Hassles. No High Cost!

Four Powerful Reasons
To ConnectWith

Worid College Today:

1.
Py
3.
4.

Earnyour four-year
degree!

Self-paced

training!
Independent study in
your home!

Expert
instruction!

e —————

GiveMeThe
Power! [—~——

(Please Print Neatly)
Name
Address
City
State, Zip
Phone (

Age

For faster service, call
1-800-696-7532,
orcall
1-804-464-4600.

Or fax this couponto
1-804-464-3687.

(@3

WORLD

COLLEGE

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

[k

Affiliated with
Cleveland Institute of Electronics
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CONSTANT-CURRENT
POWER SUPPLY. The Model
930 constant-current
power supply from Calex
has a temperature coeffi-
cient of 0.001%/°C and an
output impedance of 10
megohms. Its power re-
quirements are +12 to
+32 volts. It is sold with a
mounting kit that includes a
potentiometer for setting
constant current from O to
+ 50 milliamperes.

¥
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The Model 930 can func-
tion as a bridge excitation
supply. By adding a 10,000-
ohm resistor, the supply
becomes a stable 100-mi-
croampere current source
for resistance-temperature
sensors (RTD).

The Model 930 is priced
at $115.

Calex Manufacturing
Company, Inc.

2401 Stanwell Drive
Concord, CA 94520
Phone: 800-542-3355
Fax: 510-687-3333

SMART EISA EXTENDER
CARD. The EISA-EXT EISA
extender card from ICS
Electronics allows EISA
and ISA bus add-on cards
for IBM or compatible per
sonal computers to be
tested and debugged in the
PC card cage without
powering the computer up
and down to change cards.

The EISA-EXT card pro-
tects the computer against
power-supply overloads
caused by the card under
test. Solid-state switches
on all signal lines permit the
card under test to be
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changed while the comput-
er is running. The card can
be operated either by a
switch on the card or by I/
O commands from the test
program.

The turn-on sequence
applies power and signals
to the card under test in a
sequence that avoids any
conflict with the computer
bus signals. The card con-
tinuously monitors the
power lines to the card un-
der test and shuts down all
power and signals if an
overcurrent condition is de-
tected. Light-emitting di-
odes on the card indicate
power, signal connection,
and overcurrent.

The EISA-EXT card, in-
cluding a disk with sample
control programs and inte-
grating software for Win-
dows, is priced at $595.
ICS Electronics Corporation
473 Los Coches Street
Milpitas, CA 95035
Phone: 408-263-5896

ULTRA-THIN TEST CLIPS.
The Ultra-Thin Micrograb-
ber series test clips from
ITT Pomona are intended
for microcircuit packages
with finely spaced pins with
up to 0.050 inch pitch. Nar-
row bodies that measure
0.12 inches permit close
stacking of the clips.

The clip wiring is flexible
to permit easy access from
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different angles. Serrated
surfaces on the plunger
and finger tabs improve the
holding ability of the test
clips. The contact pincers
open to 0.024 inch to grip
the leads.

Two styles of test clips
are available: single-ended
and double ended. Single-
ended clips with 40-inch
lead wires are available in
10 colors. Double-ended
clips (contacts on both
ends) are available with
black or red lead wires in
10-, 20-, or 30-inch lengths.

Ultra-Thin Micrograbber
test clips are priced from
$4.50 each.

ITT Pomona Electronics
1500 East Ninth Street
Pomona, CA 91766
Phone: 909-469-2928
Fax: 909-629-3317

TWO-CHANNEL DIGITAL
STORAGE OSCILLOSCOPE.
The new PM 3380A from
Fluke is a two-channel dig-
ital storage oscilloscope
(DSO) with autoranging.
The PM 3380 can automat-
ically scale to signals. Au-
toranging continuously ad-
justs the timebase, and
attenuators keep the signal
on-screen during signal
changes orwhile a circuit is
being probed.
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Special probes included
with the PM 3380A have a
user-programmable com-
mand switch near the tip.
The switch, in conjunction
with autoranging, allows
the user to probe a circuit
without having to make fre-
quent changes on the con-
trol panel.

The probe-tip switch
speeds up measurement
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by allowing the user to
switch between DSQO and
analog modes, recall
stored setups, perform
voltage and time measure-
ments, and initiate an auto-
set routine.

The PM 3380A can dis-
play the waveform on the
external trigger input. It
also has an over-sampling
peak-detector, which re-
veals spikes and high-fre-
quency noise at all time-
base speeds. Other fea-
tures include closed-case
calibration with built-in voit-
age and time standards,
TV line and field triggering,
a built-in video line counter
and standard computer. An
RS-232-C interface per-
mits printing out results.

The PM 3380A two-
channel, autoranging dig-
ital oscilloscope is priced
at $3495.

Fluke Corporation |
P. O. Box 9090
Everett, WA 98206
Phone: 800-44-FLUKE
Fax: 206-356-5116

DEOXIDIZER/CLEANER/
PRESERVATIVE TREAT-
MENT. DeoxIT from Caig
Laboratories is a fast-act-
ing., one-step deoxidizing
solution for cleaning, pre-
serving, lubricating, and
enhancing conductivity of
metal connectors and con-
tacts on products such as
switches, potentiometers,
and relays.

The solution contains
deoxidizers, preservatives,
conductivity enhancers,
anti-tarnishing com-
pounds, and arcing and RFI
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TekMeter can show you the answe
before you even know the quest|on

TekMeter™ is the new handheld instrument from
Tektronix that combines the functions of a DMM and
an oscilloscope. It’s practically “auto everything”
Which in the service business means you’ll get the
answers you need faster than ever before.

It’s easy. Just connect the probes. TekMeter finds
the signal then makes the correct scope or DMM set-
tings to display voltage, current or waveforms in the
most meaningful way. What’s more, your hands

CHECK OUT THE ENTIRETEKTOOI.S LINE FOR ALL YOUR MEASUREMENT NEEDS.

*Suggested retail price, model TMS 550 © Copyright 1994, Tektronix, Inc. All rights reserved. TekMeter, TekTools, and Tektronix are trademarks of Tektronix, Inc. DPW-284597
CIRCLE 92 ON FREE INFORMA'HON CARD

remain free to probe more accurately and safely.
Especially in small places.

Weighing barely 2 pounds, TekMeter includes a host
of features like cursors and spike detect that improve
your ability to maintain and troubleshoot a wide range
of equipment. TekMeter can even capture
incoming line voltage spikes and sags, e
measure voltage and current simulta- LEIAS[O[O/NY
neously, compute true power, and more. G- j
All automatically. For as little as $875* A

TekMeter is the answer you’ve been looking for.
Contact your local authorized Tektronix distributor
today, or call 800-426-2200, ext 299.

Tektronix
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TECHNOLOGY UPDATE

World's first wireless home theater

system makes professional-quality
surround sound affordable. . .

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

by John Lindner

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

The secret of surround sound

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

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

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

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

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

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

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

Plus, John Sunier, a leading
authority on surround sound
and producer of Audiophile
Audition, a nationally syndi-
cated radio program for au-
dio enthusiasts, says, “...the
new Chase HTS-1, when used
to decode the hidden ambi-
ence in all musical recordings,

O P FRTIRFTRA: 2057

The new HTS-1
decoder won
the Design and

Engineering  definitely outperforms all the
Awardatthe  polby and THX processors
(E:I(:.-r:::rl:)r:zs (which could cost you up to
Show for being $3,000)...I am impressed!
one of the Decoding breakthrough.
best and most Last year, audio industry vet-
innovative eran Bob Rapoport invented a
new products. new five-channel “passive”
circuit for decoding the Dolby

Surround™ signals in every stereo, videotape
or laserdisc. This passive method is superior
to active decoders such as Dolby and THX be-
cause it requires no AC current to decode. As
a result, you experience more clarity, more de-
tail, and a greater sense of space. Plus, you
won't experience the noise or distortion which
can occur with active decoding methods. You
don’t need any extra amps! Just connect the
HTS-1 to your stereo, add your speakers, and
you'll experience the magic of home theater
at a fraction of the cost of other systems.

www americanradiohistorv com

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

The Chase HTs-1
decoder is

the most cost-
effective method
for upgrading

an existing
stereo system to
full home theater
performance

on the market.
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The new Chase Technologies HTS-1
surround sound decoder gives you
the option of tising either tradition-
al wired speakers like the Chase
ELF-1s, or using wireless speakers
or a wireless satellite subwoofer
system for additional convenience
and enhanced sound quality.

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

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

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

Speaker Options
Wired Speaker Options

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

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

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

Wireless Speaker Options

S

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

Rear channel speakers. Recoton w440 wire-
tess speakers are the perfect option for
people who want quality stereo rear chan-
nel speakers without having to run speaker
wire. Their two-inch tweeters and four-inch
woofers deliver 10 watts per channel-—clear,
strong stereo fill sound. The speakers work
up to 150 feet from the transmitter without
loss of sound quality. TX1000 transmitter
(works unlimited speakers) ... .. $69 $7 S&H
waao wireless speaker (each) . . . .$89 $9 S&H

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

with surround sound processor specifications balance per-
fectly with the front speakers. wrT47o transmitter. .. $69 $7 S&H
wHT421 wireless 50-watt subwoofer ............ $299 $24 S&H
wHT462 pair of wireless 25-watt satellite speakers $329 $24 S&H

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

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

The Recoton middle of an earthquake.

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

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

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

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

HTS-1 surround sound decoder........ $99 $10 S&H

Please mention promotional code 7T11-ET-1107.
For fastest service call toli-free 24 hours a day

800-704-1211
? I e

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

INDUSTRIES

2820 waterford Lake Drive, Suite 106
Midlothian, Virginia 23113
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inhibitors. It is effective in
the temperature range of
—34°C to 200°C.

DeoxIT is sold in spray
and liquid containers and in
wipes and pen applicators.
Prices start at $3.95 for a
2.3-milliliter vial.

Caig Laboratories, Inc.
16744 West Bernardo
Drive, San Diego, CA
92127-1904

Phone: 619-451-179

Fax: 619-451-2799

“GREEN’’ MICROCON-
TROLLER. The MTE1122
energy management con-
troller from Microchip Tech-
nology reduces total ener
gy consumption up to 30%
in products powered by AC
motors. It is suitable for in-
stallation in residential,
commercial, and industrial
equipment and appliances
such as refrigerators,
washing machines, dryers,
and heating, ventilation,
and air-conditioning
(HVAC) equipment.
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The MTE1122 controller
includes Microchip’s eight-
bit, RISC-based PIC16/17
microcontroller with pro-
prietary power-manage-
ment firmware. The con-
troller monitors the motor
load and then digitally con-
trols power consumption
by sampling at high rates.

When an AC motor is op-
erating under light or no-
load conditions, the con-
troller monitors the AC sig-
nal and senses when the
motor is consuming more
power than is required. It
then modifies the AC sig-
nal to allow the motor to

rotate at the same speed
and maintain that speed
while consuming less
power.

MTE1122 energy man-
agement controllers are
packaged in 18-pin plastic
DIP and SOIC packages
and work from 5-volt
sources. The list price for
the plastic DIP version is
$7.49 each in thousand-
piece quantities.

Microchip Technology Inc.
2355 West Chandler Bivd.
Chandler, AZ 85224-6199
Phone: 602-786-7200
Fax: 602-899-9210

TWO-METER REPEATER
MONITOR/RECEIVER KIT.
The MFJ-8400K repeater
monitor receiver kit from
MFJ Associates is intend-
ed for the circuit builder
who wants to build a two-
meter receiver that will rival

* factory-made units costing

hundreds of dollars more.
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The completed monitor
receiver offers a low-noise,
high-gain, radio-frequency
preamplifier for hearing
weak signals. An air-varia-
ble tuning capacitor with a
smooth 6:1 reduction drive
simplifies receiver tuning.
A dual-conversion super
heterodyne receiver with
ceramic filters and a crys-
tal-controlled second os-
cillator is said to provide
excellent selectivity and
stability.
A 19-inch, Ya-wave whip
antenna is included in the
kit. A 50-ohm antenna in-

put accepts an external
groundplane or Yagi anten-
na array.

The MFJ-8400K kit with
a circuit board, metal cab-
inet, and an instruction
manual is priced at $69.95.
A wired and tested receiver
(MFJ-8400W) is priced at
$89.95.
MFJ Enterprises, Inc.
P. O. Box 494
Mississippi State, MS
39762
Phone: 601-323-5869
Fax: 601-323-6551

PHOTODIODE/AMPLIFIER
IC. The OPT202 photo-
diode/amplifier from Burr-
Brown is packaged in a
five-pin, single-in-line pack-
age. It includes a 0.09-inch
square photodiode, a preci-
sion FET-input transimpe-
dance amplifier, and a 1-
megohm feedback resistor
on a single substrate. Its
package allows light to en-
ter the side of the package
rather than from perpen-
dicular sources.

The OPT202 is intended
for industrial, medical, and
laboratory instrumenta-
tion, position and proximity

sensors, photographic
analyzers, machine tool
controllers, and smoke de-
tectors. The integrated de-
vice offers advantages
over hybrid or discrete
equivalent circuits by re-
ducing or eliminating leak-
age-current errors, noise
pick-up, and gain peaking
from stray capacitance.
The photodiode respon-
sivity is 0.45 amperes per

giil A
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watt at 650 nanometers.
OPT202 photodiode/

amplifier ICs are priced at

$4.95 each in quantities of

thousands.

Burr-Brown Corporation

Mary Douglas, Inquiry

Handling Manager

P. O. Box 11400

Tucson, AZ 85734

Tel: 602-746-1111

Fax: 602-889-1510 Q

BE LESS PRODUCTIVE
AI' THE OFFICE

@“C office has always been a place to get
head. Unfortunacly, it’s also a place where
natural resources can fall behind. So here are

some casy ways to reduce waste at the office. Turn

off your lights when you leave. Help set up a recy-

dling program. Try drinking out of a mug instead of

throwaway cups. And always use both sides of 2 memo.
1¢'ll cut down on trash. Doing these things today will

help save resources for tomorrow. Which is : ;

truly a job well done. 1-800-MY-SHARE

IT'S A CONNECTED WORLD. DO YOUR SHARE.

\ A Public Serncs ol
Q Thas Publication

uEarth Share
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Countcersurveillance

Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

information thieves—been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

Wake up! You may be the victim of
stolen words—precious ideas that would
have made you very wealthy! Yes, profes-
sionals, even rank amateurs, may be lis-
tening to your most private con-
versations.

Wake up! If you are not the victim,
then you are surrounded by countless vic-
tims who need your help if you know how
to discover telephone taps, locate bugs, or
“sweep” a room clean.

There is a thriving professional service
steeped in high-tech techniques that you
can become a part of! But first, you must
know and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
ble by a video VHS presentation that you
cannot view on broadcast television, sat-
ellite, or cable. It presents an informative
program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

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

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

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

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

Srolen Information

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

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

Please rush my copy of the Countersurveillance Techniques
Video VHS Cassctte for a total cost of $53.95 cach (which
includes $4.00 postage and handling).

]

!

|

|

|

]

|

|

|

|

: No. of Cassettes ordered

1 Anwount of payment $_

b Sales tax (NLY S, only)
: Towlenclosed
t Bibmy [ vISA [ MasterCard
: Cand No.

| Expire Date /
|

[}

|

]

]

1

|

1

|

|

[}

Signature
Namwe _
Acldress
City

__ State 7IP

All payments in US. A, funds. Canadians add $4.00 per VHS
cassette. No foreign orders.
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The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plus when to use disinformation to
confuse the unwanted listener, and the
technique of voice scrambling telephone
communications. In fact, do you know
how to look for a bug, where to look for a
bug, and what to do when you find 1t?

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

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

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

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

The Dollars You Save

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

MON S2IUCAND9|T ‘CE6 L YIIBN
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NEW LITERATURE

Use The Free Information Card for fast response.

Create Your Own Multimedia
System; by John McCor-
mick. Windcrest/McGraw-
Hill, Blue Ridge Summit, PA
17294-0850; Phone:
1-800-233-1128; Fax:
717-794-2103; $32.95, in-
cluding disk.

This book explains how
to assemble a complete
multimedia production sys-
tem including monitors, in-
put devices, CD-ROM driv-
es, MIDI sound controllers
and software. It explains
multimedia issues, includ-
ing computer system re-
quirements, performapce
specifications, hardware
and software sources, in-
stallation procedures, and
operation tips. The dis-
kette included with McCor-
mick’s book contains sam-
ple commercial multimedia
demonstration and share-
ware programs.

CIRCLE 337 ON FREE
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The topics covered in
this book include Macin-
tosh and IBM PC and com-
patible operating environ-
ments; graphics, sound,
and animation hardware
and software; JPEG,
MPEG, QuickTime and
other compression stan-
dards; and storage devices
and CD-ROM drives.

Semiconductor Cross Refer-
ence Book; from the Engi-
neers of Howard W. Sams &
Company. Prompt Publica-

SEMICONDUCTOR - .1

REFE CE
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tions, 2647 Waterfront Park-
way, East Drive, Indi-
anapolis, IN 46214-2012;
Phone: 800-428-7267 or
317-298-5710; Fax:
317-298-5604; $24.95.

This book from the pub-
lishers of “"Photofact™ doc-
umentation is a cross-
reference guide for semi-
conductor device replace-
ments and substitutions. It
includes more than
490,000 part numbers,
type numbers, and other
identification for devices
made in the United States,
Europe, and the Far East.

By including replace-
ments for NTE, ECG, Ra-
dio Shack, and TCE de-
vices, the book functions
as a fourway cross refer-
ence. All major classes of
semiconductors are in-
cluded: bipolar transistors,
MOSFETs, diodes, rec-
tifiers, ICs, and SCRs.
Light-emitting diodes and
thermal sensors are also
included. An appendix has
an updated listing of device
original equipment man-
ufacturers.

1995 Full-Line Catalog. Hub
Material Company (HMC),
33 Springdale Avenue, Can-
ton, MA 02021; Phone:
617-821-1870; Fax:
821-4133; free.

This pictorial 1995 cata-
log from Hub Material Co.

includes descriptions of
tools, test equipment, and
technical materials for the
assembly, testing, and re-
pair of electronic products
offered by Hub.

Among the items listed
and pictured in this catalog
are precision hand tools in-
cluding screwdrivers,
pliers, wire strippers, and
tweezers. Soldering sup-
plies include solder, fluxes,

0 omen, s

R T

CIRCLE 339 ON FREE
INFORMATION CARD

soldering irons, tips,
sponges and wicks. ESD
prevention products in-
clude wrist straps, protec-
tive bags, conductive mats,
and special tools. Test
equipment includes power
supplies and os-
cilloscopes. Also offered
are tool kits and cases. The
catalog contains tables for
comparing the product fea-
tures.

Pager Power; by Ted
Strauss. Ten Speed Press, P.
0. Box 7123; Berkeley, CA
94707; Phone:
800-841-2665 or
510-559-1600; Fax:
510-524-4588; $4.95.

This pocket-sized book
explains how to turn your

inexpensive numeric pager :
into a powerful communi-

cations device and save
the expense of a cellular
phone. The techniques de-
scribed also save money

www americanradiohistorv com
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over the use of alpha-
numeric pagers.

A handy code dictionary
in the book provides more
than 11,000 easy-to-use
codes for frequently used
words and phrases. It also
gives users an easy way to
add many personally se-
lected words and phrases.
A form at the back of the
book, when filled in, be-
comes a directory for ac-
tive names and phone
numbers. You look up the
words and phrases to be
sent, key in the recipient's
pager number, and press
the code numbers. The re-
cipient looks up the code
or codes in his copy of your
code book to interpret the
message.

Entries include single
words that are listed alpha-
betically and phrases that
are listed both by situation
(e.g.. change in plans,
emergency, reminders)
and alphabetic order. The
book provides XPress
codes (those most often
used) and shortcuts (100 of
the most frequently used
words, prefixes, and suffix-
es).

Data Acquisition Catalog &
Reference Guide. Keithley
MetraByte, 440 Myles
Standish Blvd., Taunton, MA
02780; Phone:
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Just like these
Fully Trained
Electronics
Professionals

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

Daniel Wade Reynolds

Industrial Electrician

Ore-lda Foods

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

Dan Parks

Marketing Manager/C Product:
Analog Devices, Inc.

g
IR s

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

Britt A. Hanks

Director of Engineering

Petroleum Helicopters, Inc.

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

Electr ical Tt

U.S. Air Force

o

T

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

Service Manager/Technician

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

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

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

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

IT'S THE ONLY SUBJECT
WE TEACH!

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

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

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

CIE pioneered the
first Electronics
Laboratory

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

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

Send for CIE’s FREE Course Catalog and

See How We Can Help Your Career Too!

wwWw americanradiohistorv com

L A Class of One. Since 1934.

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

money. rED
D s
«® %

Y E S ! | want to get started.

Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a
representative contact you - there
is no obligation.)

Please Print Clearly

Name

Address

City

State Zip Age

|

Phone No.
Check box for G.|. Bill Benefits.
Veteran

Active Duty

AE72

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

A School of Thousands.

L---
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1-800-348-0033; Fax:
508-880-0179; free.

This 288-page catalog
from Keithley MetraByte
describes more than 40
hardware, software, and
accessory products that it
is offering. Many have been
optimized for Windows-
based data-acquisition ap-
plications. The products
pictured and described in-
clude the DAS-1800 and
DAS-800 families of plug-
in data-acquisition boards,
the DAS-TC thermocouple
input board, the VisualDAS
custom control software
package, and the TestPoint
multitasking, object-ori-
ented software package.

The full color catalog
also describes the compa-
ny's plug-in boards and
software packages, signal-
conditioning products and
accessories, IEEE-488.2
personal computerinter-
faces, serial interfaces,
Personal Computer Instru-
ment Product (PCIP)
boards, Series 500 data
acquisition instruments,
and industrial data acquisi-
tion systems.

ﬁ
TSN
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Expanded technical ref-
erence sections include
product-selection indexes,

+ application notes, technical
tips, and a glossary. An en-
closed project block-di-
agram worksheet is intend-
ed to help readers docu-
ment their application re-
quirements. Worksheets
can be faxed to Keithely
MetraByte for free advice
on the most cost-effective
way to implement those re-
quirements.

Networking: Products for In-
stalling, Maintaining & Re-
pairing Networks. Contact
East, 335 Willow Street,
North Andover, MA 01845;
Phone: 508-688-2000; Fax:
508-688-7829; free.

This 48-page catalog
from Contact East contains
information on its products
for installing, maintaining,
and repairing networks.
The products highlighted in
this catalog include new
insulated hand tools, digital
multimeters and accesso-
ries, cordless power tools,
clamp meters, infrared
temperature probes, and
handheld and remote dig-
ital storage oscilloscopes.

tmuch sed 1)

Network

ing:
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The catalog also de-
scribes Contact East's
lines of tools for wire crimp-
ing. stripping, and cutting
as well as its soldering sup-
plies, wire sorters, circuit
testers, network testers,
communication test equip-
ment, and measuring tools.

Mosaic Quick Tour for Win-
dows: Accessing & Navigat-
ing the Internet’s World
Wide Web; by Gareth Bran-
wyn. Ventana Press, P. 0.
Box 2468, Chapel Hill, NC
27515; Phone:
919-942-0220; Fax:
919-942-1140; $12.

This book describes the
World Wide Web, a system
for interlinking information
on the Internet. Mosaic,
with its graphically rich in-
terface and point-and-click
access, is said to be ideal
for navigating the Web.
Branwyn's book will help

MOSALC  —wi
QUICK TOUR §y
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the reader to obtain max-
imum benefit from Mosaic.

The book defines hyper-
linked World Wide Web,
Mosaic, hypertext, and
HTML, and it discusses its
underlying language. Also
covered are system re-
quirements and software
downloading and config-
uration. You will learn how
to use Mosaic for FTP,
telnet, and newsgroup
reading. The book also
contains a listing of art gal-
leries, magazines, music
archives, software librar-
ies, and other resources. It
also describes special
ways to explore the World
Wide Web.

1994/1995 Embedded Con-
trol Handbook. Microchip
Technology Inc., 2355 West
Chandler Blvd., Chandler,
AZ 85224-6199; Phone:
6N02-786-7200; Fax:
602-899-9210; free

This 1376-page tech-
nical reference book from
Microchip Technology on
embedded control is avail-
able through any autho-
rized Microchip distributor
or sales representative. It
discusses Microchip's
PIC16/17 field-program-
mable eight-bit micro-
controllers and nonvolatile
memory products. In-
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cluded are more than .78
application notes as well as
software code written for
specific embedded-control
applications.

Sections include those
on multiplexing LED drives
and a 4 X 4 keypad for sam-
pling; implementation of an
asynchronous serial 1/0;
serial port utilities; imple-
menting ohmmeter/tem-
perature sensors and serial
port utilities. The book in-
cludes schematic and tim-
ing diagrams, math rou-
tines, and illustrations to
explain applications.

Practical Digital Video with
Programming Examples in
C; by Phillip Mattison. John
Wiley & Sons, Inc. 605 Third
Avenue, New York, NY
10158-0012; Phone: 1-800-
CALL-WILEY; $39.95 includ-
ing disk. ’

Mattison’s book will help
software developers gain a
comprehensive working
knowledge of digital video
and multimedia program-
ming in C language. This
practical guide explains the
vital elements of personal
computer motion video in a
comprehensible, non-
mathematical style. The
companion diskette in-
cludes 20 sample pro-
grams with source code,
plus clips of sample motion
videos.

. FRACTICAL DIGITAL
o WIDED Wit

PROGAAMMBG

EXAMPLES i
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The book points out the
differences between
graphical and natural im-
ages, and the reasons for
compressing image data. It
describes and compares
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various computer displays
and comments on their
suitability for natural video.
Different methods of color
representation are ex-

+ plained, and their applica-
tions to multimedia are
described. Also covered
are available video-storage
techniques and major data-
compression techniques. It
presents several PC video
hardware systems, and
discusses two popular PC
video environments—Mi-
crosoft Video for Windows
and Apple Quicktime.

Mega-Brite Lites Selection
Guide No. 84-3. Lumex
Opto/Components Inc., 292
East Hellen Road, Palatine,
IL 60067; Phone:
708-359-2790; Fax:
1-800-944-2790; free.

This product selection
guide describes a family of

‘mega-brite lites
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green. and yellow light-
emitting diodes sold under
the Mega-brite Lites label.
Available in six sizes of radi-
al-leaded plastic packages,
the LEDs can serve as il-
lumination sources, indica-
tors that can be seen as far
away as 100 feet, and in-
door signs. They can also
serve as outdoor lights au-

tomobiles. The guide in- |

cludes full specifications,
including detailed outline
drawings and emission pat-
terns for each of the six

Coll Designand
Construction

YOU CAN WIND
YOUR OWN COILS?

Manual
There's no trick to it except knowing what
you are doing. In a unique, 106-page book
you can become expert in winding RF, IF,
audio and power coils, chokes and trans-
formers. Practically every type of coil is dis-

cussed and necessary calculations are given

with the mathematical data simplified for use by anyone. Get your
copy today!

I Electronics Technology Today, Inc. |

| P.0. Box 240 « Massapequa Park, NY 11762-0240

|
Please send me my copy of Coif Design and Construction Manual |
(BP160). | enclose a check or money order for $8.45 to cover the
book’s cost and shipping-and-handling expenses. NY state resi- I
dents must add local sales tax.

Name

City State ZIP

All orders must be paid in U.S. funds only. Sorry, no orders ac-
I cepted outside of USA and Canada. Please allow 6-8 weeks for de-

|
Address I
|
|
|

35 high-intensity red,

package sizes. Q

livery.
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EQUIPMENT REPORTS

continued from page 16

burst, and text. The patterns can be
cycled automatically to prevent the
electron beam from damaging the
CRT screen of the monitor under
test.

The raster pattern produces a
solid box on the monitor's screen
surrounded by a one-pixel wide
border. This border indicates color
purity and high-voltage power sup-
ply regulation. The box should be
pure white when all video outputs
are on, and it should switch to solid
black when the video polarity is re-
versed. The edges of the box must
be straight and ripple-free.

The circle/cross pattern of light
colored circles and grid on a black
background provides a test of the
monitor's linearity and con-
vergence. Each line should be
straight and each box should be
square. The circles must be round
and without distortion. The dots per-
mit checking static convergence
and the dots and lines permit check-

_ing dynamic convergence.

The color bar pattern tests a
monitor's ability to produce proper
color. All color bars should be pres-
ent and the colors should be uni-
form in intensity from top to bottom
and left to right to detect possible
video amplifier defects.

The staircase pattern tests
brightness and contrast linearity of
analog and monochrome digital
monitors. If those monitors are
working correctly, they will display
of 16 evenly spaced bars ranging
from black to 100 % white.

The windows pattern tests the
monitor's power supply regulation.
It shows up as a checkerboard pat-
tern of four black and five white
squares on a field of nine squares.
Transitions between the black and
white squares should be clear and
distinct. All the white boxes should
have the same brightness level and
the entire screen should be ripple
free. ;

The window pattern, a white box
on a black field, is widely used by
monitor manufacturers for making
internal contrast and brightness ad-
justments.
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The multiburst pattem, similar in
appearance to the windows pattern
except that the vertical and horizon-
tal resolution lines replace the white
boxes, test monitor resolution and
bandwidth. The vertical lines test
the horizontal pixel resolution and
the horizontal lines test the vertical
resolution. The one-pixel wide lines
should be discernible on a properly
operating monitor.

The text pattern fills the screen
with upper- and lower-case text
characters that duplicate user con-
ditions. All characters on the screen
should be should be focused and
easy to read. This pattern is used to
make the final performance test on
the monitor.

The CM125 computer monitor
signal generator is an expensive in-
strument, but its performance is not
easily matched by features in other
computer monitor testers at any
price, especially portable instru-
ments suitable for field use. It can
make short work of high-volume
symptom, field, burn-in testing, and
quality assurance testing. It is also
suitable for giving monitor demon-
strations. Q
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INCE THE DAYS OF THE FIRST VAC-
um-tube computer, designers
ave sought better, faster. and
eheaper computer perfor-
ance. Improvements in these
treas directly mirror the evolu
ion of device technology from
yJacuum tubes to transistors,
tegrated circuits, Large Scale
ntegratlon (LSI). and Very
arge Scale Integration (VLSI).
nportant milestones along the
Way include the introduction of
sSSSSintegrated circuits in 1964, and
""‘?T € introduction of the micro-
yrocessor—often called the
IPU (microprocessing unit) or,
nore commonly, CPU {central
rocessing unit)—in 1971.
. This article provides an over-
iew of how both micro-
rocessors and the computer
ndustry have evolved. Whether
“you are a computer user, hob-
4byist, technician, or designer,
this article will help you under-
“8tand what microprocessors
re, how they work, and how
hey developed. The article also
ncludes a capsule history of mi-
croprocessor development (see
“Early Times in the PC Biz"),
‘and a glossary of micro-
- processor-related terms (see
*Microprocessor Glossary and
‘Nomenclature”).

at is a microprocessor?
* The internal workings of to-
'day's microprocessors are cer-
ainly more sophisticated than
“those of such pioneers as the
"6502 (MOS Technology), the
C6800 (Motorola) or the 8080
(Intel). Even so, todays com-
plexity only builds on underly-
ng architectures that have
emained almost unchanged for
20 years.
At heart, the microprocessor
an “engine” that performs
rithmetic and logic functions
1 a generalized way. Ordinary
bgic ICs are designed to pro-

v \f
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Two decades of microprocessor history

STEPHEN J. BIGELOW

duce specific outputs based on
specific inputs and internal log-
‘c. By contrast, the micro-
processor’s outputs are deter-
mined by stored logic—soft-
ware—that can vary.

For example, Fig. 1 shows a
block diagram of the 8-bit
8080A CPU. Although it might
appear imposing at first glance,
each block falls into one of three
categories: registers, instruc-
tion/control elements, and the
arithmetic logic unit or ALU.

Registers are individual RAM
locations that are contained
within the microprocessor it-
self. Nearly every micro-
processor has a register called
the accumulator, which stores
values and the results of arith-
metic and logical operations.

Another important register
shared by nearly all micro-
processors is called the program
counter, which tracks the ad-
dress in the computer’s main
RAM memory where the next
program instruction will come
from. While the microprocessor
is executing a current instruc-
tion, it also updates the pro-
gram counter to point to the
address of the next instruction.
The actual program instruction
that is to be executed is passed
to the instruction decoder via
the instruction register.

The CPU can also jump to an-
other location in RAM to ex-
ecute an instruction, in several
ways. One is toJump or Branch
directly to that location and
continue program execution
there. Another is to execute a
subroutine, usually via a Call,
Jump to Subroutine, or Branch
to Subroutine instruction.
After the subroutine completes
its duties, the CPU resumes pro-

mmadhhistdm:/l MM r

gram execution at the instruc-
tion that immediately follows
subroutine-Call, -Jump, or -
Branch instruction. —
When the CPU performs 4
Call, it pushes the contents o
the program counter onto a speid
cial section of main compute
memory called the stack. Con:
versely, when returning from a
subroutine, the address is ther
popped off the stack and loadec
back into the program counteg
Another CPU register called the
stack pointer keeps track of the
next free location on the stack.
As the CPU calls subroutines
(pushes) and returns from the
(pops), the stack pointer slides
up and down the s%ck. Th
stack can also store the con
tents of various CPU registers.
Other registers are used for
temporary data storage and tg
index memory. For example, i¢
the 8080, the H,L,.D,E, B,C, W;
Z, as well as the Accumulatoris
are all 8-bit registers that serve
as general-purpose (or scratch=—=
pad) registers. Newer micro
processors contain more and
larger registers, but the concep UM=
is the same.
Instruction/Control To e
ecute a program instruction
the CPU must usually perform &
series of steps such as readingr—"
data from a memory or inpui
output (I/O) location, writing
data to a memory or I/O loca-
tion. manipulating the con®™
tents of one or more CPU
registers, and handling the re
sults of ALU operations. The ac&s
tual series of steps depends ong
the particular instruction+%§
Thus, each instruction must b
translated by an instruction de-%
coder from the single machine-¥ ¥
language instruction into a se
ries of simple functions that the
CPU can execute. h
Keeping all of the, components
of a CPU running smoothly re-
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MOTOROLA’s 68030 second-generation 32-bit microprocessor.

quires precise timing and syn-
chronization, which is usually
managed by a crystal-based
clock/oscillator. Early CPUs
such as the 8080A required an
external oscillator. Today's CPUs
contain internal oscillators that
require only an external crystal
and perhaps a small capacitor
or two.

Each clock pulse allows the
CPU to perform one operation.
However, one instruction can
requires several operations. As
a result, it may take 20 to 30
clock pulses for a CPU to per-
form a complete instruction,
such as adding two numbers.

There are two basic ways to
enhance CPU speed: 1) increase
clock speed, and 2) decrease the
number of operations that are
required to execute each in-
struction. For example, sup-
pose that 25 clock pulses are
needed to perform a simple ad-
dition. If the CPU clock ran at 10
MHz, each clock pulse would
take 0.1 microsecond (us), so
the addition would be com-
pleted in (25 x 0.1 us) = 2.5 us.
If the CPU ran at 60 MHz, each
clock pulse would be only 16.7
nanoseconds (0.0167 us), so
the same addition would be
complete in (25 X 0.0167 us) =
0.4175 ps. That value repre-
sents a six times improvement
in raw speed. The other way to
improve performance is to re-

duce the number of operations
required per instruction. To-
day'’s microprocessors use both
techniques.

Several control signals influ-
€nce a microprocessors opera-
tion. One important function,
for example, is reading and
writing memory and I/O ports.
How does the system dis-
tinguish between reads and
writes? Some microprocessor
families have a single read/write
line: the Intel family has sepa-
rate read and write lines. When-
ever the CPU wants to write
some data to memory or to an
input/output (I/O) port, it as-
serts (brings low) its wriTE line.
Likewise, when it wants to read
data, it asserts its READ line.

Another important function
involves interrupts. Whenever a
situation requiring the CPU’s
attention occurs, the CPU's cur-
rent task can be interrupted,
and its focus shifted to the in-
terrupting task. Devices such
as keyboards, disk drives, and
memory-refresh circuits de-
mand the CPU’s attention with
interrupt requests (IRQs). Early
CPUs such as the 6800, the
6502, and the 8080 had a single
interrupt input. Many current
devices offer as many as 16.

Another potential problem
that a microprocessor must
contend with is the varying
speeds of devices in a computer
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system. The CPU is usually the
fastest device in a system; mem-
ory and /O ports are typically
slower, and mechanical devices
such as disk drives are slower
yet. Because of these speed dif-
ferences, an external device may
not be ready when the CPU tries
to read it. To ensure coordina-
tion, microprocessors have waIt
and ReaDY signal lines, which
allow the CPU to idle for a clock
pulse. That idle period is called
a wait state. Although wait
states are still common in com-
puter systems today, good sys-
tem design minimizes their
use.

The last control function to be
discussed here is micro-
processor reset. When asserted,
the REsSeET line of a micro-
processor sets all the registers
to known states and begins pro-
gram execution at a specific lo-
cation in memory.

ALU The real power in a CPU
is not in its registers or control
section, but in its Arithmetic/
Logic Unit (ALU). The ALU is the
“brain” within the CPU: it is
what carries out most logical
operations, comparisons, and
arithmetic functions. Some
CPUs delegate high-order math
functions to a separate math
coprocessor, but most ALUs
add, subtract, increment, dec-
rement, compare, and perform
logical operations (AND. OR. NOT.
XOR). After each ALU operation,
aset of result flags indicates the
status of the result (carry, bor-
IOW, Or Z€ro).

The Intel family

Intel CPUs have been at the
forefront of desktop personal
computing since IBM selected
the 8088 for use in its first IBM
PC. Since it was introduced, the
so-called x86 architecture has
undergone five major evolution-
ary stages. The first generation
includes the 8088, the 8086,
and the 80186. The next three
generations include the 80286,
the 80386, and the 80486. The
fifth and most recent includes
the Pentium. Intel is already
working on both the sixth and
seventh generations, as yet un-
named. Table 1 summarizes dif-
ferences between the various
CPU family members, ranging
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from the early 8088 (as used in
the original IBM PC) to what
many consider today's perfor-
mance leader. the Pentium.
The head of the family is the
8086. In the era ruled by 8-bit
microprocessors, the 8086
quickly became the first widely-
used 16-bit microprocessor.
(When speaking of the number
of bits a microprocessor has,
data-bus width is usually the
value referred to.) [n addition to
doubling the data bus width
from 8 to 16, the 8086 also in-
creased the number of address
lines from 16 to 20, thereby
providing what seemed at the
time an abundant one mega-
byte of addressable memory.
The 8088 is essentially the
same chip as the 8086, except
that its 16-bit data bus is multi-
plexed down to 8 bits. That
trades off system costs at the
expense of performance. Note in
Table 1 how data-bus band-

8 BIT INTERNAL DATA BUS

width decreases by more than a
factor of two from the 8086 to
the 8088. Multiplexing the data
bus down to half its internal
width is a “trick” Intel played
over and over in the evolution of
the 8086 line.

The 80186 is an 8086 with
several common support func-
tions built right in: clock gener-
ator. system controller, inter-
rupt controller, DMA (Direct
Memory Access) controller, and
timer/counter. No Intel CPU be-
fore or since has offered as
much integration in a single
package. The 80186 was also
the first to abandon 5-MHz
clock speeds in favor of 8-, 10-,
and 12.5-MHz rates. The 186
was not used as a mainstream
CPU for desktop computers:
rather, it was limited to “embed-
ded” applications.

The 80286 offered the first
real architectural advance over
the 8086. The 286 pushed

8 BIT EXTERNAL
DATA BUS

DATA BUS

BUFFER

memory to 24 address lines, re-
sulting in a 16-megabyte ad-
dress space. In order the access
all that memory, the 286 also in-
troduced a new mode of opera-
tion, called protected mode.

The 80286 booted in an
8088/86-compatible mode
called real mode, but through a
special instruction, it could
switch into the more advanced
protected mode to gain access to
the additional memory, as well
as to advanced programming
features. However the only way
to get back into real mode from
protected mode is to force a
complete reset of the micro-
processor—a time-consuming
process that eliminated the
80286 as a viable engine for
running multitasking operat-
ing systems such as Windows
and 0S/2.

The next major advance came
in 1985: the 80386. It was Intel’s
first 32-bit microprocessor. and
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FIG.1—ARCHITECTURE FOR A GENERATION: Intel’s 8088 microprocessor, as used in

the original 1IBM PC.
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