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Fluke meters have really been
thrOU.gh he mlﬂ —_—

55— et

Fluke meters can hold up to tons of pressure. True story: While troubleshooting carpet
cutting equipment, a technician accidentally leaves a Fluke 77 Meter on the belt. The operator flips a
switch. The meter gets hammered between two bouncing, 100 Ib. pressure rollers. They stop the ma-
chine, remove the meter, peel off the rubber holster, and guess what? The meter still works. Now that's
a case of rugged reliability that adds years to a meter’s life. And keeps dollars in your pocket. Fact is, all
Fluke meters are designed, built and tested to pass strict environmental, mechanical, and electrical
standards. We test every rotary knob, keypad, and switch to withstand
several lifetimes of wear and tear. We put them through tough HAST" test-
ing for survival against drops, vibration, baking heat and freezing cold.

The result is a meter that's impressive outside. And inside. Fluke builds in

superior calibration, stability and guaranteed accuracy so you can meet

Send your amazing Fluke survival story to the
address belaw and we'll send you a free metercase.  your goals for product quality. If you ever need help, simply call Fluke

technical/ application support. For more product information, see your Fluke distributor today. Or call
1-800-59-FLUKE for a direct connection to a distributor near you.

“Highly Aggressive Stress Testing Serious Tools for Serious Work

For technical or application support call 1-800-44-FLUKE.
© 1994 Fluke Corporation. P.0. Box 9090, M/S 250€, Everett, WA,

USA 98206-9090. Canada (905) 890-7600.
Europe {31 40) 644200. Other Countries (206) 356-5500. F I l ' K E N
All rights reserved. Ad No. 00621 ‘CIRCLE 121 ON FREE INFORMATION CARD ®




Be The Boss Of Your

Own Bookkeepin:
And Accounting BESi§CSS

Now NRI makes it easier than ever to be your own boss, NRI's innovative new at-home training in Contemporary Bookkeeping and
Accounting guides you step-by-step from the basics of bookkeeping to more advanced accounting techniques...plus gives you hands-on
experience with today’s most exciting new accounting tool: a powerful AT-ccmpatible computer system you train with and keep!

Your timing couldn’t be better! Only NRI's new hands-on training
gives you the opportunity to make the most of three of today’s
most exciting new developments:

B The persistent and growing need for bookkeeping and
accounting services by virtually every business, association, and
organization operating today

B The computer revolution that’s transformed traditional
bookkeeping and accounting practices and techniques

B And the home office boom—with more than 25
million Americans currently working in a home-
based business of their own and more than 15
million more entrepreneurs expected to join
the home-based ranks by the year 2000. \\:\)‘

X

Z
E

Only NRI's Contemporary Bookkeeping
and Accounting course prepares you to
capitalize on all three, with comprehensive
training in every aspect of bookkeeping
and accounting, plus hands-on training with
a powerful IBM-compatible computer and
professional General Ledger software, plus
the business knowledge you need to make
your home-based enterprise thrive.

Start earning while you learn
Among the most popular home-based
services today, bookkeeping and
accounting offers tremendous
money-making potential for the
trained professional. And NRI's
unique new training helps you
take advantage of this earnings
potential quickly and easily.

. P !;g‘,‘l_n.;

ity :

NRI starts you
out with the tried-
and-true basics of
bookkeeping and
accounting, cutting through unproductive “busy work” to give you
the skills that really count. Before you're halfway through your
course, you'll be able to pick up part-time income preparing
balance sheets, profit-and-loss statements,
and other financial reports for local businesspeople. And that’s
just the beginning!

Only NRI gives you an AT-compatible computer

and friendly, “walk-you-through” software to
train with and use in your new business

Once you've mastered the essential basics, you're
ready to make the leap to contemporary accounting
techniques with a computer. And you’ll get hands-on
training with the IBM-compatible computer that’s
included in your course.

That’s right! You get a powerful IBM PC/AT-compatible system
featuring a full megabyte of RAM, high-resolution monitor, and
floppy disk drive—plus professional General Ledger software
ingeniously designed to speed your learning process.

Even if you make a mistake, your user-friendly software points
you in the right direction with easily understandable instructions
in plain English. Best of all, this same training software doubles as
a complete bookkeeping and accounting package you can use to
set up the books for your business clients.

compatible! *

With NRI's step-by-step training, you'll soon be
using your computer as comfortably as you now
use a pencil, doing in minutes the kinds of
procedures that can take hours to do manu-
ally—giving you more time to make money
offering your bookkeeping and accounting
expertise to your clients!

Get the business savvy you need
to set up shop at home
NRI goes beyond giving you
technical expertise in bookkeep-
ing and accounting to give you
the business knowledge you
need to succeed as a home-based
entrepreneur. You learn how to
set up the ideal home oftice, how
to get and keep good-paying
clients, how to budget your
resources, grow your profits, and
much more. And NRI's experienced
instructors are always available with
technical advice, encouragement,
and support as you get your
business off the ground.

Even if you decide to wait
before setting up shop at home,
your new understanding of
advertising, customer relations, and
other business principles will help
you generate part-time income or
move up to a responsible position
with your present company.

Send today for FREE catalog

To find out how NRI's at-home training
can prepare you to start a profitable bookkeeping
and accounting business of your own, send for NRI's free.
full-color catalog. Or choose to send for information about one of
NRI's many other courses designed to help you be your own boss.
If the coupon is missing, write to NRI Schools, McGraw-Hill
Continuing Education Center, 4401 Connecticut Avenue, NW,
Washington, DC 20008.
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McGraw-Hill Continuing Education Center il I
4401 Connecticut Avenue, NW, Washington, DC 20008
¥ Check one only I
[ Bookkeeping and Accounting |
[ Desktop Publishing and Design ] Paralegal |
[0 Word Processing O Travel
I ' Computer Programming O Writing I
I Name (please print) Age l
| 4
I Address
I City/$taze/Zip 2932~
L Accredited Member, National Home Study Council
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35 BUILD THE PICTURE STICK | ol

Do you think that only magicians can use magic wands?
' Think again! The Picture Stick is an electronic “magic

wand,” an inexpensive, easy-to-build device that can
‘ light up the night with computer-generated graphics. 1t |
looks like a gar-
den-variety yard-
stick connected to
a small PC board.
But add a couple
| of batteries and
the Picture Stick
begins to glow.
Wave it around
over your head,
and the flickering
green light :
| changes into rec- ’ ' |
'| ognizable images of stars, circles, and diamonds. It

might not conjure a rabbit out of a hat, but the Picture
| Stick will amaze your friends and family and leave them ’

o/

| wondering if you have something up your sleeve! —
} Scott Edwards

CONTENTS
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BUILD THIS B

TELEPHONE CALL
RESTRICTOR

Block L bt
access to
those
costly
“900”
and “976” numbers — or any I
others — with this telephone
device. — Terry Weeder |

NIGHT VISION SCOPES
Put military surplus gear to
work in this pair — one
passive,
one
active
infrared
—of
affordable, see-in-the dark, |
night-vision scopes.— Bruno ,-
Justic and Peter Phillips

AUTOMATIC
RECHARGEABLE
FLASHLIGHT

You
might
want to
build two
of these
handy combination emergency
light/flashlights: one for the car,

and another to keep at home. ‘
— Marc Spiwak |
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42 FUN WITH FUNCTION
GENERATORS
Take one function generator, add one
oscilloscope: the recipe for a versatile
instrumentation set for testing systems
and components.— Robert Kral
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A review of the latest happenings in electronics.

High-density disk-drive
recording head
IBM has developed a new, very

| sensitive sensor for detecting data
on computer magnetic hard disks. |
| The company plans to put the new

{

sensor in read/write heads that will
be installed in IBM disk drives by
2000. The drives at that time are
expected to be able to store infor
mation at about 20 times the densi-

| ty possible today—10 billion bits of

data per square inch of disk surface.
The new sensor, called a spin-
valve head, is said to be five times
more sensitive than today’s best
commercially available disk-drive
sensors. This is due to their ability
to harness the ‘“giant magneto-
resistive” (GMR) effect, which was
discovered about six years ago.
The new sensor was developed at

- IBM's San Jose, California, re-

search center. It can read data bits
written onto a magnetic hard disk at
a density of 1 billion bits (gigabit) per
square inch. That density was se-
lected so that the results could be

. compared with a landmark 1989
demonstration of reading a gigabit |

per square inch with an earlier mag-
netostrictive (MR) head.

The spin valve's electrical sig-
nal—one thousandth of a volt per

- micron of track width—is five times

greater than that of the best IBM
MR sensor installed in drives today.
The spin valve's stronger signal of-
fers disk-drive designers the option
of packing more bits into a given
area of disk surface or relaxing other
design restraints to increase overall
performance.

For example, a faster data rate
can be achieved by spinning the
disk faster, and reliability can be en-
hanced by “flying” the head higher
above the disk, making accidental
collisions less likely. Most of the
data-density increase is expected
to come from a six-fold decrease in
the disk track width—from 3 to 0.5
micrometers.

t

INDUCTIVE WRITE HEAD
P2 LAYER

>

MAGNETORESISTIVE
SHIELD 1

INDUCTIVE HEAD P1 AND
MAGNETORESISTIVE
SHIELD 2

|
A CéPPER WRITE COILS
‘Q |

|
/MAGNETORESISTIVE |

CONTACT

MAGNETORESISTIVE
READ ELEMENT

IBM’s SPIN VALVE MAGNETORESISTIVE HEAD should permit disk drives with storage |
densities nearly 20 times what is possible today.

A recording head writes data
onto a disk and reads that data
back. Until recently, all recording
heads were based on electrical in-
duction. To write data, electric cur
rent sent through a coil induces a
magnetic field within the head that
is projected through a small gap
onto a spinning platter. That leaves a
tiny magnetized region on the disk's
surface.

To read data, the process is re-
versed. Magnetic fields on the disk
surface, which are picked up by the
gap. induce a current in the head's
coil. As the size of magnetized re-
gions representing a bit shrank be-
cause of increasing storage density,
it became more difficult to sense a
current strong enough to be read.

IBMintroduced the first hard-disk
drive equipped with a magne-
toresistive (MR) reading sensor in
1991. It was made from several thin
layers of an MR material whose
electrical resistance changes in a
magnetic field. The 300-angstrom
thick MR sensor is placed within or
near the gap of the write element,

and it gives a much stronger signal
than an induction sensor when read-
ing data at comparable densities
and data rates.

The added feature permitted the
inductive coil and gap to be op-
timized for writing. IBM is reportedly
the only company now shipping disk
drives in volume with recording
heads that include MR sensors.

The giant magnetoresistive

| (GMR) effect was discovered in

France in 1988 in perfect multilayer
crystal samples exposed to very
high magnetic fields. IBM re- |
searchers then demonstrated that
the effect could be found in struc-
tures of sputtered polycrystalline
whose layers are thinner than the
MR films (5 to 100 vs. 300 an- |
gstroms).
That discovery led to a search for
a structure that would exhibit the
GMR effect in the weak external
magnetic fields of magnetic disks
and be useful in a disk-drive record-
ing head.
A multilayer structure was fab-
Continued on page 13 |




TekMeter can show you the answer
before you even know the questlon

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 ENTIRE TEKTOOLS™ LINE FOR ALL YOUR MEASUREMENT NEEDS.

*Suggested retail price, model TMS 550 © Copyright 1994, Tektronix, Inc. All rights reserved. TekMeter, TekTools, and Tektionix are trademarks of Tektronix, Inc. DPW-284597
CIRCLE 92 ON FREE INFORMATION 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,
measure voltage and current simulta-
neously, compute true power, and maore.

All automatically. For as little as $875*

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

Tektronix




o Electronics Now, October 1994

What's new in the fast-changing video industry.

DAVID LACHENBRUCH

® Widescreen TV. Widescreen
TV sets with 16:9 aspect ratios
(more like movie screens than the
conventional 4.3 sets) are available
in the United States under a variety
of brand names in several direct-
view and projection sets, But they
haven't been selling too well—prob-
ably because of the lack of available
programs in 16:9, or letterbox, as-
pect ratios. In Japan, however, 16:9
has become an immediate success,
and it has been forecast that next
year more than half of all TV sales
there will the widescreen models.
That might be because there is
greater availability of recorded
movies in the wide format or be-
cause the Japanese are more ac-
customed to seeing widescreen TV.
Widescreen sets exhibited in public
places are designed to display the
satellite-delivered Hi-Vision HDTV
signal, which has widescreen pro-
portions. Or, possibly, it's just be-
cause the Japanese are “‘early
adopters.” At any rate, the Japa-
nese trend is being viewed as an
encouraging sign for the prospects
of widescreen TV here. Ancther en-
couraging sign is the increase in let-
terboxed movies available on both
videotape and laser disc.
Widescreen TV sets have some
drawbacks. Standard 4:3-dimen-
sioned pictures can't be properly
displayed on them without eliminat-
ing part of the picture, displaying
black spaces on both sides, or
showing a distorted picture. How-
ever, JVC has developed an inter
esting way to display standard
pictures on widescreen sets with
none of those disadvantages. Bas-
ing its development on psychologi-
cal factors—including the finding
that the viewer's attention is drawn
to the center of the screen—the
JVC system leaves the center 70%
of the standard picture undistorted
on the widescreen. Both sides of
the picture are stretched according
to a formula that expands the ex-
treme sides more than the area

WIDE-SCREEN TVs with aspect ratios of
16 x 9 will likely become popular in the
U.S. Pioneer's PRO-107 is shown here.

closer to the center of the picture.
Amazingly, when viewing the
“stretched” 4:3 picture full-width on
a 16:9 screen, it's very difficult for
the human eye to perceive any dis-
tortion.

Most widescreen pictures avail-
able are of the letterboxed variety.
When displayed on a standard 4:3
sereen, they don't fill the entire pic-
ture area—there are black spaces
above and below. When shown on a
widescreen set, these pictures are
stretched vertically to fill the screen.
Because they don't really fill the en-
tire height of the transmitted TV
frame, their vertical resolution
leaves something to be desired
Some TV sets being sold in the U.S.
use various line-doubling or “IDTV"
(improved definition) circuits to min-
imize that problem, but those are
compromise solutions at best.

In Europe, however, transmis-
sions have begun using a system
called “PALPIlus,” which restores
full vertical resolution to letterbaxed
pictures displayed on a wide screen.
When a PALPlus picture is being
transmitted, the blank spaces
above and below the picture area
contain information needed to re-
store the missing definition to the
letterboxed picture. A viewer watch-
ing a PALPIus picture on a standard
TV will see the usual low-definition
letterbox picture. However, a viewer

watching on a widescreen PALPlus
set sees a full-definition picture. The
information transmitted in the
“blank” spaces is used to fill in the
lines missing from the coarse letter-
box picture—increasing the resolu-
tion to the full PAL quota of 576
active lines from the 432 normally
occupied by a letterbox image.

Although there have been no
moves to institute a similar system
here, there's no reason why it
wouldn't work. Of course,
“"NTSCPlus"” doesn't sound quite
as catchy as “PALPlus.”

® Five-minute movie. The
dream of “electronic video rental" is
drawing closer, as a company called
EMCS3 plans demonstrations of a
system to download a two-hour
movie in five minutes to home re-
cording equipment. A pioneer in
“time compression,” EMC3 says
that it will demonstrate its system in
January and has agreements with
Japanese and Korean VCR man-
ufacturers to work toward a com-
mon standard. The company aims
to download movies to homes at
about a 20:1 compression ratio, so
that a full two-hour movie could be
sent in a five-minute burst.

The reception device could be a
recording optical disc or other sys-
tem of the future, but EMC3 is bet-
ting that the first applications will be
with modified VCRs. To send to
home VCRs, the system would
transmit, from a satellite or other
origination point, a time-com-
pressed movie in digital form. This
could be recorded by standard ana-
log VCRs at regular speed in “ones
and zeros” form. For playback, the
modified recorder plays at 1/20 the
normal recording speed to re-
produce the movie. EMC3 says that
this can be done with servo-con-
trolled playback modifications and
unchanged VHS head-to-tape
speed. The transmission would in-
clude “substantial error correc-

Continued on page 20




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

-
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Now’s the time to prepare for a profitable career.

We've lowered the cost of
higher education.

It's true! You can earn 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
orCall

1-800-696-7532

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

Aworld of opportunity.

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

Bring The Technology

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

Withoutleaving home.

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

Ali the equipment, parts, and soff
ware you need are included fn your
affordabletyition, including more than
300 hands-on lab experiments you
can complete in your home.

Chooseyour 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 Werld College.

b
o
5 II

Home With A Bachelor Of Electronics
Engineering Degree. No Hassles. No High Cost!

Four Powerful Reasons
To ConnectWith

World Coliege Today:

' Earn your four-year
= degree!

z Self-paced
= training!
3 Independent study in

= your home!

Expert
# instruction!
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Give MeThe |

Power! ——
Send me a FREE /5\ ?Eﬁ”é@

CATAIG
World College course |
catalog today! A
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(Please Print Neatly)
Name
Address
City
State, Zip
Phone (
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For faster service, call
1-800-696-7532,
orcall
1-804-464-4600.

Or fax this coupon to
1-804-464-3687.

(@@

WORLD

COLLEGE

Lake Shores Plaza
5183 Drive, Sute 113
Virginia Beach, VA 23455-2500
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l Write to Q & A, Electronics Now, 500-B Bi-County Bivd., Farmingdale, NY 11735

WHAT'S A NULL MODEM?

I need a null modem cable to
connect two computers to-
gether but I'm not sure how to
make one. Can you give me a list
of the connections that have to
be made?—AR. Fenbis, Wash-
ington DC.

Probably the oldest joke in the
computer business is told simply by
using the terms ""RS-232" and
“standard” in the same sentence.
Thanks to the IBM PC, the RS-232
(now EIA-232) standard truly is
standard.

Most computers can be con-
nected together via their serial
ports with just three wires, as
shown in Fig. 1-a. That setup will
connect the signal and ground lines,
but won't take care of any of the
timing and flow-control signals. You
didn’t go into much detail about
what you want to do, but that most
serial communication is
asynchronous so the timing and
control signals are not necessary.

If you use a simple three-wire null
modem, the software you're using
will have to take care of controlling
the flow of data and ensuring cor
rect transmission. If that isn’t possi-
ble, you'll need more than a basic
three-wire connection. There are
several common null-modem con-
figurations that connect all the ac-
tive pins, but the one that will work
best for you depends on what you
plan on to do. The safest and must
useful configuration is shown in Fig.
1-b. This scheme is only for PC-to-
PC connections. To connect a com-
puter to a serial printer or other de-
vice, you might have to contact the
manufacturer instructions.

Trying to set up a serial link be-
tween two devices can turn into a
real can of worms. | would strongly
suggest that you read a book on
RS-232 connections. There are sev-
eral books available that will give
you a description of the signals and
pin configurations for connecting
specific of equipment.

SOUND DISTORTION

I’'m using a commercial
phone-dialing device that con-
nects between the speaker jack
of my computer and the phone
line through a transformer. The
device also has a small built-in
speaker built-in because the

e 3
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FIG.1—MOST COMPUTERS can be con-
nected together via the serial ports with
just three wires, or a simple null modem
(a). It the software you’re using can’t
control the flow of data between the two
computers, you’ll need more than a
basic three-wire connection, or a com-
plete null modem (b).

computer’s speaker is disabled
when anything is plugged into
the jack. | replaced the device’s
built-in speaker with a larger
one because the output wasn’t
loud enough.

| recently got a new computer
and its line output isn’t powerful
enough to drive both the dialer
and the dialer’s internal speaker,
so | added a minimum-config-
uration amplifier for the speaker
based on an LM386 op-amp. Ev-
erything works fine but when
the amplifier is first turned on, |
get distorted sound for the first
quarter second or so and every-
thing works fine after that. Do
you have any idea what’s caus-
ing this distortion and how | can
eliminate it?—N. Duncan, Wash-
ington, DC

This is one of those problems
whose symptoms can be due to
many causes. When you're faced
with a problem like this, the best
approach to solving it is the Sher
lock Holmes method—the process
of elimination. But before you sus-
pect any circuit design flaws, test
the amplifier with a different input
devise (a cassette player) and see if
the same problem occurs. If the
problem is caused by the input sig-
nal, then you'll have to figure out
what to do about it yourself. Other
wise, if the problem is definitely with
the amplifier itself, | have some sug-
gestions.

Because the distortion shows up
only for the first quarter second,
and it happens only the first time
audio is presented to the amplifier,
my first response would be to sus-
pect a capacitor. The distortion
could also be caused by insufficient
supply current, too low a signal level
to the amplifier input, or too much
DC in the input signal. You haven't
mentioned how you're powering the
amplifier, but your first test shoul be
to power it separately and see how
that affects the output audio. The
easiest way to do this is with a fresh




nine-volt battery. If that solves the
problem, add a separate 12-volt
supply to the device to power the
amplifier.

You might have an adequate sig-
nal level at the input of the amplifier,
but a DC levelthat is too high. This
can be tested by putting a pair of 1-
microfarad capacitors on both sides
of the amplifier inputs (signal and
ground). This capacitively isolates
the computer from the amplifier. If
this solves the problem you can lo-
cate the capacitors in the amplifier
housing.

The last thing | would do is try to
reduce the size of the capacitor at
the amplifier output. You can put in
one as low as 100 microfarads and
still get significant gain from the am-
plifier. If the gain is too low, you can
raise it by putting a 10-microfarad
capacitor and 5-kilohm potentiome-
ter in series between pins 1 and 8
dnd removing of your input volume
control.

ANY DIFFERENCE BETWEEN
EMI AND RFI?
Can the terms EMI and RFi be
used interchangeably? What is
the difference between them?—
G. Lyons, Brooklyn, NY
Electromagnetic interference
(EMI) is unwanted electrical inter-
ference caused by a stray elec-
tromagnetic fields radiated from
lightning, motors, power lines, and
other electrical equipment. Enclos-
ing the circuitry in metallic shielding
is one way to prevent circuit prob-
lems due to EMI.
Radio-frequency interference
(RFD) is EMI in the radio-frequency
region of VLF (10-30 kHz) to SHF
(3—-30 GH2) that interferes with the
output of amplifiers, detectors and
other sensitive circuits. Its principal
causes are radio and TV stations,
emergency vehicles, trucks, and air-
craft flying overhead. It can also be
generated by computers, light-dim-
mers, and other equipment not de-
signed to be radiators.
High-frequency circuits are most
susceptible to RFI because long
printed-circuit board traces and
leads act like antennas for RFl, so
these should be kept as short as
possible when building the circuit.
Shielding equipment that gener-
ates RFI can be an effective tech-

nique to eliminate the interference.q |
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LETTERS

Write to Letters, Electronics Now, 500-B Bi-County Blvd., Farmingdale, NY 11735

MISSING RESISTOR

Any reader who tried to build our
adjustable continuity tester (August
1994) should have noticed that R2
shown in the Parts List did not make
it into the schematic—unfor-
tunately, we should have noticed it
first! The 100K resistor should be
inserted between the pin 7 output of
IC1-b and the base of Q1, as seen in
the corrected schematic shown to
the right. Sorry for the inconve-
nience.—Editor:
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RELAY POINTERS

| am writing about the very infor
mative article, All About Relays, in
the June 1994 issue of Electronics
Now.

A diode across a relay coil will, of
course, damp out the large tran-
sient when the coil is de-energized.
However, a diode can dramatically
increase the relays drop-out or re-
lease time. In some applications this
might not be acceptable. In those
instances, a resistor and capacitor
in series across the coil can avoid
the use of a diode. The resistance
and capacitance values depend on
the coil characteristics and the coil
voltage, and those values can be
found in the relay manufacturer's
data books.

The article said a lot about the
CD4016B CMOS quad bilateral
switch. It is a fine device, but there
are at least three other CMOS bilat-
eral switch ICs that offer additional
functions and lower on resistance.
My favorites are the CD4051B,
CD4052B, and CD4053B, prime
sourced by Harris Semiconductor.

Each of these inexpensive analog
multiplexers/demultiplexers offersa
single-pole, eight-position switch;
two four-pole, two-position switch-
es; and three single-pole, double-
throw switches in 16-pin plastic DIP
packages .

There are some subtle dif-
ferences between these ICs and
the CD4016B, but they are gener

ally insignificant. | have used these
|Cs for complicated audio-switching
systems and for logic-controlled
computer 1/0O switching (parallel
and serial ports), with no attendant
probiems.

EMERSON M. HOYT

Beaverton, OR

DISK-DOUBLING DOUBTS

In "Q8A" (Electronics Now; July
1994), P. Murphy asked for advice
about the use of "disk-doubling”
software. There are a couple of
points that should have been made
in Q&A's reply.

The disadvantage mentioned, *...
that you never know for sure exactly
how much room is left on the drive,”
is very real. An even greater con-
cern might be the prospect of reach-
ing a point where it is impossible to
decompress your files because you
have no room for them in their origi-
nal state.

Nevertheless, readers should be
cautioned about the greatest haz-
ard attendant to the use of the disk-
compression routines: untimely
power interruptions that occur while
files are open and the “'real” directo-
ry is in use. Those interruptions can
be caused by factors such as power
outages, a nearby lightning strike,
or turning off the computer while
software is still working.

If the power goes off while the
disk-compression software is work-
ing on files or on the “real” directo-
ry, you are at risk of losing access to

all compressed files on the drive!

My advice is to follow two rules:
First, if you don't have en uninter
ruptable power supply thai provides
enough battery backup *o allow you
to exit your programs ar.d close all
the files in the event of a power
failure, don't use a disk-compres-
sion program.

Second, never turn off the power
to your computer unless a promptis
displayed and the disk activity light
is out on the compressed disk. Win-
dows users will be safe if they exit
Windows to the DOS prompt and
verify that the disk activity light is
out.

Quite frankly, with disk space as
inexpensive as it is now, | recom-
mend that users spend their money
on more disk space and avoid the
disk-compression routines.
GEORGE BICKMORE
Ormond Beach, FL

DIGGING INTO DOWSING

In "Hardware Hacker' (Elec-
tronics Now, August 1994), Don
Lancaster asked if “dowsing” is for
real. I'd like to address that.

In 1953 | was fresh out of college
with a master's degree in electrical
engineering. | was assigned by my
company, IT&T, to assist in the in-
stallation of a line-of-sight micro-
wave system for the Michigan
Wisconsin (gas) Pipeline Company.

At station C-10 in Sandwich, lli-
nois, | ran into a problem. The cable
between the microwave shack and
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Electronics Workbench is a highly productive
bench where you design and verify circuits
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special project

READERS: TELL US
WHAT YOU THINK ABOUT THIS ISSUE

Are you interested in
helping us make this
magazine as good for you as
it can be? Then be one of the
first to join the 1994
Electronics Now Reader
Council. Twice a year you'll
be asked to complete a
detailed questionnaire. It will
tell us about the things in this
magazine that are important
to you and give us the
information we need to make
this your best possible
reading.

If you would like to be
considered for this special
Electronics Now project, take
a few minutes to answer the
questions on this page and
return it to us.

While we cannot accept
everyone, we will randomly
select our participants, giving
each one of you an equal
chance of being selected.

Please mail the completed
questionnaire no later than
November 30, 1994, to:

Total Recall Research Group
Box 4079
Farmingdale, NY 11735-9622

Thank you, and | am
looking forward to hearing
from you!

Larry Steckler,
Editor-in-Chief

1.

2.

4b.

Where did you get this
magazine?
Subscription [J Newsstand [

Are you:
Male O Female (J
How old are you:

I am years old

. Highest education achieved?

Attended technical school
Graduated technical school
Attended College
Graduated College

Earned PhD

ooogd

Do you
Hold FCC license
Hold other license, Certif.

oo

What is your total household
income?

Total household income, before
taxes is $

Name the article in this issue
that you liked the best.

Name the article in this issue
that you liked the least.

Name the department or
regular column in this issue
that you liked the best.

. Name the department or

regular column in this issue
that you liked the least.

9. Do you earn your living
working in the electronics
industry?
Yes [ No (O

10. If you were the editor, would
you make the articles:

More complex
Simpler

Longer
Shorter

More build it
Less build it
More how to
Less how to

oood ggo oo

11. What articles would you
publish?

12. What new columns would you
add?

13. What else would you change?
Use a separate sheet for your
comments. Please give as
much detail as possible.

Name
Address
City
State, Zip




the compressor station building had
a short circuit. | contacted the com-
pany electrician, a fellow named
Greg Fallenstine, and told him that
we would have to dig up the cable
and replace it. | then asked him if he
had any equipment to locate the ca-
ble, and he told me that he just uses
"witchin® sticks."”

Now, as a city kid from Brooklyn, |
was sure that he was pulling my leg.
Well, he did use *'witchin’ sticks"—
two welding rods bent at 90° ("L"-
shaped). He located the cable, then
followed the path of the cable with
the sticks. When the cable was dug
there were no misses in the trench
digging.

| still thought he was pulling my
leg, so | asked him if he could teach
me to dowse. He said he could. Still
doubtful, | bet him a steak dinner at
the best place in town that he
couldn’t teach me. Without hesita-
tion, he said, "“You're on!” He did
teach me, and he taught me well. |
lost the bet! | even taught others,
including my boss at that time, an-
other skeptical big city guy

Here are some of the facts, how-
ever puzzling they are: First, the
sticks will only locate along conduc-
tor. not buried metal.

Second, the rods we used were
ferrous (iron content) welding rods
with magnetic properties. | have
tried copper and aluminum rods and
they also work.

| mentioned earlier that the elec-
trician used the sticks to follow the
cable. He held the sticks parallel,
facing forward. If he crossed the
conductor perpendicular to his trav-
el, the sticks spread out to form a
180° angle. In following the conduc-
tor, if he was to the left, the right
stick would face away:; if he was to
the right, the left stick would face
away.

Do divining rods work for water? |
don't know; however, | do know that
station personnel have located
sewer-drain tile with the sticks (I
guess with water acting as the con-
ducton. | suppose that divining rods
would work with water running in an
underground stream, particularly if
the water contains minerals.

Is dowsing real? The answer, in
my opinion, is a definite yes.
HARRY PLACE
Ridgewood, NJ

WHAT’S NEWS

continued from page 4

ricated in which the angles of mag-
netization within its layers change
as a magnetized bit region passes
under it. This causes the resistance
of the multilayer structure to
change, and triggers a strong bit
signal. The result was the spin-valve
sensor.

EM fields could threaten
women's health

Women who work in electrical
jobs are 38 % more likely to die of
breast cancer than women in other
occupations, according to a study
conducted at the University of
North Carolina. It also found that the
death rate from breast cancer in
women who work with or around
telephone installations is higher
than for those working in electrical
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Earn Your B.S. Degree
in
COMPUTERS
or
ELECTRONICS
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By Studying at Home

Grantham College of Engineering,
now in our 44th 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 s available in either of
two options:

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

(2) The BS.E.T. with Major Em-
phasts 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
National Home Study Council

L]
GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460

power generation and distribution.

The study published in the
Journal of the National Cancer In-
stitute indicated "epidemiological
evidence” of a link between breast
cancer and electromagnetic fields,
but was unable to trace cause and
effect relationships.

The authors of the report caution
that the evidence is still not very
strong because it was drawn en-
tirely from public records relating
gender, occupation and cause of
death. The death certificates of
138,831 American women, includ-
ing 27,814 who died of breast can-
cer, were studied.

The results are consistent with
evidence that high lifetime exposure
to estrogen is an important cause of
breast cancer. Exposure to low-level
electromagnetic fields apparently
suppresses the brain’s production
of the hormone melatonin. Studies
have shown that when melatonin
falls, estrogen levels rise.

The breast cancer death rate was
more than twice as high for women
who install and repair telephones or
work on telephone lines than those
who work in occupations that do not
involve electricity. The results were
adjusted to rule out income, age,
race and marital status.

The risk was found to be 75 %
higher for female electrical power
line workers and electricians, 70%
higher for female electrical engi-
neers, and 28% higher for female
electrical technicians.

Many other occupations such as
computer programmers, computer
equipment operators, data-entry
personnel, and telephone oper
ators also involve sustained ex-
posure to electromagnetic fields,
but the study found that the female
death rate from breast cancer was
no higher for those jobs than for the
rest of the work force.

David Loomis, chief author of the
study, believes that the difference
might be explained by the higher
levels of exposure to electromag-
netic fields in jobs like telephone
repair and equipment installation.
He said other factors might explain
the differing breast cancer rates.
One could be exposure to poly-
chlorinated biphenyls (PCBs), can-
cer-causing chemicals once com-
monly used in electrical insulation.

QST now on the newsstands
QST magazine is back on the
newsstands. For the past 37 years,
the monthly magazine, published by
the American Radio Relay League
(ARRL), has been available only to
members and subscribers.

Each issue includes tutorial arti-
cles for beginners and reports on
the latest technology for the more
experienced hams. It also contains
new product reviews and an events
calendars.

Al Brodgon, managing editor of
QST reports that evidence of in-
creasing popularity of amateur radio
prompted the magazine to reverse
its policy and return it to the news-
stand.

IEEE Founders Medal to
Sony chairman

Akio Morita, chairman of Sony
Corporation, received the Found-
er's Medal of the Institute of Elec-
trical and Electronics Engineers
(IEEE) at its annual Honors Cere-
monies, held on June 19 in Denver,
Colorado.

The citation accompanying the
medal said it was for Mr. Morita's
“distinguished corporate lead-
ership and for a lifetime of innovative
contributions in bringing advanced
technologies to consumer-elec-
tronic products.”

Under his leadership, Sony de-
veloped Japan's first magnetic-tape
recording system, all-transistor ra-
dio, and the world's first all-tran-
sistor television receiver. Sony went
on to develop two products that
were accorded unprecedented
commercial success. They were so
successful that their names have
became part of the language: the
Trinitron color television picture
tube and the Walkman personal
stereo/AM/FM receiver.

Mr. Morita is an honorary mem-
ber of the IEEE, the world's largest
technical professional society, and
he holds an honorary doctor’s de-
gree in engineering from the Univer-
sity of lllinois. He is a graduate of
Osaka Imperial University as a
physics major.

The award was accepted on Mr.
Morita's behalf by his wife and one
sons because the Sony chairman
was recuperating from a stroke that
he suffered in November 1993.
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EQUIPMENT REPORTS

Tektronix Tekmeter Portable Oscilloscope

Electronics Now, October 1994
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When a DMM isn’t
enough, and a full-size
oscilloscope is too much,

you need a combination of
both.

CIRCLE 15 ON FREE INFORMATION CARD

he general-purpose digital
I multimeter is the tool of
choice for technicians on the
go. It comes in handy for performing
almost any troubleshooting task—
except when you need to see wave-
forms. When it's important to see
the shape of a waveform, an os-
cilloscope is required. A technician
armed with an oscilloscope can do
more than just measure voltages; he
can make various timing adjust-
ments, analyze the shape and tim-
ing of a waveform to determine the
sorce of a problem, and he can
often diagnose the problem simply
by observing the characteristics of
the waveform.

DMMSs are popular because of
their portability and versatility. By
contrast, most oscilloscopes are
large. heavy, and they require an AC
outlet for power. But when a wave-
form must be seen, is there any
other choice but an oscilloscope?

A new choice when you need to
examine waveforms in the field is
the TekMeter from Tektronix, Inc.
(P.O. Box 500, Beaverton, OR
97077, 503-627-7111). The Tek-
Meter combines an autoranging 5-
megahertz oscilloscope and an au-
toranging DMM in one battery-
powered package with an LCD
screen.

The DMM function built into all
TekMeter models is fully autorang-
ing, and it has DC and true RMS
ranges from 400 millivolts to 600
volts AC and 850 volts DC. The

meter can also measure resistance
from 400 ohms to 40 megohms and
includes a diode and audible con-
tinuity test. The autoranging os-
cilloscope function automatically
finds, scales, and displays signals
for hands-free operation. Autorang-
ing can be turned off, if necessary.

The TekMeter measures about
4% X 6 X 1'/2-inches, weighs about
two pounds, and has a "user feel”
that's a lot more like a DMM than an
oscilloscope. The unit has a rubber
“"bumper" on each corner to protect
it if it falls. The bumpers also serve
as anti-skid feet no matter what po-
sition it’s in.

Six AA power cells fit in a com-
partment in the back of the unit. Two
screws hold the compartment shut,
so there's no danger of the cells
accidently spilling out. The Tek-
meter will operate for up to four
hours on six AA alkaline cells. The
rugged plastic case has projections
molded on the back and front to
provide a comfortable grip when
holding the meter in the left hand.
The 2%2- x 5-inch LCD screen is big
enough to display a wide variety of
information.

Three TekMeter models are avail-
able: the single-channel THM 550
for $859, the dual-channel THM
560 for $999, and the backlit dual-
channel THM 565 for $1,259. A set
of four probes is supplied with each
model.

All TekMeters can also test
motors, measure transformer har

monic derating factor (THDF), and
monitor power lines. Models THM
560 and THM 565 can also measure
power and three-phase voltage.
Model THM 565, in addition to its
backlight feature, has the ability to
store up to eight reference wave-
forms and setup configurations in
memory, twice as many as the other
two TekMeter models.

TekMeter operation

Each TekMeter has a row of push-
buttons along its bottom edge. The
round button at the far left turns
power on and off. The next five rec-
tangular buttons to the right initiate
both DMM and oscilloscope func-
tions. DMM functions are labelled in
blue, and oscilloscope functions are
labelled in yellow. Some of the but-
tons can toggle between two func-
tions in either mode.

The first dual-function pushbut-
ton toggles the unit between the
METER and SCOPE modes. The second
pushbutton toggles the meter be-
tween vours ac/oC in the DMM
mode, and between posiTion and
scaLE functions in the Scope mode.
Two sets of triangle-shaped cursor-
control buttons, one horizontal and
one vertical, let you position or
scale the waveform, depending on
the mode that you have selected.

The third dual-function pushbut-
ton toggles the meter between re-
sistance and continuity test in the
DMM mode. In the Scope mode, it
acts as a CURSOR/TRIGGER toggle,
which lets you either position volt-
age and timing cursors on the dis-
play or set the scope to trigger.

The fourth pushbutton selects
the diode test in the DMM mode
and acts as a WAVEFORM ON/OFF
toggle in the Scope mode. The fifth
dual-function pushbutton (HoLD)
holds the data on the display in the
DMM mode and acts as a RUN/HOLD
toggle in the Scope mode to stops
and restart the waveform display.

In addition to the digital display in
the DMM mode, a bargraph gives




Just like these
Fully Trained
Electronics
Professionals

“Thanks to CIE | have tripled my previous
salary, and | am now in'a challenging and
rewa:ding new lield where only the sky is
the lmit.”

Daniel Wade Reynolds

Industrial Electrician

Ore-faa Foods

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

Dan Farks

Markeating Manager/Consumer Products
Analayg Devices, inc.

“ loved the fiexibility CIE offered. It was the
only way | could continue both school and
my demanding job."

Britt A. Hanks

Director of Engineering

Petrofaum Helicopters, inc.

likea the way the school was set up with
tboratory assignments to enforce
pnceptual learning. The thing which
pressed me the most about CIE's
wricuium.is the way they show application
7 all the theory that is preser.ted.”

anietN. Parkman

ssile Electro-Mechanical Technician
S. A Force

‘mpieting the course gave me the ability
fficieqtly troubleshoot modern
oprocessor based audio and video
ems and enjoy a sense of job security.
v Reynoids

vic® Manager/Technician

‘stold Audio & Video
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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

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

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.

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

LEARN BY DOING...WITH study, which can save you
STATE-OF-THE-ART money.

EQUIPMENT AND ejﬁ’
TRAINING. =

CIE pioneered the
first Electronics
Laboratory

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

Y ES ! | want to get started.

Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a

you started with core lessons

applicable to all areas in Cleveland Institute of Electronics, Inc.

1776 East 17th Street
Cleveland, OH 44114

A School of Thousands.
L A Class of One. Since 1934.
N G N S D S S -

I
|
I
graduate. l representative contact you - there
I is no obligation.)
PERSONALIZED I Please Print Clearly
TRAINING....TO MATCH AEG67
YOUR BACKGROUND. | Name
While some of our students
have a working knowledge of I noaress
electronics others are just | ci
starting out. That's why CIE Y
has developed twelve career | State Zip Age
courses and an A.A.S. | - -
Degree program to choose Phone No.
from. So, even if you're not I Check box for G.1. Bill Benefits.
sure which electronics career | O Veteran
is best for you, CIE can get I O Active Duty
|
|
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SURVEILLANCE

& SECURITY

FM TRANSMITTERS
MINIATURE (KITS)

¢ 3-VOLT FM XMTR, up to 300 ft. indoors,
1500 ft. outdoors

* PHONE XMTR, range to 500 ft., uses
phone-line power

* Sound-Activated XMTR, range to 500 ft.

« 2-STAGE XMTR, 9-Volt, very powerful

All above require simple soldering
at 2 to 4 places. Broadcast on std
FM band. Assemble in less than 5
minutes. Any of the above $29.95**

TELE CALL FORWARDER. Transfers
incoming calls to any number you
select. $99.00*

CALLER ID. Registers incoming
number and stores to 50 numbers.
$99.00*

TEL REGISTER WITH PRINTER.
Records dialed number, duration, and
prints record. 16-digit display with
security lock control. Stores up to 40
calls.$149.00*

TEL REGISTER W/O PRINTER.
Records dialed number and time.
16-digit display. Holds up to 145 num-
bers in memory. $99.00*

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Tel Rec
Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH.
Makes recorder self-activating with
voices or other sounds. Great for
radios and scanners. Provisions for
external mike and/or patch cord.
$28.50**

TELEPHONE RECORDING ADAP-
TER. Records incoming and outgoing
calls. Use of handset controls
recorder and records both sides of
conversation. $28.50*

TELEPHONE SCRAMBLERS. Over
51,000 separate codes; impossible to
break code. Assures utmost privacy.
$295.00*

VOICE CHANGER. Changes man's
voice to lady’s and vice versa. 4 sep-
arate settings. |deal for disguising
voice. $29.95**

RF BUG DETECTORS,
AND MUCH MORE
For Shipping and Handling add “$5.00 and
**$2.00 per item. Colo. residents add sales tax.
Mail.Order. VISA, M/C, COD's o.k. Inquire for
dealer prices. Free catalog.

TOLL FREE 1-800-926-2488

A.M.C. SALES, INC.
193 Vaquero Drive
Boulder, CO 80303
Tel: (303) 499-5405
Fax: (303) 494-4924

Mon-Fri 8 a.m. - 5 p.m. Mtn. Time
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gives an analog indication of a mea-
sured value. Because the display is
so large, certain data can be dis-
played at all times in the DMM
mode. These include Max, MIN, and
MAax—MIN values; the most recent
DATA HOLD value; and the in-
stantaneous variation between the
last held value (AHoLD). A RESET SE-
LECT button on the right side of the
unit resets the displayed data.

A MENU ON/OFF button on the right
side of the meter switches the dis-
play to a function menu specific to
either the DMM or Scope mode.
Functions such as turning on the
LCD backlight (model THM-565
only), setting a trigger mode, and
retreiving a stored waveform can
then be scrolled and selected.

A versatile instrument

A full line of accessories is avail-
able for the TekMeter, including an
inductive current probe, hard and
soft carrying cases, and a re-
chargeable nickel-cadmium battery
pack and charger. Both an optional
RS-232 adapter that lets the Tek-
Meter send data to a printer or com-
puter. and an AC adapter are
included.

The TekMeters are small, rugged
and convenient to use. For a techni-
cian on the go, or one working in a
cramped location, a TekMeter is an
ideal test instrument. If it weren't for
the TekMeters' steep prices, we're
sure that everyone would own one.
If you think you could use a Tek-
Meter, contact Tektronix today. 0
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VIDEO NEWS

continued from page 50

tion,” almost doubling the quantity
of information sent. Transmitted
movies could be encoded to permit
playing only once.

® Who makes our TVs? I'll bet
you think the Japanese. Actually,
because of the high value of the yen
against the dollar, it's no longer
practical for the Japanese to sell
TVs here that are made in Japan.
With the signing of the NAFTA
treaty, an increasing number of TVs
sold here are made in Mexico. In the
first four months of this year, more

SHARP IS RESPONSIBLE for the re-
cent consumer interest in camcorders
with buit-in monitors. After the success
of its first ViewCam, Sharp now has a full
line of camcorders with built-in
monitors.

than 70% of TVs imported into the
J.S. came from Mexico. For the
first time in recent memory, more
TVs are being imported than as-
sembled in the U.S.

As sources for color TV, after
Mexico—actually, a long way
after—comes Malaysia, Thailand,
and China, followed by Japan. Al-
though many TVs are made by Jap-
anese companies, they are now
being made in countries other than
Japan, where labor is cheaper. Even
the sets that are sold in Japan by
Japanese companies are, by and
large, now being built in Japanese-
owned plants in other Pacific Rim
countries.

® Monitor camcorders. The
latest fad in camcorders is their
combination with video monitors for
quick viewing of "'rushes,” pre-
recorded cassettes, or even TV
(with an optional tuner). It was all
started by Sharp, whose ViewCam,
incorporating a four-inch LCD
monitor, was so successful that the
company came out with a whole line
of camcorders with three- and four
inch monitors built in. Sharp’s suc-
cess inspired somewhat similar
models by Sony, Fuji Photo, JVC,
and RCA, and there are now fore-
casts that as many as half of all
camcorders will include the monitor
feature in the future. The industry
says thatit's just the feature needed
to push camcorder sales off dead
center—and that could be true be-
cause the market came out of the
doldrums and camcorders set a
new record for sales in the first half
of 1994. 0

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

PROGRAMMABLE POWER
SUPPLIES. Four new pro-
grammable power supplies
have been introduced by
Tektronix. The PS2510 and
PS2511 have a broad range
of adjustable power output
options with keypad pro-

gramming for 100 different

combinations of voltage,

current, and timing for the #

automation of repetitive
tests. The P52510G and
PS2511G have GPIB-
based interfaces that sup-
port the SCPI format (in-
dustry-standard com-
mands for programmable
instruments).

The PS2510 and
PS2510G provide adjusta-
ble power of O to 36 volts
DC at up to 3.5 amperes,
and the PS2511 and
PS2511G provide 0 to 20

'::MI‘L "
CIRCLE 20 ON

volts DC with current to 7
amperes.

The PS2510 (pictured)
and PS2511 power sup-
plies are priced at S895.
The PS2510G and
PS2511G power supplies

Pmmw*" A,
REE INFORMATION CARD
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are priced at $1095.
Tektronix, Inc.

Test and Measurement
Group

P. O. Box 1520

Pittsfield, MA 01202
Phone: 1-800-426-2200
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COMPUTER-BASED PLUG-
IN OCCILLOSCOPES. PC In-
strument's PCl-425 and
PCI-435 plug-in cards for
personal computers are
said to offer the features of
a 300-MHz oscilloscope.
The PCI-425 has a single-
channel and the PCI-435
has a dual-channel. Each
plug-in card occupies one
slot in the case of an IBM
PC/AT or compatible per
sonal computer.

The common specifica-
tions for both cards are

CIRCLE 21 ON FREE
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300-MHz bandwidth, 50-
ohm input, 500-picose-
cond per division minimum
timebase setting, and 200-
gigasample per second
equivalent sampling rate.

Each board also pro-
vides seven voltage
ranges, AC/DC coupling,
and a probe-compensation
signal. They also offer 27
timebase settings from
500 picoseconds per divi-
sion to 200 milliseconds
per division, and an auto-
matic trigger algorithm to
establish a valid trigger
level.

PCl reports that the
characteristics of the plug-
in cards make them suit-
able for use in ATE systems
for testing communica-
tions signals, component
pulse responses, and high-
speed digital signals.

BenchCom software is
included with each os-
cilloscope card. Optional
BenchTop software pro-
vides a “'point-and-click”
graphics user interface
(GUD for storing and recall-
ing waveforms, test set-
ups, and the automation of
test routines.

The PCI-425 sells for
$1695 and the PCI-435
sells for $2695. BenchTop
software is priced at $495.
PC Instruments Inc.

9261 Ravenna Road,
Building B11
Twinsburg, OH 44087
Phone: 216-963-0800

DIGITAL VOLTMETER. The
Intelligent DVM from De-

ltaQuest is a peripheral for
use with an IBM PC/AT or
compatible computer that

permits data acquisition. It
is equipped with a Win-
dows-based software pro-
gram.

The system, which con-
nects to the computer’'s
parallel port, has a stated
resolution of 5% digits. It
can be interfaced to low-
level signal sources such
as thermocouples and
pressure and strain
gauges. Voltage measure-
ments range from = 0.1
pwvolt to =200 volts with
autoranging on the higher
ranges.

An optional eight-input
differential multiplexer sim-
plifies the measurement of
multiple sources, and each
channel can have its own
unique rescaling format.
Thermocopuple measure-
ment compensation is pro-
vided by software look-up
tables.

INFORMATION CARD

Two digital outputs allow
The Intelligent DVM to
control peripheral equip-
ment and their measure-
ment processes. Digital
voltmeter functions are
controlled externally by
two digital inputs, an on-
screen pushbutton, and
the DVM displayed value.
Initiation, sampling, and ter-
mination are controlled by
combinations of time, trig-
ger, count, and displayed
value. '




All significant param-
eters can be recorded. The
software provided permits
the automatic rescaling or
conversion of measure-
ments. It can convert volts
to decibels, degrees C, PSI
or other scale. Graphics
can be “cut and pasted”
into other Windows pro-
grams, or printed.

The Intelligent DVM is
available in three models:
The Professional Model is
priced at $339.95, the
Basic Model is priced at
$299.95, and the Single-
Range Model is priced at
$239.95.

DeltaQuest

4960 Almaden Expres-
sway, Suite 238

San Jose, CA 95118
Phone: 408-997-8644
Fax: 408-997-6730

PHOTOSENSOR ANALOG-
TO-DIGITAL CONVERTER.
Burr-Brown's DDC101 20-
bit, current-input analog-to-
digital converter offers dig-
ital filter noise reduction,
(1.6 ppm, RMS), digital er-
ror correction (correlated
double sampling (CDS)
and a conversion rate up to
15 kHz. The monolithic IC
contains a digital-to-analog
converter, comparator, dig-
ifal integration tracking and
control logic, a digital filter
and error correction, and a
serial /0 register.

20-BIT A/D FOR
PHOTO SENSORS
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The DDC101 is intended
for direct connection to low
output sensors such as
photosensors, precision in-
strumentation, infrared
pyrometry, precision pro-
cess control and chemical
analysis.

DDC101 A/D convert-
ers, packaged in plastic 24-
pin SOIC and 28-pin dual
in-line (DIP) cases, are
priced from $22.95 in thou-
sands quantities.
Burr-Brown Corporation
P. O. Box 11400
Tucson, AZ 85734
Phone: 800-548-6132

MODULAR TEST LEAD KITS.
Probe Master is offering its
9100 Series modular test
lead kits. Each is available
with up to 25 different plug-
in accessories. These in-
clude sprung, pincer, and
wire-piercing hooks, ex-
tender probes, alligator
clips, and five-way tele-
phone clips.
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The leads have flexible
strain relief, 440-strand
wire, and silicone insulation
that is flexible but imper-
vious to burning from sol-
dering tools. Kits are
offered with straight, re-
tractable, shrouded ba-
nana plugs or right angle .
fixed shrouded banana
plugs.

Prices of 9100 Series
test lead kits start at
$24.90. The Electronic De-
luxe Kit( pictured) has a
price of $64.90.

Probe Master Inc.

215 Denny Way

El Cajon, CA 92020
Phone: 800-772-1519
Fax: 619-258-7413

ESD GROUNDING SYSTEM
TESTER. HMC's Model 489
electrostatc discharge
(ESD) testeris intended for
checking the integrity of

the grounding in ESD-pro-

e Qurput Stability <bmV

* Overload Protection & C.C.

* 90 To 250 Watts Output Power e 1.5% V Accuracy Full Scale

e Low Output Ripple <2mV

e Dual Metering

¢ Series And Parallel Operation
¢ Current Limiting

For Power Source Voltage
Change Of + 10%

Self Restoring Type
GP-303 0~30V/3A $249.00 GP-503 0~50V/3A  $339.00
GP-305 0~30V/5A $369.00 GP-505 0~50V/5A  $429.00

GP-4303D 0~30V/3A $199.00

f\] GoldStar Pracision

The Sensible Source
13013 East 166th St., Cerritos, CA 90701 3104040101 fax: 310.921.6227

CIRCLE 191 ON FREE INFORMATION CARD

GLOB.
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s 2 +
| ircuits |
Actuc o
B ag%T\?ssitng This (‘::rr;\‘mete
Y%lljéctron'\cs Labora

NOW "
PROTOLAB™
& ‘ | A state of the art electronics

| lab perfect for the hobbyist,

; student, or engineer. Build
was §129.95 | and experirr)ent with ‘actual
: circuits, using a variety of
components, including resis-
tors, capacitors, inductors,
general impedence, AC voit-
319_95 | age sources, batteries, and

AC/DC current sources.
Then, analyze your circuits

o
3

Rec;su);:;mnts: with built-in high tech instru-
IBM/PC | ments. Expand your lab with
512K RAM | the optional PROTOWARE™
EGA/VGA Video modules.
& mouse
GLOBAL SPECIALTIES® o
70 Fulton Terrace, New Haven, CT 06512 namrplax
(203) 466-6103 * Fax: (203) 468-0060 ﬂgm@s
(800) 572-1028 company
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tective systems. It will
check wrist straps and
grounding wires, measure
the contact resistance be-
tween wrist straps and the
skin of operators in ESD
protected workstations,
and the contact resistance
between ESD-protective
mats and grounding wires.

By verifying the spec-
ified resistance between
system elements, the
Model 489 can prevent
both employee exposure to
electric shock and the de-
struction or damage of
ESD-sensitive devices or
circuits. After connecting
the Model 498's grounding
wire, the test is performed
by pressing a large pad on
the instrument.

A green good lamp lights
and an audible signal
sounds if the grounding
system is safe (resistance
between 500 kilohms and
10 megohmes). The red high
lamp lights to indicate a
loose electrical contact be-
tween the operator's wrist
band and skin (resistance
greater than 10-megohms).
A red low lamp lights to in-
dicate a faulty ground cord
resistor (resistance less
than 500 kilohms).

The Model 489 ESD
grounding system tester
with an eight-foot ground-
ing wire and a 9-volt battery
is priced at $95.

Hub Material Company
33 Springfield Avenue
Canton, MA 02021
Phone: 617-821-1870
Fax: 617-821-4133

CERAMIC RESONATORS
WITH CAPACITORS. Integ-
rity Technology's ZTS high-
frequency piezoceramic
resonators in the frequen-
cy range of 2.0 to 12 MHz
have built-in capacitors.
The capacitors have typical
values of 30 picofarads,
and they are connected at
the center pin for standard
TTL circuits. Optional 100-
pF capacitors for CMOS
circuits are available.
Frequency tolerance is
+ 0.3 % at ambient tem-
perature. Operating tem-
perature range is from
—20°C to +80°C. Fre-
quency tolerance from
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aging is given as *0.3%
per year for 10 years.

The combined compo-
nents are intended to save
PC board space and save
the cost of two additional
load capacitors to ground.
The resonators are made
with capacitors at the in-
sulating pads connecting
to the three output leads.

Resonator/capacitors
are intended for phone
tone dial DTMF circuits for
telephones, answering ma-
chines, fax machines, and
modems. The are also in-
trended for infrared remote
controls and battery-
powered microcontrollers
in pocket transmitters.

The ceramic resonator/
capacitors are priced at
$0.17 each in quantities of
10,000.

Integrity Technology Corpo-
ration

1400 Coleman Avenue,
Suite E15

Santa Clara,
95050-4358

Phone: 408-262-8640
Fax: 408-262-1680

CA

60-MHz DIGITAL STORAGE
SCOPE. B + K Precision has
introduced its Model 2560,
a portable, dual-channel
digital storage os-
cilloscope with a 60-MHz
bandwidth and 20-mega-
sample per second sam-
pling. It offers cursors,
readouts, and an RS-232C
port for sending data to a
computer.

Cursor measurements
include voltage, time inter-
val, frequency, and pre-trig-
ger. Readouts include volts
per division, seconds per
division, data-acquisition
method, and the instru-
ment'’s display function.

The bandwidth of the
Model 2560 covers DC to
60 MHz (-3 dB). Its main
timebase is equipped with
variable hold off. Sweep
speed can be varied from
0.1 microsecond per divi-
sion to 0.2 seconds per di-
vision in 20 steps The
delayed timebase is ad-
justable from 0.1 microse-
cond per division to 10
microseconds per division
in seven steps.
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Sweep delay is adjusta-
ble from 1 to 10 divisions or
more. Up to 10 times
sweep magnification is
available. Eight trigger
modes and X-Y operation
is provided. The Model
2560 has a 6-inch CRT with
10 kilovolts accelerating
potential.

The Model 2560 digital
storage oscilloscope is
priced at $2395.

B+ K Precision

6470 West Cortland Street
Chicago, IL 60635

Phone: 312-889-1448

Fax: 312-794-9740

30-MHZ DUAL-CHANNEL
OSCILLOSCOPE.Hameg In-
struments’ HM303 30-
MHz, dual-channel! os-
cilloscope has vertical am-
plifiers with sensitivity
down to 2 millivolts per divi-
sion. Overshoot is limited
to 1%.
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Probe compensation ad-
justment is achieved with a
built-in, dual-frequency, 1-
kHz per 1-MHz calibrator
which can optimize probe-
tip display fidelity. Max-
imum sweep rate is 10
nanoseconds per division
with the X 10 magnifier.
The HM303 can trigger on
signals greater than 100
MHz and on inputs less
than one-half a graticule di-
vision on the screen. An
active sync-separator al-
lows detailed examination
of complex TV signals.

The HM303 includes a
built-in component tester,
which operates from a sta-
bilized measurement volt-
age for rapid pushbutton
test of active and passive
circuit components. A
built-in, low-noise switch-
ing power supply provides
90 to 260 volt AC.

The HM303 os-
cilloscope sells for $548.
Hameg Instruments
1939 Plaza Real
Oceanside, CA 92056
Phone: 800-247-1241
Fax: 619-630-6507

RF COUNTER. Hewlett-
Packard's single-channel
HP 53181A radio frequency
counter has a bandwidth of
225 MHz.

An automatic limit-test-
ing feature permits upper




and lower boundaries to be
set on any measurement.
An analog display provides
a graphic indication if a
measurement is within pre-
assigned pass/fail limits.
The counter logs and flags
out-of-limit conditions and
can generate an output sig-
nal to trigger external de-
vices when a limit is
exceeded.

Built-in statistics and
math functions permit the
analysis and display of
measurement data without
the need for transferring
the data to a computer. A
standard HP-IB port pro-
vides full SCPI-compatible
programmability.

A data transfer rate of
more than 200 fully format-
ted measurements per
second is suitble for com-
puter-controlled systems.
A standard RS-232C (talk
only) interface supports a
printer or data transfer to a
computer through a termi-
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nal emulation program.

The RF counter provides
10 digits of resolution per
second. For applications
that demand frequency
resolution, a digit-blanking
function eliminates un-
necessary digits for rapid
reading.

Optional second chan-
nels provide high-frequen-
cy measurements up to 1.5
GHz and 3 GHz.

The HP 53181A RF coun-
ter has a price of $1500.
The optional 1.5-GHz two-
input channel has a price of
$500 and the 3-GHz two-
input channel has a price of
$800.

Hewlett-Packard Company

Direct Marketing

P. O. Box 58059,
MS51 L SJ
Santa Clara,
95051-8059
Phone: 1-800-452-4844,
ext. 8327

CA

PCMCIA SERIAL 1/0 CARD.
A serial 1/0 Card in
PCMCIA format from
Smart Modular Tech-
nologies provides high-
speed serial ports for bat-
tery-powered notebook
computers and personal
digital assistants (PDA)
and many other systems
equipped with Type Il slots.
It is compatible with all
DOS- and Windows-based
software.

The card includes a
16550 UART and an 8530
USART permitting either
asynchronous or syn-
chronous communication.
The asynchronous port can
be configured as COM 1, 2,
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3, or 4, the synchronous
port is fully programmable.
The included software elim-
inates jumpers. A power-
down mode extends bat-
tery life when the card is
not in use.

The PCMCIA Serial /0
Card selis for $145 when
purchased in hundreds.
Smart Modular Tech-
nologies
45531 Northport Loop W
Fremont, CA 94538
Phone: 510-623-1231
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BBS
516-293-2283

COMMUNICATE WITH
OTHER READERS OF
ELECTRONICS NOW

DOWNLOAD ARTICLE-
RELATED FILES
AND SOFTWARE

V.32/V.42bis

\_ 516-293-2283 )

Heathkit' Heathkif' Heathkit Heathkit

Camcorder Servicing

5
Now, a Quality, Affordable, and Value-Packed Course
The best Compare
course of this coursaf;f
its kind, with any
it teaches others.
you how You'll find
to service that
the hottest Heathkit
new offers yq_c.-g".",;
consumer 2to3
electronics times mo
product- value and
the better qual-
= =
camcorder. = ity.
You also What You'll Learn: the many
Obhviously this course teaches You will delve into, test, and e
QEt one of how to fix dirty video hicads, troubleshoot the sophisticated add'tlo- 10
the best, jammed tapes, worn rubber belts electronic circuitry of one of courses
or rollers, dirty contacts, ¢tc. But the most technically advanced - = STl
feature- unlike others, Heathkit’s course camcorders ever. With [leathkit ava"ab'e, J;";
packed goes far beyond the routine, into behind you, you can' fail. are TV‘ L
the theories of light, optics, color,  Beyond maintenance and VCR Pc‘ =
camcorders clectronic shutters, image trans- repair, this course will empow- ’ == 1
available ducers, plus how electronic sig: ers you with the knowledge to Serviclng; 8|
nals are recorded onto magnetic get the most out of your own ] 1{.;
today. media and played back again. camcorder. Electronics, i

«Heathkit Educational Systems and mO!‘,e]‘ i:
For a Full-Line Catalog of Electronics and Computer Courses, call 1-800-44-HEATH

©1394 Heath Company When calling, jplease mention this code: 020-025
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The Shortwave Listener’s Q
and A Book: Everything You
Need to know to Enjoy Short-
wave Listening; by Anita
Louise McCormick. Tab
Books Inc., Blue Ridge
Summit, PA 17294-0850;
Phone: 1-800-233-1128;
$12.95.

Shortwave radio allows
listeners to “travel” to dif-
ferent places around the
world and listen to foreign
fanguages, music, and
news from different per-
spectives. This book is in-
tended to encourage and
help people get started in
shortwave listening, now
easier and less expensive
to do, thanks to the new
generations of solid-state,
synthesized receivers.

ems |
T !
SHORTWAVE
LISTENER'S
QandA
BOOK
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Arranged in a question
and answer format, the
book answers most of the
commonly asked ques-
tions about shortwave ra-
dio. It provides guidance on
the selection of receivers
matched to the listener’s
budget and listening hab-
its. It also lists vendors of
those receivers and their
locations. Other topics in-
clude concepts of interna-
tional time zones, how and
when to receive interna-
tional broadcasts, amateur
signals and special pur-
pose stations of interest.

In Q and A format, the

book also explains where
to learn about changes in
transmission frequencies
and broadcast times, how
to write reception reports,
and how to receive short-
wave stations. A discus-
sion of the fundamentals of
radio transmission in-
cludes the basics of ampli-
tude and frequency modu-
lation and single-sideband
transmission. Also dis-
cussed are such subjects
as antennas and environ-
mental factors that affect
signal reception. Appendix-
es include a directory of
shortwave stations and ra-
dio listening clubs, and a
bibliography of author-se-
lected books on radio.

The Compiete Modem Ref-
erence: The Technician’s
Guide to Instaliation, Test-
ing, and Trouble-free Com-
munications; Second Edi-
tion; by Gilbert Held. John
Wiley & Sons, Inc., 605
Third Avenue, New York, NY
10158-0012; Phone: 1-800-
CALL-WILEY; $34.95.

This second edition to
the modem reference book
is a practical guide to the
purchase, test, installation
and troubleshooting of
modems. It contains useful
tables, checklists, and
summaries that reflect
technical advancements
since the publication of the
first edition.

New material includes a
discussion of the V.32bis
standard and V.FAST mod-
ulation and modem set-
tings. Other new topics
include fax-modem stan-
dards and their relation to
computer software, pocket
modems, PCMCIA inter-
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faces, and modems suit-
able for networks.

The book discusses all
popular modulation stan-
dards and the factors that
govern modem com-
patibility. It presents meth-
ods for communicating
with information utilities,
and covers E-mail, bulletin
boards, mainframe com-
puters, and other informa-
tion sources. A checklist of
25 statements will remind
readers of the most impor-
tant considerations when
shopping for a modem.

Fiber Optic Catalog. Belden
Wire & Cable Company, P.
0. Box 1980, Richmond, IN
47375; Phone: 1-800-
BELDEN-4; free.

This 60-page, illustrated
catalog describes Belden’s
extensive line of fiberoptic

b
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cables, and includes com-
prehensive application and
technical information. A
fold-out, colorcoded se-
lection guide identifies the
different applications for
Belden fiber-optic cable.

The product section con-
tains detailed information
and drawings of the com-
pany's line of fiberoptic ca-
bles. A 30-page technical
information section con-
tains color code, metric
conversion, and buffer
tube configuration charts.
A basic guide gives infor-
mation on fiber optics, fi-
ber-optic system design,
installation, connectors,
and a glossary. A cable-
substitution chart and a
standards reference guide
are also included.

Create Your Own Desktop
Publishing System; by
Harley Bjelland. Windcrest/
McGraw-Hill, Biue Ridge
Summit, PA 17294-0850;
Phone: 1-800-233-1128; Fax:
T7-794-2103; $24.95.

This book on desktop
publishing is intended to
help readers find the right
components needed to as-
semble cost-effective,
custom desktop-publish-
ing systems. It is written at
a level that is suitable for
everyone from entry-level
amateur publishers to pro-
fessional publication de-
signersand producers.

Bjelland’'s book includes
step-by-step instructions
for integrating three levels
of desktop publishing per-
formance. All are based on
high-level word processing
programs, entry-level desk-
top publishing software,
and such application pro-
grams as Pagemaker and




TO ORDER
CALL TOLL FREE

1-800-292-7711
1-800-445-3201 (Can.)

24 HOUR ELENCO ¢ HITACHI « B&K PRODUCTS
SHIPPING GUARANTEED LOWEST PRICES

ELENCO OSCILLOSCOPES Hitachi Compact Series Scopes
V-212 - 20MHz Dual Trace ___ $399
V-525 - 50MHz, Cursors __ $395
V-523 - E0MHz, Delayed Sweep $949
V-522 - S0MHz, DC Offset $895
V-422 - 40MHz, DC Offset $795
V-222 - Z0MHz, DC Offset $649
V-660 - 60MHz, Dual Trace $1,149
V-665A - 60MHz,DT, w/cursor $1,325
V-1060 - 100MHz, Dual Trace $1,395
V-1065A - 100MHz, DT, w/cursor $1,649
V-1085 - 100MHz, QT, w/cursor $1,995
V-1100A - 100MHz, Quad Trace $2,495
V-1150 - 150MHz, Quad Trace $2,895

B&K OSCILLOSCOPES

2120 - 20MHz Dual Trace %389
2125 - 20MHz Delayed Sweep $539
1541B - 40MHz Dual Trace $695
2160 - 80MHz Dual Trace, Delayed Sweep,
Dual Time Base $949
2190 - 100MHz Three Trace Dual Time Base,
Delayed Sweep _$1,395
2522A - 20MHz / 20MS/s Storage $875

FLUKE MULTIMETERS

Scopemeters (All Models Avallable Call)
Model 93 $1,225.00 70 Serles
Modei 95 $1,549.00 Mode! 7011
Model 97 $1,785.00 Model 7711
10 Series Model 7811
Mods! 10 80 Serles
Model 12 Model 87

AFFORDABLE - HIGH QUALITY
2 YEAR WARRANTY
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DELUXE SERIES
S-1330 25MHz $449
S-1345 40MHz $575
S-1360 60MHz $775

STANDARD SERIES

S-1325 25MHz $349

S-1340 40MHz $495

S-1365 60MHz $849

Features:
M Delayed Sweep

M Automatic Beam Finder
M Z Axis Modulation

M Built-in Component Test
M Plus all the features of the *affordable” series

Features:

M High Luminance 6° CRT
M 1mV Sensitivity M 2 - x1, x10 Probes
M X-Y Operation B Complete Schematic
W Voltage, Time, + Frequency differences dispiayed
on CRT thru the use of cursors (S-1365 only)

M Plus much, much more

M Dual time base
M (lluminated internal
gradicule

W TV Sync

Digital LCR Meter

LC-1801 -.
$125

Measures:

Cails 1uH-200H
Caps .1pf-200uf
Res .01-20M

by Elenco

Digital Capacitance Meter
CM-1550B
by Elenco

$58.95

9 Ranges
.1pf-20.000ufd

5% basic accy.
Zero control w/ Case

Digital
Muitimeter
DVM-638
$39.95

11 Functions with
Case

$65.00
$149.00
$169.00
$62.95

$79.95 $289.00

Big 1" Display

Big T 51sp ay

12A DC Power Supply
B+K 1686

$169.95

3-14V @ 12A

Quad Power Supply XP-580
by Elenco

B&K 390
$139

3-3/4 Digit DMM
{ Bargraph
- ~ i § Functions

Includi
$79 95 2:20V@2A SV@3A Temp, F;:g
c 12V@1A -5V@ .5A

Rubber Boot
Fuily reguiated and short circuit protected

Dual-Display LCR Meter
w/ Stat Functions
B+K 878

$239.95

Auto/Manual Range
Many Features

w/ Q Factor

High Accuracy

Fully regutated & protected
Separate volt & current meters
with current limiting , low ripple

Sweep/Function Generator
with Freq. Counter

$239
Elenco
GF-8026

Int/Ext operation
Sine, Square, Triangle, Pulse, Ramp
.210 2MHz, Freq Counter .1-10MHz

Digital Multimeter Kit
with Training Course
Elenco

M-2665K

$49.95

Fun & Easy
to Build

Audio Generator
Elenco GF-800

$59
20Hz-150KHz
Sine/Square
Waves
Handhetd rg—

o ou®
[ERES &5

Full Function 34 Ranges, Includes
Capacitance,Transistor/Diode Testing
20Amp AC/DC, Extra Large Display. deal
School Project M-2661 (assembled) $55

B+K 3011B $219.95

LED Display, Sine, Square, Triangle, Ramp
& Pulse Waves. TTL & CMOS

TELEPHONE PRODUCT TESTER

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00

by Elenco

Elenco Wide Band
Slgnal Generators

Multi-Function Counter

Elenco F-1200
1.2GHz

$229

$G-9000 $119

RF Freq 100K-450MHz AM Modula-
tion of 1KHz Variable RF output

B+K 1045A $499.95

Provides basic oparation tests for corded
& cordless telephones, answering

Maasures Frequency, Perod, Totalize

Starting from scratch you buikd a compiete system. Our ) U >
8 LED digits, Crystat oven oscillator,

Micro-Master trainer teaches you to write into RAMs,

ROMs and run a 8085 microprocessor, which uses

similar machine language as IBM PC.

WE WILL NOT BE UNDERSOLD

S$G-9500 w/ Digital Display &

150MHz bulit-in counter $239
C&S SALES INC.

machines and automatic dialers.

.5ppm accuracy

UPS SHIPPING: 48 STATES 5% OTHERS CALL 1245 ROSEWOOD, DEERFIELD, IL 60015
FAX: 708-520-0085  (708) 541-0710

IL RES add 7.75% TAX

PROBES INCL ALL SCOPES & METERS
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15 DAY MONEY BACK GUARANTEE
FULL FACTORY WARRANTY
WRITE FOR FREE CATALOG

MON S2IUCHO3|T ‘P66 1890100
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QuarkXPress, and Ventura
Publisher.

Chapters discuss how to
buy and install equipment
such as additional random-
access memory, graphics
cards, printers, monitors,
scanners, CD-ROM driv-
es, disk drives, modems,
and fax machines. A lists of
mail-order hardware and
software vendors is in-
cluded, and checklists of-
fer guidance in evaluating
specific equipment needs.

Emergency Radio! Scanning
News as it Happens; by
Norm Schrein. Index Pub-
lishing Group, 3368 Gover-
nor Drive, Suite 273F, San
Diego, CA 92122; Phone:
800-546-6707; $14.95 plus
$3 shipping and handling.

This book is filled with
practical information on
how to monitor the trans-
missions from emergency
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services: police, fire de-
partments, emergency
medical services, and the
Coast Guard, to mention
but a few. It explains how
the amateur radio operator
and ordinary citizens can
listen to emergency trans-

missions to stay informed
on events as they happen.
The author’s background
gives him a unique per-
spective on the events be-
hind emergency radio
transmissions. He has
been a police officer, a fire-
man, and an emergency
medical services techni-
cian. Known as ""Mr. Scan-
ner,” he is the president of
the Bearcat Radio Club. He
is able to give the reader
important insights into the
meanings of codes and
terse messages that are
heard during natural and
manmade disasters.

Pressure Sensor Device
Data Book. Motorola Inc.,
Literature Distribution Cen-
ter, P. 0. Box 20924; Phoe-
nix, AZ 85063; Phone:
800-441-2447; Fax:
602-994-6430; free.

This first revision of a
pressure sensor data book
from Motorola includes
new product information
and extensive background
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technical information on
the company’s latest IC
sensors that are micro-
processor compatible.
Data sheets give the
specifications of individual
sensors, and application
notes describe compatible
interface circuitry. Other
sections give reliability
data, package outline
drawings, information on
sensor evaluation boards,
and guidance on handling
and mounting the devices.

lllustrated UNIX System V:
Complete Command Refer-
ence with Tutorial; by Robert
Felps. Wordware Publish-
ing, Inc., 1506 Capital Ave-
nue, Plano, TX 75074;
Phone: 214-423-0090;
$24.95.

This reference book is a
complete guide to the Unix
system V operating sys-
tem based on the AT&T
Unix System V, Release 4
and Berkeley Software
Distribution (BSD) 4.3. ltis
intended as a tutorial for
those at all levels of experi-
ence in computing. One
objective is to take the
mystery out of the cryptic
Unix command set.

felmstrateston
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Felp's book discusses
over 160 of the more popu-
lar Unix user commands. It
also provides an overview
of the Unix system and
DOS-to-Unix and VMS-to-
Unix command cross refer-
ences. It is organized into
sections which describes
the command and its ap-
plications and explain typ-
ical usage.

The ARRL General Class Li-
cense Manual for the Radio
Amateur; edited by Larry D.
Woltgang, WR1B. The Amer-
ican Radio Relay League,
225 Main Street, New-
ington, CT 06111; Phone:
203-666-1541; Fax:
203-665-7531; $12.

This manual offers clear
explanations of the theory
that is needed to pass the
examination for the Gener-
al Class License for the ra-
dio amateur. This latest
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edition has been improved
and expanded to make
exam preparation easier
and more enjoyable.

This edition contains the
revised question pool,
which was released by the
Question Pool Committee
for use beginning July 1,
1994. The answer key is
printed next to the ques-
tions for easy reference. Al
the FCC rules needed with
clear explanations of them
are included. A new chap-
ter, entitled “Setting Up
Your HF Station,” will help
the reader get on the air
once he or she has ob-
tained the license.

PCVR Magazine. P. 0. Box
475, Stoughton, Wl 53589;
Phone/Fax: 608-877-0909;
$4.50/issue, or $26 for 1-
year (6-issue) subscription.

The niche taken by
PCVR (for personal com-
puter-based, virtual reality)
Magazine is showing non-
professional computer en-
thusiasts how to experi-
ence virtual reality—at real-
istic prices—on their home
computers. Each issue
covers one theme, and pro-
vides beginner, intermedi-
ate, and expert articles on
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EN Engineering Admart

HIGH POWER
AUDIO
AMPLIFIER
CONSTRUCTION

BP277—Here’s background and practical de-
sign information on high power audio ampli-
fiers capable of 300 + 400 watts r.m.s. You'll
find MOSFET and bipolar output transistors in
mverting and non-inverting circuits. To order
vour copy send $6.25 plus $2.50 for shipping
n the U.S. to Electronic Technology Today
inc., P.O. Box 240, Massapequa Park, NY
11762-0240.

MIDI
Projects

MIDI
PROJECTS

L

BP182—MIDI interfacing enables any so
aquipped instruments, regardless of the man-
ufacturer, to be easily connected together and
used as a system with easy computer control
of these music systems. Combine a computer
and some MIDI instruments and you can have
what is virtually a programmable orchestra. To
order your copy send $6.95 plus $2.50 for
shipping in the U.S. to Electronic Technology
Today Inc., P.0. Box 240, Massapequa Park,
NY 11762-0240.

Rudimclc*)lwmc - Radiotelegraph

Commercial

Rates: Ads are 214" x 274". One insertion $995 each. Six inserticns $950 each. Twelve
insertions $925 each. Closing date same as regular rate card. Send order with remittance to
Engineering Admart, Electronics Now Magazine, 500-8 Bi-County BIvd., Farmingdale, NY
11735. Direct telephone inquiries to Arline Fishman, area code-1-516-293-3000. FAX
1-516-293-3115. Only 100% Engineering ads are accepted for this Admart.

FCC

License

| Discover how easy it is to pass the
exams. Study with the most carrent
materials available. Our Homestudy
Guides, Audio, Video or FC "Q&A" pools
1 make it so fast, easy and inexpensive. No
college or experience nesded. The new
| commercial FCC exams have beer revised,
covering updated Aviatior,, Marine, Radar,
| Microwave, New Rules & Regs, Digital
Circuitry & more.We fearure the Popular
1 "Complete Electronic Career Guide”.
1000's of satisfied customers Guarantee to
| pass or money back.
Send for FREE DETAILS or :all
1 WPT Publications
7015 N.E. 61st Ave Dept. 1C
I Vancouver, WA 98561
1-800-800-7588
R
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a low-noise tape pre-

that subject. Columns and
tutorials give background
information for understand-
ing virtual reality concepts.

The May/June 1994 is-
sue covers virtual reality in
amusement centers. It in-
cludes an overview article,
a list of manufacturers of
the equipment, and a con-
struction article explaining
how to build a virtual reality
arcade system. Technical
details of a system in a
large casino/hotel are in-
cluded.

Black Box Catalog: The
Source for Connectivity.
Black Box Corporation, P. 0.
Box 12800, Pittsburgh, PA
15241, Phone:
412-746-4400; Fax:
800-321-0746; $5.

This is 200 + -page, full-
color catalog of the product
line offered by Black Box
Corp. The line includes
connectors for networking
and data communications
as well as video/multi-
media and CD-ROM sys-
tems. The company offers
products for remote and lo-
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cal data transmission,
LAN/WAN, Macintosh,
and mobile/wireless.

The catalog includes ref-
erences to test equipment,
power-protection devices,
switches, and printer de-
vices. New products intro-
duced include multiplexers,
terminal servers, image
and data scanners, and
short-haul modems. Black
Box says it is the only mail-
order supplier of LAN,
WAN, and data-communi-
cations equipment to earn
ISO-9001 certification.

Operational Amplifier User’s
Handbook (order number
BP335); by R. A. Penfold.
Electronics Technology To-
day Inc., P.0. Box 240, Mas-

sapequa NY
11762-0240; $5.50 plus
$2.50 shipping and han-
dling.

This book examines op-
erational amplifiers and cir-
cuits based on them
including integrators, preci-
sion rectifiers, function
generators, and amplifiers.
It discusses techniques for
optimizing the perfor-
mance of the latest inte-
grated-circuit versions of
these circuits.

-

Operatlonz.ll Amplifier
User's Handbook
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Penfold describes many
practical circuits that are
based on operational am-
plifier ICs. He has included
schematics for build-it
yourself projects including

amplifier, a low-noise RIAA
preamplifier, and an audio
power amplifier. Other proj-
ects include a DC power
controller, an optoisolator
audio link, a temperature
monitor, and a low-distor-
tion audio-signal generator.

U.S. Repeater MapBook,
1994-95 Edition; by Bob
Martin, N7JXN. Artsci, Inc.,
P. 0. Box 1848, Burbank, CA
91507; Phone:
818-843-4080; Fax:
818-846-2298; $9.95.

This book will be the val-
ued traveling companion
for radio amateurs who like
to travel with their gear. It
will permit them to find
friendly responses to their
signals wherever they trav-
el in North America (all 50
states and Canada) Mexi-
co, Central America and
the Caribbean. The maps
will help them find their
way.

This fourth edition has
been updated and im-
proved as a result of com-
ments received from ama-
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he EASY WAY to find
he repeater you need!

CIRCLE 348 ON FREE
INFORMATION CARD

teur operators and fre-
quency coordinators on
the earlier editions. It now
includes two full page
maps for each state, show-
ing repeater locations, off-
sets, and PL tones. The
repeaters listed include 10
meter, 2-meter, 220 MHz,
440 MHz, 900 MHz, and
1.2 GHz. Major roads and
cities are shown.

Electronic Hobby and Ama-
teur Radio Kits; from
Ramsey Electronics, Inc.,

793 Canning Parkway, Vic-
tor, NY 14564; Phone:
716-924-4560; Fax:
716-924-4555; free.

This 1993 20-page cata-
log from Ramsey Elec-
tronics lists the company'’s
hobby and amateur radio
kits. Among those listed
are kits for building a digital
voice recorder, a capaci-
tance-inductance meter, an
SCA music adapter, a step-
per-motor driver,and a fox-
hunt transmitter.

Highlighted in the cata-
log is the DF-1 radio direc-
tion finder. Its digital filters

CIRCLE 349 ON FREE
INFORMATION CARD

and synchronous detection
circuitry make it easy to
zero in on unknown trans-
mitters. Each kit includes
an instruction manual that
is both educational and
provocative. It is intended
to encourage experimenta-
tion with the kits after they
have been assembled.

Integrated Circuits Data
Books. Burr-Brown Corpora-
tion, P. 0. Box 11400, Tuc-
son, AZ 85734; Phone:
1-800-548-6132; free.

These two data books
on linear and data con-
version products from Burr
Brown are worth taking a
look at. The books include
complete product descrip-
tions, applications notes,
performance graphs, spec-
ifications, and product or
dering information.

The 1100-page linear-
products book includes

CIRCLE 350 ON FREE
INFORMATION CARD

more than 30 new products
including operational and
instrumentation amplifiers,
isolators, reference cir-
cuits, voltage regulators,
and a product demonstra-
tion boards.

The 950-page data-con-
version product book in-
cludes more than 25 new
products including analog-
to-digital and digital-to-ana-
log converters, data-ac-
quisition components,
sample-and-hold hold am-
plifiers, voltage-to frequen-
cy converters, multiplex-
ers, and demonstration
boards for many of these
products. ()]

NEXT MONTH IN
Electronics
NOW.
The November, 1994, issue packs projects and
theory into its pages, along with standout

columns and departments. Here's a peek at
what’s coming:
TEXT GRABBER
A little box finds the hidden captions in the
vertical blanking interval of a TV signal and
allows your PC to capture them.

CREATING CHAOS
An attention-grabbing, electronically-controlled
device you can build demonstrates
chaotic behavior.
PLL PRINCIPLES
Working with the NE567 PLL Chip.

v¢ Plus additional interesting articles that are
informative and enjoyable.
The November 1994 Issue is on Sale
OCTOBER 4, 1994
Watch for it!

Pick Up Electronics Now at your favorite Newsstand,
Convenience Store, Bookstore or Supermarket

. post

AN IMPORTANT PART

OF YOUR PHOTOCOPIER
ISN'T PART OF
YOUR PHOTOCOPIER

Having a machine may not permit you to photocopy
books, journals, newsletters and magazines.
The Copyright Clearance Center CAN.
Contact us to find out
how you too can COPY RIGHT!™

COPYRIGHT CLEARANCE CENTER

222 Rosewood Drive, Danvers, MA 01923 (J Tel. (508) 744-3350 (J Fax (508) 741-2318

© 1993 Copyright Clearance Center




MASTER THE BREAKTHROUGH

TeceNoLoGY THAT'S CHANGED

Forever THE Way THE WORLD

Makes Music

NRI’s innovative course gives you
everything you need to build your
own computer-controlled music
studio: a powerful 386sx/25 MHz
IBM-compatible computer, 200 meg
hard drive, Kawai X50-D
professional-level synthesizer,
Cakewalk MIDI sequencing
software, Sound Galaxy NX Pro
sound card, and MIDI interface that
links your keyboard to your
computer — all yours to train with
and keep!

PREPARE FOR AN
ExcITiNG
MUuLTIFACETED CAREER

In the booming music industry, what you
can do with your NRI training is limited only
by your imagination. You can work as a
sound engineer, recording engineer, or road
technician ... even start your own business
selling and servicing today's MIDI-based
systems. Or unleash your own musical

crea writing and composing music with
the | rdinary digital instruments NRI

prov
N STATE-OF-THE-ART
Vusic SYNTHESIS

Build ~n electronic music center with

all thi ‘orld equipment:

* Con IM-compatible 386sx/25 MHz

compu aring mini-tower design and

power} Teg hard drive

e High vai X50-D General MID]

synthes 1 touch- sensitive

keyboat | effects with

reverb a 18 built-in,

one fing 5

mixing, . :

¢ Sound 0.

Pro soun th o

built-in M face

and speak ommodate interac-

tive multi; lications

N

* Your own desktop recording studio -- the
critically acclaimed Cakewalk 256-track
MIDI sequencer software that helps you
record, edit, and play back multiple tracks of
music

e SoundSculptor software that visually
demonstrates the operation of FM music.
synthesis

¢ Electronic components you use to build up
live circuits, including sound generatirg ones

You discover how to use, program, and
service this professional equipment through
hands-on projects that make learning both
fun and challenging — regardless of your
experience in electronics or music.

Complete lessons, top-notch
equipment, hands-on projects — NRI
training doesn’t miss a beat!

GAN Expermise
AND CONFIDENCE,
Step By Easy Step

Study at your own pace, with the
committed support of NRI’s
instruction team just a letter or
phone call away. You begin with
detailed lessons that move from
electronics fundamentals and music
notation to sound generation
routines, digital logic, microproces-
sors, and sampling and recording
techiniques. Then move on to get
first-hand experience with MIDI,
waveshaping, patching, sequencing, mixing,
special effects, and much more.

Fine Out Asour NRI's Uniaue,
GROUNDBREAKING TRAINING IN
Eiectronic Music TecHNOLOGY

NRI's free, full-color catalog has all the
details — send for yours today! If the coupon
is missing, write to: NRI Schools,
McGraw-Hill Continuing Education

Center, 4401 Connecticut Avenue, Washing-

ton, DC 20008
1BM s a registered trademark of the International Business Machines

Corporaticn.

8
il -
SEND TODAY FOR FRE E NRI CATALOG! g
e
° D
° G”ﬁlSchoolsC :1 '[r dCheck One FREE Catalog Only ,f
®  McGraw-Hill Continuing Education Center I4ﬂ‘ m
o< 4401 Connecticut Avenue, Washington, DC 20008 nll . g Electronic Music Technology 5]
i O Microcomputer Servicing g
= Q TV/Video/Audio Servicing =3
Name Age Q Computer-Aided Drafting 8
O Basic Etectronics z
Address Q Multimedia Speciaiist z
! Q Computer Programming
City Q Desktop Publishing & Design
O Fiction/Nonfiction Writing
SEER 2 O PC Applications Specialist 33
° ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCIL 101094
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What Do These Prestigious

Companies Have In Common?

Aerovox:

DC Film and RFI Suppression Capacitors, Aluminum
Electrolytic and AC Dil Capacitors, EMI Filters

ANP

Electrical/Electronic Connectors, IC Sockets,
PCB Switches

/ SM
RAD Engineering, Inc.

Hotor Run Capacitors, HID Lighting Capacitors,
Power Factor Correction Capacitors

Y

Miniature and Subminature Coaxial
Connectors and (able Assemblies.

AL CORPORATION

HLC. Tantalum and Thin Film Capacitors, Resistors,
Networks, Integrated Passive (omponents,
Trimmers, Oscillators, Resonators, Filters, Piezo
Devices, and Connectors

ELECTRONICS

High Density and Industry Standard
Connectors/Subsystems

CAROL

AA00 CABLE COMPANY INC
Electronic and Elecirical Wire and Cable and
Power Supply Cords

CFLER

Tubing. Conduits, Hose, Sleevings. Splices,
Insulation and Cabie Harness Products, Power
Cords and Cordsets

." Communications
Instruments, Inc.
CII Midtex

Relays and Solenoids

coober

Bussmann
Fuses. Fuseholders, Fuse Blocks, and Fuse
Accessories

CORNELL
DUBILIER

Capacitors-Aluminum Electrolytics, Mica,
AC O, Film, MICA Paper and Relays

A COMPANY OF

DALE.

Dale Electronics, Inc.

Resistors, Networks, Oscillators, Displays,
Inductors, Thermistors, Connectors, &
Transformers

[DLAYNTIOANEA)
INDUSTRIES. INC.

Battenies: Computer, Cordless Phone, Laptop,
Scanner, Alarm and Medicat
Antennas: (Cordless Phone and Scanner

WIRE AND CABLE L.F

—_— T

.

T

E.T°N

Eaton Corporation, Commercial
& Military Controls Operation

Switches, Relays, Displays and Keyboards

X
ELECTRONICS

Quartz Crystals, Clock Oscillators, Surface Mount

Products, Programmabie Devices

GERNSBACK

PUBLICATION

Electronics Now Magazine

@GUARDIAN

Relays and Solenoids

EME

Electronics Corporation

A
|

Multilayer Ceramic and Selid Tantalum
Capacitors

(COMN SPEER

Resistors, SMT Tantalum Capacitors Inductors,
Resistor Networks, SMT Thermistors

MALLORY

North American Capacitor Company

Tantalums, Aluminums, SonaltertsR Ceramics,
Films and AC's

M-tron

Quartz (rystal
Hybrid Oscillators

®

mullata

Fixed Ceramic Capacitors, Yariable Capacitors and
Resistors, Crystal Oscitlators, Ceramic Filters,
Resonators, EMI Filters, Hybnd Circuits and more.

Panasonic

Industrial Company
Resistors, Resistor Networks, Ceramic, Film,
Electrolytic, Double Layer Capacitors,
Potentiometers, Switches, Inductors, Filters,
Resonators, Yanstors, Thermistors

Philips Components

Philips Eiectromcs North America Corporaton

Resistors, Ferrite Components
Mluminum Electrolytic, Film & Ceramic Capacitors

They sell
through
distributors.

They belong
to the E1LA.

They belong
OnNn your
vendor list.

Quam

Loudspeakers and Commercial Sound Products

Rohm Electronics Division

Resistors, Ceramic Capacitors,
Transistors/Diodes, Opto Comp

(= Selecm

Switches, Relays. Terminals, Indicator/Pilot
Lights. LED Indicatars, Test Clips, Test Leads,
Cable Ties and Heat Shrinkable Tubing

and 1C's

A cOMEANY Of

Tantalum Capacitors, Wet & Foil Capacitors,
Resistor Networks, Resistor (apacitor
Networks, Filters

A Rarytheoen Comparny
Switches, Connectors, Jacks, Plugs, Jackfields &
Audio Accessories, (able Assemblies

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

Distributor involvement means
lower prices, quicker deliveries,
better service over-all. The
Buyer wins...the Seller wins.

Distributors help achieve
marketing leadership. So does
the manufacturer’s involvement
in the Components Group of
the Electronic Industries
Association. EIA fosters better
industry refations, coherent
industry standards, and the
sharing of ideas, which helps
one another and serves
customers better.

In choosing your component
supplier, look for the marks of
leadership--

® availability through distribution
® membership in E.IA.

Our
« 70th
" .
\v', o e /) Anniversary
&Ry Year

Electronic Industries
Association/Components Group
2001 Pennsylvania Avenue, N.W.,
11th Floor

Washington, D.C. 20006

Phone: (202) 457-4930

Fax: (202) 457-4985

Committed to the competitiveriess
of the American electronics
producer.




SCOTT EDWARDS

GN A MILD SUMMER EVENING. YOU
walk to the top of a small rise
averlooking the park. In your
left hand you carry a small cir-
cuit board and a battery pack
and in your right hand you car-
ry a wooden yardstick studded
with LEDs. The two parts are
connected by a short length of
cable.

You connect the batteries to
the circuit and the yardstick be-
gins to glow with a flickering
green light. People in the park
below notice you now, and turn
to watch. You wave the stick
over your head and the flicker-
ing magically changes into im-
ages: stars, circles, diamonds.
You watch the faces of the peo-
ple below register amazement,
delight, and curiosity. They
come closer, smile and ask the
question “How did you do
that?”

You did it by building the Pic-
ture Stick, a project whose parts
cost $35. It combines ICs and 16
LEDs, a yardstick, batterles,
wire, and duct tape into a
unique demonstrator of the vi-
sual principles underlying
movies, television, and comput-
er displays. Components pre-
programmed with 15 images are
available, but if you're creative,
you can program your own im-
ages with a personal computer
and free software.

.
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Build the Picture Stick and light up the night
with computer-generated graphics.

How it works

The Picture Stick consists of
two major components: the
control electronics and the
“wand.” The wand is just a
wooden yardstick with 16 green
LEDs spaced at 1-inch intervals
near one end. The LEDs are
wired to a ribbon cable that con-
nects them to the controller.
The controller turns on the
LEDs at 2.3-millisecond inter-
vals, in accordance with one of a
series of patterns stored in
memory. It leaves the LED pat-
tern on for 600 microseconds,

turns the LEDs off, waits an-
other 2.3 milliseconds, loads
the next pattern, and repeats
the process.

As Fig. 1 shows, the individu-
al LED patterns are pieces of a
larger picture. Since the human
eye briefly retains the images it
sees because of an effect known
as persistence of vision, the
viewer's eye assembles the se-
quence of LED patterns into a
composite image. Persistence of
vision makes it possible for us
to see movies and television as
seamless, lifelike moving pic-

tures. It also lets electronic cir-
cuit designers use fewer compo-
nents tc drive an LED display—
only one digit of the display is
on at any given instant, but the
digits are scanned so rapidly
that the eye sees them as a sin-
gle, stable image. The Picture
Stick takes that one step fur-
ther, elimlnating the additional
displays in favor of a single mov-
ing column of LEDs.

Hardware
The controller, shown sche-
matically in Fig. 2, has two

MON SJIUOID8IT V664 4890120
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TIME (MILLISECONDS)
0 5 10 15 20 25 30 35 40 45 50
T L T Y I |
LEDs FLASH ON FOR 600 MICROSECONDS
2.3 MILLISECONDS BETWEEN FLASHES

0C000O0O@000000000O0O0
00000000GOG000000000D
00000000000 0C0C0O00000D
0000000000000 0000000
0000000000000 0C0C00C00D
000000000000000000CO0CO
C000000000000000000C0O
C000000000000000C0CO0
00000000000000000000
0000000000000 00C0000O0
0000000000000 000C0CO0CO0OO
cococoe0e 00000000
coococee0 ®@0000000
oOocococe0e ®@0000OO0OO0O0
0000000000000 0C0COOCOOCO
0000000000000 0C00C000D
01234567 89101112131415160 1 2

ADDRESS IN EEPROM

MQTION (APPROXIMATELY 29 FEET/SECOND)
EEPROM PATTERN MEMORY

ADDRESS DATA (16-BIT WORDS})
0 0000000010000000
1 0000000110000000 ]
2 0000001110000000
3 0000011110000000
4 0000111111111111__J
5 0001111111111 11
6 (o RRRRRRRRRRRREN
7 (A RRRRRRRRRRRREEI
8 ARRRRRRRRRRRRRRE]
9 OHHHHHHH1_

0011111111111 11

0001111111111

0000111111111

|

0000011110000000

0000001110000000

0000000110000000

0000000010000000

FIG. 1—INDIVIDUAL LED PATTERNS are
pieces of a larger picture.

modes: display and download.
Assume that there is a series of
images stored in IC1 as the dis-
play function is described here.

The PIC16C55 microcon-
troller (IC2) is a self-contained
computer with onboard read-
only memory (ROM) for perma-
nent program storage and ran-
dom-access memory (RAM) for
storing temporary variables.
The chip also includes logic for
addition, subtraction, and deci-
sion operations. Program con-
trol operators allow the pro-
grammer to create and call
subroutines, or change the
order of program execution.
The microcontroller in the
wand controller has ROM for
512 instruction steps, 24 bytes
of general-purpose RAM, and 20

input/output pins.

The wand program is written
in assembly language, and is
available from the Electronics
Now BBS (516-293-2283, V.32,
V.42bis) as part of the file
WAND.ZIP. A programmer for
PIC16C5X devices was de-
scribed in the January 1994 is-
sue of Electronics Now. Com-
mercial programmers are also
available.

The PIC has three sets of in-
put/output pins: ports RA, RB,
and RC. Through RA, the PIC
retrieves pattern data from stor-
age in EEPROM ICl1 in 16-bit
words. The PIC writes these pat-
terns to ports RB and RC. Each
of those output ports is con-

Darlington inverter/driver (IC3
and IC4).

When a pin of port RB or RC
outputs a logic 1 (+5 volts) to
the connected driver, the driver
grounds the cathode (negative
end) of the corresponding LED.
Since all of the LED anodes are
wired to the positive supply, this
lights the LED. Resistors R6
through R21 limit the max-
imum current through the
LEDs to about 64 milliamperes.
The LED current is calculated
by the supply voltage, minus
the LED’s forward voltage drop,
plus the driver’s voltage drop,
divided by the series resistance
calculated as: (6 -(2+1))/47 =
63.8 milliamperes.

nected to a ULN2803 The PIC lights the LEDs
Ll
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6V 3 o2
1M4004 51 o
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FIG. 2—THE CONTROLLER HAS TWO MODES: display and download.
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based on the 16 bits of data it
retrieves from IC1, then turns
all LEDs off 600 microseconds
later. It then waits 2.3 millise-
conds, loads another 16 bits,
and flashes the LEDs again. It
repeats this process—cycling
through 17 addresses of 16 bits
each—to create the basic 16-row
by 17-column image.

Periodically the PIC checks
pin RAl, which is connected to
pushbutton switch S1. When S1
is open, RAl sees a logic O be-
cause resistor R2 pulls it to
ground. When Sl is closed, RAl
sees the voltage divider formed
by Rl and R2. Assuming that
the positive supply is 5 volts,
the voltage drop across R1 be-
comes 5(R1/(R1+R2}) =
5(1000/11,000) = 0.45 volts.
Therefore, RAl sees 4.55 volts (5
volts minus 0.45 volts, which is
a logic 1).

When the program detects
this high (thelogic 1}, it adds an
offset of 17 to the addresses it is
cycling through. This causes it
to retrieve the next image that is
stored in IC1 and display it.

The microcontroller can hold
up to 256 16-bit words, but the
patterns occupy only 15 pic-
tures x 17 words/picture = 255
words of memory. The leftover
memory location isn’t wasted; it
holds a value that controls the
highest frame number to dis-
play. Therefore, if you have pro-
grammed only 5 of the max-
imum 15 pictures, you can
avoid cycling through the
blanks.

In the preceeding descrip-
tion, the role of IC1, the serial
electrically erasable/program-
mable ROM (EEPROM) was ne-
glected. As in normal ROMs and
erasable/programmable ROMs
(EPROMs), EEPROMs retain
their data when unpowered.
Unlike ROMs and EPROMs,
EEPROMSs can be written to or
erased while in an operating cir-
cuit. Therefore, the PIC can up-
date the data in the EEPROM.

When power is first applied to
the wand, the PIC determines
whether the wand should
switch toits standard operating
mode or its download mode. If
the serial port is not connected
to a PC, the PIC sees a logic 1 on
pin RA3, which is connected to

FIG. 3—PARTS-PLACEMENT DIAGRAM. Install sockets for IC1 and I1C2, but don’t
insert the ICs into the sockets until tests are complete.

| 3 3/8 INCHES >

FOIL PATTERN for the Picture Stick.

DB-9 FEMALE (FOR PC/AT AND LATER)
(SOLDER SIDE)

1

09dq])s
P O j«—(NO MORE THAN 6 FEET)——»{ TOP
E_»
PL3 =
NOT CONNECTED <2

DB-25 MALE (FOR PC/XT)
(SOLDER SIDE)

13 — 1M 1

00000 gxscbcbooo
'oYoYoYoXol. (eYeYoYoXe o

] PL1
(TO J1)

4-PIN FEMALE
HEADER PLUG

FIG. 4—SERIAL DOWNLOADING CABLE. Install a DB-25 male connector on one end of
this assembly and a 4-pin female header plug on the other end.

the positive power rail through
resistors R3 and R4. However,
when the serial port is con-
nected, its resting voltage of

—10 volts is impressed on the
junction of R3 and R4. Pin RA3
sees that voltage as alogic 0. So,
upon startup, the PIC executes

MON SO1UO08IT ‘$661 480I00
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|

_______________ 4 4-CELL (CORD)
Y4BATTERY HOLDER

TOP

¥ ]
NOT CONNECTED 7~ PL2
(TO J2)

FIG. 5—BATTERY HOLDER WIRING. DC
power is connected to the PC board at
J2.

the display program if RA3 is 1,
and the download program if
RA3 is O.

Once in the download mode,
the PIC handles two types of se-
rial communication: syn-
chronous and asynchronous.
Communication with the
EEPROM takes place over a syn-
chronous or “clocked” serial
connection, while the PC serial
port is an asynchronous or “un-
clocked” connection. The basic
difference between the two is
that synchronous communica-
tion requires at least two sig-
nals, data and clock, while
asynchronous communication
requires only a data signal.

Synchronous connections
operate on a simple principle: A
data bit is valid only at an in-
stant in time defined by some
feature of the clock signal. The
rest of the time, the receiver can
ignore the data signal. In the
case of the EEPROM, the data
line is valid only on the rising
edge of the clock signal; that is,
when the clock line is changing
from a logic O to a 1. (The
EEPROM also has a chip select
(cs) line. When this line is O, the
EEPROM effectively discon-
nects itself from the circuit.
(This is a standard feature of
devices that are intended to
share a bus, not a part of syn-
chronous communication.)

Synchronous communica-
tion has three virtues: First, it
can be implemented with sim-
ple edge-triggered flip-flops.
Second, it is independent of
time. Bits can arrive at intervals
of a microsecond or a week; only
the state of the clock line deter-
mines when a bit is valid. Third,

CATHOl?E (FLAT)

. 16
) HOLES

a b
LED IA.EADS
[ d
—— RIBBON
CABLE
LEADS

\

N

1
20-CONDUCTOR
RIBBON CABLE

e f

FIG. 6— HOW TO MAKE THE WAND. Drill
16 holes for the LEDs down the center of
a wooden yardstick starting at the 1-inch
mark (see text)

it does not require the addi-
tional start and stop bits associ-
ated with asynchronous com-
munication (described below).
The primary disadvantage of
synchronous communication is
the need for a clock signal. In
many cases, such as in this
EEPROM, it just means one ex-

tra connection on the circuit
board. But imagine a syn-
chronous version of the stan-
dard telephone modem. It
would require two phone lines,
one for data and one for the
clock signal.

Asynchronous connections
work on a more complex princi-
ple: After receiving a start bit,
the receiver expects a fixed
number of data bits at fixed in-
tervals of time, followed by a
stop bit that is opposite in polar-
ity to the start bit. The use of
start and stop bits makes an
asynchronous link less prone to
timing errors. Look at it this
way: at 1200 bits per second, a
bit occupies an 833-microse-
cond slice of time. With start
and stop bits, the sender and
receiver can have acombined er-
ror of = 416 microseconds (half
a bit) over the time required for
10 bits (8.33 milliseconds).
Thats a total permissible tim-
ing error of 5%; 2.5% for the

PARTS LIST

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

R1, R5—1000 ohms

R2—10,000 ohms

R3—47,000 ohms

R4—22,000 ohms

R6—R21—47 ohms (alternately, you
can use two 16-pin, 47-ohm DIP
resistor networks)

Capacitors

C1, C2—0.1 pF, 50 voits, ceramic
disk or monotithic

C3—10 pF, 16 volts, electrolytic

Semiconductors

IC1—93LC66 512-byte serial
EEPROM (Microchip—do not
use the same part from a different
manufacturer)

1IC2—PIC16C55 microcontroller,
programmed with wand firmware
(Microchip)

IC3, IC4—ULN2803A Darlington
inverter/driver

OSC1—PX400 4-MHz ceramic res-
onator with integral capacitors
(Panasonic)

D1—1N4004 diode

LED1-LED16—T 1% LEDs (the
color choice is yours)

Other components

S1—Momentary-contact pushbut-
ton switch (Digi-Key P8034S
mounts directly to circuit board)

J1, J2—4-pin single-row male
header




sender and 2.5% for the re-
ceiver. An alarm clock with that
accuracy could be off by almost
an hour a day!

Without start and stop bits,
timing would become in-
creasingly critical with in-
creases in message length.
Ultimately, even the most pre-
cise timing devices known
would be unable to maintain
synchronization.

Now that you know how these
two forms of communication
work, understanding the down-
load process is easy. The PIC is
programmed to receive data at
1200 bits per second (bps). At
startup, if the PIC detects a se-
rial port connection, it waits for
a start bit. When one arrives,
the PIC waits 1% bit times
(1.5(%200) = 1.25 milliseconds)
to receive the first data bit. By
waiting until the middle of the
first data bit, it gains a little ex-
tra safeguard against timing er-
rors. After the first bit, it re-

PL1, PL2—4-contact IDC female
header plug

PL3—Female DB-9 connector (PC/
ATs and later) or male DB-25
(PC-XTs)

Miscellaneous: Battery holder (4
C- or D-cells), PC board, one 8-
pin IC socket, one 28-pin IC sock-
et, 9 feet of 20-conductor ribbon
cable, solder, hookup wire, inex-
pensive wooden yardstick, duct
tape.

Ncte: The following items are
available from Scott Edwards,
964 Cactus Wren Lane, Sierra
Vista, AZ 85635:
¢ Pre-programmed PIC16C55
microcontroller (IC2) and ce-
ramic oscillator (OSC1)—$20
¢ 93L.C66 EEPROM with pre-
Ioaded images (IC1)—$7
¢ 3%-inch PC compatible disk
with the downloading software
(5%-inch disks not available)—
$7
¢ A kit consisting of IC1-IC4,
OSC1, the disk, and a PC
board—$42

All prices are postpaid; check or

money order only.
e Tools for programming PIC
microcontrollers are available
from Parallax Inc, 3805 Ather-
ton Road, Rocklin, CA,
916-624-8333.

PUSHBUTTON

;CERAMIC OSCILLATOR
l s

FIG. 7—COMPLETED PC BOARD. The board can be installed in a case of left as-is.

FIG. 8—A WOODEN YARDSTICK forms the body of the wand.

ceives the remaining seven data
bits at 1-bit-time intervals (833
microseconds).

During the stop bit thar fol-
lows each byte, the PIC stores
the received data in its own
RAM. Every second byte, it syn-
chronously writes a 16-bit word
consisting of the last two re-
ceived bytes to the EEPROM.
Because the synchronous con-
nection with the EEPROM is
very fast, the PIC can send all 16
bits (plus 3 bits of instruction
code and an 8-bit address) in
less than the time required for
the stop bit. As a visual check of
the progress of a download, the
PIC also writes the 16 bits of
data to ports RB and RC, caus-
ing the LEDs to flash in the pat-

terns of the incoming data.

When the PIC has received
512 bytes ol data from the PC
and stored them as 256 16-bit
words in the EEPROM, it stops
“listening’ to the serial port and
switches to the display mode.

The operation of the major
components of the wand have
been explained, but what about
the “tit players?” Diode D1 has
a small but important role: its
forward voltage drop of approxi-
mately 0.7 volts reduces the 6
volts from the battery pack to
around 5.3 volts to supply the
PIC and EEPROM. Since these
devices will operate from volt-
ages ranging from 4.5 to 5.5
volts, a well-regulated supply
isn't required.
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The rapid switching of the
LEDs and the lack of voltage reg-
ulation subject the ICs to noise
on the power-supply rails. Ca-
pacitors Cl, C2, and C3 filter
this noise.

Finally, OSC1, a ceramic reso-
nator, sets IC2% internal clock
to 4 MHz. Since IC2 executes an
instruction every fourth clock
cycle, in this circuit it executes 1
million instructions per sec-
ond. Ceramic resonators are
similar to crystal resonators,
but they are generally cheaper,
less fragile, and less accurate.
The unit specified here is accu-
rate to better than 1%, which is
good enough to receive 1200-
bps serial data reliably.

Construction

Begin by obtaining the com-
ponents in the Parts List. Be
sure that IC1 is a 93LC66 man-
ufactured by Microchip Inc.
There are subtle differences in
other manufacturers’ parts
with the same part number that
make them unusable in this cir-
cuit. If you have the necessary
programming hardware, you
can program the PIC yourself.
The program source code (writ-
ten in Parallax format) is avail-
able from the Electronics Now
BBS (516-293-2283, V.32,
V.42bis) as part of the file
WAND.ZIP. The downloading
programs, as .EXE files and in
QBASIC format, are also part of
the ZIP file.

You can substitute practically
any standard, inexpensive
LEDs for the green ones used in
the prototype. Since LEDs are
commodity items these days,
you should briefly connect a
sample LED to 6 volts DC
through a 47-ohm resistor. If it
is initially bright, then seems to
fade, it is probably overheating.
Disconnect the power imme-
diately, and either substitute a
higher value resistor (found by
experimentation} or a different
LED.

After you have obtained the
parts, you can either make a
printed circuit board from the
foil pattern provided, purchase
one from the source given in the
Parts List, or point-to-point
wire the circuit on perforated
construction board. The LEDs

on the wand section must be
hand-wired, so hand wiring the
rest of the circuitry shouldn't be
a problem.

If you use a PC board, mount
the components as shown in
Fig. 3. The order of installation
isn't critical. Use sockets for IC1
and IC2. Don't forget to install
the single jumper wire near the
top end of IC2. Leave IC1 and
IC2 out of their sockets on the
controller board for the time
being. Install them during the
checkout and final assembly
steps given below.

Figure 4 shows how to assem-
ble the serial downloading ca-
ble. This allows you to transfer
new light patterns to the Picture
Stick from your PC. A DB-25
male connector is attached to
one end of this assembly, and a
4-pin female header plug is at-
tached to the other end (two
pins of this plug are not used).
The plug connects to the 4-pin
header (J1) on the circuit board.
Instructions for wiring the bat-
tery holder are given in Fig. 5.

Figure 6 shows how to make
the wand. Start by drilling 16
%a- or Ya-inch holes down the
center of a wooden yardstick,
starting at the 1-inch mark, and
ending at the 16-inch mark (Fig.
6-a). Push each LED into each
hole with its cathode (the flat
side of the reflector) facing one
side of the stick (b). Trim the
leads to a length of approxi-
mately 3-inch and bend them
into a “U"” shape, and push the
ends into the wood (¢). Connect
all of the anodes together by sol-
dering them to a piece of solid
22 AWG wire (d). Next, starting
at the colored stripe, separate
the first 16 conductors of a piece
of 20-conductor ribbon cable to
alength of about 2 feet (e). (The
last four conductors remain at-
tached, and the stripped ends
are twisted together at the yard-
stick end to form one heavier
gage wire for the return cur-
rent.)

Leave the colored wire full-
length, and trim each suc-
cessive lead 1 inch shorter than
the previous one. Trim about 8
inches off the four wires that
remain connected together.
Strip and tin the ends of all 20
wires. Solder the staggered

ends of the ribbon cable to the
cathodes of each LED. The col-
ored wire goes to the LED at the
end of the yardstick (LED16 at
the 1-inch mark), and each suc-
cessively shorter lead goes to the
cathode of the next LED. Solder
all four of the remaining wires
to the middle of the wire that
connects the anodes of the
LEDs. Secure the ribbon cable
to the yardstick with duct tape,
nylon wire ties, or other suitable
fasteners.

Now solder the stripped wires
at the other end of the ribbon
cable to the PC board. Start by
soldering the colored wire (it
goes to LEDI16) to the pad that
connects to R21 (it's the pad on
the lower-right side of the
board). Solder the remaining
wires to the pads in order, work-
ing toward the top of the board.
Four pads are provided for the
four wires that are to be sol-
dered together at the wand end.
Figure 7 shows the completed
PC board, and Fig. 8 shows a
section of the wand.

Checkout

With both IC1 and IC2 out of
their sockets, connect the bat-
teries to the power input. Strip
both ends of a short length of
solid hookup wire, and insert
one end into pin 1 of IC2's 28-
pin socket. Touch the other end
of the wire to pin 10 of the same
socket to determine if LED16
(the one at the end of the wand)
lights. Move the pin-10 end of
the wire to pins 11 through 25.
The LEDs should light up in se-
quence. If any of the LEDs fails
to light, recheck your work and
correct any errors.

After you have confirmed that
all LEDs work, disconnect the
power from the circuit and in-
stall IC2 (the 28-pin PIC). Leave
IC1 out of its socket for now. Re-
apply power to the circuit. The
LEDs should light up. Dim the
lights and wave the wand
around carefully. The LEDs
should appear as a ribbon of
dots. If the LEDs don't light, or
if there are breaks in the dot
pattern, bridge pins 8 and 4 of
IC1s socket and tryagain. If this
doesn’t correct the problem, re-
move the power from the circuit
and recheck your wiring. Once




you have the test pattern work-
ing properly, bridge pins 4 and 5
of IC1s socket. Now the LEDs
should all be off,

Disconnect power and install
IC1 in its socket. If IC1 is pur-
chased pre-programmed (from
the source in the Parts List),
you can power up the wand and
check out the preprogrammed
images. If not, you must down-
load some images, as described
further on.

To observe the pre-pro-
grammed images, take the
wand, controller, and batteries
to a place you can dim the lights
and swing the wand around
without danger of damaging
property or hurting anyone. Ap-
ply power to the controller and
swing the wand back-and-
forth. If the image appears com-
pressed horizontally, swing the
wand a little faster. To change
images, press and release S1. To
switch rapidly, hold S1 down. If
you are demonstrating the
wand to someone else, you will
find that you can monitor the
images from the back of the
wand (some light from the LEDs
can be seen from the back).

The batteries and controller
are kept separate to keep the
wand as lightweight as possible
for safety reasons. Use common
sense; carelessly swinging the
wand around in the dark could
hurt someone. Supervise chil-
dren using the wand. (No sword
fights! No running!)

Downloading images

To download images to the
controller, you'll need the soft-
ware from the source given in
the Parts List or from the Elec-
tronics Now BBS. The program
comes in two flavors: One is
graphical and allows you to edit,
save, and download pictures
simply and easily. The other is a
bare-bones downloading pro-
gram that requires that you cal-
culate the data manually and
enter it into a text file. The
graphical version requires a
VGA monitor; the manual ver-
sion works in a pure text mode,
and it has no special require-
ments.

Downloading is simple, but it
requires a specific sequence.
Remove power from the control-

-
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"DATA FOR THE PATTERN SHOWN:

-

0,1,128,1,64,1,32,1,16,255,8,128,4,128,2,128,1,128,2,
128,4,128,8,128,16,255,32,1,64,1,128,1,0,1

PROCEDURE:

1. MARK THE SQUARES THAT MAKE UP YOUR
PATTERN.

2, FOR THE FIRST COLUMN, ADD UP THE *A® ROW
NUMBERS CORRESPONDING TO THE MARKED
SQUARES. RECORD THIS NUMBER. DO THE SAME
FOR THE *B' ROWS. VALID NUMBERS WILL BE
BETWEEN O AND 255,

3. REPEAT TH!S PROCEDURE FOR EACH OF 17
COLUMNS. WHEN YOU'RE DONE WITH A PATTERN,
YOU SHOULD HAVE 34 NUMBERS.

4, REPEAT THIS PROCESS FOR AS MANY
PATTERNS AS YOU DESIGN.

6. USING A TEXT EDITOR (LIKE EDIT THAT COMES
WITH DOS5 AND LATER) OR WORD PROCESSOR
CAPABLE OF SAVING A PLAIN TEXT FILE, TYPE IN
THE NUMBERS SEPARATED BY COMMAS.
EXAMPLE: 198,255,0,17,111... YOU MAY BREAK THE
DATA INTO MULTIPLE LINES, BUT DON'F END A
LINE WITH A COMMA.

6. IF YOU HAVE ENTERED FEWER THAN 510
NUMBERS (15 PATTERNS), PAD THE FILE WITH
ZEROS (0,0,0,0,0...) UNTIL YOU HAVE 510 NUMBERS
OR MORE. (THE DOWNLOADER IGNORES EXTRA
ENTRIES.)

7. SAVE THE FILE.

8. RUN THE PROGRAM WAND_NO AND FOLLOW
THE PROMPTS TO DOWNLOAD YOUR PATTERNS
TO THE WAND. IF YOU HAVE BLANK PATTERNS,
BE SURE TO ENTER THE HIGHEST FILLED-IN
PATTERN (FRAME) NUMBER WHEN THE PROGRAM
PROMPTS YOU TO. FRAMES ARE NUMBERED 0 TO
15,

FIG. 9—TO PREPARE DATA for the man-
ual downloader, work out your patterns
on graph paper, calculate the corre-
sponding numeric values, and enter
them into a text file.

ler. Connect the download cable
to the COM1 port on your com-
puter with the computer off.
Then turn the computer on.
Connect PL1 to the J1 header on
the controller board.

Boot the downloading soft-
ware (WAND for those with VGA
monitors; WAND—NO for those
without) and load the included
image file SAMPLE. WND. Now
apply power to the controller.
The LEDs should remain dark.
Follow the on-screen instruc-
tions to perform a download.
The LEDs will flash brightly;
they are displaying each incom-
ing pair of data bytes. Down-
loading takes a little more than
4 seconds; after that, the wand
will be active in its normal dis-
play mode. Remove power from
the wand and remove the down-
loading connector. The images
are now programmed into non-

volatile EEPROM storage.
Whenever you power up the
wand from now on, youll see
the downloaded images.

When the controller is work-
ing properly, finish the assem-
bly for a neat appearance. The
wand can be encapsulated in
clear acrylic plastic or covered
with a large-diameter length of
clear heat-shrink tubing. You
can also leave everything as-is.

Designing your own images is
fun and creatively satisfying. It's
a great project for kids. If you
have a VGA monitor, make use
of the graphical editor (WAND).
Move a cursor around a grid of
dots with the keypad arrow
keys, and toggle individual dots
on and off with the spacebar.

Preparing data for the man-
ual downloader (WAND—NO) is
more complicated, but educa-
tional. Work out your patterns
on graph paper, calculate the
numeric values, and enter them
into a text file. The process is
shown in Fig. 9.

You may have noticed that all
of the sample images are sym-
metrical left to right; stars, cir-
cles, arrows, etc. That allows
you to swing the wand left-to-
right and right-to-left and get
the same image.

If you choose to create asym-
metrical pictures, you must use
a different technique to display
them. Swing the wand rapidly
in one direction, then slowly re-
turn it to the starting point.
This will prevent viewers from
seeing a reversed afterimage of
your picture. Remember, you
are the mechanical part of the
display. If you find this inconve-
nient, you could modify the
wand as follows: Wire a nor-
mally closed pushbutton be-
tween the controller and the
LED anodes. Be sure the switch
you select can handle current
pulses of nearly 1% amperes.
With this switch in line, you can
swing the wand to display your
images, and press the button to
blank the display while you pre-
pare for another swing.

Another possible modifica-
tion would be to make a contin-
uous display of the wand’s
images by mounting the LEDs
on a large rotating wheel, or by
building a pendulum. 0
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Couple a function generator to an oscilloscope

THE FUNCTION GENERATOR IS A
versatile test instrument that
usually functions as a signal
substitution source. This arti-
cle explains how the function
generator, when >oupled to an
oscilloscope, becomes an even
more versatile instrumentation
set for testing and evaluating
systems and components.

The function generator is an
instrument that permits the in-
troduction of its signals at spe-
cific points in a circuit. This
characteristic makes it useful
as an audio generator for test-
ing, troubleshooting, and eval-
uating audio products as well as
conventional electronic circuit
components.

The oscilloscope paints the
“signatures *’ of electronic com-
ponents on its screen and a dig-
ital multimeter (DMM) makes
the routine electrical measure-
ments necessary to perform the
tests discussed in this article.
In addition to its role in testing,
this instrument suit is very
effective teaching tool for ex-

to form a versatile instrumentation set for

ysystems and components.

®esces

plainir.g the behavior of both
active and passive components
to students.

What do you need?

To perform the tests and dem-
onstrations described in this ar-
ticle, the function generator,
oscilloscope and DMM should
have the following minimum
specifications:
¢ Function generator—2-MHz
internal sweep
® Oscilloscope—two-channel,
20-MHz with X-Y operation
® Digital multimeter—capable
of making the basic electrical
measurements with a basic DC
accuracy of at least 1.0 %

Manufacturers of function
generators position the controls
and connecting plugs in dif-
ferent ways on the instruments
that are designed to fill various
market segments. Therefore,
there really are no standard sig-
nal generators. If your function
generator differs from the one
shown in Fig. 1, you might want
to consult ypur manual to re-

ROBERT KRAL

view the functions of all of its
controls.

Fortunately, most signal gen-
erators have the same basic
controls and input terminals
that can be interconnected in
the same way. The leading sig-
nal generator specifications are:
frequency range, sinewave dis-
tortion, types of waveforms gen-
erated, sweep range, and signal
output level.

Selecting a function generator

If you do not own or have ac-
cess to a signal generator, there
are some points to consider
when selecting one. Most stock
function generators have a fre-
quency bandwidth that extends
from a fraction of a hertz to 10
MHz or higher. Most can pro-
duce sine, square, and triangle
waves. On many instruments,
variable symmetry control, also
called duty cycle adjustment, al-
lows squarewave pulses to be
narrowed to simulate clock
pulses.

Amplitude or frequency mod-




ulation and internal linear or
logarithmic sweep are available
on some instruments. Separate
TTL or CMOS pulse outputs
might be available, providing
exact preset voltage levels re-
quired for a specific logic family.
Some function generators con-
tain a frequency counter that
will give a direct readout of out-
put frequency.

The tests described in this ar-
ticle can be performed on a
hasic economy model function
génerator suitable for most elec-
tronic hobbyists and most rou-
tine electronics maintenance
and circuit design. None of the
tests described here require a
bandwidth in excess of 2 MHz
because they are limited to the
audio range.

The sinewave distortion spec-
ification even for a basic func-
tion generator should be less
than 1%, and its output should
be variable, up to 20 volts peak-
to-peak into an open circuit. A
built-in counter is desirable fea-
ture but is not required for set-
ting the output frequency. An
internal linear or log sweep will
be needed for making audio
measurements. Instruments
that meet these requirements
typically sell in the $300 to $400
range.

Frequency-response

A function generator is not a
constant voltage source. It typ-
ically has an output impedance
of 50 ohms. Consequently, if
you want to test a low-imped-
ance component such as a
speaker connected to the gener-
ator, the output of the function
generator will vary with the im-
pedance of the load.

To correct this condition, ei-
ther add a series resistor or set
up the function generator to
drive an audio amplifier which,
in turn, will feed the speaker.
The low output impedance of
the audio amplifier makes the
function generator a constant
voltage source.

Set up your instruments as
shown in Fig 2. Select X-Y oper-
ation on your oscilloscope. Tem-
porarily connect the function
generator’s output directly to
the oscilloscope’s vertical Y-axis
input (typically channel 1). Con-

nect the generator control volt-
age (GCV) output to the os-
cilloscope’s horizontal X-axis
input (typically channel 2).

Select DC coupling on both
input channels. Display only
Channel 1. While the sweep is
disabled, adjust the function
generator to the desired max-
imum (ending) sweep frequen-
<y. A vertical line should appear
on the screen. Adjust the os-
cilloscope’s channel 1 position
and voltage controls so that the
line is centered vertically and is
positioned to the far right, hori-
zontally.

Adjust the amplitude controls
so that the trace nearly fills the
screen vertically Then set the
function generator's frequency
lower. The vertical line should
move to the left. Tape a piece of
paper to the CRT screen and
mark the position of the vertical
trace at the various frequencies
that you will use in your tests.

Tune the function generator
back to the end (maximum)
sweep frequency. Engage the
sweep width adjustment, and
set it for the maximum. Adjust
the sweep width and frequency
controls to obtain the desired

tests described in this article.

AG. 1—A FUNCTION GENERATOR/OSCILLOSCOPE SETUP suitable for making the

start and stop frequencies. The
generator will now sweep be-
tween these two frequencies.
Now connect the component
ta be tested. It could be an am-
plifier, passive or active filter,
loudspeaker, or microphone.
Adjust the controls as needed so
that the oscilloscope display
looks like that shown in Fig. 3.

Impedance measurements

Figure 4 shows the setup for
making impedance measure-
ments on speakers and passive
filters. Connect the GCV output
of the function generator to the
oscilloscope’s X-input. With the
oscilloscope in the X-Y mode,
the oscilloscopes Y-input is the
vecltage acress the speaker.

With the function generator
out of the sweep mode, connect
a 2-kilohm resistor in series
with the function generator’s
output. Positlon the waveform
near the center of the os-
cilloscope screen, and adjust its
amplitude.

Adjust the output frequency
of the generator until the ver-
tical line reaches its maximum
length. This is the speaker's res-
onant frequency. You can sub-
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ngineers’ Book Club"

STANDARD HANDBOOK

ELECTRICAL
ENGINEERS

020984H-XXX $110.50
Benefit from the collective ex-
pertise of more than 100 con-
tributors in this book. It's the
most current and comprehensive
electrical reference available
today. 2,208 pp., 1,421 illus.
Counts as 3

Electrical
Engineering
Malerials
Reference
Guide

i 004196H  $49.00

Get concise information on
major materials used for elec-
trical engineering applica-
tions—conductor, magnetic,
insulating, and structural
materials; plastics; carbon and
graphite; mica; and more—with
this guide. 320 pp., Illus.

Lenk’s Digital
Handbook

Design and Troubleshooling

4

John D. Lenk

037516H $39.50
This helpful volume covers
digital electronic devices and
components and a simplified
system of testing and trouble-
shooting that can be easily ap-
plied to any electronic system or
-equipment. 320 pp., 150 illus.
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LARRY €. ANDREWS
- =
001848H-XX $63.00
Assuming only a knowledge of
elementary calculus and differ-
ential equations, this clear book
features applications from fluid
mechanics, fiber optics, vibra-
tional phenomena, communica-
tions theory, and other
engineering fields. 512 pp., 36
illus. Counts as 2

ANDREV! F. IHGUS

031716H  $50.00 032381H-XXX

Cover the basics of important
video technologies in this com-
prehensive volume. You’ll find
valuable information on the pro-
duction, recording, editing,
transmission, distribution, and
display of video signals.

300 pp., 120 illus.

(0NT
SASTEMS

0415250H-XX $61.53
Gain a firm understanding of the
fundamentals of controi theory
with this authoritative guide.
Plus, it will help you ensure
stability and reduce the sensi-
tivity of the system to distur-
bances and plant perturbations.
572 pp., lllus. Counts as 2

9255H-XXX $105.50
**Outstanding, extensive refer-
ence to current technology of
electronics. - Covers everything
from principles to applications.””
—Computer Book Review
2,528 pp.. 1,800 illus.
Counts as 3

RCHARD C JOHNSON
ANTENNA

ENGINEERIN
HANDBOOK

=

Newly revised, this bestseller
provides detailed information on
physical fundamentals, patterns,
structures, and design tech-
niques. Experts from RCA,
Raytheon, Scientific-Atlantic,
and other major firms and
universities have contributed to
this book. 1,520 pp., 800 illus.
Counts as 3

SECRETS OF

RF

CIRCUIT
DESIGN

3710P $19.95
Understand the basics of
receiver operation, the proper
use and repair components in RF
circuits, and principles of radio
signal propagation from low fre-
quencies to microwave—all with
this guide.

416 pp., 411 illus. Softcover

$119.50

ELECTRONIC
MEASUREMENTS
& TESTING

003961H $40.00
Use available off the-shelf test
equipment with this guide to
basic electrical measurements,
component measurements,
system tests, and performance
verification. 224 pp., 180 illus.

0376026H $39.50
Make testing hassle-free with the
help of bestselling author John
D. Lenk. He details the types of
test equipment available, what
the various types do, and how
they operate. Plus, he offers pro-
cedures for testing electronic
devices, circuits, and com-
ponents. 416 pp., 526 illus.

M icrocontrollers

Architecture,
Implementation
& Programming

KENNETN HINTZ
DANIEL TARAK

028977TH-XX $49.00
Unleash the power and complex-
ity of the latest generation of
controller designs. This book
presents the ways a controller
can be implemented into
hardware.

350 pp., 125 illus. Counts as 2

3438H-XX $39.95
Solve problems in basic
arithmetic, algebra, geometry,
trigonometry, and calculus with
the step-by-step instructions and
alternative techniques presented
here. 512 pp., 481 illus.
Counts as 2

Engineering
Circuit Analysis

027410XH-XX $69.44
This immensely popular text
offers hundreds of numerical
examples and clearly stated drill
problems covering a wide range
of the latest circuit analysis
techniques and technologies.
726 pp., lllus. Counts as 2

McGRAW-HILL
LECTRONICS
DICTIONARY

& over 1104

MOA R K
L\l

JLRTIRN
N

0404348H $49.50
More than 14,000 entries and
1,500 illustrations make up this
A-to-Z reference. Its up-to-date
definitions can not be found in
general dictionaries. Plus, it
focuses on terminology specific
to the field of electronics.

608 pp., 1,500 illus.




ulation and internal linear or
logarithmic sweep are available
on some instruments. Separate
TTL or CMOS pulse outputs
might be available, providing
exact preset voltage levels re-
quired for a specific logic family.
Some function generators con-
tain a frequency counter that
will give a direct readout of out-
put frequency.

The tests described in this ar-
ticle can be performed on a
basic economy model function
génerator suitable for most elec-
tronic hobbyists and most rou-
tine electronics maintenance
and circuit design. None of the
tests described here require a
bandwidth in excess of 2 MHz
because they are limited to the
audio range.

The sinewave distortion spec-
ification even for a basic func-
tion generator should be less
than 1%, and its output should
be variable, up to 20 volts peak-
to-peak into an open circuit. A
built-in counter is desirable fea-
ture but is not required for set-
ting the output frequency. An
internal linear or log sweep will
be needed for making audio
measurements. Instruments
that meet these requirements
typically sell in the $300 to $400
range.

Frequency-response

A function generator is not a
constant voltage source. It typ-
ically has an output impedance
of 50 ohms. Consequently, if
you want to test a low-imped-
ance component such as a
speaker connected to the gener-
ator, the output of the function
generator will vary with the im-
pedance of the load.

To correct this condition, ei-
ther add a series resistor or set
up the function generator to
drive an audio amplifier which,
in turn, will feed the speaker.
The low output impedance of
the audio amplifier makes the
function generator a constant
voltage source.

Set up your instruments as
shown in Fig 2. Select X-Y oper-
ation on your oscilloscope. Tem-
porarily connect the function
generator's output directly to
the oscilloscope’s vertical Y-axis
input (typically channel 1). Con-

nect the generator control volt-
age [GCV) output to the os-
cilloscope’s horizontal X-axis
input (typically channel 2).

Select DC coupling on both
input channels. Display only
Channel 1. While the sweep is
disabled, adjust the function
generator to the desired max-
imum (ending) sweep frequen-
cy. A vertical line should appear
on the screen. Adjust the os-
cilloscope’s channel 1 position
and voltage controls so that the
line is centered vertically and is
positioned to the far right, hori-
zontally.

Adjust the amplitude controls
so that the trace nearly fills the
screen vertically. Then set the
function generator’s frequency
lower. The vertical line should
move to the left. Tape a piece of
paper to the CRT screen and
mark the position of the vertical
trace at the various frequencies
that you will use in your tests.

Tune the function generator
back to the end (maximum)
sweep frequency. Engage the
sweep width adjustment, and
set it for the maximum. Adjust
the sweep width and frequency
controls to obtain the desired

tests described in this article.

HG. 1—A FUNCTION GENERATOR/OSCILLOSCOPE SETUF suitable for making the

start and stop frequencies. The
generator will now sweep be-
tween these two frequencies.
Now connect the component
to be tested. It could be an am-
plifier, passive or active filter,
loudspeaker, or microphone.
Adjust the controls as needed so
that the oscilloscope display
looks like that shown in Fig. 3.

Impedance measurements

Figure 4 shows the setup for
making impedance measure-
ments on: speakers and passive
filters. Connect the GCV output
of the function generator to the
oscilloscope’s X-input. With the
oscilloscope in the X-Y mode,
the oscilloscope’s Y-input is the
voltage across the speaker.

With the function generator
out of the sweep mode, connect
a 2-kilohm resistor in series
with the function generator's
output. Position the waveform
near the center of the os-
cilloscope screen, and adjust its
amplitude.

Adjust the output frequency
of the generator until the ver-
tical line reaches its maximum
length. This is the speaker’s res-
onant frequency. You can sub-
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FIG. 5—GRAPH OF RELATIVE RESPONSE vs. frequency for an enclosed, low-fre-
quency speaker showing a single resonance peak.

as horizontal lines. Marginal
components can be identified
by comparing their waveforms
with idealized waveforms of the
correct signatures.

Fortunately, you can perform
many of the tests best per-
formed on a signature analyzer
with a function generator and
an oscilloscope and save the
$1000 to $3000 you would have
to spend to buy an analyzer.

With the instrumentation
setup described here, the range
of applied test voltage will be
somewhat limited. Moreover, re-
peatability will not be optimum
because you must readjust fre-
quency and output voltage each

time you perform a test. How-
ever, you will become familiar
with the E-I test technique
without the need to purchase
additional instruments.

This setup lacks some of the
benefits of the full-fledged sig-
nature analyzer such as A-B in-
put switching for rapid good-
bad comparisons, multichan-
nel clips for testing the pins of
integrated circuits automat-
ically in sequence, and the abil-
ity to store component wave-
forms on a personal computer
for comparison purposes. And,
of course, without this connec-
tion to the PC, you won't be able
to generate reports with the

T T e =

data or store test records.

The test setup for the alter-
native signature analyzer is
shown in Fig. 8. Connect the
function generator output
across both the component un-
der test and a 51-kilohm series
resistor. Fix the oscilloscope’s Y
input across the 51-kilohm re-
sistor in series with a 2-kilohm
resistor, and connect its X input
across the component under
test. Tie the grounds from the
two probes to a common point
between the resistor and com-
ponent under test.

Select the sinewave output
from the function generator,
and set the voltage and frequen-
cy controls for a clear display.
Again, set the oscilloscope in
the X-Y mode.

Familiarity with the wave-
forms of good components is es-
sential for the most effective
troubleshooting. If you are
doing routine production test-
ing, have a sample tested and
known fault-free board on hand
for comparison with any board
that contains faulty compo-
nents. Note, however, that the
signature of a component in a
circuit will differ from that of
the same component out of a
circuit.

Select a test voltage and fre-
quency very carefully to produce
the optimal signature for the
known good component. The
signatures expected will, of
course, differ with the type of
component being tested. Keep a
written record of the voltage and
frequency settings for the val-
ues you test.

Typical signatures

The signature of aresistorisa
sloping line as shown in Fig. 9-
a. The slope changes with the
value of the resistor. Select a
voltage so that the slope of the
line for a known good resistor is
close to 45°.

The signtures of capacitors
and inductors are ellipses as
shown in Fig. 9-b. They should
nearly fill the oscilloscope grati-
cule. High values of each flatten
the ellipse along its horizontal
(X) axis, and low values flatten it
along its vertical (Y) axis.

Here are some points to keep
in mind about inductor and ca-

MON SIIUONDB|T ‘P66 J8G0IO0

F -3
©w



pacitor E-I signature testing:
® Inductors with the same val-
ue can have different signatures
because of differences in their FUNCTION
core materials or the position of GENERATOR
the core with respect to the *— SQUARE WAVE
winding. OUTF[’)%T
® Capacitor leakage that can- (NO -
not be found with dgigital multi- a3 L g
meter capacitance measuring
circuits can be found with sig-
nature analysis.
Semiconductor diodes can
also be tested with this method.
Diode signature analysis will

[

DEVICE UNDER TEST

detect defective diodes that are 3 B = 2
open or nearly open-circuited, ™ /2
short-circuited, or those with ~ w4 B
high internal leakage. However, AT G AR R L
the same information can usu- (IF REQUIRED)

ally be obtained with the diode g —TEST SETUP FOR AMPLIFIER PERFORMANCE with square waves.
test function of the DMM.

e Silicon diodes exhibit the
easily identifiable backward
“L”-shaped signatures shown in
Fig. 9-c. Light-emitting diodes
have similar signatures except

; LOW-FREQUENCY LOSS, LOW-FREQUENCY BOOST HIGH-FREQUENCY LOSS,
that they have a greater slope in NO PHASE SHIFT. (ACCENTUATED NO PHASE SHIFT.
their vertical portions. This s FUNDAMENTAL).

slope varies with the emission

a c
! color of the LED, as shown in
Fig. 9-d.
Zener diodes conduct in both
directions as shown in Fig. 9-e.
If the diode is good, it will have a LOW-FREQUENCY LOW-FREQUENCY LOSS AND | HIGH-FREQUENCY LOSS AND

sharp, well defined knee, pro- S EREHE PHASE SHIFT. LOW FREQUENCY PHASE.
vided the test voltage is set high

d !
enough to produce it. r
Transistors and ICs

When the signature tech- I

nique is applied to transistors HIGH-FREQUENCY LOSS AND | DAMPED OSCILLATION. LOW-FREQUENCY

and integrated circuits (analog PHASE SHIFT. PHASE SHIFT

or digital), the waveforms have g h i

diode-like signatures: FIG. 7—WAVEFORMS OBTAINED for various test conditions with square waves from

¢ Bipolar junction transistors the signal generator.
must be tested across their

base-collector, collector-emitter, TERMINAL POSTS

and base-emitter junctions. —Nﬂx W o
Their signatures are similar toa oy /

silicon diode in series with a GENERATOR
Zener diode. The separating /

|

3 point between the two wave- ~ /  COMPONE ! S

& forms represents the base. —\a UNDER TEST Y AXIS

5 ® Field-effect transistor (FET) / / e

S must be tested across their gate- L OSCILLOSCOPE INPUTS

3 : CIRCUIT BOARD

S source, drain-source, and : " =

; drain-gate junctions. FIG. ?_f—COMPONENT TEST BOARD that can be hard-wired or put in a project case to
2  ® Silicon controlled rectifiers simplify the test procedure.

8 (SCR) are connected across the

§ anode and cathode, and pulse Semiconductor tutorial signature shown in Fig. 9-c, the
‘§ generator output is connected Signature analysis is useful = horizontal distance between
w

to the gate. Increase the pulse in explaining the operating the vertical axis on the screen
generator output until the SCR  characteristics of semiconduc- and the vertical part of the sig-
turns on. tors. For example, in the diode Continued on page 73
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JONE CALL RESTRICTOR

Restrict access to those expensive “900” and “976”
numbers with this inexpensive call restrictor:

TERRY WEEDER

OVER THE PAST FEW YEARS, THE
*900,” “976,” and “540" tele-
phone exchanges have become
an easy way for people to spend
a lot of money—too easy, per-
haps. Some of those numbers,
which provide access to a wide
variety of services from sports
scores to sex chat lines, can cost
several dollars per minute. You
won't even see the damages—a
huge phone bill—until the end
of the month. What makes it
worse is that anyone who has

access to your phone can call
these numbers, forcing you to
pay the bill. Most people would
not leave their credit cards lying
around the house for anyone to
use, but in a sense, that is what
you are doing if you allow others
to have dialing access to all
phone numbers from your
phone.

The Telephone Call Restrictor
described in this article can
block access to any particular
telephone number, or any group
of numbers beginning with a
certain prefix. The numkters to

be blocked are entered into the
call restrictcrs memory from a
Touch-Torze phone. The restric-
tor can also be programmed to
block all telephone numbers ex-
cept thase which you have en-
tered into memory. That feature
is ideal for your business if you
want to allow incoming calls,
but only outgoing emergency
calls.

The restrictor can be plugged
into any phone jack in your
home or office to control all the
phones on that line. The restric-
tor can be disabled on a single-
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FIG. 1—THE MICROCONTROLLER (IC2) COMPARES the decoded DTMF tones from

icr
MC145436

VoD DV

IC2

PIC16C54

RB7
RB6
RABSs
RB4

2| RB3

RB2

~{RB1

IC1 with the telephone numbers stored in the EEPROM (IC3).

call basis*with a four-digit pass-
word. The password also pre-
vents others from reprogram-
ming the unit.

The restrictor is programmed
from a Touch-Tone phone. An
EEPROM provides non-volatile
storage of the programmed in-
formation. Therefore, the re-
strictor will not lose its data
because of a power failure or re-
location of the unit.

Circuit theory

A schematic diagram of the
call restrictor is shown in Fig. 1.
Capacitors C1 and C2 and
transformer T1 isolate the cir-
cuit from the phone line. Those
components also couple the
DTMF (dual-tone multiple fre-
quency) tones from the phone
to pin 7 of IC1, an MC145436
DTMF receiver. A metal-oxide
varistor (MOV1) protects the cir-

cuit from high-voltage spikes
on the line, and D1 and D2 pro-
vide protection from ringer volt-
ages. The DTMF receiver con-
verts the Touch Tones into 4-bit
TTL-level data. The PIC16C54
microcontroller (IC2) processes
the data from IC1, stores the
user-entered telephone num-
bers in EEPROM (IC3), and gen-
erates the tones necessary to
disable the telephone.
Optoisolator 1C4 generates a
reset pulse for the micro-
controller every time the hand-
set is picked up or put back on
hook. The change in voltage
from tip to ring (when the line
goes from on-hook to off-hook
or vice versa) causes current to
flow through the optoisolator as
C13 charges or discharges to
the new voltage level. The cur-
rent flow forward biases the
transistor output of 1C4, which

RBo

—

pulls IC2’s reset pin low. Diodes
D3 and D4 provide a threshold
voltage that is high enough so
that voice or DTMF tones will
not trigger a reset.

A low-current voltage reg-
ulator (IC5) drops the voltage
from a 9- or 12-volt DC adapter
to 5-volts DC; Cl11 and C12 sta-
bilize IC5's output.

The disable tones generated
by IC2 (discussed later) are at-
tenuated by R1 and R2, smooth-
ed out by filter capacitor C3, and
then coupled to T1 by capacitor
C4. Transistor Q1 turns LEDI
on when pin 13 of IC2 goes high.

Microcontroller and EEPROM
The PIC16C54 is an 8-bit
CMOS microcontroller man-
ufactured by Microchip Tech-
nology, Inc. This micro-
controller has one eight-bit 1/O
port, one four-bit I/O port, 512
x 12 bits of on-chip EPROM,
and 32 x 8 bits of data RAM.




+9V TO +12VDC

c12 —fég g

[
1
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FIG. 3—PARTS PLACEMENT DIAGRAM. Mount components as shown here. Watch for

solder bridges on Q1 and IC5.

The PIC16C54 contains a
two-level stack, an eight-bit
wide arithmetic logic unit
(ALU), and a real-time clock/
counter register with a pre-
scaler. The instruction set con-
sists of 33 single-word opera-
tions which require one cycle
{four clock pulses) for execu-
tion. Instructions that force a
program branch require two cy-
cles. Each pin of the [/O ports
can be configured individually
as either an input or output
through software. The
PIC16C54 also has its own
built-in “watch dog” timer
(WDT) and “sleep” mode, but
neither are used in this circuit
because the chip is reset every
time the handset is picked up.
Also, the circuit is powered by

an AC adapter so low-power op-
eration is not essential.

A preprogrammed PIC16C54
is available from the source
given in the Parts List. The
source and object code files are
available on the Electronics
Now BBS (516-293-2283, V.32,
V.42bis) for those who wish to
program their own micro-
controllers. A programmer for
the microcontroller was de-
scribed in the January 1994 is-
sue of Electronics Now.

The internal RAM of the
PIC16C54 functions as working
registers for the operating pro-
gram. All user-entered data is
stored in IC3, a 93LC46, 1K se-
rial EEPROM, also manufac-
tured by Microchip. The
93LC46 is connected to Port A of

.@gw%mum
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IC2 through four input lines:
CHIP SELECT, CLOCK, DATA IN, and
DATA ouT. After a high is de-
tected on cHip SELECT, data is
then transferred to and from
the 93LC46 on the positive
transition of the clock signal.

Each transfer of data consists
of one start bit, a two-bit opcode
that identifies the function tobe
performed, then a 6-bit ad-
dress, followed by the 16 bits of
data which is being read from or
written to that address. Imme-
diately preceding and following
all write operations, the micro-
controller sends instructions to
the 93LC46 that enable or dis-
able the write function, thereby
protecting the data.

The data in the 93LC46 is
stored in 16-bit blocks, while
the data cutput from the DTMF
receiver is in 4-bits. To make
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PARTS LIST

All resistors are Ya-watt, 10%, un-
less noted otherwise.

R1—4700 ohms

R2—7500 ohms

R3, R5—10,000 ohms

R4—150 ohms

Capacitors

C1-C3, C5, C9—C13—0.1 uF, Mylar

C4—2.2 pF, 16 volts, tantalum

C6—0.01 uF, Mylar

C7, C8—15 pF, ceramic disc

Semiconductors

1C1—MC145436 DTMF receiver
(Motorola)

IC2—PIC16C54-XT/P micro-
controller (Microchip)

IC3—93LC46 serial EEPROM (Mi-
crochip)

1C4—2505-1 optoisolator (NEC or

equivalent)

IC5—78L05 low-power 5-volt reg-
ulator

D1, D2—1N748A 3.9-volt Zener di-
ode

D3, D4—1N759A 12-volt Zener di-
ode

LED1—light-emitting diode, any
color

Q1—2N4401 NPN transistor

Other components

MOV1—130 VRMS metal-oxide
varistor

T1—600-ohm primary, 600-ohm
secondary, audio transformer

XTAL1—3.58 MHz TV colorburst
crystal

Miscellaneous: Enclosure, PC
board, IC sockets, wall adapter
(9- or 12-voit DC), telephone cord
with modular plug, hook-up wire,
solder, hardware

Note: The following items are
available from Weeder Tech-
nologies, P.O. Box 421, Batavia,
Ohio 45103:
e Double-sided PC board (WT-
TCR-B)—$9.50
e Kit of all board mounted
components including pre-
programmed PIC16C54 (WT-
TCR-C)—$25.50
® Pre-programmed PIC16C54
only (PIC-TCR)—$16.00

All orders must include $3.50 for
shipping and handling. U.S.
and Canadian orders only.
Ohio residents must add 6%
sales tax.

use of all the memory available
in the 93LC46, the micro-
controller's software is written
so that it will stack four num-
bers at the same address loca-

°
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COMPONENT SIDE of the call restrictor.
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SOLDER SIDE of the call restrictor.

tions when storing the num-
bers in EEPROM, then extract
the numbers in the correct
order when reading back from
the EEPROM.

Software

A flow chart of the operating
program is shown in Fig. 2.
After IC2 resets (which occurs
when the phone is taken off-
hook), the chip looks for a
number entered from the tele-
phone. This microcontroller
waits for a high on the pv (DaTA
vaLID) pin of IC1, reads the 4
data lines, and then waits for a
low on the pv pin. The micro-
controller then checks to see if
the pound (#) key is pressed. [t
indicates a request to program
the EEPROM.

Ifa # is detected, IC2 looks for
a password in EEPROM. Ini-
tially, a non-programmed
93LC46 EEPROM contains all

Lﬁ:‘@“ﬂ. .
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I's in its registers. Therefore,
the microcontroller can deter-
mine if a password has been en-
tered. If a password is found,
IC2 reads the next four num-
bers from IC1 and determines if
they match the password stored
in EEPROM. If a valid password
has been entered, the caller can
then program the EEPROM. If
an incorrect password is en-
tered, or if a mistake is made in
the programming sequence, an
error tone is transmitted on the
phone line. It continues until
the phone is replaced on hook
(causing a reset of IC2).

If the first number entered
from the phone is not the # key
(indicating that a call is being
attempted), IC2 stores the
number in one of its registers
and then looks for a match in
EEPROM. IC2 disables the tele-
phone if there is a match, and
then places the next number
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entered in an adjacent register
and looks for a match making
use of both numbers stored in
its registers. The process is re-
peated, adding each new
number to the string of num-
bers stored in IC2's registers
and comparing this string with
numbers stored in EEPROM
until either a disable condition
is met or the string exceeds 11
characters.

If a disable condition is met,
IC2 outputs two tones on port
B; 1477 hertz is output on pin
12 and 941 hertz is output on

FIG. 4—MOUNT THE BOARD in the en-
closure and cut two slots in the seam of
the plastic case for the power cord and
the phone cord.

pin 11. The two tones are the
same as those generated by
pressing the # key on the
phone. Upon detection of this
tone pair by the central office, a
busy signal is automatically is-
sued so that the call cannot be
completed. (The same tone pair
is also indicates an error as
mentioned earlier.)

In areas where the central of-
fice does not generate a busy
signal when the # key is
pressed, the tone generated by
the restrictor will interfere with
any conversation.

Notice from the flow chart
that when programming the
EEPROM, the microcontroller
sets the bypass bit immediately
after verifying that a correct
password has been entered. It
then clears that bit after receiv-
ing another number from the
phone. If the caller enters the
correct password and then
hangs up the phone without en-
tering any additional numbers,
the bypass bit will be set. There-
fore, when the handset is
picked up to place the next call,
the set bypass bit will be de-
tected, and the program will
branch to an endless loop that
keeps the blocking action of the
circuit disabled until a reset oc-
curs. Placing the handset back
on-hook resets the circuit.

TABLE 1—PROGRAMMING

To Change / Enter Password:

# — Password — * ~ New Password — #

To Disable for Next Call:

# — Password (hang up)

To Program “Block Group” Mode:

#—-Password—-#—1—#

Number — # —
Number — # —
Number — # ~

Number—#-"*

(up to 248 characters)

To Porgram “Allow Group” Mode:

#—-Password—#-—-2—-#

Number — # —
Number — # —
Number — # —

K (up to 248 characters)

Number — # ~*

Note: “Number” can be any telephone number (1 to 11 digits long).

Construction

The circuit fits on a double-
sided, 27- X 2%-inch printed
circuit board. Artwork is pro-
vided here for those who wish to
make their own boards. Man-
ufactured boards can be pur-
chased from the source given in
the Parts List. Refer to the
parts-placement diagram in
Fig. 3 and start by inserting and
soldering IC sockets for ICI
through IC3. Mount IC4 directly
to the board and then solder Q1
and IC5 to the board, carefully
avoiding solder bridges be-
tween the closely spaced pads.

Next, mount the resistors, ca-
pacitors and diodes. When sol-
dering the crystal (XTAL1), leave
a small space between the bot-
tom of the crystal and the PC
board. Caution: The metal case
of the crystal could short the
two solder pads together if it is
pushed flush against the board
when soldering. Finish assem-
bly by mounting the trans-
former (T1) and the varistor
(MOV1).

After all components have
been soldered to the board, dou-
ble check for solder bridges on
both the top and bottom side of
the board, and re-solder them if
necessary. Carefully plug IC1,
IC2, and IC3 into their sockets.

The board will mount directly
in a plastic enclosure available
from Digi-Key (Part No.
SR131G-ND), but it is not essen-
tial that you use this case. Be-
cause this unit can be operated
remotely with any Touch-Tone
phone on the phone line, you
might want to build the circuit
without a case.

LEDI1 can be mounted to the
top of the enclosure or soldered
directly to the PC board. Use a
phone cord with a modular jack
on one end and solder the red
and green wires to th: correct
locations on the board—you can
cut off the black and yellow
wires. After determining their
polarity, solder the AC adapter’s
leads to the points labeled POS
and NEG.

Mount the board in the en-
closure and cut two slots in the
seam of the plastic case for the
power cord and the phone cord.
Figure 4 shows the inside of the

continued on page 74




BRANCO JUSTIC and
PETEAR PHILLIPS

NIGET-VISION SCOPES WERE DE-
veloped as military surveillance
devices to permit viewing en-
emy activities and aiming weap-
ar:s at night without revealing
the observer's presence. The
sensitivities of their principal
components, image tutes, have
beer: improved with fiber-optic
lenses, more gain stages and
betier photocathodes. In addi-
tion miniature, solid-state, ex-
tra high-voltage power supplies
have reduced their size, weight
and pow=r needs.

Twa night-vision scopes are
destrikzed in this article. One is
passive, meaning that it will
work in faint natural light, and
the other is active, me2aning
that it requires supplemental
infrar2d illumination. They in-
clude surplus first-generation
imaging tubes. Although they
have been superseded oy more
advanced devices, they wil], rev-
ertheless, provide adequate sen-
sitivity for most hobby:sts and
science experimenters.

The active scope wili permit
pclice to observe suspecred
criminal activity at night end
citizens to monitor their homes
or praperty without being de-
tected The scope will also per-
mit hunting, nature study,
marine navigation, and many
other nighttime applications.
Tke active scope is suitable for
some of these activities, but the
scens must be illuminated by an
in‘rared source. Neither will
disturts the eyes. adaptaticn to
darkness.

The first night visior: scopes
were dzsigned for use by for-
ward observers, snipers, &vi-
ators, and tank crews. Some
that were made as mongascopes
to moumnt on rifles looked like
the devizes shown in Fig. 1;
otheérs were made as b:in-
ocuiars. The most sensitive pas-
sive units are called starlight
scopes. Night-vision goggles
are lightweight binoculars for
heiicopier crews that mour.t on
their helmets.

Active night-vision scopss,
suchas the one shown inFig 2,
depend on infrared illumina-
tion from sources such s lasars
for a:mrng artillery, guiced mis-

View a scene in near total darkness
with a passive night-vision scope,
or iNuminate it with infrared
for an active scope

siles, and “smart’”’ bombs.
Night-vision systems were con-
sidered military secrets for
many years. After thev were de-
dassified, they could be sold as
military surplus and commer-
cial versions based on the tech-
rrology were offered for police
surveillance and as nighttime
marine navigational aids at
prices that often exceed $2000.

Both of the night-vision
scopes described in this article
are based on military surplus
equipment that includes both
an image tube and optics. The
parts for the active un:t cost
$90, and parts for ths active
unit cost $220.

Night-vision scopes
Figure 3 illustrates a ‘ypical
night-vision scope. The objec-

tive lens. pos.tioned at the cath-
ode end oI th2 tube. fccuses the

~ image on the photocathode. It is

selected for its intended ap-

“plication—long-distance or

short-range viewing. The eye-
piece at the anode i3 for viewing
the enharced imags. It is a sim-

- ple lens that magnifies the im-

age on the screer. It can be
removed and replaced by a tele-
vision camera, camcorder. or
Alm camera for transmitting or
recording the image.

The image tubes are the
hearts of the night-vision
scopes. Belore you siart buiid-
ing one (or both). you: might
want to learn more asout how
they work. Sze the sidebar en-
titled * Image Converter and In-
tensifier Tubes.

. The only eectronics needad
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FIG. 1—A PASSIVE NIGHT-VISION

FIG. 2—THIS ACTIVE NIGHT-VISION SCOPE requires an infrared illumination
sourze but it works from the same power supply as the scope in Fig. 1.

IMAGE TUBE

OBJECTIVE
LENS

FIG. 3—ALL NIGHT-VISION SCOPES have objective anc eyepiece lenses, an image
tube, a high-voltage power supply, and a battery.

MONOSCOPE made from half of a Rus-

sian night-vision binocular with an image intensifier tube and all optics.

in both projects described in
this article is a high-voltage
power supply capable of provid-
ing a typical working voltage of
13.5 kilovolts. This efficient and
compact regulated supply oper-
ates satisfactorily from a 9-volt,
alkaline battery. The current
drain of both tubes described
here is small, so that their
power consumption is low.

The compact power supply is
built into a small plastic project
case that is fastened directly to
the surplus night-vision scope
that contains the imaging tube.
The Russian-made monocular
viewer shown in Fig. 1 is actu-
ally one half of a binocular. It is
complete with an objective lens
and an eyepiece. This assembly
includes a first-generation, sin-
gle-stage image intensifier
tube.

The active night-vision scope
shown in Fig. 2 contains a sin-
gle-stage image converter tube.
Instructions on how to make
several different low-cost in-
frared illumination sources are
described in this article.

Active military night-vision
weapons aiming systems typ-
ically include an infrared-emit-
ting laser. It pinpoints the
target for a heat-seeking weap-
on or for aiming other kinds of
guns or missiles while also act-
ing as a non-visible searchlight
for the observer (bombardier or
gunner) with an active scope.
Various systems have been built
for use on land, in the air, or on
the sea at night.

Infrared-sensing missiles
and “smart” bombs actually
“home” on the IR-illuminated
target which has been identi-
fied by the observer who directs
the laser beam and watches it
with the active scope. Needless
to say, aiming and firing must
be fast because enemy gunners
with active scopes can also see
the laser illumination and take
evasive action or retaliate.

Power supply design

Figure 4 is the schematic fora
high-voltage power supply that
will power both night-vision
scopes described here. It pro-
duces about 13.5 kilovolts from
a 9-volt battery. The tubes draw
about 20 milliamperes so about
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FIG. 4—THIS HIGH-VOLTAGE POWER SUPPLY has an inverter around Q1 that supplies
150-volt pulses to the converter of SCR1and C2. The output of T2 is a 4.5 kilovolt pulse
that is multiplied by the voltage-tripler network (right) to produce 13.5 kilovolts.
36 hours of useful life can be
obtained from a 9-volt alkaline
battery. The output voltage will SEHT v
remain essentially constant for The standard (SI) unit of light in- TABLE 1

battery voltages of 6 to 12 volts.

The power supply has three
sections: the inverter, the con-
verter, and the voltage multi-
plier. The inverter section, a
ringing-choke oscillator, con-
sists of transformer T1, resistor
R1, diode DI, and transistor Q1.
Resistor R1 provides bias cur-
rent for starting the oscillator,
and it also supplies the feed-
back to maintain oscillation.

Diode D1 protects the base-
emitter junction of Q1 when the
base voltage swings negative.
The oscillator operates at about
120 Hz, set principally by the
transformer. The resulting AC
voltage at the primary of T1 is
stepped up by the secondary
turns. The secondary voltage,
which is rectified by diode D2,
charges C2 through the pri-
mary (low-resistance) winding
of transformer T2.

When the voltage across C2
exceeds the breakdown voltage
of the two series-connected
neon lamps NE1 and NE2
(about 150 volts) the lamps turn
on. This conduction triggers
SCR1, and C2 is quickly dis-
charged through SCRI1 and the

tensity is the lux, and a typical rec-
ommended minimum illumination
level for a video camera is around 50
lux. However. some some video cam-
eras will work with light levels as low
as 1 lux. with this frame of reference,
you can get a better idea about how
sensitive night-vision systems are.

The recommended light level for
the safe operation of these tubes is
from 50 millilux down to 500 micro-
lux (0.0005 lux)— very low light lev-
els. Table 1 lists familiar light levels
and their light intensity in lux units.
By contrast, a typical first-genera-
tion image intensifier tube will not
be damages if the illumination level
is as high as 100 millilux (one tenth
of a lux), but tube life will be reduced
if it is exposed for long periods to
that light level.

Sensitivity is the most important
specification for of a night-vision
scope. An average scope has a sen-
sitivity of 10 millilux (mlx). a value
that makes it effective in night light-

primary winding of T2. When
C2 is discharged. the lamps ex-
tinguish, SCR1 turns off. and
the charge cycle starts again.
During the discharge cycle of
C2, a pulse with a peak-to-peak
voltage of 4.5 kilovolts is pro-
duced at the secondary of trig-
ger transformer T2. This pulse

RELATIVE VALUES OF
NATURAL LIGHT SOURCES

Source Illumination (lux)
Direct sunlight 100,000
Bright sunlight 10,000
Overcast day 1,000

Very dull day 100
Twilight 10
Deep twilight 1

Full moon 0.1
Quarter moon 0.01
Starlight 0.001
Overcast starlight 0.0001

ing from a quarter moon. By con-
trast, a very sensitive night-vision
scope can operate at 1 mix. which
corresponds to starlight conditions.
For this reason. very sensitive scopes
are called “starlight” scopes.

is applied to the three-stage
Cockcroft-Walton or Greinacher
voltage-multiplier circuit con-
sisting of diodes D3 to D8 and
capacitors C3 to C8.

The multiplier triples the 4.5-
kilovolt input to provide the
13.5-kilovolt output with very
low current. The capacitors and
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FIG 5—PARTS PLACEMENT DIAGRAM for the high-voltage power supply. Refer to Fig.

Ccé

BLACK GROUND
WIRE

4 for the layout of the voltage-tripler network that is connected to its output.

PARTS LIST

Resistors are Va-watt, 10%

R1, R2, R3—22 kilohms

Capacitors

C1—100 pF, 25 volts, aluminum
electrolytic

C2—0.47uF, 350 volts, polyester

C3, C4, C5, C6, C7, C8—220 pF, 5
kV breakdown, ceramic

Semiconductors

D1—1N914 silicon signal diode

D2—1N4007, 1000V, 1A silicon di-
ode (DO-41 case), Motorola or
equiv.

BY509—silicon diode, 10 kV, 3 mA,
Philips or equiv. (rating must be
greater than 6 kV, 2 mA)

2N2219A—NPN transistor,
Motorola or equiv.

MCR106-6 (C106D)—SCR, 400 V,
4 A in a T-126 package, Motorola
or equiv.

Other components

NE1, NE2—neon tubes, miniature

Ti—transformer, inverter, 3 kilohm
CT, iron core, audio, miniature PC
mount

T2—transformer, trigger type, 250
V primary, 6 kV secondary

Miscellaneous printed circuit
board; passive night-vision
monoscope with imaging tube
and optics (see text); active night-
vision scope with converter tube
(see text); plastic project box (see
text); 9-volt alkaline transistor
battery, 9-volt transistor battery
clip with wires; miniature toggle

diodes must be rated to with-
stand at least 4.5 kilovolts. For
this reason, the capacitors are
all rated at 5 kilovolts, and the
diodes are high-voltage units.

switch, PCB mounted; plastic
sleeving; RTV silicone potting
compound; tinned copper wire,
22 AWG; insulated hookup wire,
22 AWG, soider.

Note: The following items are
available from Oatley Elec-
tronics, P.O. Box 89, Oatley,
Sydney, NSW, Australia 2223:
Phone 011 61 2 579 4985 (Time
zones USA—East7 PMto 2 AM,
Central 6 PM to 1 AM, Mountain
5 PMto12 AM, Pacific 4 PMto 11
PM), Fax 011 61 2 570 7910. Mas-
tercard and Visa accepted with
telephone or fax orders, Inter-
national bank drafts and
money orders accepted by
mail. Customers please in-
clude phone and/or fax
number.

e Complete kit of passive
night-vision scope and parts
for the HV power supply—
$220.00

e Complete kit of active night-
vision scope and parts for HV
power supply—$90.00

o Kit of parts for HV power
supply only—$24.00

¢ Kit of non-standard parts
(T1, T2, NE1, NE2, and C2)—
$8.00

Include $15.00 for shipping and
handling, $6.00 for air mail
from Australia.

The neon lamps regulate the
output so that the voltage ap-
plied to the primary of T2 is con-
stant at 150 volts, peak.
Although the power supply out-

put is nearly constant for DC
input voltage from 6 to 12 volts,
the operating frequency of the
inverter/ oscillator increases
with the DC input voltage. The
waveforms and frequencies
shown on Fig. 4 were obtained
with a 9-volt input.

Building the power supply

All the electronic components
of the power supply except the
capacitors and diodes in the
voltage tripler are mounted on a
1'%6 X 1Y1s-inch printed-circuit
board that will fit with a 9-volt
rectangular battery inside a 2 X
3% X 1-inch plastic project case.
A foil pattern has been provided
here for those who want to make
their own circuit boards.

Refer to parts placement di-
agram Fig. 5. Insert SCR1 so
that its metal heatsink faces
neonlamp NE2. When inserting
electrolytic capacitor C1 and di-
odes D1 and D2, observe their
polarities. Mount resistor Rl
vertically on the circuit board.
Solder all components and trim
excess lead lengths.

Refer back to the schematic
Fig. 4, and wire the leads of ca-
pacitors C3 to C8 and diodes D3
to D8 together mechanically to
form a rigid unit according to
the schematic. Keep all exposed
lead lengths about Y4-inch long.
Then solder the network to-
gether as rapidly as possible to
avoid applying damaging exces-
sive heat to the capacitors and
diodes. The cathodes of some
diodes are identified with a red
dot on the cathode lead.

Figure 6 shows the completed
power supply with the tripler
network to the right of the
board. Battery Bl and switch
S1, both off-board components,
are not shown. Solder one lead
from C3 and one lead from C6 in
the tripler network to the termi-
nal points on the circuit board,
as shown in Fig. 5. (The tripler
will be potted in silicone after
the system has been tested.)

NOTE: The image converter
tube in the active night-vision
scope shown in Fig. 2 requires a
positive ground. If you build
this unit, reverse diodes D3 to
D8 to convert the supply from
one with a positive to anegative
output with respect to ground.




Mechanical assembly.

Drill a hole in the body of the
plastic project case for mount-
ing the miniature toggle switch
S1. The location of the switch is
not critical, but it should not
interfere with the other compo-
nents. In the passive night-vi-
sion scope, it was positioned at
the end of the case facing the
eyepiece.

Drill the hole in the case for
mounting it to the passive
scope body with a single screw.
The hole for this screw, already
drilled and tapped in the body of
the scope, is located under the
coupling bracket. Drill another
hole large enough to pass the
power cable to the image tube.
Its location will depend on the
project you build. Mount switch
S1 in the sidewall of the case.
Fasten the case to the passive
viewer with a screw. If you build
the active viewer, cement the
case to the scope body with ep-
oxy, as shown in Fig. 2.

Cut the supply lead from the
scope about 6 inches long, and
strip back about 1 inch of the
jacket to expose the braid and
the insulated central conductor.
Twist the braid into a lead and
insulate it with a length of plas-
tic tubing. Insert the cable lead
into the project box, solder the
braid to the ground connection
of the circuit board, and solder
the inner conductor to the high-
voltage terminal of the tripler
network, as shown in Fig. 4.

Verify that there are no short
circuits in the construction of
the tripler and that the leads are
spaced by at least Y-inch from
each other. Wire toggle switch
S1 in series with the positive
lead from the battery clip. Cut
the battery leads from the cir-
cuit board so they are long

FIG. 6—COMPLETE HIGH-VOLTAGE
power supply circuit board with the volt-
age-tripler, diode-capacitor network
shown unpotted at right.

FIG. 7—POWER SUPPLY CIRCLAT, battery, and switch in the p-oject case. The tripler
network potted in silicone is shown as the white patch at right.
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CUTAWAY VIEW OF SINGLE-STAGE image tube showing the pcsition of its key jparts.

enough to permit lifting the cir-
cuit board out of the case. Insert
the battery and wiring in the
case, but leave the tripler net-
work and circuit board outside
temporarily.

Test and checkout

After rechecking your work
and verifying the polarities and
orientation of all components,
snap the battery to the battery
clip. The current drain on a 9-
volt alkaline transistor battery
should be about 20 milliam-
peresin a correctcircuit.

WARNING! The power supply
described in this article pro-
duces an output voltage of

8 ® 52

o
=
ir'i'x R lr

]

A

l<——— 115/16 INCHES -

FOIL PATTERN FOR POWER SUPPLY
circuit board.

about 13.5 kilovolts, and is ca-
pable of giving you a startling
electric shock. While not nor-
mally life-threatening, it can
have a temporarily debilitating
effect. Consequently, treat it
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with respect and always make
sure switch S1 is off and the ca-
pacitors are discharged before
handling the circuit board.

When you switch on S1, a cor-
ona discharge might appear
around the tripler network.
This is non-destructive, but
avoid electrical shock by keep-
ing your hands away from that
part of the circuit.

Alternatively, you can test the
power supply by placing a wire
connected to the circuit’s
ground bus close to the high-
voltage output lead. It should
produce an arc as much as Ya-
inch long.

When the switch is off, con-
nect the ground wire directly to
the high-voltage output to dis-
charge all the capacitors. Be-
cause of the short-duty cycle
discharge pulses, the illumina-
tion of neonlamps NE1and NE2
will be visible only in darkness.

If power supplies have been
built and installed correctly, the
phosphor screen of the image
tube should emit a green glow,
whether or not light is incident
on the cathode. The green glow
persists for a about a minute
after the power has been switch-
ed off, indicating that sufficient
voltage still exists between the
anode and cathode to form an
image.

If, after following the direc-
tions closely and checking your
workmanship, the scope still
doesn’t work, check the volt-
ages at the base and collector of
transistor Q1 with a digital volt-
meter. The values shown on the
schematic, Fig. 4, are DC values
expected with a 9-volt power
supply.

Do not attempt to measure
the high-voltage output directly
unless you have a suitable high-
voltage probe on your meter.
The waveforms shown were also
obtained with a 9-volt supply. If
you don’t have an oscilloscope
available, measure the AC volt-
age at the test points shown on
Fig. 4.

The reading on most digital
voltmeters will be RMS values,
but they will give you a valid in-
dication if there is a signal. The
AC voltage at the cathode of D2
(to ground) of the prototype
measured about 45 volts RMS

IMAGE CONVERTER AND
INTENSIFIER TUBES

An image tube is a vacuum tube
that converts an image in one part of
the electromagnetic spectrum to an-
other part of the spectrum, usually
with an increase in intensity. If, for
example, you want to convert a near-
infrared (IR) image to a visible light
image, you would use an image con-
verter tube. This is the tube in the
active night-vision scope described
in this article. However, the scene
must be {lluminated by an infrared
source if the scope is to function.

However, if you just want to inten-
sify a scene in darkness you would
use an tmage intensifier tube, the
kind included in the passive night-
vision scope described here. The fig-
ure shows a simplified cutaway view
of this kind of tube. While it is also
sensitive to near IR, it is still called
an image intensifier.

Both tubes have photoemissive in-
put surfaces at their cathode ends
that form an electron image of the
scene being viewed when a voltage of
4 to 20 kilovolts is applied between
the cathode and anode. Photons
from the scene or target are focused
on the photocathode which triggers
an avalanche of electrons. The anode
accelerates the cascaded electron
emission from the photocathode and
focuses them on a phosphor screen
to display the image.

Image tubes are now made in
many different sizes with different
photocathodes. electron focusing
techniques. and gain mechanisms.
The tubes in the night-vision scopes
described here are examples of first
(or zero) generation, single-stage
converters that are electrostatically
focused. More advanced tubes ob-
tain higher gain by cascading two or
more converter stages.

For night-vision applications, the
earlier generations of image tubes
had simple glass lenses and S25 pho-
tocathodes that closely match the
peak sensitivity of the human eye.
These tubes produce a high-defini-
tion black and green image. The
latest versions now have fiber-optic
lenses, gallium-arsenide pho-
tocathodes, and gain stages called
microchannel plates.

In night-vision scopes, the image
must be formed on the cathode by an
objective lens similar to a camera
lens, and the scene is viewed at the
anode end with an eyepiece.

It is important to remember that
no passive image intensifier tube will
work in complete darkness. It must
gain enough light from natural back-
ground sources to work. These
might only be barely perceptible even
to the night-adapted human eye.
The sources could be faint sky glow
on a cloudy night, starlight on a clear
night or moonlight.

on a DMM. The AC voltage at the
base of Q1 was about 0.45 volt
RMS.

When the scope is working
properly, switch off the power
and wait for the tube to dis-
charge completely. Insert the
tripler section carefully inside
the case as shown at the right
side of Fig. 7. Encapsulate it
with neutral-cure, room-tem-
perature vulcanizing (RTV) sil-
icone potting compound to
prevent high-voltage corona
and discharge, which increases
with relative humidity. The
compound will also fasten the
tripler network inside of the
case.

Viewing with the scope

The lens of the surplus Rus-
sian passive night-vision scope
specified in this article is
focused to infinity, making it
useful for viewing images more
than a few meters away. By
loosening a small locking screw,
the lens can be adjusted. This
will permit viewing objects more
than 100 meters away under
near starlight illumination.

Imaging tubes will be
damaged if they are exposed to
bright light for long periods.
Don't use either scope in sun-
light, or even in well lighted
rooms. Always cover both ends
of a night-vision scope with
suitable lens caps when it is not
in use to keep the imaging tube
in darkness. The monocular
passive scope offered by the
source given in the parts list
has a rubber lens cap that can
be snapped in place. It also has
a focusing eyepiece.

Both of the night-vision
scopes will detect IR energy, so
they can verify the operation of
stereo and TV remote controls.
In a darkened room, point the
emitting face of the control at
the scope. A pulsing green light
will be seen when any of the re-
mote control’s keys are pressed.
A TV remote control can also
serve as a temporary IR il-
luminator.

IR light source
A better IR source can be
made by covering a flashlight
with an IR filter. You can pur-
Continued on page 73
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prepare you for today's
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AUTOMATIC
RECHARGEABLE
FLASHLIGHT

Build this combination
rechargeable emergency
light/flashlight with a bright,
high-efficiency LED lamp.

A BRIGHT LIGHT-EMITTING DIODE
(LED} with a rechargeable bat-
tery and recharging circuitry in
one module and a step-down
transformer for battery recharg-
ing in a second module form
this unusual combination
emergency light/flashlight, the
subiject of this article. The LED
in the portable module turns on
automatically when it is re-
moved from the transformer
module, Its light source is a
high-intensity, aluminum gal-
lium arsenide (AlGaAs) LED
that can beam a saucer-sized
red spot on a wall three feet
away.

The Hewlett-Packard
HLMP-8150 red, T4-size LED
lamp emits a typical intensity of
15 candelas (cd) at 20 milliam-
peres. (This compares with
about 4 millicandelas (mcd)
from a typical gallium arsenide
phosphide (GaAsP) red T1%-
size LED lamp.) See the sidebar
“What is a candela.”

The forward voltage of the
LED is only 1.85 volts. It offers
longer life and lower power dis-
sipation and cooler operation
than an incandescent lamp. the
usual light source for most
flashlights and emergency
lights. Its clear, nondiffused,
bullet-shaped lens focuses the
light into a narrow, intense 4°
beam. The LEDs dominant red
(637-nanometer) wavelength
will not disturb the eye's adapta-
tion to night viewing.

MARC SPIWAK

A flashlight with a high-in-
tensity LED lamp would proba-
bly not be your first choice as an
illumination source for explor-
ing under the hood of your car
at night to find out why it wont't
start. Moreover, you'd probably
find the light inadequate for
searching for lost objects or
summoning help at night.

However, it will provide
enough light for you to read a
roadmap or find the circuit
breaker that kicked out,
darkening your house. It might
also help you find your way
around a campsite, or even
change a tire at night.

The LED flashlight module is
powered by four AA nickel-cad-
mium (Ni-Cd) power cells. Be-

cause each cell has a nominal
output of 1.2 volts, four cells in
series provide about a 4.8-volts.

Flashlight module

Figure 1 is the schematic for
the flashlight module. When the
battery pack consisting of the
four Ni-Cd cells is fully charged
(and there is no voltage at J1),
4.8-velt DC flows through trim-
mer potentiometer R2. the nor-
mally closed contact of relay
RY1. and push-on. push off
power switch S1. Trimmer R2
limits the current flowing
through LEDI1. Switch S1 can
turn LED1 on and off when the
battery is not being charged.
(The trimming function of R2
will be discussed later.)

COAXIAL
JACK
3 IC1
12.6 LM7805
VAC
INPUT cl2
D1
1N4001 Bt .+
¢ ——df-=—~1}
] R2 N.C
WA o OFF
= A A A
X W (SEE TEXT) 52
3 LED1 1K ON
4 ) (SEE TEXT) (SEE TEXT)

FIG. 1—SCHEMATIC FOR FLASHLIGHT MODULE. Wnen relay RY1 is energized, it cuts
the power to the LED; when power to the relay is removed, the LED lights.
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If 12.6-volts AC is present at
J1, it is full-wave rectified by
bridge rectifier BR1. Capacitor
C1 smooths the rectified AC rip-
ple. Five-volt regulator IC1, a Na-
tional Semiconductor LM7805,
provides the 5-volt DC output.

This output, sustained by C2,
energizes the coil of relay RYI,
which opens the normally
closed contacts. Diodes D2 and
D3 stabilize the relay. When the
NC contacts of the relay open,
power to LEDI is cut off—even if
S1 is in its on position. The val-
ues of Cl and C2 in the pro-

FIG. 2—SCHEMATIC for transformer
module. The 12.6-volt output from coax-
ial plug PL2 powers the flashlight when
it is mated with jack J1 on the trans-
former module.

g

SWITCH

CUTOUT FOR
LEDLENS ~

FIG. 3—FLASHLIGHT MO

COVER SCREWS (4)'\§

totype are 33 pF, but they are
not critical values. Any capaci-
tor from 20 to 40 uF would
work.

When the relay is energized,
AC power from Jl flowing
through D1 is half-wave rec-
tified to form a pulsed-DC out-
put for charging the Ni-Cd cells.
Potentiometer R1 limits the
charging current to the cells. A
voltage of 12.6 volts is enough to
charge the 4.8-volt battery
pack.

When the batteries are being
charged, the relay is energized.
inhibiting LED illumination.
When charging current is re-
moved, the relay provides a con-
ducting path to the LED. Thus
the LED turns on whenever the
AC-line voltage is cut off if S1 is
ON.

Transformer module
Figure 2 is the schematic for
the transformer module. Line

| SCREW (2)

At e A 1 AR Srh

board conta"ins the electronic

components and battery holder. The LED lens projects through a hole in the case. Jack
J1is at the other end of case, and switch S1 is on the cover.

voltage taken from a 120-volt AC
outlet is transformed to 12.6-
volt AC by transformer T1. The
line cord is terminated with
plug PL1, and the 12.6-volt AC
appears at coaxial power plug
PL2. The plug mates with coax-
ial jack J1 on the flashlight
module for recharging. As long
as the transformer module is
plugged into the AC line, 12.6-
volts AC appears. When PL2 is
plugged into J1, 12.6 volts ap-
pears at J1.

Building the flashlight

Refer to Fig. 3. The modular
case for the flashlight measures
4% X 2Y2 %1% inches, and has
four raised round surfaces
molded on its bottom surface
that act as feet. Sand or file
these bumps flush with the bot-
tom surface so they will not in-
terfere with the insertion or
removal of the flashlight module
from the transformer module.

Cut out an approximately Y-
inch diameter hole in one end
wall of the case to admit the
LED lens and a second hole in
the opposite end wall for jack J1,
as shown in Fig. 3. When cut-
ting the hole for the jack, be
sure the center conductor
rather than the body of the jack
is centered on the end wall. Drill
the two mounting holes for the
jack.

Cut a piece of perforated con-
struction board 3% x 2V
inches to fit snugly in the bot-
tom of the case. Insert the elec-
tronic components for the flash-
light on that board, and connect
them by point-to-point wiring.

Mount LED1 on the end of the
board, and solder it so that its
leads can later be bent at right
angles to permit the lens to ex-
tend through the hole in the
case. Figure 3 shows the loca-
tions of the largest electronic
components, but their loca-
tions are not critical.

Make only mechanical con-
nections to potentiometers R1
and R2 so you can later put an
ammeter in series with them to
adjust both charging and LED
forward current. Fasten the bat-
tery holder for four AA cells on
the board with double-sided ad-
hesive tape.

Cut a hole in the plastic cover,




and fasten the push-on, push-
off switch S1 in position with a
ring nut. Fasten jack J1 in the
case with small screws and
nuts.

Complete all of the wiring to
the switch S1 and jack J1 ac-
cording to schematic Fig. 1, al-
lowing enough slack in the
wires to permit the board to be
removed for later adjustments.
Fasten the circuit board to the
bottom of the case with double-
sided adhesive tape, and care-
fully bend the leads of the LED
so that the lens projects
through the end hole in the
case.

Building the XFMR module

Refer to the transformer as-
sembly drawing Fig. 4. Cuta Y-
inch diameter hole at one end of
a second plastic project case
that measures 4% x2% x13%
inches toadmit the line cord ter-
minated by line plug PL1.

Cut a rectangular hole that
measures approximately 2%s

PARTS LIST

Resistors

11, R2—1000 ohms, multiturn po-
tentiometer (A 1K resistor might
be needed in series. See text)

Capacitors

C1, C2—33 pF, aluminum elec-
trolytic (see text)

Semiconductors

IC1—LM7805 5-V regulator, Na-
tional Semiconductor or equiv.

D1-D3—1N4001 rectifier diode

LED1—light-emitting diode, T-4
Hewlett Packard HLMP-8150 or
equiv.

BR1—1A bridge rectifier, Radio
Shack 276-1161 or equiv.

RY1—SPDT relay, 5-VDC, 90 mA
coil, 55-ohm, Radio Shack
275-240 or equiv.

Other components

S1—SPST switch, push on/push
oft, Radio Shack 275-1565 or
equiv.

B1—four AA Ni-Cd cells

J1—coaxia! power jack, Radio
Shack 274-1565 or equiv.

PL1—AC line cord

PL2—coaxial power plug, Radio
shack 274-1578 or equiv.

T1—120/12.6 VAC, 300 mA, trans-
former, Radio Shack 273-1385 or
equiv.

Miscellaneous: two project cases
(seetext); perforated construction
board; holder for four AA cells;
adhesive pads, double-sided
ashesive tape, screws and nuts;
hookup wire; solder

COVER SCREWS (4)

CUTOUT TO ADMIT -
FLASHLIGHT MODULE

CUTOUT FOR
COAX JACK

ADHESIVE-EACKED
PADS @)

TRANSFORMER

PERF BOARD
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FIG 4—TRANSFORMER MODULE

PLUG PL2 = - 310" (2)

THREADED
BUSHING

é 5716”7 (2)

SCREWS: ) HOLD
BUSHINGS TO BOARD

ASSEMBLY. A cutout in the cover admits the flash-

light module. The upper board supports the flashlight when jack J1 is plugged into
plug PL2 on the middle board. Transformer T1 is on the ktottom board.

FLASHLIGHT MOD JLE with cover removed showing tt e fou
circuit components.

\i-Cd cells, _ED, and
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WHAT IS A CANDELA?

The amount of light produced by a
light source is called luminous intensity.
The standard for measuring luminous
intensity is the candela (cd). It was for-
merly the candle based on the luminous
intensity of a single wax candle. By com-
parison, a 40-watt light buib has a lumi-
nous intensity of about 3000 candela.

The candelais the amount of light that
shines out through a hole with an area of
Yeoth of a square centimeter in one side
of a ceramic box that has been heated to
the temperature of molten platinum
(1772°C). lt is the basis for both the cal-
culation of the lumen (Im) and the foot-
candle(fc).

A 1-cd light source produces a 1-im
light beam that provides 1 fc of illumina-
tion on a 1 ft2 area located on a radius of
1 foot from the source (1 fc = Im/ft2). The
intensity of light falling on a surface var-
ies inversely with the square of the dis-
tance between the source and the
surface.

X 1916 inches in the cover of the
case so that it will admit the end
of the flashlight module. Scribe
the outline of the end dimen-
sions of the case on the top of
the cover with a sharp cutting
tool, leaving a pronounced rec-
tangular mark. Drill holes in
the four corners and saw an “X"
diagonally across the scribed
marks with a fine coping saw.
Snap off each of the four tri-
angular-shaped pieces along
the scored lines.

There are three perforated cir-
cuit boards in this module. The
largest is positioned at the bot-
tom of the case to support
transformer T1, the middle one
supports the plug PL2, and the
upper one acts as a shelf and
support for “docking” the flash-
light module. These three
boards will be fastened together
to form a three-deck assembly
with threaded bushings, stand-
offs, and screws.

Cut the large base board from
perforated board 3% X2V
inches. Notch out two corners
of the board so it can be posi-
tioned against one end wall of
the case without interfering
with the internal posts.

Cut the small board from per-
forated board 2%ax1 inch to
form the plug support. Drill a
central Ys-inch hole to admit
plug PL2 when the flashlight
module is “docked.”

Cut the upper deck from per-

forated board 2% X3 inches.
Notch out two corners at one
end so it does not interfere with
the posts at the other end of the
case. Cut a Y%-inch diameter
hole in the center of the board to
admit the outer shell of jack J1
when the flashlight module is
“docked.”

Stack the three boards as
shown in Fig.4, and drill holes
on each side through all three
boards to admit screws so the
boards can be fastened in a
three-deck stack.

T
s lE A L e s s
THREE-DECK ASSEMBLY in transformer module permits “docking” the flashlight
module.

Fasten the power plug (PL1) in
a vertical position in the middle
of the board with hot-melt glue.
Mount transformer T1 on the
lower board near one end, as
shown in Fig. 4.

Trim the ends of the wires in
the line cord to expose about '
inch of bare copper wire, and
insert the cord through the hole
in the case. Solder the leads to
the primary terminals of T1. Cut
two 5-inch lengths of insulated,
stranded, hookup wire, and sol-
der them to the secondary ter-
minals of T1 and the terminals
on plug PL2.

Assemble the three boards to-
gether to form the three-deck
assembly. Fasten the lower
threaded bushings to the top of
the base board with screws from
the underside of the board.
Then assemble the second
board on the bushings and
place the top board in positiori
with screws through the two
standoffs.

When the assembly is com-
plete, fasten it in the bottom of
the case with double-sided ad-
hesive tape. It can also be fas-
tened with sheet metal screws
through holes from the bottom

of the case. Place adhesive-
backed plastic pads around the
central hole on the upper board
to cushion the “docking” pro-
cedure.

Current adjustments

Adjust potentiometer R1 first.
(Potentiometer R2 can’t be ad-
justed accurately until the bat-
tery is fully charged.) Before you
insert the batteries in the hold-
er, set R2 so that its maximum
resistance valueis in series with
the LED.

g,

Y

By e

Charge the Ni-Cd cells slowly
at a 45-milliampere rate for 45
hours, or fast charge them at
150 milliamperes for four
hours.

Once the battery is fully
charged, set Rl for a trickle
charge of about 10 milliamperes
by temporarily inserting an am-
meter in series with Rl1. If the
current can’t be set low enough,
insert a fixed 1-kilohm resistor -
in series with Rl—or use a po-
tentiometer with a higher resis-
tance value. Once Rl is set,
solder it permanently.

Adjust R2. The forward cur-
rent through the LED should
not exceed 30 milliamperes. Set
the maximum forward current
to 300 milliamperes and adjust
R2 as was done with R1. If the
current can't be reduced low
enough, add a 1-kilohm fixed re-
sistor in series with R2. Then
solder R2 permanently.

Plug the charger into an out-
let, and set S1 in its oN position.
LED1 should light when the
flashlight module is removed
from the charging module and
go off when it is in the charger
module. You now have a nifty
emergency light/flashlight. 0




RAY MARSTON

THIS ARTICLE PICKS UP WHERE LAST
month’s article on phase-locked
loops left off. Last month the
basic principles of the phase-
locked-loop were explained and
the functional sections of a pop-
ular CMOS PLL IC, the
CD4046B were described. The
circuits presented in that arti-
cle showed various ways to con-
figure the voltage-controlled os-
cillator (VCO) section of the
CD4046B for practical frequen-
cy-dependent applications.

Sound-effects generators

The versatility of the VCO sec-
tion of the CD4046B IC was ex-
plained last month. Its operat-
ing frequency can be swept over
avery wide range under the con-
trol of voltages applied to pin 9.
Moreover, its output can be
gated on or off with a voltage
applied to pin 5. These charac-
teristics make the CD4046B
suitable as the principle compo-
nent in many different circuits
for sound-effects generation.
Figures 1 to 6 are schematics for
sound-effects generators.

The circuit in Fig. 1 can emita
conventional siren sound. It
produces a tone that rises slow-
ly to a maximum value when S1
is closed, and falls slowly from
that maximum to silence when
S1 is opened.

This response is caused by
the voltage on C1 that is applied
to voltage-control pin 9. It rises
exponentially through R1 when
Sl1 is closed, and falls exponen-
tially through R2 when S1 is
opened. Resistor R3 ensures
that the operating frequency
falls to zero when the voltage at
pin 9 is zero. The VCO output is
AC coupled to the speaker

i)

FIG. 1—ELECTRONIC SIREN CIRCUIT
based on a CMOS CD4046B PLL IC.

FIHASIE=LOLKED Lo

Experiment with these
phase-locked loop circuits, and put
them to work in your designs.

through C4 and transistor Q1.

Figure 2 shows how the Fig. 1
circuit can be modified to give a
quick response in which the fre-
quency rapidly switches to its
maximum value when 51 is
closed (as Cl discharges expo-
nentially through R3). Figure 3
shows another circuit modifica-
tion that generates a “phasor”
sound (similar to that heard
aboard the starship Enterprise
in the Star Trek TV series) when
pushbutton switch S1 is closed.
In this circuit, the CD4011B IC
is configured as an astable
multivibrator that is gated
through S1. It produces a chain
of 4 millisecond pulses at inter-
vals of 70 milliseconds.

Each pulse rapidly charges
capacitor C2 through RS and
D2 to produce a high tone
which decays slowly as C2 dis-

charges through R5. The cycle
is repeated again on the arrival
of the next pulse.

Figure 4 shows a different
kind of sound-generator circuit
that can generate either a
pulsed or warble tone, depend-
ing on the setting of S2. Push-
button switch S1 simulta-
neously enables pin 5 of the
CD4046B to gate on the
CD4001B astable multivibrator
which, in turn, applies a rec-
tangular (alternately fully-high
and fully-low) waveform to the
IC’s pin 9.

In the pulsed mode, the VCO
generates zero frequency when
pin 9 is low, but in the warble
mode it generates a tone that is
20% lower than the high tone
generated when pin 9 is low.

Figure 5 is a circuit that pro-
duces a special-effects run-
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pressed. However, when S1 is re-
leased, the time between clicks
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FIG. 2—QUICK-START SIREN CIRCUIT circuit operates as follows:
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FIG. 5—RUN-DOWN CLOCK/SOUND generator circuit.

rapidly charges to a high voltage
through D2. Simultaneously,
@l is biased on through the
combination of D3 and R4,
which connects R6 between pin
11 and ground. This makes the
VCO operate at tens of kilohertz,
effectively generating a random
number of clock pulses.

When S1 is released, Q1 is
turned off and the timing of the
VCO is governed by R7. At the
same time, Cl discharges
rapidly to half the value of the
supply voltage through RI1, R2
and D1. This discharge causes
the VCO to operate at about 100
Hz. Capacitor C1 then slowly
discharges through R3, and the
VCO frequency slowly decays to
zero in about 15 seconds.

The output of the circuit in
Fig. 5 can directly clock most
counters. It can be directly cou-
pled through R9 to an external
crystal or ceramic transducer to
produce low-level run-down
sounds.

The circuit’s output can settle
in either the logic-zero or logic-
one state when the run-down is
complete. Therefore, the output
should not be DC coupled to cir-
cuits such as power amplifier
stages.

Figure 6 is a schematic show-
ing how the circuit in Fig. 5 can
be modified to ensure that its
output always settles in the log-
ic-zero when run-down is com-
plete. This modification make
the circuit safe for direct-coup-
ling the output to power ampli-
fier stages.

In this circuit, the CA3140
operational amplifier is config-
ured as a voltage comparator. It
is set up to turn the VCO off
automatically and drive its out-
put low through pin 5 when the
voltage at pin 9 falls below a ref-
erence value of about 2 volts. (It
is set on pin 3 of the op-amp).

Special VCO circuits

The VCO section of the
CD4046B is so versatile that it
lends itself to a wide variety of
special-purpose waveform gen-
erator applications. Figures 7 to
9 are examples of these circuits.

The circuit in Fig. 7 is a sim-
ple frequency shift keyed (FSK)
square-wave generator. With
the component values shown in
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FIG. 7—FREQUENCY SHIFT KEYED
(FSK) generator. Logic 0 = 1.2 kHz and
logic1 = 2.4 kHz.

this figure, the circuit will gen-
erate a tone frequency of 2.4
kHz when a logic-one signal is
applied to pin 9. It will also gen-
erate a 1.2-kHz tone when a log-
ic-zero signal is applied to the
same point.

The high-frequency tone is
set by the values of C1 and R2,
and the low-frequency tone is
set by the values of C1, R2, and
R3. Other frequencies can be
obtained by altering those com-
ponent values.

The circuit in Fig.8 is a 220-
kHz frequency modulation (FM)
waveform generator. The inter-
nal Zener diode at pin 15 of the
CD4046B provides a stable
power supply for the CD3140
op-amp, which is configured as
a multiply-by-20 inverting AC
amplifier. It has a quiescent bias
of about 2.6 volts applied to its
non-inverting A input at pin 3
through R2 and R3.

Asaresult, output pin 6 of the
op-amp produces an approxi-
mate 2.6-volt potential that is
amplitude modulated with an
amplified (%< 20) version of the
audio frequency input signal.
This output is applied to volt-

to a wide-range, universal,
squarewave “clock™ generator
that covers the nominal range
0.5 Hz to 500 kHz in three
switch-selected bands. This cir-
cuit can be a useful test instru-
ment that provides a two-phase
output. It can operate in either
the free-funning or the gated
modes.

Phase-locked circuits

The basic operating princi-
ples of the CMOS phase-locked
loop (PLL} IC were explained last
month. You should review that
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FIG. 9—UNIVERSAL CLOCK/SQUAREWAVE generator.

age-control input terminal pin 9
of the CD4046B's VCO. The
component values of C3 and R6
were selected so that it gener-
ates amean output “carrier"” fre-
quency of 220 kHz. This output
frequency is modulated by the
original AF input signal.
Figure 9 shows how the
CD4046B VCO can be converted

article unless you have a clear
understanding of those princi-
ples before you work with the
circuits presented in the re-
mainder of this article. They
will make use of all of the PLLs
circuitry.

Figure 10 shows the
CD4046B organized as a wide-
range signal tracker. It will com-
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FIG. 13—A LOW FREQUENCY x 100
multiplier/pre-scaler circuit.

pute and track any input signal
from 100 Hz to 100 kHz, pro-
vided that the input signal to
pin 14 switches fully between
the zero and one logic levels.

This circuit (and the others
shown here) takes advantage of
the internal wide-range phase
comparator II. This circuit per-
mits it to lock to any signal
within the “span” range of the
VCO. The filter formed by R2,
R3, and C2 is organized as a
sample-and-hold amplifier in
this operating mode. Its compo-
nent values determine the set-
tling and tracking times of
signal capture.

The VCO’s operating frequen-
cy is determined by the values of
R1 and C1 and the voltage on
pin 9. The VCO “span” (and
thus the capture and tracking
range of the circuit) ranges
from the VCO frequency value
obtained with pin 9 at zero volts

FIG. 14—FREQUENCY SYNTHESIZER
covers a 1to 9 kHz range.

to that obtained with pin 9 at
the supply voltage (Vpp).

Figure 11 is a simple lock de-
tector/indicator circuit that can
be used in conjunction with the
PLL circuit of Fig. 10. In the
PLL, the output of each phase
comparator is a series of pulses
whose widths are proportional
to the difference between its two
input signals.

The output of phase com-
parator I is normally low, and
that of phase comparator II is
normally high, except for these
pulses. When the PLL circuit is
locked (see Fig. 10), the two out-
puts are almost perfect mirror
images of each other.

In the lock detector/indicator
circuit of Fig. 11, those features
are implemented through two-
input NOR gate ICl-a, which is
driven from the outputs of the
two comparators. If the loop is
locked, the ICl-a output re-
mains permanently low, thus
driving IC1-b output high and
turning on LEDI1.

If the loop is not locked, how-
ever, the ICl-a output is formed
as a series of positive-going
pulses that rapidly charge Cl
through D1 and R1. This forces
IC1-b low and holds LED1 off.

Figure 12 shows how a PLL
circuit can be combined with a
lock indicator to form a preci-
sion narrow-band tone switch.
The VCO’s maximum frequency
is determined by R1 and C1, and
the minimum frequency is de-
termined by R1, R2, and C1.

The frequency is variable
from about 1.8 kHz to 2.2 kHz




with the component values
shown in Fig. 12. The circuit
can only lock to input signals
within this frequency range.

Figures 13 and 14 are sche-
matics for several practical fre-
quency multiplier circuits. The
circuit in Fig. 13 serves as a
multiply by 100 frequency mul-
tiplier/prescaler that can
change 1 Hz to 150 Hz input sig-
nals into 150 Hz to 15 kHz out-
put signals.

The circuit in Fig. 14 is a sim-
ple frequency synthesizer. It is
fed with a precise (crystal-de-
rived) 1-kHz input signal, and
its output is a whole-number
multiple (in the range X1 to
X 9) of this signal. The
CD4017B is organized as a pro-
grammable divide-by-N counter
in this application. A single
CD4017B can be replaced by a
series of programmable decade
counters to form a wide-range
(10 Hz to 1 MHz) synthesizer. 0

| FUNCTION GENERATORS

continued from page 50

NIGHT VISION SCOPES

continued from page 62

chase a suitable IR filter at most
retail camera stores, or you can
stack four or five layers of com-
pletely exposed, developed film
negatives between the incan-
descent lamp and flashlight
lens. This film can be obtained
as scrap from local photo de-
veloping shops. Cut four or five
disks from this exposed film to
fit inside the plastic or glass
lens cap of your flashlight.

A complete kit of parts to
build both of the scopes de-
scribed in this article can be ob-
tained from the source given in
the parts list. If you elect to buy
a surplus image tube to make a
night-vision scope from
scratch, purchase or obtain a
“fast” camera lens and a magni-
fying glass for use as an eye-
piece. You can then assembile all
of these parts in a suitable met-
al or plastic tube. The power
supply described here will
power most imaging tubes, re-
gardless of their size or country
of origin. Q

Note: A copy of B&K Precision’s
Guidebook to Funciion Gener-
ators will be sent to any reader free
of charge by addressing a request
in writing to Guidebock. B + K Pre-
cision, 6470 West Cortland Street,
Chicago. IL 60635.

nature represents the forward
voltage drop. The vertical part of
the signature represents the for-
ward current, and the horizon-
tal part represents the reverse
voltage drop.

In the waveform for the Zener
diode in Fig. 9-d, the forward
current is a function of the for-
ward voltage. But when the re-
verse voltage equals the PN
junction breakdown voltage, re-
verse current increases rapidly,
producing a vertical line in the
lower left quadrant of the
screen. This line is the break-
over point or Zener voltage, and
it is established by the knee in
the signature.

The signature technique can
be applied to test and explain
the operation of all electronic
components. It is simple to use,
it can speed troubleshooting,
and it works well on unpowered
circuit boards. Even electronic
service centers operating under
tight budget constraints can af-
ford this method.

It is worth noting that two
functionally identical ICs which
seem to be operating normally
can have different pin sig-
natures because of differences
in chip fabrication. You might
encounter this when testing
functionally identical IC’s from
different manufacturers. Dif-
ferent signatures do not neces-
sarily indicate a device fault.

With experience in the careful
interpretation of signatures,
signature analysis can help you
to identify defective compo-
nents quickly—even those with
marginal problems. Defective
ICs (open-circuited or short-cir-
cuited) can be isolated rapidly
by persons with little or no expe-
rience doing this. Q

FIG. 9—NORMALIZED CURRENT VS.
VOLTAGE SIGNATURES for electronic
components: resistor (a), inductor or ca-
pacitor (b), silicon signal diode (c), light-
emitting diode (d), and Zener diode (e).
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PHONE-CALL RESTRICTOR

continued from page 56

prototype unit. Run the wires
through the slots and assemble
the two halves of the case.

Operation

Locate a suitable phone jack
in your home or business and
plug in the phone cord of the
Telephone Call Restrictor. Put it
in a location that is not accessi-
ble to those whose phone access
you wish to control, and plug
the wall adapter into an AC out-
let.

Refer to Table 1 for the set of
programming commands that
can be entered from your Touch-
Tone phone. Initially, before pro-
gramming, set the call restric-
tor to the “Allow Group” mode.
Because there have not been
any numbers entered into the
EEPROM, all numbers that
someone attempts to dial will be
blocked. Pick up the phone and

try to dial any number. You
should hear a tone after press-
ing the first digit, and a busy
signal will be placed on the line
to prevent you from completing
the call. If that does not occur,
the call restrictor is not operat-
ing properly.

Make a list in advance of the
telephone numbers that you
want to either block or allow. If
you want to add or remove num-
bers, that list will come in
handy. When programming the
unit, LED1 will light imme-
diately prior to the input of tele-
phone numbers and/or pass-
word, indicating thatthe cur-
cuit is in the programming
mode and that a valid password
has been entered (if applicable).
Until you decide on a password
and have entered it into the
EEPROM, omit this number
wherever it appears in the pro-
gramming sequence in Table 1.
Be careful not to enter a pass-
word and then forget the
number. If that occurs, you will

have to replace the EEPROM
with a blank chip.

The EEPROM has enough
memory to hold 248 characters
including the # sign which sep-
arates the telephone numbers.

You can enter full 7- or 11-dig-
it numbers, or you can enter
partial numbers such as 786,
and all numbers beginning
with that prefix will be consid-
ered part of the list. A prefix can
be any length; entering 1-900
will add all 900 numbers to the
list, while entering 1-9 will add
all numbers beginning with 1-9
{1-900, 1-976, 1-905, etc.).

At any time you can bypass
the call restrictor from any
phone on the line simply by
pressing #, your password, and
then hanging up. The unit is
then disabled until the next call
is made, and is re-enabled upon
completion of that call. With the
Telephone Call Restrictor you
can finally gain complete con-
trol of your phone, and your bill,
whether at home or at work. Q
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NEW! The Fourth Edition is contained on a
diskette for IBM PC AT/XT compatibles,
DOS 2.1 or higher. The disk software allows
technicians to search by manufacturer for
model numbers and description of part num-
bers. A parts editing sequence gives an on-
screen view of all substitutes for parts en-
tered. With the diskette, the technician can
update files by adding model and parts
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ISBET VCR CROSS REFERENCE

NOW Find the Right Part for Your VCR!

The 320-page, Fourth Edition of the VCR
Cross Reference contains both model
and part number cross references. Over
1300 new parts and 360 new models have
been added.

VCR's are made in a few factories from
which hundreds of different brand names
and model numbers identify cosmeticaily-
changed identical and near-identical man-
ufactured units. Interchangeable parts are
very common. An exact replacement part
may be available only a few minutes away
from you even though the original brand-

be able to cannibalize scrap units at no cost.

crosses of future models. The Fourth Edi-
tion can be printed on pages completely
from the diskette.

The ISCET VCR Cross Reference, Fourth
Edition, is on 872 X 11-in., pre-punched
pages and sells for $36.00. The 3/ inch
diskette sells for $69.95 and you can view
listings from a monitor or printed page.
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HARDWARE HACKER

‘Major SETI developments, using bmary chain codes, new shaft-encoder
de5|gns, battery-chargmg resources, and light-to-frequency

convert:ers.

here seems to be another

I manufacturer making those

programmable interconnects

that | discussed several columns

back. A startup company known as

Atesla now offers products that it

calls programmable wiring cross-
point arrays.

These are dense chips, fairly low
in cost, that offer good high-fre-
quency performance. They can be
programmed one time only, and are
available in array sizes from 13 x 13
up to 101 x 101,

Any and all pins can be con-
nected together in any combination
with no limitations. They can handle
digital or analog signals up to 30
volts of either polarity. Their final in-
terconnects are strictly passive and
draw zero current.

One waming on these devices:
Beware of sneak paths. If you con-
nect pins 2 to 6 and 6 to 7, you've
also connected pin 2 to 7. whether
you like it or not. Because there are
low-resistance fuse links between
pins, any pin can either be an input
or an output. However, despite this
introduction, a hacker-friendly, non-
volatile, cheap, dense, and re-
programmable wiring chip has yet to
be offered by anyone.

More thoughts on SETI

Some very interesting events
have occurred lately in the search
for extraterrestrial intelligence, or
SETI.

After a number of false starts,
canvincing evidence exists that sev-
eral planets orbit a remote pulsar.
They were discovered by Pennsyl-
vania State University's Alexander
Whlszczan and published in Nature,
February 24, 1994.

French astronomer Pierre Lagage
might have found a different planet
ortwo in a totally different part of the
galaxy. See the article in Science
News, June 25, 1994, entitled "'Or-
biting Beta Pictoris."

Both observations clearly imply
that planets are not unique to our
solar system, and that planets are
as common elsewhere as they are
here in our galaxy. This also shores
up a weak element in the Drake
Equation that predicts the number
of intelligent civilizations lurking
about.

Even more intriguing, amino acids
have "most likely” been verified
near the galactic center. (See page
1668 of the June 17, 1994 issue of
Science) At a distance of 30,000
light years, the glycine spectrum is
not likely to be bread crumbs that

DON LANCASTER

blew away from a family picnic.
Amino acids are the key ingre-
dients in proteins and plant and ani-
mal life itself. Should you want to
build your own kangaroo, you'll start
off with several key amino acids.
The complete set of kangaroo plans
appears in a machine language
code called DNA. Free copies are

available at your nearest zoo. Some

skill is needed for compilation and
assembly.

Meanwhile, Federal funding for a
major SET! search has been
dropped, but | suspect this will be
beneficial in the long run. individual

|
A binary chaln code is a long series of ones and zeros that keeps repeating. |

ones and zeros...

A chain of length "n" will have 2" bits in it. What makes binary chain codes
interesting is that any short sample of n bits will define a unigue position in
the chain. All possible n-bit words get used precisely once.

Ferinstance, $09AF is a four bit binary chain code. Expand it into a series of
0000100110101111
Add a few extra bits so the sequence goes round and round...
.01111000010011010111100001 ...

Now repeat the sequence sixteen times. Note how each n=4 bit sample
defines a unique position in the sequence...

..011[@100j0010011010111100001 ...
.0111[@A000/010011010111100001 ...
..01111[000610011010111100001 ...
..011110@00H]0011010111100001 ...
..0111100@OTB011010111100001 ...
.01111000@F@011010111100001 ...
...0111100001010111100001...
..0111100001[@0H010111100001 ...
..01111000010] Q10111100001 ...
..0111100001000111100001...
..0111100001001 (00111100007 ...
..01111000010011[@FOH11100001 ...
..011110000100110@0OTHj1100001 ..
..0111100001001101[@1TLA100001 ...
..01111000010011010FT1T00001 ...
L ...011110000100110101-0001...

FIG. 1—BINARY CHAIN CODES are self-positioning. This makes them an exciting new

tool for robot sensing and data base management.
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and creative private research ulti-
mately beats out the Feds every
time. | expect a loose network on
Internet will more than pick up the
slack with a network of dishes and
computers the Feds couldn’t even
dream about.

The major SETI setback seems to
be our own fault. All of a sudden, we
are a lot smarter about communica-
tions than we used to be. We've
found out that 5 watts transmitted
from a satellite is better than 50,000
watts transmitted from an Earth-
based tower, and that a mere 5 milli-
watts on a fiberoptic cable is even
better yet.

At last we have decided not to
reserve unique radio frequencies for
a single user. Instead, we're now
starting the long overdue con-
version to spread spectrum com-
munication in which dozens, hun-
dreds, or even thousands of
transmitters can share a single band
without interference.

We have also discovered that the
radio spectrum is much too valuable
to waste on the direct broadcasting
of unencoded information, es-
pecially in analog format. Thus, we
are rapidly changing over to data
compression techniques that cram
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a lot of useful information into mini-
mum spectral segments.

Spread spectrum and compres-
sion techniques greatly reduce the
entropy of a signal, leading to the
curious result that intelligent com-
munication is now largely indis-
tinguishable from random noise,
unless you happen to know the
spreading codes and the exact rules
for decompression.

Assuming that extraterrestrials
are smarter than we are, they have
also long ago given up on high-
power, single-frequency communi-
cations transmissions.

Now, you can't just tune in and
receive compressed spread spec-
trum communications. If you don't
know the rules, you have to look at
subtle shifts in spectral density, sig-
nal entropy. or the timing patterns
just to be able to predict that a sig-
nal exists. Thus, we might be look-
ing for the wrong type of SETI signal
in the wrong way to be able to inter-
pret a valid intelligent message.

I'll go out on a limb and set forth
this premise: A very tiny but highly
significant fraction of extragalactic
“noise" is actually intelligent com-
munication from extraterrestrials.

The search is yet to begin.

Meanwhile, the television signals
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from our triad of goodwill ambas-
sadors to outer space—Captain
Video, Roller Derby, and Kukla, Fran
& Ollie—have now swept over the
better part of a thousand candidate
galaxies. They originated from a
minor sun that suddenly became a
video star in 1949. The signals have
inflated to a spherical area now 45
light years in radius, and yet they are
still at signal levels that we could
easily detect here on Earth today.

Should you want to participate in
ongoing SETI activities, check into
the Planetary Society or else the
SET! Institute. If you want a good
bibliography and more SETI re-
sources, see HACKesPs on GEnie
PSRT or my new Hardware Hacker
IV reprints.

Binary chain codes

A digital code is a train of pulses
representing ones and zeros. In
past columns |'ve discussed the
basics of several different codes:
pseudorandom codes, short
portions of which appear as random
noise. Gray codes whose bits are
allowed to change only one at a
time, and Huffman codes that com-
press data. Cyclic redundancy
check (CRC) codes can correct
many of their own transmission er-




l 2 bit binary chain code:
3 bit binary chain code:

4 bit binary chain code:
’ 5 bit binary chain code:
6 bit binary chain code:

$6

$17

09AF

04653ADF
0218A392CD3DSDBF

BeanFCC
LICENSED

|

7 bit binary chain code:

01061438916347932A5CDID3EADTBTTF

8 bit binary chain code:

00818283848586878898A8BBCBDBEBF929395969799A9BIDIEIFAAEB6BEDEEFF

9 bit binary chain code:

004060503824160D078442€150B864361D0F88C4A27148AC5A2F198D46E391D8
F47E4964D2794CAAST72D974BE67359B4DE753BYECFATFS5ABD6EBBSFB6FBBDFF

10 bit binary chain code:

1

0020180A038120581A078220982A0B8320D83A0F8423094270A42B0B42F0C433
0D4370E43B0F43F114471244B1344F14C5515C5916C5D17C6328CE348D6368DE
398EA3B8F23D8FA3F9264A92E4D93A4F94AT2ACAD2BCB32D4B72ECBD2FCCD33C
D535CDB374DF39D6769DE7AIEETDIFATFAABAB6AFAD6FS5DD7B5FDB7 6 FDDF7BFF

bit binary chain code:

00100601403809016034078110260540B8190360740F821046094138290560B4
178310660D41B8390760F41F84308A11C2484B09A13C288530AA15C2C85B0BA1
7C318650CE1A43586D0DE1C4398750EE1E43D87D0FE2244588D11E24C4A89713
226C4EB9F146294538A91562R4578B316A2DC5C8BB17A2FC638C9196334678D3
1AA35C6C8DB1BA37C728E71D23AC768EF1E63D47B8FI1F63F47F92524E4AC969
2F2664D49B93B27A4FCA594D29E54CAA9572B6574AF9672D65B4B79732EASDCB
D97D2FE66CCE9IF3I4EEACD69AFI6R6DCDDIBDITE73CEAID73B6774EFIEB3IDATE
CFA9F73F67F4FFAABSSEADDSDABFSAEB6D6FAEFSEEBED7 FB6F6EEDFDDFBDF7 FF

12 bit binary chain code:

00080180280380480580680780880980A80B80C80D80EB0F8108118128138148
1581681781881981A81R81C81D81EB1F8208608RA08E09209603A09E0A20A60AA
OAEOB20B60BAOBEOC20C60CAOCEOD20D60DAODEOE20E6OEAOEEOF20F60FAOFE]L
0A10E11211611A11E12212612A12E13213613A13E14614A14E15215615A15E16
216616A16E17217617A17F186286386486586686786885986A86B86CB6DBEEBE
F87187287387487587687787887987A87B87C87D87E87F888988A88B88C88D88
E88F89189289389489589689789989A89B89C89DBIEBIFBA28E29229629A29E2
A62AA2AE2B22B62BA2BE2C62CA2CE2D22D62DA2DE2E62EA2EE2F22F62FA2FE3]L
A31E32632A32E33233633233E34A34E35235635A35E36536A36E37237637A37E
38E48BES58E68E78E98EABEBBECEEDEEESEF8F28F38F48F58F68F78F98FABFBBFC
8FDBFEBFF924B24D24F25325525725B25D25F26526726B26D26F27327527727B
27D27F29529729B29D29F2A72AB2AD2AF2B32B52B72BB2BD2BF2CB34B3CB4CBS
4B5CB6CB74B7CBICBACBB4BBCBCCBD4BDCBECBF4BFCCCD4CDCCECCF4CFCD34F3
5535735B35D35F36736B36D36F37537737B37D37F39D39F3AB3IAD3AFIB53873B
BIBD3BF3CF54F5CF6CF74F7CFACFBAFBCFD4FDCFECFF4FFDS5755B55F56BS6F5
7757B57F5AF5B75BB5SBF5D76D7 7D7BD7DD7ED7 FDB6FB77B7BB7FBBBFBDFBEFFF

Longer codes appear in #899 BINCHAIN.TXT on GEnie PSRT.

FIG. 2—SOME EXAMPLES of shorter binary chain codes.

rors, and the rarely used Barker
cades can autocorrelate perfectly.
Arid, of course, the ASCIl code al-
lows the storage and transmission
of letters and numbers. There are
many other codes.

| recently ran across an odd class
of digital codes called binary chain
cades. They are inherently self-lo-
cating. This property leads to all
sorts of exciting new hacker oppor
tunities ranging from greatly sim-
plified robotic position encoders to
self-organizing geographic and to-
pagraphic map data bases.

A binary chain code is said to be
of length nif its total number of ones
and zeros equal 2". Thus, a six-bit
chain code will have a total of €64
ones and zeros in it. Binary chain
codes are normally joined serially,

often continuously connected end-
to-end There is no beginning or end
to a binary chain code.

Figure 1 shows what's unique
about a binary chain code: any n bit
sample can immediately determine
the exact position in the total se-
quence. Thus. if you know only six
recent bits in the code, you will
know exactly and uniquely where
you are in the 64-bit-long sequence.

Figure 2 shows some sample bin-
ary chain codes for some lower n
values. Check any of these, and you
will find that any sample that is n bits
long is uniquely positioned. A sim-
ple table lookup is all you need to
find where you are at any particular
time.

The binary chain codes are nei-
ther very rare nor very common.
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Learn at home in spare time.
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No costly school. No commuting to class.
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional “ticket” to thousands of
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TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don’t need a college degree to qualify,
but you do need an FCC License.

No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
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FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!
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*Negative-positive reversal kit | *Digital thermometer kit
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Price: $40.00
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Price: $68.00

*Simple infrared remote
controller kit

Price: $10.00

infrared projector kit for infrared CCD
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Price: $10
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Al of the above come with instruction manual {(Japanese).
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ucts no longer required below for further details. We would be happy
to consult with your firm conceming future business transactions.
Please stop by for a visit on your next trip 10 Akihabara
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1st Floor, Nomizu Bidg., 1-8-3 Sotokanda. Chiyoda-hai, Tokyo, Japan 101
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Ey WUM"‘ED Send or Fax Orders to: Dept en16
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Earn $1000

A Week Whiie You Learn High
Paying VCR Repair.
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Secrets Revealed .

Train at Home
If you are able to
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hand tools and pos-
sess average me-
chanical ability, you
could earn top dol-
) lar part time or full
time. Qurlearn by doing method teaches you how
to work on VCR's without boring unnecessary
electronic basics.

For Free Information Package Send Coupon to:

Foley-Belsaw Institute, 6301 Equitable Road,
Kansas City, MO 64120
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| or another E] VCR Repair, Dept. 62187 |

HighPaying .J Computer Repair, Dept. 64088
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Surprising as it might be, there are
18,446,744,073,709,551,616 total
possible unique code sequences
with a length of six, but only
67.108,864 of those are binary
chain codes. It is not likely that you
will randomly stumble into a chain
code.

Some properties of simple chain
codes include: 1) The number of
ones and zeros are equal. 2) There
will be one n-bit run of zeros and one
n-bit run of ones. In a basic six-bit
chain code, there will be:

1 - six-bit run of zeros

0 - five-bit runs of zeros

1 - four-bit run of zeros

2 - three-bit runs of zeros

4 - two-bit runs of zeros

8 - one-bit runs of zeros

There will also be an identical
number of runs for ones in the same
pattern. The total number of runs of
zeros will be one quarter of n—so
will the total number of runs of ones.
The 1-0-1-2-4-8-16-32... sequence
will continue for a higher number of
bits.

Now for some fun. Turn the zeros
and ones into black and white
stripes. Figure 3 shows the
PostScript code that will generate
any radial pattern of ones and zeros
on a disk. All you do is introduce a
string of ones and zeros to it, and it
builds the pattern for you. The code

NAMES AND NUMBERS

Adhesives & Sealants industry
PO Box 400

Flossmoor 1L 60422

(708) 922-0761

Aldus

411 1st Ave S #200
Seattie WA 98104
(800) 685-3614

Apple Computer
20525 Mariani Ave
Cupertino CA 95014
(408) 996-1010

Atesla

2890 N Frist Street
San Jose CA 95134
(408) 428-6250

Black Range Films
Star Rt 2 Box 119
Kingston NM 88042
(505) 895-5652

Computer Telephony
12 West 21 Street
New York NY 10010
(212) 691-8215

DynaArt Designs
3535 Stillmeadow Ln
Lancaster CA 93536
(805) 943-4746

GEnie

401 N Washington St
Rockvilie MD 20850
(800) 638-9636

HP/Peripherals Group
16399 W Bernardo Dr
San Diego CA 92127
(619) 592-8333

Hitachi

2000 Sierra Point Pkwy
Brisbane CA 94005
(415) 589-8300

Home Systems Network
Box 3006

Edmond, OK 73083

(405) 330-0718

Internet World
11 Ferry Lane West
Westport CT 06880
(203) 226-6967

Motorola

5005 E McDowell Rd
Phoenix AZ 85008
(800) 521-6274

Photocratft Inc
PO Box 408
Geneva IL 60134
(815) 786-2885

Planetary Society
65 N Catalina Ave
Pasadena CA 91106
(818) 793-5100

Raytheon

350 Ellis St

Mountain View CA 94043
(800) 722-7074

Sensors

174 Concord St
Peterborough NH 03458
(603) 924-9631

SET! Institute

2035 Landings Dr
Mountain View CA 94043
(415) 961-6633

Synergetics

Box 809

Thatcher AZ 85552
(602) 428-4073

Texas Instruments
PO Box 809066
Dallas TX 75380
(800) 336-5236




Optosensing
array location

7

% This draws an arbitrary pattern of ones and zeros as radial spokes...

finches {72 mul} def /outsidediskdia 4 inches def /outdatadia 3.8 inches def
/indatadia 2.2 inches def /xcenter 3 inches def /ycenter 3 inches def

/encoderpattern (0000 0001 0000 0110 0001 0100 0011 1000 1001 0001 0F10
00110100 0111 1001 0011 0010 1010 0101 1100 1101 1001 1101 0011 1110
1010 1101 0111 1011 0111 0111 1111) def

xcenter ycenter translate -8 0 moveto 16 0 rlineto 0.5 setlinewidth stroke
0 -8 moveto 0 16 rlineto 0.5 setlinewidth stroke 0 0 outsidediskdia 2 div

0 360 arc 1 setlinewidth stroke

% draw the disk

/patangle 360 0 encoderpattern {dup 48 eq exch 49 eq or {1 add} if} forall div def

gsave encoderpattern {dup dup 48 eq exch 49 eq or {48 sub setgray 0 indatadia
2 div moveto 0 0 indatadia 2 div 90 dup patangle sub arcn 0 0 outdatadia 2 div
90 patangle sub dup patangle add arc closepath fill patangle rotate}{pop} ife'se}
forall grestore showpage quit % draw the pattern and print

FIG. 3—A BINARY CHAIN CODE ENCODER DISK and the PostScript code you’ll need
to generate it. Despite having only 32 stripes, this is an absolute position sensor that

can provide as much as 12-bit accuracy.

is even smart enough to ignore
spaces and carriage returns. You
can route the code to almost any
PastScript printer or view it with
GhostScript shareware. This is yet
another example of the general-pur
pose computing that is trivial with
PostScript.

As an example, Fig. 3 also shows
a simple seven-bit binary chain-
ccde encoder disk. Unlike conven-
ticnal absolute encoder disks, the
photo sensors are placed
tangentially along the disk. By read-
ing seven bits, you will know the
pcsition in the sequence at all
times. Despite the seemingly sim-
ple pattern, this is an absolute en
coder that tells you exactly where
you are—not an incremental en-
coder that only counts pulses.

Certain refinements can be made
to the process. You can deliberately
oversample to produce t2n to
twelve bits of position accuracy
from a seven-bit wheel. Part of this
can be the result of simple interpola:
tion as the pattern moves ecross
the sensor face. Oversamplirg can
also solve those “hairy edge” prob-
lems that are common to all “non-
Gray" encoders.

A wheel with only 32 stripes on it
can measure an absolute position to
an accuracy of one part in 1024, or
even one part in 4096.

Compared to the usual Gray
code position encoder, the binary
chain encoder is simpler and cheap-
er, it permits much looser toler-
ances. Its main drawback is that a
binary chain encoder takes more

'——Choose from 46
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or Career Diploma at Home in Spare Time
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FREQUENCY

SENSITIVITY

FIG 4—Tls TSL230 LIGHT- TO-FREQUENCY CONVERTER prowdees a simple and
low-cost way to interface light intensity with any microcomputer or microcontrotler.

processing time. One possible sen-
sor would be the new TSL230 from
Texas Instruments. You can also
dream up linear position sensors
that use binary chain codes or some
variant of them.

Many thanks to mathematician
Jim Fitzsimmons for his help in find-
ing those codes and understanding
their unique properties. More infor
mation on generating and using
your own binary chain codes ap-
pears in both #899 BINCHAIN.TXT and
#902 MORCHAIN.TXT up on GEnie
PSRT, including programs to gener-
ate your own. More information on
digital codes in general is included
in my Micro Cookbook I—only a
scant few copies of this book are
left.

One source of ready-to-go chain
encoders is Photocraft. Additional
encoder construction details ap-
peared in the April 1994 issue of
Sensors magazine. More on the
subject of geodata chain code ap-
plications appears on the Dialog in-
formation service.

Light-to-frequency
converters

Texas Instruments has offered a
real “'sleeper” product for over two
years that has outstanding hacker
potential: the TSL230 light-to-fre-
quency converter. Its output fre-
quency is proportional to the
intensity of the light input. This de-
vice can greatly simplify op-

toelectronic-to-computerinterfac-
ing. The TSL230 is packaged in a
clear plastic 8-pin minidip case and
sells for less than $5 for single
units—and half that in quantity.

This chip can be used for nearly
any task involving light. Measuring
its output frequency can give you a
dusk-to-dawn control, a colorimetry
system, an auto brightness control,
or an exposure meter. Integrating
(or counting) the output pulses
yields total light dosage. You can
use the TSL230 for such tasks as
measuring total solar irradiance at a
site or automating a photo develop-
ment procedure. Differentiating (or
monitoring changes) in the output
pulse rate can perform light-to-
voice or light-to-music translations,
and solve light-beam telemetry
problems.

Figure 4 shows how simple the

NEED HELP?

Phone or write your Hardware
Hacker questions to:

Don Lancaster
Synergetics

Box 809-EN
Thatcher, AZ, 85552
(602) 428-4073

For fast PSRT access, modem
(800) 638-8369, then an HHH.
Then JOINGENIE. On keyword
prompt, enter DMD524.

Internet email access link:
SYNERGETICS@GENIE.GE!S.COM.

circuit is. Provide a +3 to +5-volt
power supply. choose some hard-
ware jumper options, and route the
output to a computer port. For quick
experiments, a headphone or audio
amplifier will work on the outputs.
Even a speaker with a 100-ohm se-
ries resistor will work.

Jumpers let you change the sen-
sitivity and frequency range. There
are three silicon photodiodes in the
device, with relative areas of 1, 9,
and 90. That gives you four sen-
sitivity options of zero (off), one,
ten, and one hundred.

Similarly, the device has four out-
put frequency options. The fastest
one produces 1-megahertz pulses
at maximum light input. Typical
pulse width is a third of a microse-
cond. You can also get output
square waves that divide the output
by 2, 10, or 100.

The choice of photodiode can
give you an electronic shutter or a
variable F-stop. The choice of out-
put scaling gives you the equivalent
of variable shutter speed.

There are normally two different
ways to measure frequency. If you
introduce a high frequency, you can
count cycles for a specified time
interval, say one-tenth of a second.
This gives you events per unit time
and directly measures frequency.
This works well for fast signals, but
lower frequencies might require
hundreds or thousands of seconds
to produce accurate results.

For lower frequencies, one cycle
of the frequency starts and stops a
high-speed reference. This is known
as the pulse period or stopwatch
method. You can precisely measure
a 5-hertz square wave in atenth of a
second by using this pulse period
method.

But the pulse period method has
aprice. Its result is not a measure of
frequency. Instead, it is a time
period, or the inverse of frequency.
Instead of 440 hertz, you get
0.00227 seconds. A division or
lookup table will be required when
you want to know the actual fre-
quency. Note that any inverse is al-
ways a nonlinear curve.

The pulse-period method is also
noise-sensitive. Any deviations on
the particular cycle being measured
can invalidate the results. One trick
to overcome this is to average the
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pulse period method over several
input cycles. This is a trivial task
with any microcontroller these days.

Supply current for the TSC230 is
2 milliamperes when the device is
active and 10 microamperes when
its output-enable pin is high. Ac-
curacy varies from 5 to 20 %, de-
pending on device options. You can
do custom calibration if you need
higher accuracy.

The spectral response is the
standard Gaussian silicon response
curve that is weak in the blue region
of the spectrum and very strong in
the infrared region. Temperature
compensation is good over the visi-
ble light range, but any near-IR heat-
ing of the chip causes severe
frequency errors. Installingafanora
heat filter on the host equipmentis a
good idea for solar applications.

The dark current produces about
half a hertz at full area, compared to
saturated light at 1 megahertz. This

gives a 66-dB dynamic range. The

jumpering options let you center the
dynamic range on the intensity
range you need.

Battery charging resources

There are some really exciting
new products being introduced in
the battery-charging arena these
days—mostly new |Cs that allow
faster and safer charging of high-
tech cells and batteries. For this
month's resource sidebar, |
gathered together the major
sources.

One of the bigger players here is
Dallas Semiconductor, which is of-
fering a new battery-charging data
book. The book discusses a lot of
sophisticated, yet quite low-cost
chips, some fully programmable.
You also might want to pick up a
copy of the NiMH and Ni-Cd Battery
Management application note from
Philips.

Research so far on electric car
batteries has been mostly “smoke
and mirrors” hype. It is crammed full
of hidden agendas, wishful thinking,
and suffers from limited funding.

But the laptop-computer makers
have an immediate new multi-billion
dollar market begging for new re-
chargeable cells. What's needed
are cells that pack energy into small
volume with minimum weight. Solve
the laptop energy problem and the

electric car power problem be-
comes a trivial sideshow.

My own guess right now is that a
polymer-based, fast rechargeable
lithium system will end up with all
the marbles. Lithium is light and
cheap and provides high energy
density. Lithium's reactivity is fast
becoming manageable through
brand new developments. Lithium
can be obtained from seawater.
More as the drama unfolds.

This month's contests

Let’s have a really far out contest
this month. Assume you are a high-
tech hardware hacking native of
some fairly laid-back planet orbiting
Gamma Gallinas. Your specialty is
radio astronomy, and you have been
observing a third rate star some 40
light years away that suddenly be-
came a video source.

So far, you've discovered sus-
picious spectral distributions in the
VHF region and have applied the
latest in PDSP (psychic digital-sig-
nal processing) techniques to them.
Suddenly a twelve-second clip of
Roller Derby pops up, superbly
clear, on your virtual monitor wall
from your latest run. For our contest
send me a copy of the report you will
send your supervisor, along with a
copy of your next Intergalactanet
post. Yes, you do have witnesses
and archival backup copies.

There will be the usual dozen or
so Incredible Secret Money Ma-
chine Il books going to the best en-
tries, plus an all expense paid (FOB
Thatcher, AZ) tinaja quest for two
going to the finest of all. Be sure to
send all your written entries to me
here at Synergetics, rather than to
Electronics Now.

Now for a second and more
down-to-earth contest this month:
just tell me about a new and hacker-
friendly application for Texas Instru-
ment’'s TLS230.

New tech lit

Raytheon is offering its 1994 data
book on fancy video and multimedia
chips. Hitachi is offering a new
Semiconductor Technology for
Wireless Communication book.
Ask Apple Computer for its Power
Macintosh Software Directory.
Motorola is offering a Power Scene
newsletter on MOS devices.

And from Texas Instruments
again, there's a new $98 digital sig-
nal processing breadboard. It is
called the TI DSP Starter Kit. For
more specifics, call Tl at (800)
477-8924, extension 3651.

Several helpline callers have
asked about TIFF files. These are
simply an older way to describe a
bitmap image, and TiFF is short fora
Tag Image File Format. Copies of
the Revision 5.0 specification are
available from Aldus. A Guide to the
Tag Image File Format is also of-
fered by HP Peripherals.

Adhesive & Sealants Industry is a
trade journal that's not afraid to deal
with sticky subjects. Computer
Telephony is a new magazine on
phone modem networking, and
Internet World is a publication on
Internet access and its use.

Three unique videos on straw
bale home construction are now
being offered by Black Range Films,

- and a half hour home automation

video titled Living with an Intelligent
Home has been released by Home
Systems Network.

Frank Miller of DynaArt Designs
just sent me a selection of his new
tools and materials for making di-
rect-toner printed circuit boards. I'll
have more on this when | complete
testing it. Meanwhile, you can pick
up free details on this exciting new
method for quickly and simply mak-
ing your own printed circuit boards
by giving Frank a call.

To pick up the fundamentals of
digital integrated circuits, check
into my CMOS and TTL Cook-
books. also available as part of my
Lancaster Classics Library.

Here is a reminder that electronic
reprints of all my columns, along
with instant technical help, are avail-
able on GEnie PSRT. |'ve managed
to arrange ten free GEnie hours for
your use, as shown in the help box.

Free catalog requests and tech-
nical questions you want answered
here or on PSRT can also be sent to
me directly through my own SYN-
ERGETICS@GENIE.GEIS.COM In-
ternet address.

As usual, most of the resources
I've mentioned appear in the Names
& Numbers or the Battery Charging
Resources sidebar. Be sure to
check here before calling our no-
charge technical helpline. Q0




AUDIO UPDATE |

Sound-off’s, CSICOP, and audiophilia

Electronics as a publication that

provides the straight scoop—
andimpressive test reports—on the
fast-changing world of car stereo
components, alarms, and other au-
tomotive devices. My present rela-
tionship with the publication in-
volves the technical editing of its
audio-equipment test reports. The
magazine is a classy looking, tech-
nically authoritative journal catering
to a readership that (to put it gently)
seems a little weird.

Besides the mostly dim-witted
letter-column exchanges among the
self-labeled ''bass-heads’ and
others, there are also articles on
outfits such as the United States
Autosound Competition (USAQC).
For those who are not au courant
with recent car-audio craziness, |
should explain that ghetto blasters
have, in effect, gone very much up-
scale, and are now to be found in-
stalled in all manner of vehicles. As
you might be aware, the rumble and
boom of the vehicular-bass-ob-
sessed is heard day and night on
both the streets of the city and the
winding roads of suburbia.

American entrepreneurs, ever
alert to the opportunity to make a
buck, have organized “sound-offs"
at which the owners of sonically
customized vehicles vie with each
other for prizes. The original per
petrator of the format—the Interna-
tional Auto Sound Challenge
Association IASCA)—has, over
the years, injected some rationality
into its rulebook by de-emphasizing
decibels in favor of balance and
quality. As a matter of fact, the 92
Finals” even had "dB police" armed
with sound pressure level (SPL)
meters to restrain those con-
testants overeager to demonstrate
the ear-shattering capabilities of
their vehicles.

According to the March issue of
Car Audio & Electronics, the newly
competing USAC operates under
no such constraints. At one point

I‘ve endorsed Car Audio and

during USAC's recent sound-off,
there was a planned SPL competi-
tion between Cerwin-Vega's profes-
sional demo van and a consumer
SPL champ from previous contests.
Much to the disappointment of the
5000 spectators, the USAC of-
ficials canceled the event. The rea-
son offered was that “vehicles with
projected SPLs of over 153 dB
could not be fairly and accurately
judged.” (Incidentally, 140 dB is at
the threshold of pain; 150 dB is
twice as loud!) However, it wasn't
that the judges feared spectator ear
damage, it was just that their SPL
meter wouldn’t read that high! But
fear not; there are plans to stage an
“SPL shoot-out” between the two
vehicles “as soon as possible.”
Can you stand the wait?

Cable redux

In my December 1993 column, |
wrote about a somewhat surprising
article that appeared in Audio maga-
zine. The surprise lay in the article's
up-front discussion of the fads and

fallacies rampant in the high-profit—
if not high-fidelity—speaker-cable
market. Author-engineer Fred E.
Davis described, measured, and au-
ditioned 12 speaker cables ranging
in price from 24 cents to over $130
(1 a foot.

Davis concluded that cables
made from exotic conductor and/or
insulation materials will provide min-
imal (if any) enhancement of your
system’s fidelity, but maximal ero-
sion of your bank account. | lauded
Davis' approach, but chided him
gently for his decision to delete
brand names "in the interest of not
adversely affecting the business of
any manufacturer.”

After my column appeared, Davis
wrote to me saying how pleased he
was with my discussion of his arti-
cle, but he corrected me on a signifi-
cant point. He writes that the
decision to delete manufacturers'
names was not his, but Audio’s. He
explained that the magazine had
lost big bucks from advertising can-
cellations provoked by a previous
speaker-cable article, and it didn't
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want to repeat the experience.

'm aware of the problem of adver
tiser sensitivity. While | was at
Stereo Review, | was directly re-
sponsible for a major speaker man-
ufacturer's cancellation of about
$50,000 worth of advertising. It
seems that in reply to a question at
an audio club meeting, | stated that
room placement of direct/reflective
speakers, omnidirectional speak-
ers, and dipolar speakers is par
ticularly critical because so much of
their output is bounced directly off
the rear walls.

My words got back to the man-
ufacturer, and he took direct action
without much reflection; he can-
celed his advertising contract with
Stereo Review. After a month or so,
the manufacturer finally explained to
our publisher that he saw no reason
to support a magazine whose tech-
nical director {(me, that is) did not
support his product.

No one told me to recant, al-
though Stereo Review's publisher
did ask me to explain to the unhappy
sales staff (who had lost their com-

missions) how random phase can-
cellations can result when strong
rear radiation causes reflections
that impinge on a speaker's direct
wave. The manufacturer ultimately
started advertising again, satisfied, |
guess, that we had learned our
lesson. To put it in fortune-cookie
format: “'Big Mouths Can Cost Big
Bucks,” or “The Truth Shall Make
You (almost) Fired."”

To return to Fred Davis, | phoned
him at home, and we had a nice
mutual-admiration-society kind of
chat. | mentioned that | had recently
come across an article he had writ-
ten in one of my favorite publica-
tions, Skeptical Inquirer, the journal
of The Committee for the Scientific
Investigation of Claims of the Para-
normal (CSICOP). Among the top-
ics Fred discussed were the digital
alarm clock that has “a smoothing
effect” on audio electron flow, a
green felt-tip marker that when ap-
plied to the edges of a CD "im-
proves clarity, definition, and am-
bience,” and replacement power
line cords from five different man-

ufacturers (selling from a low of
$99.95 to a high of $249.95) that
provide “increased transparency,
improved spatial coherence, seam-
less tonal balance,” and so forth.
Such blather finds fit company
among the topics normally dis-
cussed and debunked by the
Skeptical Inquirer, such as flying
saucers, psychic revelations, chan-
neling. telepathy, dowsing, astrolo-
gy. and other weird topics.

| shouldn't give the impression
that CSICOP consists of cynics and
mechanical materialists. The Fel-
lows of the Committee listed on the
journal’s masthead read like a
Who's Who of the universities and
sciences. The organization’s inten-
tion is to encourage critical analysis
and clear thinking in all areas where
heavy applications of scientific
methodology are needed to illumi-
nate the issues.

Readers who would like to know
more about CSICOP and the
Skeptical Inquirer should write to:
Barry Karr, CSICOP, Box 703EN,
Buffalo, NY 14226-0703. 0
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Cash rebates on Tektronix DMMs.

Tektronix already offers the best value in hand-held measurement tools. Our powerful DMMs normally sell
for $67 to $235* And our new TekMeter™ true RMS multimeter and autoranging scope is regularly priced
from $875 to $1285* But now for a limited time, you can get cash back on the entire TekTools™
family — you’ll save up to $100 per unit! This rebate applies for up to 25 units per company, so
you can really multiply your savings.

Don’t miss this unprecedented opportunity to acquire genuine Tektronix products. just read

the fine print for details and call your nearest authorized Tektronix distributor. For the name

of the dealer nearest you, call 800-426-2200, ext. 300.

Product Qty Purchased  Rebate Each Total Name _

DMM 155, 156, 157, 353 x $5 $ Company

DMM 250, 251 x $10 $ Address -

DMM 252, 254 x $20 $ Cty State Zip
TekMeter (all models) x$100 $ Phone (___ )

Total: S Purchased From e

requester paid for each product purchased. Send to: FSI, PO Box 14070, Portland, OR
97214. Check will be issued to the company name on the invoice, in care of individual
, requesting rebate. Please allow 4-6 weeks for processing. Offer
good in U.S. only. *Manufacturer’s suggested US retail price.

Tektron/ix

Rebate good on purchases made between August 1, 1994 and December 31, 1994.

Redemption request must be postmarked by January 31, 1995. Limit 25 units per com-
pany location. To receive your rebate, cut the features chart from each product box and
send with this original coupon and copy of the invoice with the following highlighted:
invoice date and number, model number, quantity and price the
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Our alternate tachometer design takes shape. |

|

|

=

igure 1 is the block diagram |
Fcame up with last month for

the counter-based ta-
chometer. The circuit requires 2-
hertz pulses so that the tachometer
updates its display twice a second.
The simplest way to get accurate
timing pulses is to use the National
Semiconductor MM5369 os-
cillator/divider. The basic 5369 cir
cuit is shown in Fig. 2. The EST
version of the chip will provide a
100-hertz output and the AA version
will provide 60 hertz. In this case,
the more common AA version is a
better choice because it's easier to
divide by thirty than it is to divide by
fifty.

As shown in Fig. 2, the signal can
be divided by thirty witha CD4520B
bit binary counter to count the
pulses from the 5369. | had to use
both halves of the 4520 because it
takes five bits to count up to thirty in
binary. If you have a CD4040B ripple
counter around you can use that as
well, but other ripple counters in the
family (such as the CD4020B and

|SEQUENCE|
CONTRAL-

. - |

{cOUNTER |}

TIME |-
BASE

RAWING BOARD

CD4060B) don't have a complete
set of outputs for all the counts and
might not be suitable.

The reason | prefer the 4520 to
the 4040 is because | like to use a
synchronous counter rather than a
ripple counter whenever | have a
choice. Ripple counters are a string
of sequential counters, and each
counter gets its input from the pre-
ceding one in the chain. The pulses
at the clock input feed only the first
stage of the counter. As the count
progresses, the setup in the coun-
ter causes each stage to change
output in sequence rather than all at
once in step with the pulses at the
clock input.

This daisy chain procedure will re-
sultin an incorrect count being pres-
ent briefly at the outputs. How brief
depends on the propagation delay
of the counters, the supply voltage,
and the length of the cou-
nt.Basically it's pretty hard to pre-
dict. In general, a ripple counter is
acceptable when you can afford to
wait for the counter to settle down
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FIG. 1—BLOCK DIAGRAM of the counter-based tachometer. The heart of the circuit is

the time base.

ROBERT GROSSBLATT ’

before checking its output. Syn-
chronous counters don't have this
drawback because each of the
counting stages in the IC is trig-
gered directly by the pulses at the
clock input, so the output count is
always in step with the clock. One of
my golden rules is to avoid using
ripple counters unless they're the
only way to get the job done.

Cascading two halves of a
CD4520B usually calls for gating
because you must detect a full cou-
nt of 15 (1111 binary) and use that
state as the clock input to the sec-
ond half of the chip. In this case I'm
luckier than that because the
number I'm detecting is 30, which is
an even multiple of 15. Since each
half of the 4520 can operate inde-
pendently, the first half of the chip
can divide the 60-hertz input signal
in half, and that can be used to clock
the second half of the chip. By using
the oo (divide by two) output of the
first half of the 4520 as the clock
input for the second half, the sec-
ond half of the IC can be clocked at
30 hertz. Then | can get the 2-hertz
signall need by detecting a count of
15 at the outputs of the second half
of the 4520.

The count of 15 corresponds to a
division of the 60-hertz signal by 30,
and is detected by half of a
CD4012B dual fourinput NAND gate.
When the count in the 4520
reaches 30, the output of the gate
will go low, and that low is inverted
by the second half of the 4012
which, because all the inputs are
tied together, operates as an inver
ter. | need a low-to-high transition of
the 2-hertz pulse later on, and the
second half of the 4012 will provide.

Once you have this part of the
circuit operating, you can check the
output frequency with a simple
watch. Just connect the cathode of
an LED to the output of IC3-a, and
connect its anode through a 200-
ohm resistor to the positive side of
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FIG. 2—YOU CAN DIVIDE BY THIRTY with a 4520 to count the puises from the 5369.

the power supply. You can time the
pulses for about 10 seconds and
verify that you're getting two pulses
per second at the output.

The next part of the circuit to
tackle is the pulse counter. There
are six pulse counters shown in the
block diagram, but you can have as
many as you want. The more coun-
ters you have, the less susceptible
the circuit will be to display “bob-
ble,” or fluctuation. An optimum
number of counters seems to be
six. Less than that, and the result
will be a "glitchy” display. At least
twelve counters are needed to
make a noticeable improvement
over the results you can get with six.
Once the tachometer is operating,
you can experiment with this your
self.

The choice of counters here is
dictated by the number of pulses
you want to count. With an update
period of half a second and six
counters on line, each counter must
handle three second’s worth of in-
put pulses. While there's no way of
knowing exactly what that number
is going to be, | can estimate it by
looking at the worst case. A 12-cyl-
inder engine running at 6000 rpm
will produce 600 sparks per second
at the coil. That's 1800 sparks in a
three-second period.

Converting a count of 1800 to bin-
ary yields 11100001000, which
means | need a counter with at least
eleven sequential outputs to handle
the worst-case scenario. It seems
that this is one of those places
where a long-chain ripple counter is
needed. While you can certainly use
one, a bit of thinking about the rest
of the circuit is in order before you
make a final decision.

Even though | haven't talked
about the latch and display yet, you
should realize that when each pulse
counter has to dump its count to the
fatch for processing, it must have

access to the latch inputs. This
means that the outputs of all the
counters must be connected in
some way to the latch inputs. It's
clear that some kind of three-state
arrangement (chips with outputs

that can be high, low, or floating) is

necessary because only one coun-
ter can be actively connected at any
one time.

None of the counters I've been
discussing have the ability to float
their outputs, so an IC with three-
state outputs must be put between
the counters and the latch control
section. However that present, cer
tain problems when more than eight
counter outputs are involved.

Three-state buffers come in
eight-bit widths, and while some of
them allow sections of the IC to be
enabled separately (six and two, for
example), there's no avoiding the
fact that having to handle 11 bits at a
time is going to require at least two
buffer ICs per counter. With six
counters, this is going to require a
minimum of a dozen buffer ICs.
Chips might be cheap, but price has
nothing to do with circuit complexity
and keeping things simple. There
are several ways to handle this prob-
lem:

1. Reduce the update period to a
quarter of a second, which would
also reduce the size of the max-
imum spark count because pulses
would be counting for only about
one and a half seconds.

2. Cut down the number of pulse
counters and reduce the total chip
count needed to handle the counter
outputs. This would keep the full
eleven-bit width.

3. Make some compromises in the
range of revolutions per minute the
tachometer can handle.

4. Increase the number of pulse
counters to count spark pulses fora
longer period. This would let us
keep the half-second update and
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the loss of three bits would become because, for my needs, that's the
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much less significant. =L best solution. From a design point
| think the best solution is the last # | SPARKS/SEC SPARKS/SEC of view, the circuit is basically the

one. Once the range of the ta- €Y. | AT /000 RPM | AT 6000RPM  game regardless of which bits are

chomgter is limited to eight'bits,_the 3 E g dropped. Q

question then becomes which eight % 33 o

bits to use. Table 1 gives the num- 6 50 300

bers you need to decide which bits 8 66 400

should be dropped. Remember that /2 100 600

the numbers in the table mustbe
multiplied by three because the final
circuit will be counting the pulses for
three seconds.

If the three lowest bits are
dropped to reduce the lower range
of the tachometer, a total of seven
pulses will be ignored for the three-
second count at the tachometer.
For a four-cylinder engine running at
1000 rpm, the worst case would be
a count of 92 sparks instead of the
real count of 99 sparks. Simple
arithmetic says that would translate
into a reading of 920 rpm instead of
the actual number of 1000 rpm. A
six-cylinder engine at the same
speed would give a reading of 947
rpm, an eight-cylinder engine would

Whether you order 1 part or
all 45,736...MOUSER stocks
and...ships same day!!

for your
FREE
CATALOG

" 2401 Hwy 287 N.
Mansfield, TX 76063

MOUSER

ELECTRONICS

Sales & Stocking Locations Nationwide
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give one of 955 rpm, and a twelve-
cylinder engine would give one of
973 rpm. The higher the number of
cylinders and the higher the rpm,
the less statistically significant the
lower three bits will be. Dropping
the higher three bits would be disas-
trous because it would limit the max-
imum three-second count to 255.

If you experiment with dropping
some bits from the top and bottom
ends, you might decide that the re-
sulting range is adequate for your
engine size and expected rpm
range. Dropping only the bottom
two bits would give a tremendous
boost to accuracy at idle (373 rpm
instead of 947 rpm for a six-cylinder
engine at an actual speed of 1000
rpm) and it would cut the maximum
rpm down to 6800 rpm. That might
not seem too bad, but this choice of
bits would also drop the maximum
reading for an eight-cylinder engine
down to 5100 rpm.

Do the calculations and make
your decision based on the size of
your engine and the weight of your
foot on the accelerator pedal. I'm
going to drop the bottom three bits
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S/A 8550 WIRELESS QUICK BOARD 39.95
S/A 8570 WIRELESS QUICK BOARD 39.95
S/A 8580 WIRELESS QUICK BOARD 39.95
S/A 8590 WIRELESS QUICK BOARD 39.95
S/A 8600 WIRELESS QUICK BOARD 39.95
S/A 8580 40 PIN PLUS + MICRO 39.95
S/A 8570 /90 /8600 40 PIN MICRO 39.95

PIONEER BOARD 3-WIRE AT T i . ol

BA-51XX - BA-61XX 3495  29.95 '

BA-63XX - BA-67XX 44.95  39.95 || DIAGNOSTIC BOARDS $19.95
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STARCOM 6-DPV-5500K 2495  19.95||PIONEER DIAG. CUBE 1255

STARCOM 7-DPV-7)00 39.95  34.95

STARCOM 7-DPBB-7)0(X 30.95  34.95 STARCOM AUDIO

S/A 8535 AUTO BOARD 3495  29.95|BOARD FOR DPBB R1/M1

S/A 8536 AUTO BOARD 34.95  29.95|AND REALATED MODELS 59.95

34.95 |ZENITH 1000 TO 2660
34.95 |,TOCOM 5507 MAPPER 19.95
34.95 [TOCOM 5503 MAPPER 19.95

34.95 [ANYONE MPLYING THEFT OF SERVICE IN ANY |
WAY SHAPE OR FORM. DO US AND YOUR SELF
34.95 | A FAVOR DON'T BOTHER CALLING US.

16.95

34.95| “AND YES WE DO MEAN YOU"
THESE PRODUCTS ARE FOR DIAGNOSTIC
34.95 | pURPOSES ONLY PERIOD it

. WE STOCK.WIRELESS

VISUAL COMMUNICATIONS, INC. °

QUICKBOARDS FOR
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COMPUTER CONNECTIONS

- Why Microsoft will win and IBM will lose the OS war.

important new features of Chi-

cago, Microsoft's follow-on to
Windows 3.x. As my writing pro-
gressed, it became more clear that
the real story is why Microsoft will
succeed, and why IBM, Novell, and
Apple will fail as competitors for that
product.

Chicago, the next major revision
of Windows, is a full 32-bit operating
system that should provide a more
robust environment for running soft-
ware than Windows 3.1. Itis a com-
plete, bootable operating system
with no underlying DOS.

Microsoft’s primary goals for Chi-
cago include good performance on
modest machines, high com-
patibility with prior DOS and Win-
dows applications, and greatly
improved ease of use. Microsoft
hopes to release Chicago by the
end of 1994, although a widely de-
ployed beta program was launched
much later than expected.

I started this story by describing

Why IBM will lose

In the August issue, | discussed
|IBM's massive new long-term strat-
egy for consolidating its vast prod-
uct lines around a single architec-
ture, which is fascinating, tech-
nically. IBM's strategy is ambitious,
even dramatic. Unfortunately, the
drama to be played out is less likely
to be a success story than a trag-
edy—or maybe even a comedy.

Why? Because |IBM's strategy
says a lot about how it intends to
solve its problems, and absolutely
nothing about solving the user's
problems.

The architecture will allow IBM to
merge product development, man-
ufacturing, and support operations
across all lines, from mainframes to
personal computers. By doing
this,the company expects to gain
tremendous cost savings, and this
should, in the long run (if suc-

cessful), benefit users whose
needs cross platform boundaries.

However, after considering the
problem at some length, | now be-
lieve that IBM is doomed to failure
as an operating system vendor.

IBM's history in the PC business
is punctuated by failed top-down ap-
proaches. Probably the best exam-
ple is the Microchannel Architec-
ture (MCA), introduced with the
PS/2 Model 80 in 1987. IBM rightly
recognized that the AT bus. now
called the Industry Standard Archi-
tecture (ISA), was nearing the end
of its useful life, and it realized that
something offering higher perfor-
mance was needed. IBM's mistake
was in assuming that users would
drop ISA and go wholesale for
MCA. They didn't.

IBM'’s Token-Ring network pro-
tocol is another example. Token
Ring has theoretical and architec-
tural superiority to Xerox's Ethernet,
but Ethernet gobbled up the lion's
share of the market by being good

enough—and a heck of a lot cheap-
er. Both will soon be supplanted by
much higher-performance pro-
tocols; the point once again is that
top-down imposition of theoretically
superior standards without sen-
sitivity to bottom-up grass-roots
needs seldom succeeds.

0S5/2 is another example of top-
down thinking that failed. IBM didn’t
get it right until version 2.1. By that
time the company had blown its
grass-roots credibility. Unfor-
tunately, IBM's new cross-platform
strategy resonates strongly with the
PS/2 and OS/2 debacies of the
past.

0S/2 and the various incarna-
tions of the Workplace Operating
System (IBM's cross-platform OS)
will probably live on for some time in
market niches where the “No one
can be fired for buying IBM"" men-
tality still thrives. The vocal minority
with strong convictions about the
superiority of MCA, Token Ring, or
0S/2 might continue to convince

INSTALLABLE FILE SYSTEM (IFS) MANAGER
/
32-BIT FAT 32-BIT CD FILE NETWORK TH'“%\’(’Q%\I FILE
VFAT, - | SYSTEM (VCDFS REDIR
(VFAT) ; (VCDFS) ECTOR COMPONENT
A |
BLOCK IO SUBSYSTEM
INPUT/OUTPUT SUPERVISOR (I0S)
OTHER LAYERS
| SCSI STUB T
,1 PORT DRIVER
i
s MINIPORT

FIG. 1I—CHICAGO’S INSTALLABLE FILE SYSTEM ARCHITECTURE provides 32-bit
protected-mode access to all devices such as CD-ROMs, networks, and hard disks.
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top IBM management of the value of
pursuing system software. But
eventually the bottom line will show
something else.

Why Microsoft will win

Microsoft will win because it
views the marketplace in a totally
different perspective. Whereas |IBM
sees architecture as the fount from
which user benefits can emerge,
Microsoft sees it as an organizing
principle or process. Out of that pro-
cess a structure emerges for build-
ing something that meets user
needs. Let's put it a different way.
Microsoft asks users what they
want, then figures out a logical
way—an approach—to build prod-
ucts to meet those needs. By con-
trast, IBM designs an architecture,
then goes about asking how that
architecture can meet user needs.

Microsoft likes to keep its archi-
tectural strategy vague, but not un-
detectable. As | have said here
numerous times in the past, | believe
that all roads lead to Cairo. For the
mainstream PC marketplace, the
sequence is Windows 3.x to Chi-
cago to Cairo. For the workstation
and network server markets, the
sequence is a jump from Windows
NT (perhaps several successive
versions) to Cairo. Cairo will unite
and run all the major APIs, and pro-
vide a migration path toward a sin-
gle, highly efficient native API. That
would finally put to rest, once and
for all, the "My APl's better than
yours” wars. It seems to be what
IBM is doing with WorkPlace OS,
doesn't it?

Microsoft seldom comes right
out and talks about architecture di-
rectly; the company always hedges
its bets and leaves its options open.
For example, many people, includ-
ing some influential members of the
computer press, mistakenly as-
sumed that NT was designed to be
the successor to 3.x. They pointed
to NT's lack of mainstream success
as an excuse for some gratuitous
Microsoft bashing. NT was never
aimed at the mainstream market,
but rather at the Unix and server
markets.

Microsoft's bottom-up approach
makes long-term corporate plan-
ners and strategists nervous. Nev-
ertheless, it gives Microsoft tre-

mendous flexibility in adapting to
market changes. As a friend puts it,
“QGates builds something, puts it
out in the market, gets a reaction,
fine-tunes it, puts it back out in the
market, and so on.” This is pre-
cisely what is happening now with
NT.

Microsoft is bottom-up in many
ways. Look at its Visual Basic. Al-
though it has some features of an
object-oriented development en-
vironment, it is essentially “flat,”
and thus open to criticism. But de-
spite its theoretical or architectural
impurity, VB is a huge market suc-
cess. In its current state VB could
become more object oriented, or it
could remain flat. Either way, Micro-
soft's bets are covered.

Another extremely important dif-
ference between IBM and Micro-
soft is in marketing. IBM has long
been criticized for poor marketing in
the personal computer market; as
far as | can tell the so-called “new
IBM" has not improved a whit.
IBM's OS/2 advertisements say
“Operate at a higher level,” an intel-
lectual approach bound to turn off
the mass market. What's the bene-
fit of “operating at a higher level?”
How does it compare with what I'm
doing now? Without forthright, ex-
plicit answers to those questions,
why are users going to bother with
0S/2 at all? In another marketing
snafu the company has scored a
few kudos for OS/2 in the computer
press, but has failed to capitalize on
them.

Meanwhile, during the first two
quarters of 1994, there have been
approximately a half dozen maga-
zine cover stories on Chicago—still
closer to vapor than real product. In
addition, Microsoft has publicly cir-
culated a 300-page AReviewer's
Guide outlining features and archi-
tecture of Chicago (on Com-
puServe GO WINNEWS).

Figure 1 illustrates key features of
Chicago’s file system architecture.
For example, Chicago allows long
(255-character) file names without
obsoleting the existing FAT file sys-
tem. This means that hard disks do
not have to be reformatted to up-
grade to the new file system. It also
means that existing operating sys-
tems can read Chicago diskettes
directly.

The document is fascinating in
many ways. Among other things, it
lists tons and tons of nifty new fea-
tures, things to excite grass-roots
interest, things that make people
eager to get their hands on the soft-
ware and try it out. If the software
lives up to the promotional state-
ments in the document, Chicago is
going to be a killer; | think it will be. |
should be getting a beta copy of
Chicago in the next few weeks, and |
hope to report my impressions of it
in my next column.

Conclusions

All of that is marketing. It serves
to heighten user awareness and an-
ticipation. Regardless of whether
Microsoft is beating IBM at the
technology game, it is winning the
marketing game.

Both Microsoft and IBM undoubt-
edly do strategic planning. The dif-
ference is that Microsoft continually
refinines its understanding of user
needs as an essential part of its
strategy. and that's (still) nowhere to
be found in IBM's strategy.

IBM should stick to what it does
best: hardware. IBM has much to
offer across the hardware spec-
trum: components (e.g., the Intel-
compatible microprocessors it is
building for both Cyrix and Nex-
Gen), subassemblies (e.g., the
Mwave sound/modem boards and
the recently introduced, highly com-
petitive hard-disk drives). it should
also stick to systems, although they
still tend to be overpriced and are
lacking in value compared with
Gateway's 2000 and a few other
brands. PowerPC is interesting, but
so far there are no Power PCs, only
Power Macs. Nevertheless, PC
software will still be run in emula-
tion. This almost guarantees prob-
lems with performance and com-
patibility in the future.

| have long suspected that the
IBM-Microsoft war (primarily due to
Microsoft's dumping OS/2 develop-
ment) has been exaggerated. Re-
cent statements confirm this view.
In a recent interview, Bill Gates said
that “Microsoft and IBM are per
fectly complementary companies
with the exception of one small
group IBM has that does PC system
software... IBM is our best custom-
er. It's porting a lot of its key soft-




EN Computer Admart

Get Started in
Lotus 1-2-3
The Easy
Way

If you are getting started in Lotus 1-2-3 at
any release level, you'll want these
power-packed duo publications designed
for first-time users and those who need
relresher orientation. To get both (BP261
and BP302) send $12.20 plus $2.50 for
| shipping in the U.S. only to Electronics
Technology Today Inc., P.O. Box 240,
Massapequa Park, NY 11762-0240.

Rates: Ads are 2%" x 2%4". One insertion $995 each. Six insertions $950 each. Twelve
insertions $925 each. Closing date same as regular rate card. Send order with remittance to
Computer Admart, Electronics Now Magazine, 500-B Bi-County Bivd., Farmingdale, NY
11735. Direct telephone inquiries to Arline Fishman, area code-1-§16-293-3000. FAX
1-516-293-3115. Only 100% Computer ads are accepted for this Admart.

From $239.95

NeW!
Data Acquisition

Low Cost, High Accuracy
51/2 Digits (18 bits+sign}, 200V .
to £0.1uV, .006% accuracy, 15 :
or 55 conv/sec. eight differential
input multiplexer, compensated
thermocouple measurements,
digital /O to control acquisition.

Easy to Install, Easy to Use

Powerful Microsoft Windows based software
includes program required for measurements
to be rescaled, recorded, and graph with wide
range of selections. DDE link to Excel and
Visual Basic by simple copy and paste.
DelraQuest (408) 997-8644

4960 Alamaden Expwy, #238 San Jose, Ca 95118

HiWIRE II

Schematic and PCB Software

With support for 2xpanded and extended memory, HIWIRE II
can handle your most demanding schematic and PCB de-
signs. The unique HiWIRE It editor allows you to display and
edit schematics and PCBs simultaneously, using the same
commands for each. HIWIRE Il is $995 and is guaranteed.

® Wintek Corporation
‘:I WINTEK| 1801 South Street
Lafayetts, IN 47904
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(800) 742-6809 or (317} 448-1903
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ware into the Windows environ-
ment. Every month we find out more
and more things we can do to-
gether” (Playboy, July 1994, p. 64).

News bits

As | predicted here in the June
issue, Stac Electronics and Micro-
soft have ironed out their dif-
ferences. Microsoft avoids its $120
million fine, Stac avoids its $13 mil-
lion fine, and both share compres-
sion technology for the next five
years. Microsoft now has a 15%
stake in Stac, and Stac will receive a
$1 million payment once a month for
the next 43 months. It's better than
winning the lottery.

TJCP/IP is a network protocol
originally designed to link govern-
ment and research computers
across what is now called the Inter
net. TCP/IP's popularity grew slowly
during the 1980’s and early 1990's.
Now, with intense mass-market in-
terest in the information highway
concept generally, and the Internet
specifically, its popularity is zoo-
mingupward.

TCP/IP fits in the middle layers of
the OSI stack, above the hardware
drivers, but beneath applications
like E-mail. TCP/IP competes with
other protocols such as Novell's
IPX/SPX, IBM's NetBIOS, and Mi-

crosoft's NetBEUI and Server Mes-
sage Block (SMB) formats.

Because of TCP/IP's rising popu-
larity, Microsoft has taken an inter-
est in it. In fact, according to one
recent article in the trade press, MS
is getting very serious about it. in
the past, getting TCP/IPtorunona
PC was rather expensive and
ranged from tricky to difficult. Mi-
crosoft has freely released a beta
version of the protocol stack that
runs on Windows for Workgroups
3.11; it's available on CompuServe
for those interested.

Microsoft intends to include
basic TCP/IP functionality in Chi-
cago. This is bad for the small but
competitive TCP/IP stack industry,
but good for end users. This kind of
software really belongs in the oper
ating system, assuming it's done
right.

As for TCP/IP-based applica-
tions, Microsoft includes a few
basic examples for file transfer
(FTP) and terminal emulation
(TELNET), but the commercial ven-
dors have little to fear here. If they're
smart they'll quickly turn their
efforts from network plumbing to
concentrate on improved user ap-
plications.

Amiga fans will have to look
elsewhere for low-cost yet hot vid-

eo-processing hardware and soft-
ware. As | predicted here long ago,
Commodore has liquidated. As with
s0 many cther computer industry
pioneers, Commodore became en-
amored with its vision of the way the
world should be, and lost track of
the way it is. it then lost its ability to
compete, and in the end did a great
disservice to its extremely loyal cus-
tomer base. The lesson? In the
computer industry (perhaps in life
generally), complacency Kills. Q
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BUYER'S MART

FOR SALE

TUBES: “oldest”, “latest”. Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood
Ave. RE, Hammond, IN 46324.

TUBES, new, up to 90% off, SASE, KIRBY, 293
West Carmel Drive, Carmel, IN 46032,

CABLE test chips. Jerroid, Tocom, S.A.,
Zenith. Puts cabie boxes Into tull service
3\0026_3&?9.95 10 $59.95. 1 {800) 452-7090, (310)

SECRET cable descrambiers! Build your own
descrambler for less than $12.00 in seven easy
steps! Radio Shack parts list and free descram-
bling methods that cost nothing to try, includec,
Send $10.00 to: INFORMATION FACTORY, PO
Box 669, Seabrook, TX 77586, For COD' (713)
822-3512 any time!

300 Experimenters Circuits — Complete in 6
Eractical books using diodes, relays, FET's,
ED’s, IC 555's, and IC CA3130's for buildin
blocks. Only $33.00 plus $5.50 for shigping. us
and Canada only. US funds. ETT, INC., PO Box

240, Massapequa Park, NY 11762-0240.

RESTRICTED information: surveitlance and
schematics, locks, cable, hacking, more. Details:
MENTOR, Box 1549-Z, Asbury, NJ 07712.

THE Case Against the Patents. Thoroughly test-
ed and proven alternatives that work in the real
world. $28.50. SYNERGETICS PRESS, Box 809-
C, Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

CABLE descrambling New secret manual. Build
ur own descramblers for cable and subscription
V. Instructions, schematics for SSAVI, gated
sync, sinewave, (HBO, Cinemax, Showtime, UHF,
Adult) $12.95, $2.00 postage. CABLETRONICS,
Box 30502R, Bethesda, MD 20824.

% Quality Microwave TV Antennas
WIRELESS CABLE - IFTS - MMDS - Amateur TV
Ultra High Gain 50db(+} * Tuneable 1.9 to 2.7 Ghz.

* 55-Channel Dish System  $199.95

* 36-Channel Dish System $149.95

¢ 20-Channel Dish System  $124.95
«'Dplional Commercial Grd Antenna {not shown) Add $50.00
« Yagi Antennas, Components, Custom Tuning Available

« Cali or write (SASE) for “FREE™ Catalog

i ' PHILLIPS-TECH ELECTRONICS

Dish System P.0. Box 8533 « Scottsdale, AZ 85252
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CABLE TV

DESCRAMBLERS
Best Prices in the U.S.A.!
Guaranteed to Work!

QUANTITY DISCOUNTS

Jerrold, Scientific Atlanta
Pioneer, FTB-3, SA3

The Newest & the Latest

TVT-3K - Jerrold Impulse &
Starcom series

SA3-DFA - Scientific Atlantas
including 8536, 8536+,
8580, Drop-field

PN-3A - Pioneer systems

Panasonic TZPC145G 99 Ch Converters
Zentek XL2100 99 Channel Converters

30 DAY MONEY BACK GUARANTEE
FAST SHIPMENTS & FREE CATALOG

1-800-772-6244

M-F: 9-6 EST
U.S. Cable TV, Inc. Dept.. KENO94
4100 N, Powerline Rd. Bldg. F-4 Pompano Beach FL 33073
NO FLORIDA SALES!

' e ————m
SIGNAL ELIMINATOR i

Stiength ]

Chamnel

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models available, each for
certain channels: 2 & 3; 410 6; 7t0 13; 14 to
17;18t0 22; 2310 29; 3010 36;95t0 99 plus O
& 1. Just $30 each or 3 for §75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193. Call 24 hours
1-800-535-7827.

LIFETIME _ (602) 947-7700 ($3.00 Credit all phone orders)
WARRANTY  MasierCard o Visa o American Express o C00's o Quantity Pricing

CABLE TV converters: Jerrold, Oak, Scientific
Atlanta, Zenith & many others.”New MTS" stereo
add-on: mute & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C ac-
ceptzezd. B&B INC., 3584 Kennebec, Eagan, MN
55122.

* 1994 CATALOG *
OF THE WORLD’S MOST FAMOUS
CB ANTENNAS & ACCESSORIES
—FIRESTIK ANTENNA—

2614 E. Adams - Phoenix, AZ 85034
Write or Call, 602-273-7151

CABLE TV converters. Jerrold, Zenith, Pioneer,
Qak, Scientific Atlanta, and many more. 12 years
experience gives us the advantage. Visa/MC
Amex COD ADVANTAGE ELECTRONICS, INC.,
1 ﬁOO) 952-3916 1125 Riverwood Dr., Burnsville,
MN 55337.

CABLE TV converters/descramblers. 2 year
warranties on Jerrold, Zenith, Tocom, Scientific
Atlanta. We service most converters. Money back

varantee. NATIONAL CABLE SERVICES,
219) 935-4128.

AUTOMATIC volume controllers, low cost audio
processors, kits, PCB and schematic design pro-
rams. Free catalog. C & S ELECTRONICS, PO
ox 2142, Norwalk, CT 06852-2142. Phone/fax:
(203) 866-3208.

TOP quality imported, domestic kits; computers,
components; surplus, discount electronics, parts;
auto, home electronics; lasers. Catalog $2.00.
TEKTRASONIX, 740 E. Bay Avenue,
Manahawkin, NJ 08050.

RF Vision. Convert your IBM compatible into an
RF spectrum analyzer/monitor receiver tuning 2
— 1700 MHz. Includes 3-D surface plot & color
spectrogram vs. time. Basic kit and software
$196.00. Send SASE to SCIENCE WORKSHOP,
Box 310EN, Bethpage, NY 11714,

DESCRAMBLE cable with simple circuitadded to
Radio Shack RF modulator and using VCR as
tuner. instructions $8.00. TELCOM, Box 832-E10,
Brusly, LA 70719.

ACE personal security PRODUCTS, cable con-
verters and accessories. Please have make and
rodael number ready. Call 1 (800) 234-0726.

PRINTED circuit boards — etched, drilled, tin
lated. Single sided $1.25/sq. inch. CHELCO
LECTRONICS, 61 Water Street, Mayville, NY

14757. 1 (800) 388-8521.

NEW Product Announcement
Universal Cable TV Descrambler

Advanced Video Circuits

Works With All Systems

(-7 Call 1-800-664-6999 =z

TEST equlpment pre-owned now at affordable
prices. Signal generators from $50.00, os-
cilloscopes from $50.00. Other equipment includ-
ing manuals available. Send $2.00 U.S. for
catalo? refunded on first order. J.B. ELEC-
TRONICS, 3446 Dempster, Skokie, IL 60076.
(708) 982-1973.

CABLE test-chips as low as $9.95, for testing
cable boxes in full service mode. Jerrold: Star-
com Vi, VIt & R2 V5, Jerrold cubes; Pioneer,
ciears £2 thru ES5; Pioneer cubes: BA-5000 thru
BA-8700; Tocom 5503/5507; Scientific Atlanta:
8500 thru 8600; Zenith: all but PZ1; remotes

10.00. N.E. ENGINEERING, 1 (800) 926-4030,
hax (617) 770-2305.

CONVERTER — descramblers: Examples,
Zenith Ztac $225.00, Scientific Atlanta 85XX
$195.00, 8600 $335.00, Tocom 5503A $210.00,
Oak RTC56 $99.00, M35B $45.00. All Ploneer
test generator $160.00. Most makes in stock,
COD <2>k. MOUNT HOOD ELECTRONICS (503)
543-7239.

INVENTIONS

FREE Inventlon package: DAVISON AND AS-
SOCIATES offers customized development,
patenting, and licensing for new products and
ideas. Proven results: 1 8300) 677-6382.

BUY BONDS
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105507 Digital clock kit........$69.95 |« One-year warranty
Part No. Product No. 19 10-24 PartNo. ProductNo.  1-9  10-24 109241 Black case & lens.......29.95
99261 EP6............... $5.95 $4.95 98749 LR69225 ..... $9.95  $8.95 109268 Assembled dig. clock 149.95 114471 386DX 40MHz......... $329.95
L e ————— ==
Lingar Series =—=3-/ | Machine Tooled Low Profile | Jameco Wall Transformers
Devwices 51262 Tin Plated IC Sockets ABS Speedy
Part No. Product No.Description Price | .« Gold contact pins Boxes

23081 LHO002CN Amplifier $8.95
33216 TLO74CN OpAmp .89
24871 MAX232CPE Rec./X 2.29
23683 LM324N Op Amp .49
23771 LM336Z  Voltage Ref 1.09
23835 LM338K 5A Regulator 5.75
23851 LM339N  Comparator .49
23966 LM358N Op Amp .49
27422 NES555V Timer .45
24539 LM741CN Op Amp .39
23157 LM1488N  Line Driver .49
23181 LM1489N Line Receiver .49
23237 LM1871N Radio Control 4.95
23253 LM1872N Radio Control 4.95
34278 ULN2003A Trans. Array .69
34972 XR2206 Func. Generator 3.75
34315 ULN2803A Trans. Array .99
23376  LM2941T Adj. Reg. 2.95
51262 7805T 5V Voit. Reg. .49
51324 78127 12V Volt Reg. .49
50964 75176 Diff Bus. Trans. 1.95
TTL

Integrated Circuits

PartNo. Product No. 1-9 1099
46252 74LS00 ........ $.29 $.25
46287 74LS02 ......... .29 .25
46316 74LS04.......... .29 .25
46315 741508 ......... .35 .29
46640 741514 ......... .39 .35
47466 741532 ........ . .35 .29
48004 741574 ......... .35 .29
48039 741576 ......... .69 .59
48098 741586 ......... .35 .29
46480 7415123 ........ .49 .45
46607 74LS138........ .39 .35
47183 7415244 ........ .59 .49
47212 7415245 ........ .65 .55
47600 74LS373 ........ .65 .55
47634 7415374 ........ .65 .55

« Tin plated tails
* Lead length: .188"
* Body height: .125" 37401

PartNo. Pins  1-9 10-99 100

51625 8pin....$.49 $.45 §.35
37196 14 pin..... 59 49 39
37401 16 pin..... 65 .55 .45
65584 18 pin..... 75 .65 .55
38623 20pin..... .79 69 .59
39351 24pin..... .85 