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CircuitMaker Version 6 and TraxMaker Version 3 give you the features of professional, high-end software at a
Sraction of the cost. Plus, with exceptional ease-of-use, you'll spend less time learning touse the software and more time
designing. Both applications are compatible with your existing design software, and feature outstanding technical
support. Call now for your free functional demo.

CircuitMaker 6 is a powerful schematic TraxMaker 3 is a powerful printed circuit
design and simulation program featuring: board layout program featuring:
¢ Professional schematic features including printout e Quver 2,000 component footprints in a fully-documented, indexed
borders, title block and barred pin names library Documentation shows footprints actual size
o Symbol editor and Macro feature for custom devices *  Built-in autorouter and Design Rules Check
o Fast, accurate SPICE3f5/XSPICE-based simulation o Supports up to 6 signal layers plus power and ground planes,
o Complete array of analysis types, including Fourier, AC, DC silk screen overlays and solder and paste masks
Parameter Sweep, Transient and more e Board sizes up to 32"x 82", with no pin limitations
o Virtual instruments including o digital oscilloscope, o Intelligent manual routing with unroute capabilities
multimeter, Bode plotter, curve tracer and more o Import any PCB netlist in CircuitMaker®, Protel® or Tango® format
o Extensive library of over 4,000 devices o Qutput RS274X Gerber files, Excellon N/C drill files and Bill of
o Tight integration with TrarMaker® for quick PCB layout materials
o Quiput PCB netlists in Protel®, Tango®, and TraxMaker®, o Print to any Windows compatible printer or plotter
Jormatis for use in a variety of PCB layout programs o Windows 3.1, 95 98 and NT

o Windows 3.1, 95, 98 and NT

CirCUitMaker For free demo software, or to order, call 1-800-419-4242

CUSTOMER SERVICE CENTER 5252 N. Edgewood Dr #175 e Provo, UT 84604  Tel 801.224.0433 * Fax 801.224.0545 * www.microcode.com

©1999 Protal Intemational Pty Ltd. All rights reserved. CircuitMaker, TraxMaker and SimCode are registered trademarks of Protel Intemational Pty Ltd. All other brand and product names are trademarks or registered trademarks of their respective companies
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‘ 7] Universal Noise-

Reduction System

Most noise-reduction techniques require
that the original source material be special-
ly encoded. One example of that is Dolby
noise reduction that is often used with pre-
recorded audio tapes. However, there are
countless other audio sources that suffer
from white noise—or hiss—that could bene-
fit from some noise reduction...and this
month's cover project provides it. The
Universal Noise-Reduction System is easy
fo install and does not require pre-pro- |
cessed material to be effective. It also features an audio compressor that
can be used to reduce the volume of excessively-loud TV commercials.

— Richard Panosh
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Do gravity waves actually exist? If you build one of these experi-
mental devices, maybe you can provide the proof! — Skip Campisi

NTS

SS9

BUILD THIS

]5 TV-Audio Hearing Wonder
Build one of these and return the joy of TV
watching to someone who is hearing impaired.
— Ray Green

— DEPARTMENTS

 EauiPMENT REPORT
Epson PowerLite 7500C Portable Multimedia
Projector.

[ Service CLiNic
Finishing up with monitor repair.
— Sam Goldwasser

11 DX LisTeNING
A short history of shortwave. — Don Jensen

71 Computer CONNECTIONS
Optimizing the Windows operating system.
— Konstantinos Karagiannis

74 AnTiQUE RaDIO
Let's look at some reader mail. — Marc Ellis

]9 Tecu Musings
A low-cost PC-board drilling system, and more.
— Don Lancaster

- A N D MORE - ——
? EDITORIAL 18 Q&A
3 LETTERS 84  New Propucts

g8  ApverTisING INDEX

88  ApverTising SaLES OFFICE

86

NEw LITERATURE

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

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

ELECTRONICS NOW, (ISSN 1067-9294) October 1999. Published monthly by Gemnsback Publications, Inc., 500 Bi-County Boulevard, Farmingdale, NY 11735-3931.
Periodicals Postage paid at Farmingdale, NY and additionat mailing offices. Canada Post IPM Agreement No. 334103, authorized at Mississauga, Canada. One-year
subscription rate U.S.A. and possessions $24.99, Canada $33.15 (includes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280), all other
countries $33.99. All subscription orders payable in U.S.A. funds only, via international postal money order or check drawn on a U.S.A. bank. Single copies $4.99.©
1999 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to ELECTRONICS NOW, Subscription Dept., Box 55115, Bouider, CO 80328-5115.
A stamped self-address envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is deslred should they be rejected. We
disclaim any responsibility for the loss or damage of manuscripts and/or artwork or photographs while in our possession or otherwise.

MON SOI1U01}08|3 ‘666 L 48G0IO0



Electronics Now, October 1999

EDITORIAL

The Late Sﬁin

Love the Internet or hate it; sgend hours a day or never go there; what you can’t
deny is that the Internet has changed “everything.” When it comes to commerce,
communications, and information, the Internet represents the “mother of all par-

adigm shifts.”

Let me explain what I mean. A paradigm is, in essence, a set of laws, assumptions,
and/or procedures that describe how things “get done.” However, since the only
constant is change, it is inevitable that due to some set of factors, some paradigms
cease to work. en that happens, a paradigm shift is said to have occurred.

Some paradigm shifts sort of sneak up on us, taking years, decades, or centuries to
occur. Those hardly anyone notices. Others occur with the suddenness of a gun-
shot, and sometimes with equally devastating results to those unable to shift with
the paradigm.

The Internet, of course, falls into the latter category. And while it has had a pro-
found effect on individuals, that is nothing at all compared to the effect it has had
on business. One of the latest to have to deal with a rapidly shifting paradigm is the
music industry.

In the July issue of Electronics Now, our “Computer Connections” column intro-
duced you to the new world of Internet-distributed digital audio, or, more specifi-
cally, MP3 files. Among other things, that format allows new or alternative artists
to bypass the recording industry and distribute their work in a high-quality format
directly to the public. It also lets traditional record companies and artists distribute
frl;omotional tracks to publicize upcoming releases. Coming away from the

ternet, using software “rippers,” users can create MP3 files from their own CDs
for storage on their PCs or for play on new portable hardware players.

Unfortunatelz, there is a dark side to the MP3 explosion, and the last point men-
tioned is the key to it. While there’s nothing wrong with making MP3 files of your
own legally purchased music for your own use, the Internet abounds with illegally
“ripped” MP3 files of commerciaT’CDs, and that fact has the music industry scared
witless. To combat the spread of MP3 files, the recording industry filed suit (and
lost) to ban the sale of MP3 players that did not meet the provisions of the 1992
Audio Home Recording Act.

They’ve also established a closed, comgeting standard called SDMI (Secure Digital
Music Initiative) to compete with MP3; their aim is to have players on the market
by the holiday season. And, of course, it will most likely fail as badly as DIVX
because the recording industry does not “get” the paradigm shift.

For one thing, there is talk that the SDMI standard includes a provision that could
someday prevent compliant players from using open MP3 files. That won’t fly. The
public, in general, and the Internet public in particular, will not stand for a closed
system in this new age of open information. \}25, some way to protect the rights of
recording artists is needed, but not at the expense of those artists who want to reach

the pubhc directly.
While we have lot’s more to say on this topic, space does not permit. If you want to

learn more about MP3, SDMI, and the related issues, you can visit www.mp3.com and
www.eff.org (the Electronic Frontier Foundation) on the Web. Happy Listening!

Cad o

Carl Laron
Editor
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Soldering Revisited

I was delighted to read Skip Campisi’s
article “How to Succeed In Soldering”
(Electronics Now, July 1999). I have
been soldering electrical and electronic
projects somewhat longer than Mr.
Campisi and have been mightily puzzled
by the persistence of conventional solder-
ing instructions. Mr. Campisi is absolute-
ly and completely right.

I wonder how many people have
become discouraged and have given up
when following conventional instructions.
H. C. DOENNECKE
Tulsa, OK

Help Wanted

I need information on how to hook
up a “Rustrak” Model 288 Strip Chart
Recorder. It seems to be operational, but
I don’t know how to input a signal to it.
A current address for this company (a
division of Gulton Industries) would be
appreciated, too.

Thanks for your help.

' RICHARD FLAWS

212 Mondovi Drive
Oswego, IL 60543-8408

A

because I sure as heck did.
NAME NOT PROVIDED

via e-mail

You might think it’s funny to place an
article about an analog processor in your
April issue, but I don’t. I purchased this
issue after quickly looking at the con-
tents, intending to read it fully at home.
From this day forward, you can guaran-
tee I won’t purchase another magazine
of yours again. I will also convey this
story to as many friends on the Net and
at home as I can to show that there are
better sources of information.

MARC HUDSON
via e-mail

You got me! I was suspicious because
I fell for another April Fools joke in PC
Computing where they said that there
was a microphone hidden in every com-
puter since 1996 and that employers and
ISPs could use these to eavesdrop on
you within § feet of your computer. But
I wish the EC-909-12 was true. You guys
will have to get busy and build one.
PHIL JOHNSON
via e-mail

More April Fooled

I would like to congratulate you on
a well-written article “The EC909-12
Analog Microprocessor” (Electronics
Now, April 1999) by Ken Kemski. The
only thing that T caught that made me
wonder if it was for real was the fact
that it seamlessly went into the proces-
sor slot and could accept the new “ana-
log memory with no motherboard
modifications” and current hard drives
are set up to 1 and 0, so that was anoth-
er problem. However, when I first read
it I believed it until I thought about it
a while. The April 1 thing went right
by me at first.

1 hope you enjoyed your laughs,

“Four-Star” Rating

The item “Twinkle, Twinkle, Little
Lights, and More” in “Tech Musings”
(Electronics Now, June 1999) brought
back memories for me. While serving
as Electronics Material Officer on
board the U.S.S. Saratoga CVA 60 in
1960, I made the described neon light

Write To:
Letters,
Electronics Now Magazine,
500 Bi-County Bivd.,
Farmingdale, NY 11735

Due to the volume of mail we
receive, not all letters can be
answered personally. All letters
are subject to editing for clarity
and length.

device in the shape of the symbol on
the rating badge for Electronics
Technicians in the US Navy. I then |
hung it from the cable trays in the |
overhead with #32 enameled wire so |
that it was about a foot in front of my |
desk. It appeared to float in the air and
always got a lot of comments.

After finishing the assembly, I
masked the glass portions of the lamps
and spray painted the whole thing with
gold colored paint so you could not read
the values of the components. Paint did
not affect the operation.

I have enjoyed your publication for
many years.

ROY A. NORMAN
Brunswick, GA

EARN YOUR

B.S.E.E.

DEGREE
THROUGH HOME STUDY

Our Highly Effective Advanced-Placement
Program for experienced Electronic
Technicians grants credit_ for previous
Schooling and Professional Experience, and
can greatly reduce the time required to com-
plete the program and reach graduation. No
residence schooling reguired for qualified
Electronic Technicians. Through our Special
Program you can pull all of the loose ends of
your electronics background together and
earn your B.S.E.E. Degree. Upgrade your
status and pay to the engineering level.
Advance rapidly! Many finish in 12 months or
less! Students and graduates in all 50 states
and throughout the world! Established Over
50 Years! Write or call for free Descriptive
Literature. (601)371-1351

COOK'S INSTITUTE

OF ELECTRONICS ENGINEERING

@IE 4251 CYPRESS DRIVE
E JACKSON, MISSISSIPPI 39212

CIRCLE 170 ON FREE INFORMATION CARD
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EQUIPMENT REPORT

EPSON POWERLITE 7500C PORTABLE MULTIMEDIA PROJECTOR

Epson’s new compact multimedia

projector weighs less than
10 pounds but is loaded with

convenient presentation features.

CIRCLE 15 ON FREE INFORMATION CARD

I t is many people’s job to visit another
company or group of individuals and

| put on some sort of presentation. Of
| course, today’s technology permits far

|

more interesting presentations than yes-
terday’s simple chalkboard or overhead
projector did. Typically one will deliver
a presentation today using a2 notebook
computer. Modern computers allow
presentations to include fancy color,
graphics, sound, video, and more.

The problem with doing presenta-
tions on a notebook computer is that not
too many people can see the presenta-
tion at once. Even with a 15-inch dis-
play, a notebook computer’s screen can
only be viewed by two or three people at
once. The solution to this problem is a

| multimedia projector. Similar in theory

to a TV projector, a multimedia projec-
tor, at the very minimum, accepts a
VGA input from a computer and pro-
jects an image onto a wall or screen that

| an auditorium filled with people to see.

The Epson PowerLite 7500C
Presentation projectors are getting
better all the time, and the Epson
PowerLite 7500C is a perfect example of
that. This compact multimedia projector
weighs only 9.4 pounds and measures 9.3
inches wide by 13.6 inches deep by 3.6
inches high, yet it features a bright, 120-
watt ultra-high-efficiency lamp rated at
800 ANSI lumens. The lamp should
remain adequately bright through 400
hours of use. The projector has a native
XGA resolution of 1024 X 768. An
infrared remote control is included.

The best thing about the PowerLite
7500C is its simplicity and ease of use.
Not loaded down with features that
nobody will ever use, the unit packs in
all necessary features such as built-in
stereo audio and composite and S-Video
inputs in addition to VGA. Keeping the
feature set lean makes for a compact,
lightweight unit that is not at all confus-
ing to use. That is important because a
lot of people who must use projectors
are not as technically adept as the typical
Electronics Now reader. The Power-
Lite 7500C simply powers up and auto-
matically projects the active input. The
PowerLite 7500C is compatible with PC
and Mac computers.

The PowerLite 7500C has VGA, S-
Video, composite video, and audio
inputs. The unit supports NTSC, PAL,
and Secam video. Not only can it be
used for computer presentations, but the
7500C also turns a DVD player into
big-screen entertainment system. The
PowerLite 7500C also has built-in 1-
watt amplified stereo speakers that are
powerful enough for a roomful of people
to hear. Sound is enhanced with SRS 3D
technology. Users can connect the pro-
jector to more powerful audio systems
for doing larger presentations.

In the most basic setup, the VGA
output from a notebook or desktop
computer connects to the VGA input on
the PowerLite 7500C using the included
cable. When the projector is turned on,
it automatically displays the active input.
Epson’s second-generation resizing
technology allows the PowerLite 7500C

to automatically compress inputs of
1280 X 1024 (SXGA) or enlarge VGA
or SVGA resolutions of 640 X 480 or
800 X 600 to fill the projected 1024 %
768 image.

The PowerLite 7500C comes with
mouse cables for PC and Mac comput-
ers that allow a connection between the
host computer’s mouse input and the
mouse output on the projector. Then
the remote that comes with the projec-
tor can be used to control the PC just
like using a mouse.

The same remote can be used to
adjust the projector settings from a dis-
tance. Both the remote control and the
control panel on top of the PowerLite
7500C can be used to turn power on and
off, access help functions, switch
between input sources, resize the dis-
play, freeze the display, mute and black
out audio and video, and adjust on-
screen functions. On-screen functions
include image settings, audio and video
settings, and special effects. Adjustable-
height feet make the PowerLite 7500C
easy to aim.

A ceiling mode turns the output
image upside down so that if the projec- |
tor is mounted upside down on a ceiling
as might be the case in a permanent
installation, the projected image appears
right side up. A rear-projection mode
flops the image so that it appears cor-
rectly on the front of the screen when
projected from the rear.

The PowerLite 7500C’s display
engine is built around three 0.9-inch
active-matrix XGA LCD panels and
Epson’s own prism technology. A micro
lens array puts an ultra-tiny lens in front
of each pixel and generates a display
comprised of 2,359,296 pixels.

The projector’s lens must be focused
manually by rotating the ring around the
lens—this is about the only functional
aspect that is similar to yesterday’s film
projector. The lens also has a manual
zoom setting to enlarge or decrease
image size without having to move the
projector toward or away from the |




screen. The image size can vary from
about 19 to 300 inches measured diago-
nally when projected from a distance of
between 3.3 and 50 feet.

Power consumption for the 7500C is
approximately 220 watts when turned on,
and it also has a low-current 30-watt
sleep mode. Its operating noise level is
less than 42 dBA, which means that the
projector is fairly quiet and will not be a
distraction during presentations. Its heat
output cannot be avoided, and the unit
will warm up a closed room after a peri-
od of time, but that’s the case with all
projectors—bright bulbs always gener-
ate lots of heat. The projector will not
allow the cooling fans to shut down
before the bulb is adequately cooled.

The PowerLite 7500C comes with
an AC cable, a VGA cable, Macintosh
and PS/2 mouse cables, a composite
RCA-type AV cable, an infrared remote
control with batteries, a detachable carry
strap, and a user’s manual. An S-Video
cable is not included. The standard one
year limited warranty includes Epson’s
Road Service Program (in the U.S. and
Canada only) and a dedicated toll-free
support line. Optional accessories, such
as replacement lamps and carrying cases,
are also available.

The PowerLite 7500C is a versatile
projector that is easy to carry and use.
The picture is sharp and bright enough
to be seen in a well-lit room, but a dark-
ened room is preferred. Unfortunately,
you really have to have a need for a mul-
timedia projector to buy one of these,
because it is in no way cheap. The
PowerLite 7500C costs $9999, though
street prices are, as always, lower
(around $6799 at the time of this writ-
ing). For more information, circle 15 on
the Free Informadon Card or contact
Epson America, Inc. (20770 Madrona
Ave., Torrance, CA 90503; Tel: 310-782-
0770; Web:www.epson.com) directly. G
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Want to improve your design skills?

! Thenyou should consider our range of (D ROMs by best-selfing author Mike Tooley.

Electronic Circvits and Components pravides o sound introduction fo the principles
and applications of the most common types of electronic camponents and how they are
used to form complete circuits. Seciions on the disc indude: fundomental electronic
theory, adive ¢ fs, passive ¢ is, analog dircuits and digitel circuits.
Indudes drcvit s and ossignments for Electronics Workbenth.

H

| The Parts Gallery has been designed to overcome the problem of component and

| symbol recognition. The (D ROM will help students recognize common electronic

|- components and their corresponding symboks in dreuit diagroms. Quizzes oreincuded.
The Parts Gallery is free with Electronic Greuits and Components.

Digital Electronics details the principles and practice of digital electronics, including
logic gotes, combinational and sequential logic circuits, docks, counters, shift registers,
and displays. The (D ROM also provides on introdudion to microprocessor-based
systems. Indudes circuit s and assignments for Electronics Workbench.

| Analoy Electronics is o complete learming resource for this most difficult subjedt. The

| (DROM includes the usual weaith of virtual laboratories aswell as an eledtronic drcuit
simulator with over 50 pre-designed onalog circuits, which gives you the ultimate
learning tool. The (D ROM provides comprehensive caverage of analog fundomentals,
fransistor circuit design, op-omps, filters, ostillators, and other analog systems.

“..Jhammers home the concepts in a way

that no textbook ever could.” .
Electronics Australia

\Interested in programming PIC micros?

| We have the pedfect solution:

Our PiCtutor O ROM can teach you how to write assembly languoge programs for the
PIC series of microcontrollers. The (D ROM's 39 tularial sections will guide you from
basic PIC architecture, tommands, and programming fechniques up to advanced
concepts such as waichdag fimers, inferrupts, sleep modes, and EEPROM data memory
use. Over 80 exercises and challenges are provided to test your understanding, and the
| unique Virtual PIC allows you o write and test programs on -streen.

The complementary d t kit includes o reprogr ble PIC16(84, which you
con program via your printer port. The insfitution version {designed for use in schooks,
colleges and industry) includes  quad 7-segment LED display and alphonumeric LCD
display. The development kit provides an excellent platfarm for both learning PIC
programming and for further project/development work. Assembler and send {via
printer port) software is included on the (D ROM.

ctr

e a1y Gty

by Bk Yo

produced by: |

m |m
(T[T
matrix |

multimedia

POPTRONIX

Online
Edition

We're on the web FREE

http://www.poptronix.com

| Prices and Versions

{
{

{

development boord (imsiitution version)

Name:;

Address:

Institution versions are sulable for use in schools, colleges and industry.
Student versions are for studert/home use.

student  institution

version version
Electronic Circuits & Components $56 $159
Digital Electronics $75 $189
Analog Electronics $75 $189
PICtutor (CD and development board) $179 $350

Shipping costs fo Canada @ additional $5. Overseas orders please contact
CLAGGK Inc. for shipping casts.

see http://iwww.MatrixMultimedia.co.uk for full specs and demos

Please circle the produds you would fike to buy on the table above right, colculate the total cost, il & the form
below and send it to us, Please alfow 4 - 6 weeks for delivery.

Zip
1 have enclosed my check for $

Please charge my credit card for §

Note that the delivery address and the address at which

the card is registered must be the same.

Card type:

Mastercard, Visa. or Discover only

Telephone: -

Signature: =
Number:

OO O L
Expire date: _L D] D:

CLo2

Claggk Inc., PO Box 4099, Farmingdale, NY 11735-0792

Tel: 516-293-3751

email claggk@poptronix.com

Order Form

MON S0IUOII08|T ‘6661 J8GOI0O

(3]



o

Electronics Now, October 1999

A

other servicing topics, we need to tie up
some loose ends. This month we con-
clude our discussion of monitor technol-
ogy and repair with some “items of
interest,” resources for advanced trou-
bleshooting, and service information.

Monitor Specifications

There is no easy way to tell the mon-
itor’s specifications or whether or not it
supports SVGA by just examining the
monitor visually. Even those with only a
9-pin rather than a 15-pin connector are
sometimes SVGA (e.g., Mitsubishi
AUM-1381 and NEC Multisync II,
which will do 800 X 600 at 56 Hz V
non-interlaced and 1024 X 768 inter-
laced at 43 Hz V). You cannot even safe-
ly test scan rates on all monitors—some
(mostly older ones) will blow up or get
damaged by being driven with incorrect
video.

For a monitor that you already have,
looking it up in a monitor database is
really the only way to be sure of its capa-
bilities (well, pretty sure anyway as these
listings are not always correct!). If this
doesn’t help, you could try posting the
information you have (model number,
FCC code, etc.) to the newsgroups:
comp.sys.ibm.pc.hardware.video and
sci.electronics.repair. When none of this
is productive, here are some quickie
tests:

1. Check the video connector. If it
has a high-density (VGA) 15-pin con-

nector, then there is a greater likelihood

Monitor Repair: The Finale!

S REGULAR READERS OF THIS COLUMN KNOW, WE'VE
BEEN DEALING WITH THE TOPIC OF COMPUTER AND
VIDEO MONITORS FOR QUITE SOME TIME. WELL, ALL GOOD

THINGS MUST COME TO AN END. BUT BEFORE WE MOVE ON TO

of SVGA, but not always.

2. Check the manufacturing date on
the back. If it has a manufacturing date
of 1991 or later, the likelihood of it sup-
porting SVGA is higher as demand for
VGA-only monitors was rapidly declin-
ing by that point.

3. Check the dot pitch on the CRT by
examining the screen with a magnifier. If
it is really coarse, the monitor probably
cannot do anything beyond VGA.

4. Become familiar with the major
manufacturers and models so that you
will recognize the most common SVGA
models.

5. Check the databases at the sites
given below.

Web Sites With Monitor
Specifications
Check out the following when you
have an SVGA, MAC, or workstation
(possible fixed frequency) monitor and
need to know its specifications:
2http://e-mac.com/ (Apple support)
Zhttp://www.mindspring.com/~nun
ez/info/monitors/ (Computer Shopper)
Zhttp://www.griffintechnology.com/
(Griffin Technology)
Zhtp://www.hercules.com/monitors
/mdb.htm (Hercules)
Zhrtp://www.monitorworld.com/
(Monitor World)
2 htep://www.monitorsolution.com/
Monitorsdata/ (Rasterstone)
2Zhttp://hawks.ha.md.us/hardware/
monitor.htm! (table of monitor specs)

BY SAM GOLDWASSER
SERVICE EDITOR

Some of these are companies that sell
various video products that may be useful.
However, I am only recommending these
sites for the information on monitor speci-
ficadons. Note that since the data on these
sites comes from undetermined sources, it
isn’t always accurate—check with more
than one site to see if they agree.

How High A Refresh Rate
Should | Use?

It is the vertical refresh rate that
impacts display appearance. The visual
effect of too low a vertical scan rate is
excessive flicker.

Up to a point, higher is obviously
better. Everyone agrees that appearance
improves up to at least 70- to 75-Hz
(vertical) non-interlaced, but improve-
ment beyond that point is a hotly debat-
ed issue (and a topic for a never ending
discussion on your favorite newsgroup).
The use of interlaced scanning can
reduce apparent flicker for a given scan
rate for typical gray scale or color
images, but might result in annoying
flickering or jumping of fine horizontal
lines in graphics and text displays.

In any case, you must not exceed the
maximum scan rate specs of your monitor.
Also, very high refresh rates may result in
decreased graphics performance particu-
larly with DRAM-based video cards due
to the bus contention between the PC
memory accesses and the video readout to
the RAMDAC. And, a horizontal scan
rate below the specified limits may blow
the HOT instantly.

Interlaced vs. Non-Interlaced
Monitors

The difference between interlaced
and non-interlaced displays is in the
video dming. Nearly all monitors can
handle either. Monitors are specified as




non-interlaced because, for a given
screen resolution and vertical refresh
rate, this is the tougher (higher) hori-
zontal (H) scan rate, and it is desirable to
minimize flicker in a graphical display
(fine horizontal lines will tend to flicker
on an interlaced display). The H scan
rate is double the interlaced H scan rate
since all scan lines—rather than just the
even or odd ones—are being displayed
for every vertical scan.

Digital vs. Analog Controls

There is no inherent reason for a dig-
ital monitor to have a better picture, but
as a practical matter I would expect this
to be the case in the vast majority of
monitors—especially models from the
same manufacturer. The digital moni-
tors will be the ones that the designers
concentrate on. Digital controls (both
those you can access and those used only
during setup at the time of manufactur-
ing or servicing) permit more flexibility
in setting parameters and more-consis-
tent adjustments on the assembly line (at
least this is possible in principle).

For the average, not-terribly-fussy
PC user, the major difference is in the
convenience of not having to adjust size
and position whenever the scan rate
changes. While the price difference
between monitors having analog or dig-
ital controls but with the same screen
size, resolution, and scan range specifi-
cations may seem excessive, the added
convenience of digital controls and scan-
rate-parameter memory makes the
added cost well worthwhile.

Frequent Scan-Rate Switching
This most often happens in a PC
software-development  environment
where the programmer needs to go back
and forth between a Windows display
and a DOS debugger, for example. Is it
something to be concerned about?
Obviously, without knowing the pre-
cise design of your monitor, there can
be no definitive answer. It is true that
some older monitors blew up if you
looked at them the wrong way. Newer
monitors from well-known manufac-
turers like Nokia, NEC, and many oth-
ers are designed with a moderate
amount of scan switching in mind.
However switching is stressful for the
monitor’s power supply and deflection
circuitry. I would suggest that you use
a dedicated monochrome monitor for
debugging if you really are switching
multiple times per minute. If you can-

not afford the space, you can probably
assume that if the first few days of this
kind of treatment have not induced a
failure, the monitor is robust enough
to withstand it indefinitely. If you real-
ly are switching many times per minute
8 hours or more a day, then what may
wear out are the internal relays (the
clicks you hear are from those). You are
still talking about years, however. They
are rated in hundreds of thousands or
millions of operations when used with-
in their ratings.

Or, just go for the peace of mind pro-
vided by an extended warranty or service
contract.

Surge Suppressors and
Line Filters

Should you always use a surge suppres-
sor outlet strip or line-filter circuit? Sure, it
shouldn’t hurt. Just don’t depend on those
to provide protection under all circum-
stances. Some are better than others, and
the marketing blurb is at best of little help
in making an informed selection. Product
literature—unless it is backed up by testing
from a reputable lab—is usually pretty use-
less and often confusing.

Line filters can also be useful if
power in your area is noisy or prone to
spikes or dips.

However, keep in mind that most
well-designed electronic equipment
already includes both surge suppres-
sors like MOVs and L-C line filters.
More is not necessarily better, but may
move the point of failure to a readily
accessible outlet strip rather than the
innards of your equipment if damage
oceurs.

Very effective protection is possible
through the use of a UPS (Uninter-
ruptible Power Supply), which always
runs the equipment off its battery from
the internal inverter (not all do). This
provides very effective isolation from
power line problems since the battery
acts as a huge capacitor. If something is
damaged, it will likely be the UPS and
not your expensive equipment. Another
option is to use a constant voltage trans-
former (SOLA), which provides voltage
regulation, line conditioning, and isola-
tion from power spikes and surges.

It is still best to unplug everything in
the face of an impending lightning
storm or another event that could cause
power problems.

Monitors On Foreign Power
Using a monitor on a different voltage

or frequency is usually not a serious prob-
lem. Your PC and monitor should be
fine, requiring at most a transformer (not
just an adapter for heating appliances,
however) to convert the voltage. They
both use switching power supplies, which
don’t care about the line frequency.

Some power supplies are universal—
they automatically adapt to the voltage
they are fed without requiring even a
transformer—but don’t assume that is
the case, check your user manual or con-
tact the manufacturer(s) to determine if
jumpers or switches need to be changed.
You could blow up the PC or monitor by
attempting to run it on 220 VAC when it
is set to run from 117 VAC. If you are
lucky, only a fuse will blow, but don’t
count on it.

For non-switching power-supply
devices like printers and wall adapters
that use line-power transformers, in
addition to matching the voltage (or set-
ting jumpers or switches), running on a
lower line frequency may be a problem.
There is a slight chance that the power
transformer will overheat on 50 Hz if
designed for 60 Hz. (The other way
around should be fine.) It is best to
check the nameplate—it should tell you.
If it does not, then best to contact the
manufacturer.

Monitor Life, Energy
Conservation, and Laziness

A common misconception about the
care and feeding of computer monitors
is that they should be left on all the time.
While there are some advantages to this,
there are many more disadvantages:

1. CRT life: The life of a monitor is
determined by the life of the CRT. The
CRT is by far the most expensive single
part, and it is usually not worth repairing
a monitor in which the CRT requires
replacement. The brightness half-life of
a CRT is usually about 10,000 to 15,000
hours of “on” time, independent of what
is being displayed on the screen. To put
that in perspective, 10,000 hours is only
a little more than a year. By not turning
the monitor off at night, you are reduc-
ing the life of the monitor by a factor of
2 to 3. Screen savers do not make any
substantial difference, especially with
modern displays using X-Windows or
MS Windows where the screen layout is
not fixed (and subject to burn in).

2. Component life: The heat gener-
ated inside a monitor tends to dry out
parts like electrolytic capacitors, thus
shortening their life. These effects are

MON SOIUOIBIT ‘6661 48GOI00

-~



Electronics Now, October 1999

particularly severe at night during the
summer when the air conditioning may
be off, but it is always a consideration
year around.

3. Safety: While electronic equip-
ment designed and manufactured in
accordance with the National Electrical
Codes is very safe, there is always a small
risk of catastrophic failure resulting in a
fire. With no one around, even with
sprinklers and smoke alarms, such a fail-
ure could be much more disastrous.

4. Energy use: While modern moni-
tors use a lot less energy than their older
cousins, the aggregate energy usage is
not something to be ignored. A typical
monitor uses between 60 and 200 watts.
Thus, at a $0.10-per-kWH electric rate,
such a monitor will cost between $48
and $160 a year for electricity. During
the night, half to two-thirds of this is
wasted for every monitor that is left on.
If air conditioning is on during the
night, then there is the additional ener-
gy usage needed to remove the heat gen-
erated by the monitor as well—probably
about half the cost of the electricity to
run the monitor.

The popular rationalization for what
is most often just laziness is that power-
on is a stressful time for any electronic
device and reducing the number of
power cycles will prolong the life of the
monitor. With a properly designed
monitor, this is rarely an issue. Can you
recall the last ime a monitor blew up
when it was turned on? The other argu-
ment, which has more basis in reality, is
that the thermal cycling resulting from
turning a monitor on and off will short-
en its life. It is true that such thermal
stress can contribute to various kinds of
failures due to bad solder connections.
However, these can be easily repaired
and do not affect the monitor’s heart—
the CRT. You wouldn’t leave your TV
on 24 hours a day, would you?

Most of the newest (“green”) moni-
tors have energy-conserving capabilities,
but it is necessary for the software to
trigger those power reduction or power-
down modes; not all workstations or
PCs are set up to support them, and
many older monitor still in use lack such
features altogether. However, if your
monitor and computer do support an
energy-saving mode, by all means set
them up to take advantage of it.

Even if the monitor does not support
power-saving modes, a blank screen or
dark picture will reduce stress on the
CRT and power supply. Electronic com-

ponents will run cooler and last longer.

In short, please make it a habit to
turn your monitors off at night. This
will extend the life of the monitor (and
your investment) and is good for the
environment as well. For workstations,
there are good reasons to leave the sys-
tem unit on all the time. However, the
monitor should be turned off using its
power switch. For PCs, my recommen-
dation is that the entire unit be turned
off at night since the boot process is very
quick and PCs are generally not
required to be accessible over a network
24 hours a day.

PC Video-Connector Pin Outs
Figure 1 shows the connector config-
urations for the monitors you are most
likely to encounter. The pin out for the
original VGA (31.5 kHz, 640 X 480)/
SVGA (35-37 kHz, 800 x 600) 15-pin
sub D connector is shown in Table 1.
Note that many of the pins shown in
Table 1 as “no connection” (actually,
these were sometimes used as monitor
ID bits by many manufacturers) are now
defined under the VESA Display Data
Channel standard. That standard pro-
vides two protocols for display ID and
control, including support for the full
ACCESS.bus interface. The current
definition of the “VGA” pin out per the
DDC standard is shown in Table 2. Pin
outs for EGA-TTL (15.74 to 21.85

kHz) 9-pin connectors are shown in
Table 3; for CGA-TTL (15.75 kHz, 320
X 200 or 640 X 200) 9-pin connectors
in Table 4; for monochrome-TTL
(18.43 kHz, 720 X 350) 9-pin connec-
tors in Table 5; for Mac II-analog (35-
kHz H, 66.67-Hz V, 640 X 480) and
Mac II- and Quadra-analog (49.7-kHz
H, 74.55-Hz V, 832 X 624) 15-pin con-
nectors in Table 6; and for the Sun
workstation 13W?3 connector in Table 7.

VGA to BNC Cable

Should I use a VGA to BNC cable if
my monitor has BNC connectors? The
answer is an unqualified maybe. In prin-
ciple, the BNC cable should have higher
bandwidth and better transmission-line
characteristics (impedance, termination)
and result in sharper crisper images with
less ghosting, ringing, and other arti-
facts. However, this will only likely be
significant at higher refresh rates and,
depending on your monitor and video
card, you may see no change or thing§
might even get worse.

Potential advantages of using the
BNC connector inputs on your monitor
with a good quality cable are higher
video bandwidth, which leads to a sharp-
er display and proper connectors (at one
end, at least) and correct termination,
leading to less ghosting and ringing.

If you decide to build a BNC cable,
the job is straightforward, if time-con-

HD15 VOA/SYGA CONNECTOR

1 12 13 14 15
MALE (CABLE)

5 4 3 2 1
10 9 8 7 6
15 14 13 12 11 f -

FEMALE (MONITOR/PG)

DBES MGA/CGAEGA CONNECTOR

1 2 3 4 5 5 4 3 2 1
6 7 8 9 9 8 7 6

DBE15 MACINTOSH CONNECTOR

1 1 2 3 4 5 6 7 8 ‘A 8 7 6 5 4 3 2 1
9 10 11 12 13 14 15 15 14 13 12 11 10 9

 13W3 (SUN) CONNECTOR (WORKSTATIONS)

§®61 728394105@ Q@ 51049382716®)
FEMALE z MALE =

(MONITOR/COMEUTER)

(CABLE}

FIG. 1—HERE ARE SOME OF the various types of monitor connectors you are likely to run
across. The pin outs are provided in Tables 1 to 7.




suming and tedious. The five coaxial
cables (75 ohm, RG59 typical) are wired
as shown in Table 8. The corresponding
VGA connector pin numbers are in
parenthesis.

Advanced Monitor
Troubleshooting

If the solutions to your problems
have not been covered in this series, you
still have some options other than sur-
rendering your monitor to the local ser-
vice center or the dumpster.

Manufacturer’s service literature:
Service manuals may be available for your
monitor. Once you have exhausted other
obvious possibilities, the cost may be well
worth it. Depending on the type of equip-
ment, these manuals can range in price
from $10 to $150 or more. Some are
more useful than others. However, not all
include the schematics so if you are hop-
ing to repair an electronic problem try to
check before buying.

Inside cover of the equipment:
TVs often have some kind of circuit dia-
gram pasted inside the back cover. In the
old days, this was a complete schematic.
Now, if one exists at all for a monitor, it
just shows part numbers and location for
key components—still that could be
very useful.

SAM’S Photofacts: These have
been published for over 45 years but
have never been common for monitors.
There are a few for some early PC mon-
itors but for anything modern, forget it.

Additional Information

For general information on PC video
cards and monitors, see the FAQ of the
USENET newsgroup: comp.sys.ibm.pc.
hardware.video. This document has a
wealth of data on nearly everything you
could possibly want to know about video
for the PC world. The FAQ is available
at: http://www.heartlab.rri.on.ca/vidfaq/.

Some Possible References
There don’t seem to be that many

readily available books on monitor

repair, but here are a few:

Troubleshooting and Repairing Computer
Monitors

Stephen Bigelow

McGraw-Hill, 1995

Computer Monitor Troubleshooting &
Repair

Joe Desposito

Howard W. Sams & Co, 1997

Hi-Res Computer Display Systems
Part # ST1496-1093LE/KGPGC
Philips Service Co.

P.O. Box 555

Jefferson City, TN 37760

Tel: 423-475-0044

Since monitors share much in com-
mon with color TVs, books on their
repair would also be applicable for many
problems and may be readily available
from your local public library. For exam-

ple, try:

Troubleshooting and Repairing Solid State
TVs, 3rd Edition

Homer L. Davidson

‘TAB Books, Inc. 1996

The following doesn’t specifically
deal with monitors but may be of inter-
est as well:

Video Demystified: A Handbook for the
Digital Engineer

Keith Jack

Brooktree Corporation, 1993

The sci.electronics.repair
Newsgroup

Where you have a specific question
on a partcular monitor (or other equip-
ment), posting the make and model and
a concise description of the problem,
and what you have already attempted on
the USENET newsgroup sci.electron-
ics.repair might result in suggestions
from both professionals and others like
yourself who have had experience with
your monitor.

See the document: “Troubleshooting
of Consumer Electronic Equipment” at
my www.repairfaq.org Web site for
many additional on-line resources to aid
in monitor servicing.

FCC ID Numbers

Only a few manufacturers actually
produce the vast majority of computer
and video monitors. For example,
RadioShack, Magnavox, and Emerson
do not make their own monitors (I can
tell you are not really surprised!). All
those house-brand monitors that come
bundled with mail order or “Mike and
Joe’s Computerama” PCs are not actual-
ly put together in someone’s garage!
(Well, not that many, at least.)

How do you determine who actually
made your monitor? For most types of

consumer electronics equipment, there
is something called an “FCC ID” or

TABLE 1—ORIGINAL VGA
Signal
Red {Analog)
Green (Analog)
Blue (Analog)
Resarvad
Ground
Red Return
Graan Ratum
Blue Retum
No Connaction
10 Ground
11 {(IDOYGND (Color)
12 (1D1) NC {Color)
13 Horlizontal Sync
14 Vartical Syne
15 Mo Connection
Naote: Monitor 1D Lines 101, 1ID0=NC, &
for color; G,NC tor Monochrome. |00
only may ba used.
Monochrome VGA |s simllar using only
the Green Video and Retum,

—_
=

0~ h & AR =T

TABLE 2—-CURRENT YGA

Pin Signal
1 Red {Analog)

2 Green {(Analog)

3 Blue (Analog)

4 Reserved

5 Return

B Red Retum

7 Grean Ratum

8 Blue Retum

8 45 VDG (from host)®
10 Sync retumn

1 Monitar IDG {opt)
12 Data {S0DA)

13 Horizontal Sync
14 Verdical Sync

15 Data clock (SCL)*

Mote: Those signals marked with an
asterisk would be supplied by the host
anly if the host supports the DDC2
protocol (I2C or ACCESS bus).

TABLE 3—EGA

In Signal
GND
Secondary Red Video
Frimary Red Vidao
Primary Green Video
Primary Blus Video
Secondary Gireen

Video/Intensity
Secondary Blue Video
H Sync TTL Posithve
¥ Sync: TTL Megative

=R e -

W=

“FCC number.” Any type of equipment
that might produce RF interference or
be affected by such interference is
required to be registered with the FCC.
This number can be used to identify the
actual manufacturer of the equipment. A
cross-reference for those numbers and

other links can be found at www.repair
faq.org/REPAIR/F_FCC_ID.html.
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TABLE 4—CGA
Signal

5

GND

Unused

Red Video

Green Video

Bilue Video

Intensity

Unused

H Sync TTL Positive
V Sync TTL Positive

QoONOOTONL_-EWN=T

TABLE 5—MONOCHROME
Signal

5

GND

Unused

Unused

Unused

Unused

intensity

Video

H Sync TTL Positive
V Sync TTL Negative

CONONHLWN =P

TABLE 6—MACINTOSH
Signal

Red Ground
Red Video
Composite Sync
Sense 0
Green Video
Green Ground
Sense 1
Reserved (+12)
Blue Video

10 Sense 2

11 Ground

12 Vertical Sync

13 Blue Ground

14 Ground

15 Horizontal Sync

5

oONOTO AWM= T

Monitor Schematics and
Manuals

In some cases, schematics and man
als might be available from the manufac-
turer and even be reasonably priced.
However, more often than not, this will
not be the case.

The following companies offer cornputer
monitor service manuals and schernatics.
Typical prices are between $25 and $100.

Computer Component Source (CCS);
Tel: 800-356-1227: CCS catalog “cen-
terfolds” have had schematics for some
comnmon monitors like the IBM 8513.
So, just asking for a catalog may get you
some information.

MI Technologies; Web: www.mitech
nologies.com: Note that there have been
some complaints about the quality of
some of this company’s schematics, so,
make sure you check out what you are
buying. On the plus side, they will

TABLE 7—SUN
Signal
Red video
Green or greyscale video
Blue video

*

5

O

*

Sense 2
Sense common (ground)
Composite sync

*

Sense 1

Sense 0

Composite sync common
(ground)

2 QOO ~NOONDAWN =

(=]

* May be NC, ground, or H or V sync,
depending on modelt.

Sense table: 1=NC, O=strap to ground

Sense Type

0: TBD (?)

1: Reserved

2: 1280 X 1024, 76Hz

3: 1152 X 900, 66Hz

4: 1152 X 900, 76Hz, 19 inches

5: Reserved

6: 1152 X 900, 76Hz, 16 or 17 inches
7: Nothing (no monitor connected)

TABLE 8—COAX-TO-BNC
Coax Center Coax Shield
Red Video (1) Red Retum (6)
Green Video (2) Green Return (7)
Biue Video (3) Blue Return (8)
H Sync (13) Ground (5,10)

V Sync (14) Ground (5,10)
Notes: Tie pin 11 (IDO) to ground to indi-
cate a color monitor. Leave pin 12

(1D1) open.

accept returns.

Electronix; Web: www.electronix.
com/schematics/.

Eagan Technical Services, Inc., 1380
Corporate Center Curve, Suite 115,
Eagan, MN 55121; Tel: 612-688-0098:
Eagan has several schematics for IBM
monitors. I believe that includes the
8503, 8512, 8513, 8514, 8518 and 8511.
Most are $50. The 9517 schematic is an
unbelievable $165. You can order them
directly from Eagan or through SAMS’
Photofacts (Web: www.hwsams. com/)
at the same price.

Chuntex is another source; Tel: 800-
888-2120.

For Apple monitors (and other Apple
peripherals), the E-MAC Web site
(http://e-mac.com/) has a varety of infor-
mation, including some (mostly user) man-
uals, specifications, and technical forums.

If you are responsible for a few hun-
dred monitors from several dozen man-

ufacturers, Anatekcorp (http://www
anatekcorp.com) has a set of nine CD
ROMs that contain the full technical
manuals (in most cases) produced by the
manufacturer. Go to: http:// www.anat,
ekcorp.com/schematic/monsch.htm.

Monitor Parts Sources

For general electronic components
like resistors and capacitors, most elec-
tronics distributors will have a sufficient
variety at reasonable cost. Even
RadioShack can be considered in a
pinch. However, for modern consumer-
electronics or video-monitor repairs,
many of the usual sources do not have
that good a selection of Japanese semi-
conductors or components like flyback
transformers or degauss Posistors.

The following are good sources for
consumer-electronics replacement parts,
especially for VCRs, TVs, and othe
audio and video equipment:

MCM Electronics; Tel: 800-543
4330; Web: www.mcmelectronics.com/

Dalbani; Tel: 800-325-2264; Web:
www.dalbani.com/

Premium Parts; Tel: 800-558-9572

Computer Component Source; Tel:
800-356-1227

Sources For Adapters
And Cables

Office and computer-supply compa
nies like Inmac and Global may have
some very common types, like VGA
switch boxes and extension cables,
though they might be of unknown qual-
ity. Another place to try is Black Box
Corporation; Tel: 412-746-5500; Web:
www.blackbox.com/.

Also see the documents: “Trouble-
shooting of Consumer Electronic Equip-
ment” and “Electronics Mail Order
List” for additional parts sources at
www.repairfaq.org.

Wrap Up

And there you have it! Monitor trou-
bleshooting in a nutshell. I hope you
have enjoyed this series and benefited
from it in some way.

For additional information on moni-
tor repair and many other areas of elec-
tronics, check out my Web site:
www.repairfaq.org. I welcome com-
ments (via e-mail only, please, at
sam@stdavids.picker.com) of all types.
See you next time with something new
and exciting in the world of electronics
servicing!



ing has been around for a long time; the
first regular worldwide broadcasts date
to the late 1920s.

But viewed from a different perspec-
tive, we should remember that it’s not
really ancient history we’re talking
about. After all, there are among us
some SWLs, now octogenarians mostly,
who recall those first SW broadcasts.

The rest of us may not have those
personal memories of the early days, but
we still can find fun and, yes, excitement
in tuning in to the world on shortwave
today. Perhaps, as this century winds
down, it is appropriate that we pause to
look back on the history of our hobby
and how it all began.

Happily, Jerome S. Berg has captured
both the detail and flavor of those pio-
neer years of shortwave broadcasting
and the listening hobby in his book, On
The Shortwaves, 1923-1945, published
earlier this year.

Berg, a veteran DXer and avid SWL
historian, draws upon both old-timers’
memories and information from his
extensive collection of early radio publi-
cations to weave a fascinating account of
SW radio’s earliest days.

Berg quotes Hugo Gernsback, pio-
neer publisher and “spiritual father” of

CREDITS: Brian Alexander, PA; Ralph Brandi, NJ;
Jeff Findlater, CA; Bob Fraser, MA: Joe Hanlon,
PA; Harotd Levison, PA; Don Nelson, OR; Betsy
Robinson, TN; Mike Strain, NJ; North American
SW Association, 45 Wildftower Road, Levittown,
PA 19057.

a S WE NEAR Y2K, SHORTWAVE MAY SEEM, TO SOME, CURI-
OUSLY QUAINT. IN ONE SENSE, PERHAPS, THAT VIEW IS
UNDERSTANDABLE IN AN ERA WHEN EVEN YESTERDAY’S TECH-

NOLOGY IS OFTEN OBSOLETE. INDEED, SHORTWAVE BROADCAST-

today’s Electronics Now magazine,
speaking of shortwave some 66 years
ago:

“On the shortwaves, DX listening is,
of course, commonplace; because a good
two-tube set will bring in stations from
the maximum distance on this planet,
i.e., 12,500 miles.... (D)hese records are
so common that every schoolboy in the
United States today who owns a short-
wave set thinks nothing of listening to
stations in Australia and other parts of
the world.”

Memories, Memories

A more personal look comes from
Canadian Dxer Tom Williamson’s remi-
niscences of what shortwave listening
was like in the in the early 1930s.

“The usual Europeans were heard, as
in modern times, including Radio
Moscow. Switzerland was heard on vari-
ous channels with call signs like HB],
HBQ), and HBO, and the slogan ‘Radio
Nations’ (it was the site of the League of
Nations).

“France was one of my favorite
sources of jazz music, but mainly on AM
from Radio Paris. Each Saturday we
could tune in to a period of musical his-
tory in the form of the ‘Hot Club de
France,” which featured...hot rhythms
from the immortal (jazz violinist)
Stephane Grappelli...Django Reinhardt,
and others. They really set the airwaves
jumping.”

And Jack Jones, growing up in

BY DON JENSEN

A Short History of Shortwave

[RADIO M
|  NEWS §

o

Bl THE “DX™ HOUND

RADIO NEWS, EDITED BY pioneer
electronics publisher Hugo Gernsback,
took a humorous look at the DX listen-
ing hobby in this 1926 cover reprinted in
Jerome S. Berg’s new history, On The
Shortwaves, 1923-1945.

Mississippi, recalled getting hooked on
SW when he was still in his early teens:

“I started a campaign to get Dad
interested in a shortwave adapter I saw
advertised, but he kept stalling until one
day he said that Mr. Jess Huffman, two
houses down and a radio bug, wanted to
show me his shortwave receiver.

“I didn’t even know there was one
within 100 miles of Tupelo, Mississippi!
This was probably late 1929. Needless
to say, I hurried down to see Mr. Jess.
There I found a Pilot Super Wasp four-
tube shortwave set! I had seen them in
magazines and approached his with the
respect and awe due royalty.

“He plugged in the yellow ring coil
and got 8XK on its meter wave, 2AXF
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on 31 meters and HKC (Colombia) on
49 meters (orange ring coil). I was
absolutely enthralled. To top it off, he
called me early one morning and said he
had Australia. All the homes on our
street had hedges and I either ran
through them or jumped over them get-
ting down to his house. Sure enough,
3ME, Melbourne, was heard.

“I visited Mr. Jess often and he’d sit
at the Super Wasp and fiddle around.
Finally he’d say, ‘Jack, I can’t get any-
thing. Get over here and see what you
¢an do.” Mr. Jess would stomp out of the
room in a bad humor, and I'd be in sev-
enth heaven!”

‘This month, and in the last two “DX
Listening” columns of the 20th
Century, I'd like to focus on some of the
pioneer SW stations that still can be
heard today, seven decades later.

In the meantime, if you'd like to
know more about the early days of SW
and SWLing, I highly recommend
Berg’s history, On The Shortwaves: 1923-
1945, as both a fine radio reference and
a fascinating read. The 272-page book is
available for $46.50, postpaid, from
McFarland & Co., Inc., Publishers, Box
611, Jefferson, NC 28640 (Order line:
800-253-2187, or Web:, www.mcfar
landpub.comy).

Yesteryear’s DX Today

Europe was home to many of the
major players in the shortwave broad-
casting game way back then, Berg notes.

The British Broadcasting Corp.
transmitter base at Daventry had eight
SW transmitters and 18 antennas, and
would continue uninterrupted service
for some 65 years, until this venerable
broadcasting site was closed down on
March 29, 1992.

As early as 1927, the experimental
station, G5SW was operating with 20
kilowatts of power. How successful were
these transmissions? According to
reports at the time, the results were
mixed.

“Australia—Good and clear recep-

Get your copy of the
CRYSTAL SET HANDBOOK

Go back te antiquity and build the
radios that your grandfather built.
Build the “Quaker Oats"” type rig,
wind coils that work and make it
look like the 1920's! Only $10.95
plus $4.00 for shipping and han-
diing. Claggk inc., P.O. Box 4099,
Farmingdale, NY 11735. USA
Funds ONLY! USA and Canada—
no foreign orders. Allow 6-8 weeks
for delivery. MAQ1

tion of one of three broadcasts only—
namely, a midday organ recital and a
message of greeting. e

“United States—Picked up 5SW, but
it was suffering from excessive fading
and local static.

“Canada—Successful rebroadcast of
speech by Prince of Wales and other
items in evening program.

“India—Not even a carrier wave
heard.”

Other reception reports indicated
that the broadcasts reached Buenos
Aires, Argentina, and Lagos, Nigeria,
though with marginal signals. No defi-
nite reports were received by the station
from New Zealand or South Africa.

By the early 1930s, two frequencies
would be used on each of five beams to
various parts of the globe. Berg notes
that these stations included GSB, 9510
kHz; GSD, 11,750 kHz; and GSI,
15,260 kHz—in the early days, call let-
ters often were assigned to specific
transmitters.

The Sun Never Set...

The BBC’ international-shortwave
operation at first was known as the
Empire Service, which began on Dec.
19, 1932. Like most of the major
European SW voices, a main goal of the
BBC was in maintaining contact with its
colonies around the world. Program-
ming all was in English until 1938, when
foreign-language broadcasts began.

In time, the Empire Service became
known as the General Overseas Service,
and then, the World Service. Soon it had
established a reputation for quality pro-
gramming, especially its news broad-
casts, and became must listening for
many.

In the 1930s, the New York Times
reported, Big Ben, the famous clock
chimes, “comes in so regularly from
London at 6 o’clock in the evening that
one family in Washington has dubbed it
‘our dinner bell.” ”

Today’s SWLs find BBC reception
equally reliable. At this writing, the
BBC’s World Service programming can
be heard evenings, say between 0000
and 0400 UTC, on a number of differ-
ent frequencies, including 5975, 6175,
6195, 9410, 11,955, 15,310, and 17,790
kHz.

In the 1930s, a tradition began that
has continued each year since. On
Christmas Day, the British monarch
delivers a holiday greeting via the BBC
to English-speaking listeners through-

out the world.

For the shortwave listener one way to
mark the end of this century would be to
tune in to Queen Elizabeth II’s tradi-
tional Christmas message at 1600 UTC
on Dec. 25. Some BBC frequencies to
try are 9515 and 17,840 kHz.

Down The Dial

Other interesting listening on short-
wave? Here are some targets to tune for:

ASCENSION  ISLAND—7160
kHz, British Broadcasting Corp. relay
on this south Atlantic dot in the ocean
beams programs to the African conti-
nent. Look for English news and sports
after 0630 UTC. i

BULGARIA—11,720 kHz, Radig
Bulgaria, Sofia, usually puts in a nice sig-
nal for its English programming at 2100
UTC.

ECUADOR—17,660 kHz, HCJB,
the Voice of the Andes, is noted with
English programs around 1900 UTC. |

PARAGUAY—9737 kHz, Radio
Nacional de Paraguay is noted with
Spanish language sports talks around
about 2235 UTC. Paraguay is one of the
more difficult South American countries
to log on shortwave.

PERU - 6115 kHz, Radio Union in
Lima is another nice Latin American
logging. Again, don’t expect English
programs, but its frequent Spanish lan-
guage identification announcements stand
out. Tune for this one around 0700 or
0800 UTC.

ROMANIA—9510 kHz, Radio Ro-
mania International, Bucharest, has an
English-language transmission from
0200 to 0255 UTC on this frequency
and also on parallel channels of 9570
and 11,725 kHz.

SWITZERLAND—13,710 kHz,
Swiss Radio International has been
logged here with cultural programming
in English after 2000 UTC, switching to
German at 2030 UTC.

TURKEY—7370 kHz, Turkiye Polis
Radyosu, or Turkish Police Radio from
Ankara is a very nice DX catch, and not
at all an easy one. This has been report-
ed heard at 1200 UTC with Turkish
music and news. The Voice of Turkey,
11,655 kHz, is an easier way to hear this
country. Listen at 0300 UTC sign on for
its English service.

UNITED KINGDOM—21,550
kHz, Merlin Radio One, Britain’s pop-
programming commercial shortwaver is
heard around 1600 UTC on this fre-
quency high in the shortwave range. [
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Fuel-Gell Batteries for Gars

any auto-industry experts feel that
Mvery abundant and exceptionally

clean-burning hydrogen is the trans-
portation fuel of future. As evidence of
that, Chrysler, Ford, GM, Mercedes and
several others are developing fuel cells
that run on hydrogen for vehicle propul-
sion. But another prominent automaker,
BMW, is marching to a slightly different
drummer. While they also predict a
“hydrogen society” for the 21st century,
BMW believes that hydrogen-fueled
internal-combustion engines rather than
hydrogen-fueled fuel cells is the way to
go when it comes to propelling a car.
For one thing, that approach assures the
performance people have come to
expect in a BMW.

Considering their past efforts, that
approach is not surprising. For over two
decades, BMW has been doing research
on hydrogen-fueled vehicles. Several 5-
and 7-Series BMWs have been convert-
ed to run on hydrogen for testing and
demonstration purposes. It is currently
preparing a number of hydrogen-fueled
7-Series sedans for next year’s EXPO
2000 World Exposition to be held in
Hanover from June 1 to October 31,
2000.

But that does not mean that fuel cells
will have no part in tomorrow’s BMWs.
Indeed, the EXPO 2000 cars will also
include small fuel cells, but they will be
in the trunk, not under the hood.

BMW in partnership with
International Fuel Cells (IFC) in Groton,
CT is developing a small fuel cell to
replace the conventional battery.
According to BMW, when used in that

FOR MORE INFORMATION

BMW of North America
300 Chestnut Ridge Road
Woodcliff Lake, NJ 07675

LOCATED IN THE TRUNK rather than under the hood, BMW envisions the fuel-cell as a
replacement. for today’s lead-acid battery.

way a fuel cell has a chance to perform the
task it can do best—generate electricity
efficiently. In the hydrogen-fueled 7
Series BMWs, fuel for the fuel cell will be
tapped off the hydrogen tanks supplying
fuel to the engine.

Gas and Go

Hydrogen fueled cars are likely many
years away. For one thing, it could be
quite a while before hydrogen is avail-
able at the corner filling stacion. But that
does not mean that the wait for a fuel-
cell replacement for the lead-acid bat-
tery is that far off.

BMW is working with Delphi
Automotive Systems to develop an entire-
ly new type of fuel cell that will be able to
generate electricity using gasoline. That
new fuel cell is called a Solid Oxide Fuel
Cell or SOFC. The SOFC converts
hydrogen into electricity at a temperature
of approximately 800 degrees C (1470

degrees F) using a zirconium-oxide
ceramic tansformer. The first step in this
conversion process is to evaporate the
gasoline to obtain hydrogen through a
spliting process in a reformer that also
operates at about 800 degrees C. Then,
like any fuel cell, the hydrogen reacts with
oxygen in the air fed in during the process
to generate electricity and, as a waste
product, -vater. By operating on gasoline,
the vse of the SOFC does not have to wait
unsil a widespread hydrogen-supply infra-
structure is in place.

According to BMW, the SOFC has a
cougle of key advantages over proton-
exchange-membrane fuel cells (PEM)
thzt are the focus of most fuel cell devel-
opments today. Compared with PEM
fuel cells, the SOFC is far less sensitive
to impurities created during the reform-
ing process. Also it does not require any
expensive precious-metal electrodes (the
polymer membrane in the FEM fuel cell
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| is coated with a platinum catalyst).

Incidentally, PEM fuel cells developed
in conjunction with International Fuel
Cells (IFC) are used in the hydrogen-
fueled 7 Series BMWs.

BMW says the SOFC could eventu-
ally replace both the battery and alterna-
tor in gasoline-fueled BMWSs. A small,
special purpose lead-acid battery would
still probably be used for starting and
emergencies.

Since the SOFC’s output far exceeds
that of a lead-acid battery, this fuel-cell
APU (Auxiliary Power Unit) would not
only be able to supply power to all con-
ventional electrical-power-consuming
items whose numbers are continually
growing, but also would allow new func-
tions. Being able to generate electricity
independent of the engine, for example,
it could power an independent climate-
control system supplying warm or cold
air even when the engine is switched off.
This would mean zero emissions when
the vehicle is parked.

BMW is predicting that the ongoing
development of the SOFC for gasoline-
powered automobiles will still take anoth-
er five years or so.—By Bill Siuru (2

Three-Dimensional
Collaboration

imension Technologies, which

holds most of the world’s major pat-
terns in three-dimensional stereoscopic-
imaging technology, has been chosen to
provide its 3-D LCD displays to the
NASA Ames Virtual Collaborative
Clinic Project at the Ames Research
Center in California. The clinic com-
bines sophisticated medical imaging
with high-speed, high-performance net-
working.

The system allows doctors to receive
and manipulate high-resolution 24-bit
3-D color images in near-real time, pro-
viding collaboration and consultaton
over long distances for diagnosis and
treatment. Using a “CyberScalpel,” doc-
tors can also “cut” into images and move
“bone” around for surgical simulation,
with the aid of 3-D images created from
serial sections of tissues and organs gen-
erated by electron microscopy, MRI, or
CT scans.

The DTI 2018XL display, which will

DIMENSION TECHNOLOGIES' 3-D LCO
DISPLAY allows doctors to receive and
manipulate high-resolution 24-bit 3-D colo
images in near-real time. These 3-D images
are created from serial sections of tissues
and organs = generated by electron
microscopy, MRI, or CT scans.

be part of the technology package, fea-
rures an 18.1-inch TFT LCD screen,
display resolutions to 1280 X 1024 pix-
els, and 16.7 million colors. The viewing
mode can be switched instantly from 2-
D to 3-D, and includes selectable side-
by-side and field sequential stereo
viewing formats. The display is compat-
ible with virtually all computing plat-
forms, and it accepts S-video, standard
NTSC, and PAL input signals.

Among the participants in the
demonstration were physicians at NASA

> Optical Film

NASA researcher Dr. Donald
Frazier uses an ultraviolet blue
laser shining through a quartz
window into a special mix of
chemicals to generate a polymer
film on the inside quartz surface.
As the chemicals respond to the
laser light, they adhere to the
glass surface, forming optical
films. Frazier and Dr. Mark S.
Paley developed the process in
the Space Sciences Laboratory
at NASA’s Marshall Space Flight
Center in Huntsville, AL. Working
abroad the Space Shuttle, a sci-

Ames, Stanford University, the
Cleveland Clinic, UC Santa Cruz,
Salinas Valley (CA) Memorial Hospital,
and the Northern Navajo Medical
Center in New Mexico. Other comnmer-
cial participants in the demonstration
included Intel, Silicon Graphics, Cisco
Systems, Hughes, and MCIL. &

Aging Vehicles,
Increasing Pollution

With six years of emissions data on

more than two million metro
Atlanta vehicles, researchers have deter-
mined the city’s fleet is getting older and
polluting the air more. The average
vehicle in Atlanta has about 90,000 accu-
mulated miles on it, and there are a sig-
nificant number of vehicles with more
than 200,000 miles on them, according
to Georgia Tech’s Air Quality
Labhoratory. Researchers analyzed emis-
sions inspection and vehicle-registration
records to make these estimates.
“Atlantans drive more per day and
keep their vehicles longer than drivers in
many other major U.S. cities, particularly
those in the North where vehicles don’
last as long because of salt on the roads,”
says Dr. Michael Rodgers, director of the
Air Quality Laboratory. “Our concern is

DR. DON FRAZIER IS SEEN working with
Laser Imaging ID System.

ence team led by Frazier formed optical computing thin-films with
fewer impurities than those formed on Earth.

Preprogrammed patterns of these films can be traced onto the
quartz surface. In the optical computers of the future, these films could
replace electronic circuits and wires, making the systems more effi-

cient and cost effective, as well as lighter and more compact.




that we expect this trend to continue, and
as vehicles get older, there is degradation.
Their emissions control systems become
less efficient, and the vehicles release
more pollution into the air.”

Short-term studies conducted in
other eastern U.S. cites: New York
City; Boston; Baltimore; Nashville; and
Raleigh, NC complement the findings
of the long-term Atlanta monitoring
program. Studies are planned for parts
of Oregon, Utah, and California this
year. Altogether, they are giving
researchers cause for concern.

Fuel-injected vehicles manufactured
since the mid-1980s tend to deteriorate
more slowly than the previous genera-
tion of vehicles, Rodgers says. But peo-
ple are driving their vehicles longer,
even over 300,000 miles. So Atlantans
can expect to see an increase in cata-
strophic failures in vehicle emissions
control systems, though such failures are
presumably detected by emissions
inspections. In reality, however, only 1
percent of vehicles manufactured in the
past six years has failed an emissions test.

The researchers use remote sensing,
vehicle registration data, emissions-
inspections records, roadway observa-
tion studies along the metro Atlanta
area’s interstate highways, and laborato-
ry testing to compile emissions data that
provides insight into ozone-pollution
problems. In remote-sensing studies,
researchers gather vehicle information
on entrance and/or exit ramps. In just
seven-tenths of a second, remote sensing
equipment measures a vehicle’s emis-
sions as it breaks an infrared beam in its
path. Other equipment photographs the
vehicle’s tag: researchers later use this
photo to correlate emissions data with
registration data.

In a typical day, researchers gather
information on 4000 vehicles—30,000 a
month. Since 1993, they have collected
data on more than two million vehicles
in the 13-county metro Atlanta area,
which was compared with findings in
three other Southern control cities.

The Air Quality Laboratory also
conducts vehicle tests in it new
dynamometer lab, determining when
and why vehicles release high and low
amounts of emissions. This detailed
information complements the less-
detailed data gathered in the remote-
sensing studies.

Bubbles, Tiny
Bubbles
R:rsut;::rchers are racing to develop
iniature high-tech devices—each
smaller than a postage stamp—to treat
medical conditions, test new drugs, and
monitor pollutants. All of these require a
tiny pump that can repeatedly and reli-
ably push small amounts of liquid
through narrow channels for rapid
analysis. Engineers at The Johns
Hopkins University have invented a
micropump powered by the repeated
growth and collapse of a single bubble
for this purpose. Because the bubble is
generated by heat, it is easy to control,
the inventors say. And because the bub-
ble-powered pump has no moving
mechanical parts, it is unlikely to wear
out too quickly.

“It’s very different from having a pump
with a valve that has to open and close any
number of times,” says Andrea
Prosperetti, the university’s Charles A.
Miller Jr. Distinguished Professor of
Mechanical Engineering. “With no mov-
ing parts, the bubble-powered pump’s
prospects of failure are minimal.”
Prosperetti, an international expert on the
physics of bubbles, worked with two other
Johns Hopkins mechanical-engineering
researchers—Hasan Oguz and He
Yuan—to design, build, and test a proto-
type bubble-based pump.

The team’s prototype utlizes two
main tubes—one that’s 1.6mm wide and
another that’s half that diameter—but it
is thought that smaller tubes would work

on the same principle. The prototype’s
main tubes are connected by an even
narrower passage or “throat,” measuring
0.5mm in diameter. The engineers
inserted steel needles into each of the
larger tubes, connected the needles to a
power source, and filled the tubes with a
salt solution to complete the circuit. The
current was “squeezed” as it passed
through the narrow throat, causing the
water to boil or vaporize at that location
and form of a bubble. As it expanded like
a balloon into the wider channel, the
bubble pushed fluid ahead of it.

When the electrical current stops,
the bubble shrinks. Its final collapse,
however, takes place not in the throat,
but in the wider channel. As a result,
bubbles created in this system pump
fluid through the tubes as they repeated-
ly expand and collapse. The prototype is
capable of generating about five bubbles
per second, but much higher rates are
expected to be easy to reach.

The bubble-powered pump could
play a crucial role, for instance, in micro
total analysis systems. Engineers in this
field are creating tiny devices on silicon
chips, capable of detecting and analyzing
small samples of fluid, and then direct-
ing that an action occur. Their tiny size
makes them ideal for a range of special-
ized tasks. For example, a small chip
implanted in someone who's diabetic
might regularly check the blood sugar
level and order the release of appropri-
ate amount of insulin. Other applica-
tions include micro-devices: in the
pharmaceutical industry where only a
tiny drop would be needed for analysis
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THIS DIAGRAM SHOWS the experimental setup of the Johns Hopkins bubble-based
micropump, for use with an electrically conductive liquid.
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Saturated NaCl
Solution

| Conical Section

Tube Electrode 2

THIS CLOSE-UP SHOWS the micropump’s main tubes, with electrodes within each one.
The bubble forms in the narrow connecting throat and expands into the wider tube, push-

ing liquid ahead of it.

or in manufacturing where they could
monitor liquid pollutants.

Although this prototype creates bub-
bles with electrical current and a salt
solution, Prosperetti believes that the
system could also work with non-con-
ductive fluids. For such liquids, tny
heaters embedded in the walls of the
tubing could be used to form the bub-
bles. Prosperetti and his colleagues have
applied for a U.S. patent covering the
bubble-based micropump technology.
The research was sponsored by the U.S.
Air Force Office of Scientific Research
and DARPA.

Digital Content
Protection Technology

SOny Electronics has announced the
introduction of the i.LINK
(IEEE1394) LSI “CXD3200 family”
that provides robust protection for digi-
tal content transmitted between digital
electronic products, such as set-top
boxes, video recorders, TVs, and DVD
players. CXD3201R (link layer LSI) and
CXD1945R (physical layer LSI) chip
samples are now available for evaluadon
and early product development efforts,
at a sample price of $50 and $10, respec-
tively. Sony plans to begin volume pro-
duction of the i.LINK LSI that
integrates the link layer and a three-port
physical layer in one device with a U.S.
product launch slated for this year.

The digital content protection

method used by Sony’s new LSI is based
on The Digital Transmission Content
Protection method (DTCP), jointly
developed by five companies, including
Hitachi, Ltd.; Intel Corp.; Matsushita
Electric Industrial Co., Ltd.; Sony
Corp.; and Toshiba Corp. Technical
information about the “5C” (for five-
company) DTCP method and licensing
information can be found at
www.dtep.com. The newly developed
LSI supports the secure, two-way trans-
mission of digital content across the
1.LINK (IEEE1394) interface at speeds
up to 200Mbps. Designed for use in a
wide variety of digital electronics prod-
ucts, the chip reduces the load on the
system’s microprocessor by internally
encrypting and decrypting AV content,
such as MPEG data streams. This
process allows for robust, high-speed
protection of high bandwidth content
such as video and animation.

The CXD3200 family supports simul-
taneous transmission of two separate
isochronous streams over a single connec-
tion, allowing recording and playback at
the same time, or it can simultaneously
transmit two separate isochronous signals.
The chip supports the Program ID (PID)
parser and packet insertion functions used
by electronic program guides (EPGs) and
other interactive broadcast and network
applications. These functions are used to
isolate both individual TV programs and
additional service information from the
data stream.

The LSI also supports many modes
of data interfaces for isochronous com-

munications including dedicated
MPEG-2 transport stream input and
output interface, IEC958 audio stream
input and output interface, and an out-
put interface to D/A converter. The LSI
contains multiple FIFOs to support high
bandwidth demand and can accommo-
date up to 512 bytes of asynchronous.
communication. The CXD3201R, pack-
aged in a 144-pin LQFP (plastic), uses a
3.3-volt power supply, ideally suited for
low-power applications.

“Big Brother” is
Protecting You

ASA scientists have invented

promising, new software technolo-
gy to help law-enforcement agencies
catch criminals by improving the analy-
sis of crime-scene video. This technolo-
gy, developed at NASAs Marshall Space
Flight Center in Huntsville, AL, already
has helped the FBI improve video of the
bombing at the 1996 Olympic Games in
Atlanta. NASA software clarified dark,
nighttime videotapes made with a hand-
held camcorder, revealing important
details that had been obscured.

The Video Image Stabilization and
Registration (VISAR) software elimi-
nates flaws in a dark crime scene cap-
tured on videotape, removes blurs, and
stabilizes images. The clarified video
will make it appear as if the crime hap-
pened in daytime, helping to idendfy
valuable clues.

The Marshall-developed video-stabi-
lization system has many advantages
over other systems being studied,
because it does more than just remove
noise or “snow” from videos. It elimi-
nates several problems often found in
poorly recorded video.

“It’s like a video eraser,” said Dr. David
Hathaway, the technology’ co-inventor at
the Marshall Center. The VISAR soft-
ware stabilizes camera motion in the hor-
izontal and vertical as well as rotation and
zoom effects; produces clearer images of
moving objects; smoothes jagged edges;
enhances sdll images; and reduces video
noise, or “snow.” Once NASAs new soft-
ware improves the video quality, it is pos-
sible to use existing software to sharpen
and “de-blur” images, thus further
enhancing video clarity. &




Plug a Friend into

Electropics

and Save 841 89*

This Christmas give an electrifying gift ... plug a friend into
Electronics Now and brighten the whole new year! Whether
electronics is your friend’s livelihood or hobby, your gift will
illuminate the whole spectrum of electronics throughout the
coming year and provide a monthly reminder of your
friendship.

Electronics Now will keep your friend
informed and up-to-date with new ideas and
innovations in all areas of electronics
technology ... computers, video, radio,
stereo, solid-state devices, satellite TV,
medical electronics, communications,
robotics, and much, much more.

We'll provide great plans and printed circuit
patterns for great electronic projects. In
just the last few years, Electronics Now has
presented amateur TV equipment, robots,
computer peripherals, microcontroller
programmers, test equipment, audio
amplifiers, telephone projects, relay
circuits, and much more.

PLUS ... equipment troubleshooting
techniques ... circuit design ... reports on
new technology and products ... equipment
test reports ... in-depth coverage on
computers, video, audio, vintage radio ...
and lots more exciting features and articles.

*Basic sub rate — 1 yr/$24.99 2 yrs/$48.99

SAVE $41.89* ... GREVEN $83.78" ... For
each gi’t of Electronics Now you give this
Christmas, you seve a full $41.89* off the
newsstand price. And as a gift donor, you're
entitlec to start or extend your own
subscription at tke same Special Holiday
Gift Rate—you save an additional $41.89*!

No need to send money ... if you prefer,
we'll held the bill till January, 2000.

But you must rush th= attached

Gift Certificate to us to allow time

to process your crder and send a
handsome gift anaouncement card, signed
with your name, i time for Christmas.

So do it now ... take just a moment to fill in
the names of a friend or two and mail the
Gift Certificate to us in its attached,
postage-paid reply envelope. That's all it
takes tc plug your friends into a whole year
of excit_ng projects and new ideas in
Electronics Now!
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READERS’' QUESTIONS, EDITORS’ ANSWERS
CONDUCTED BY MICHAEL A. COVINGTON, N4TMI

What I8 IG?

DPve been reading about microcontrollers
and bave come across the term “FC bus.”

What’s that?—7.H., Elwood, IN

A I’C stands for IIC, which in turn
means “inter-integrated-circuit.” It’s
a two-wire bus for serial communication
between microcontrollers and their
peripherals. As shown in Fig. 1, the two
lines are pulled up to +5V through resis-
tors. Each IC in the system can read
each line through a CMOS buffer and
can also pull each line down through an
open-drain FET. Thus, each line is both
an input and an output for every chip.

I’C is a synchronous serial protocol;
that is, bits are transmitted serially (one
after another) and transitions on the
clock line indicate when to read the data
line. Each data packet is preceded by an
address indicating which device should
receive it.

Introduced by Philips around 1980,
I!C is more fully described in their data
book IC12, I}C Peripherals; see also
www.philips.com on the Web. Many
special I’C chips are available, including
clock-calendar and an LCD display dri-
ver. In addition, the I*C protocol is easi-
ly emulated by any microprocessor or by
a PC parallel port.

Gently Falling
Frequency, Again

I would like to give a 555 solution to

the gently falling frequency question in
the Fune “Q&A” column. My circuit
(Fig. 2) uses a 555 with a capacitor
instead of a resistor between pins 6 and 7.
On power up or after S1 is depressed and
released, the uncharged capacitor acts like
a short circuit and the frequency Is
1/(0.693 x R1 x C2). As the capacitor
charges, the impedance between pins 6
and 7 increases, causing the frequency to
fall until oscillation stops. The parts were

SCL (CLOTK)

Wy

AAA
W

SDA (DATA)

1
H

"

]

!
i > } H
i DATA cLocK I :
i oour our H
E .
]

]
| DATA cLocK
H N N

DEVICE 1

DEVICE 2

FIG. 1—THE INTER-INTERGRATED CIRCUIT (I?C) bus allows any device to send or

receive using just two wires (plus ground).

calculated for a starting frequency of 500
Hz and a 10-second decay time.—Glenn
Bray, Montreal, Quebec, Canada

Excellent work! It's not often these

days that I see a novel 555 circuit; 1
breadboarded yours and it worked as
advertised. A CMOS TLC555 (similar
to LMC555 or 7555) is shown in Fig. 2,
but the circuit works equally well with a
bipolar-transistor NESSS5.
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ouTP——>
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FIG. 2—IN THIS READER-SUPPLIED
CIRCUIT, the frequency falls gradually from
500 Hz to zero on power-up or after S1 is
pressed and released.

Making An Isolation
Transiormer

I have a transformer that weighs 32
pounds and bas four windings: two 120-

volt windings that can be put in series for
240 V or parallel for 120 V, and two 12-
volt windings that can be put in series for 24
V or parallel for 12 V. Can I use the two
120-volt windings as an isolation trans-
former?—E.A., Moraga, CA

Probably, but make some tests in

order to be sure. I did something like
this with a smaller transformer many
years ago.

First, use an ohmmeter to make sure
the two 120-volt windings are electrical-
ly isolated from each other. The next
question is whether those two windings
are well coupled magnetically. If the
transformer is built around a single core,
you're in luck. If it’s built like two sepa-
rate transformers, it won’t work so well.

To find out, connect one 120-volt wind-
ing to the 120 V line and connect the other
one to a 100-watt light bulb. Don’t connect
anything to either 12-volt winding.

If the bulb shines at full brightness, all
is well; your isolaton transformer can
probably handle many hundreds of watts.
If the bulb doesn’t receive full voltage, you
don’t have enough magnetic coupling for
one of the 120-volt windings to drive the
other.

It Worked, But Why?

I have an old ATE'T cordless phone that
would only work when 1 touched its cir-




cuit board in a certain place. So I soldered a
1-nF capacitor there, thinking it would sub-
stitute for the capacitance of my body. That
didn’t work. I then unsoldered one lead of the
capacitor, and the phone has worked fine
ever since. Is this possible? How can half a
capacitor daffect a tuned circuit?—3.S.,
Baton Rouge, LA

Two possibilities. Maybe, even with
one end disconnected, the capacitor is
still adding a few pF of stray capacitance.
More likely, though, you fixed a
defective solder joint or soldered over a
hairline crack in the circuit board. I'll

bet that if you remove the capacitor
completely, taking care to leave a good
solder joint behind, the cordless phone
will continue to work well.

TV Mystery

I have two Sanyo 25-inch TVs with

almost identical problems. Neither one
will show cable channels—but one of them
will do so, poorly, if I tap it bard on the side.
This is a Sanyo DS25330, chassis number
25330-01. Any and all belp will be appreci-
ated.—C.S.C., via e-mail

HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
http://www.gemsback.com for information
and files relating to our magazines (Elec-
tronics Now and Popular Electronics)
and links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci. elec
tronics.repair, sci.electronics.components,
sci.electronics.design, and rec.radio. ama-
teur.homebrew. “For sale” messages are
permitted only in rec.radio.swap and
misc.industry.electronics.marketplace.

Many electronic component manufac-
turers have Web pages, see the directory
at http://www.hitex.com/chipdir/, or try
addresses such as http://www.ticom and
http://www. motorola.com (substituting any
company’s name or abbreviation as appro-
priate). Many IC data sheets can be
viewed online. www.questlink.com features
IC data sheets and gives you the ability to
buy many of the ICs in small quantities
using a credit card. You can also get
detailed IC information from www.icmas
tercom, which is now free of charge
although it formerly required a subscrip-
tion. Extensive information about how to
repair consumer electronic devices and
computers can be found at www.repair
faqg.org

Books: Several good introductory electron-
ics books are available at RadioShack,
including one on building power supplies.

An excellent general electronics text-
book is The Ant of Electronics, by Paul
Horowitz and Winfield Hill, available from
the publisher (Cambridge University Press,
1-800-872-7423) or on special order
through any bookstore. its 1125 pages are
full of information on how to build working
circuits, with a minimum of mathematics.

Also indispensable is The ARRL Hand-
book for Radio Amateurs, comprising 1000
pages of theory, radio circuits, and ready-to-
build projects, available from the American
Radio Relay League, Newington, CT
06111, and from ham-radio equipment
dealers.

Copies of past articles: Copies of past
articles in Electronics Now and Popular

Electronics (post 1994 only) are available
from our Claggk, Inc., Reprint Department,
P.O Box 4099, Farmingdale, NY 11735;
Tel: 516-293-3751.

Electronics Now and many other maga-
zZines are indexed in the Reader’s Guide to
Periodical Literature, available at your pub-
lic library. Copies of articles in other maga-
zines can be obtained through your public
library’s interlibrary loan service; expect to
pay about 30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214 (1-800-428-
7267). The free Sams catalog also lists
addresses of manufacturers and parts deal-
ers. Even if an item isn't listed in the catalog,
it pays to call Sams; they may have a sche-
matic on file which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuails, PO Box 802, Council Biuffs, IA
51502, and Manuals Plus, PO Box 549,
Tooele, UT 84074.

Replacement semiconductors: Replace-
ment transistors, ICs, and other semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (SK), are available through
most parts dealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory (supplied as a large book and on
diskette) tells you which one to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “2S” in a Japanese
type number is usually omitted; a transistor
marked D245 is actually a 2SD945.

Hamfests (swap meets) and local orga-
nizations: These can be located by writing
to the American Radio Refay League,
Newington, CT 06111, (http//www.arrl.org).
A hamfest is an excelient place to pick up
used test equipment, older parts, and other
items at bargain prices, as well as to meet
your fellow electronics enthusiasts—both
amateur and professional.

I forwarded this to our service editor,

Sam Goldwasser, who replied as fol-
lows:

“There’s no way to know specifically,
but if you can tap the TV and affect the
problem, bad connections are indicated,
probably in the tuner or its power supply
or controller.”

So look for bad connections, espe-
cially bad solder joints. This is not a
CRT problem, and you do not have to
de-energize the CRT as long as you stay
away from the high-voltage section
when working on the TV. For further
guidance, order the appropriate service
manual from Sanyo or from Howard W.
Sams. You can also inquire on the news-
group sci.electronics.repair to see if any-
one there recognizes the symptoms.

CRT Pinouts

1 am very much in need of a chart show-

ing the pinout of all the modern CRTs. 1
also would like to know of a source for all the
CRT sockets so I can adapt an older B&EK
tube checker to check the new tubes.—M. W,
Hollis, OK

Unfortunately, there is no longer

anything like the RCA Receiving Tube
Manual; CRTs seem to come from mys-
terious companies located overseas.
Some CRT pinouts are in Sam
Goldwasser’s system of Web pages at
www.repairfaq.org/sam/crtfaq.htméfert
pin. Of course, the pinout for any par-
ticular CRT will be shown on the Sams’
service manual for a TV that contains it.
The best source of CRT sockets is dis-
carded equipment.

Perhaps your letter will inspire some-
one to compile and publish a CRT
pinout guide. In fact, if you can track
down the information, here’s your gold-
en opportunity.

0ld Keyboard Amplifier

I am hoping to find another reader who

might have a schematic or other informa-
tion about a late-1960s solid state keyboard
amplifier; Farsifa model 80, also labeled
Chicago Musical Instrument Company. In
particular, I need data on the output transis-
tors, labeled ELM 127 7849—Rene Bernier;
PO Box 689, Boonton, N7 07005

We’re publishing your name and
address so others can reply. Farsifa is
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still in business in Italy, but you indicate
that you have not been able to get in
touch with them.

The number 7849 on the transistor is
probably a date code (49th week of
1978), indicating that the amplifier is
about ten years younger than you
thought. We were not able to identfy
type number ELM127, but if they date
from 1978, -the transistors are almost
certainly silicon, and you should be able
figure out their pinouts and working
voltages by measuring the voltages on
the transistor socket with the transistor
removed, or by testing one of the tran-
sistors if at least one of them is sdll
good.

Keyboard Transplant

I bave a keyboard left over from my late

ATET 6310 computer. It bas a good feel
and I would like to use it with my current
PC, but it bas a 9-pin DB-9 connector. Can
I do this? Is there more to it than just find-
ing @ DB9-to-DIN adapter?—37. T.W,
Westminster, CA

Well, a DB9-to-DIN adapter isn’t a

standard item, and I suspect, but do
not know for certain, that the signals
sent by the keyboard are different. (Why
would the AT&T keyboard use a 9-pin
connector if it only needed five wires?)
But I could be wrong. Is there a reader
out there who has tackled this problem?

Fuel Cells Revisited

Your reply to 7.P. (“Q&A,” April 1999,

p. 5) revealed appalling ignorance. Fuel
cells are much more efficient than combus-
tion engines at producing electricity and
motion. Perbaps if you spent a little time at
www.fuelcells.org and less time on juvenile
April Fool’s gags you could provide an intel-
ligent reply to your readers’ questims—RF.L.,

via e-mail

I stand corrected; nobody knows

everything, least of all your Q&A
columnist.

The automobile industry is indeed
expressing confidence in fuel cells as a
way to power electric cars, as reported in
two articles in IEEE Spectrum (Nov-
ember 1998 and May 1999). But IEEE
Spectrum also reports continuing prob-
lems with the high cost of fuel cells.

Remember that the goal of an elec-

tric car isn’t electricity—it’s motion. The
efficiency of the fuel cell is only part of
the problem; the electric motor has its
own inefficiency. That’s why most pre-
sent-day cars convert fuel directly into
motion.

By the way, see this month’s
“Prototype” section for a look at one
manufacturer’s approach to vehicular

fuel cells. '

Sick Ohmmeter Revisited

Further to our March 1999 column,
p. 3, John V. Cook, of Pittsburgh, Pa.,
writes to tell us that another cause of the
problem may be partial demagnetization

_of the magnet in the meter. In that case,,

the meter will be inaccurate on all
ranges. Some meters are adjustable sol
you can compensate for partial demag-
netization. ;

Writing to 0&A |

As always, we welcome your ques-
tons. The most interesting ones are
answered in print. Please be sure to:

(1) include plenty of background
information (we’ll shorten your letter
for publication);

(2) give your full name and address,
on your letter (not just the envelope);

(3) type your letter if possible, or
write very neatly; and

(4) if you are asking about a circuit,
include a complete diagram.

Questions can be sent to Q&A,E
Electronics Now Magazine, 500 Bi-
County Blvd., Farmingdale, NY 11735;
or e-mailed to q&a@gernsback.com, but
do not expect an immediate reply
{because of our backlog) and please don’t
send graphics files larger than 100K.
Due to the volume of mail, we regret
that we cannot give personal replies.

To learn how to talk with your kids
about tough issues, like sex,
AIDS/HIV and violence, call

1-800-CHILD-44
and get your free guidebook.




YOU’RE NOT ALONE.

released. Let the critics of Microsoft say
what they will, but when you compare
features and stability, the OS is continu-
ously improving. However, that’s not to
say it doesn’t have its flaws. The biggest
of these, perhaps, is Windows’ tendency
to get fussy with day-to-day use. You
can’t just let the OS run on its own for
the life of your computer. It needs some
tweaking from time to time to keep
things running right.

As with any computing task, there is
software available to make system opti-
mization easier. But we won'’t be look-
ing at commercial fixes this month.
Instead, we’ll be relying on the true
do-it-yourself spirit of hobbyists every-
where. There’s no need to spend any
money to get your PC running at its
peak. All you need are some simple
optimization tips.

Because there are different flavors of
Windows, and because this is a column
and not a book, I had to choose one ver-
sion of the OS to focus on. My choice
was the first release of Windows 98 (yes,
there is a Service Pack available from
Microsoft—click on Windows Update
in your Start bar for more information),
because most PCs shipped in the past
year have this OS, and many of these
systems will be just getting bogged down
about now. Further, Win98 comes with
features that make optimization a bit
easier, making it a good choice for users
who want to be able to keep on top of
things without third-party utilities.

COMPUTER CONNECTIONS

Optimizing Windows

S YOUR PC ACTING A LITTLE SLUGGISH LATELY? DO YOU FEEL

LIKE IT WAS A LOT FASTER WHEN YOU FIRST GOT IT? IF SO,

WINDOWS KEEPS GETTING BETTER WITH EACH VERSION

Maintenance Wizard

While it won’t perform magic, the
Maintenance Wizard in Win98 could
help keep you from thinking your PC is
cursed. It is composed of three main
utilities: Disk Cleanup, Disk Defrag-
menter, and ScanDisk. You can schedule
these to run on their own or activate
them at any time. If you do want to
schedule them, be certain to select a
time when you're sure to be away from
your PC, such as during your lunch
break or overnight (if you leave the com-
puter on 24/7). Also, as you read the

Maintenance Wizard

G e

BY KONSTANTINOS KARAGIANNIS
COMPUTER EDITOR

description of each utility keep in mind
that you can run them on their own by
activating them in Start/Programs/
Accessories/System Tools.

When Disk Cleanup runs, it allows
you to remove certain types of files from
your hard drive to provide extra disk
space. At first glance, this wouldn'’t seem
to provide any system-optimization
speed boosts. However, Disk Cleanup
lets you delete Windows Temporary
Files, which do slow down startup of the
OS and some programs. I recommend
you check this option in the dialog box
when setting up Cleanup. The utility
can also delete Internet Temporary
Files—if you have a slow Internet con-
nection, checking this box will cause fre-
quently visited pages to download just as
slowly as ones you've never been to
before. However, the space you free up
by deleting these files could be signifi-
cant if you browse the Web a lot. My
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MAINTENANCE WIZARD CAN KEEP YOUR PC in good shape with minimal effort on your.

part. Just pick the utilities you want it to run and tell it when to do so.
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Internet temp files totaled 78MB at last
check!

Disk Defragmenter features a cre-
ative subtitle that appears when you load
it. As “Speed Up Programs” indicates,
running a defrag can help Windows load
and operate applications quicker. The
reason for this is that hard drives store
data in clusters. With a typical cluster
size of 32K, it’s likely that even a small
application or file will be divided among
several of these data-storage cells. As
you open and modify files or program
settings, these clusters end up moving
around somewhat on a hard drive.
Though your software will always be
able to find the data, the more frag-
mented these clusters are the longer it
will take for the program to do so. The
result is a slowing down of programs. To
alleviate this, run Disk Defragmenter
(again, either manually or as part of the
Wizard’s automated routine). It will put
all related clusters next to each other on
the hard drive, and consequently speed
up programs as claimed.

With ScanDisk, the final utility in
the Maintenance Wizard trilogy, you
can let your PC check itself for errors in
file structure and the hard drive itself. As
for the former, the most common file
problems are cross-linked files (when
two files appear to own one cluster) and
lost clusters (clusters not being used, but
not available or free for use). Both of
these aforementioned problems can be
detected and repaired by ScanDisk. The
hardware problems are a little trickier as
ScanDisk can’t just whip out a toolbox
and fix things like bad sectors (which are
physical defects on the drive platter sur-
face). However, the utility can do the
next best thing, moving data away from
defective sectors and over to good ones.

Microsoft System Information

Also located in Start/Programs/Acc-
essories/System Tools, System Infor-
mation or Msinfo32 (if you want to start
if from the Start/Run dialog box) is a
nifty optimization tool. Nifty if you
know your way around it, that is.
Fortunately, with a little exploration the
Msinfo32 app becomes less intimidating
than the thought of it might be to some
reading about it for the first time. Like
most of Windows, it’s intuitive. In fact,
the first time you open it, you might
almost find it looks familiar, as it has a
two-pane layout that is similar to
Windows Explorer’s.

You can choose from four main

INFORMATION ON IRQ CO

Windows System Information can provide.

menus in the left window: System
Information, Hardware Resources,
Components, and Software Environment.
Let’s look at each.

System Information, as its name
implies, offers details about your system,
such as the release build or version of
Windows 98, the network name of your
computer, the RAM and processor in
your machine, and how long your PC
has been running since its last bootup.
You can even learn the size of your swap
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ne of the useful bits of diagnostic data that

file (a pordon of the hard drive that
Windows keeps available to act as virtu-
al memory). Useful info, but not partic-
ularly necessary for optimization.
Hardware Resources is more helpful,
with subsections that can provide a high
level of detail: Conflicts/Sharing can
help you find why two or more periph-
erals aren’t getting along in their battle
for owning one IRQ or other resource.
DMA lets you know which direct-mem-
ory-access resources are in use should
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WHILE SOME OF ITS DOWNLOADS are less than perfect, Microsoft Windows Update
generally provides good fixes and performance boosters to Win98.
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Microsoft Corporation
One Microsoft Way
Redmond, WA 98052
Tel: 425-486-9258

Web: www.microsoft.com

you have a non-Plug and Play card to
get running. Forced Hardware also
helps with such cards that force their
hold on certain resources. IRQs makes
you aware of which interrupt request
lines are being used—watch for devices
that try to use the same ones, as these
could be the ones causing crashes.

Moving on to Components, we find
listings for all types of devices, including
information like driver versions, config-
uration details, and some data that may
look arcane. Of most interest to home
users is the History listing that could
help you figure out when a pesky device
first started acting up.

The Software Environment will let
you know about software that’s loaded
into system memory. This includes
Drivers, 16-bit Modules Loaded, 32-bit
Modules Loaded, OLE Registration,
Running Tasks, and Startup Programs.

The last is of particular interest.
Thanks to the Internet, we’re
installing more trial and free versions of
programs than ever before. Some of
these even plant themselves in the
Startup folder, automatically loading
with Windows. This can cause two
major problems. For one, too many of
these programs loading can severely
slow down your bootup and even cause
the occasional boot-crash. Second,
because you forget they are there, some
of these less-than-perfectly written pro-
grams may crash your system at unex-
pected moments, using more system
resources than your system can safely
offer. So, by all means, take a good look
at the programs loading up automatical-
ly, and maybe check off a few of their
boxes in the Msinfo32 window (look in
the System Configuration utility) to pre-
vent the little leeches from loading.
There are some other goodies in
Msinfo32, too. First, we can all agree
that not every Microsoft update to
Windows is perfect. One recent one, for
instance, took away the ability for your
Start menu to be alphabetized. To get
rid of updates that have a negative effect
on your PC, use Msinfo32’s Update

Wizard Uninstall.

A real interesting utility, System File
Checker can hunt for corrupt or missing
system files and reinstall them from the
Windows CD-ROM. This can cut down
on some of those obscure error boxes
that you’ve seen pop up from time to
time.
Registry Checker can find problems in
the Registry and load up the backup copy
of it, which often means the difference
between a corrupted system running or
not. On a similar note, try the Automatic
Skip Driver Agent to keep pesky drivers
from loading (undl you can find a better
or non-corrupted version).

If you're having a really hard time with
your system and need expert help, try the
Windows Report Tool. It can generate a
report on your PC’s general health or lack
thereof to prevent you from having to
answer dozens of questions.

Thats all the time and space we have
this month. Till next time, I hope your
system’s running up to speed. If you’d
like to get in touch, you can send e-mail
to connections@gernsback.com, or snail-
mail to “Computer Connections”, Electronics
Now, 500 Bi-County Blvd., Farmingdale,
NY 11735. [EN |
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restoration, beginning on the cabinet
and cosmetic cleaning of the chassis. My
supplier sent another electrolytic to
replace the defective one, and that’s
installed. As you know, the set is already
working quite well so (except for a
touch-up alignment) the electronic work
is almost over. More on the project next
month! In the meantime, there’s a lot of
interesting stuff in the mailbag, so let’s
take a look at it.

From The Readers

Dennis Gifford (PO Box 304,
Henagar, AL 35978) has for sale a
Hickock model 539C in excellent condi-
tion except for the wooden case. He also
has additional equipment that might be
of interest to some of you readers. Drop
him a note if you’d like to know more!

Hank Schulz Jr. (Erie, PA) writes that
our Philco restoration awakened pleas-
ant memories of now-classic sets he
played with as a boy. He wonders if my
transfer to Electronics Now from
Popular Electronics means that
Popular Electronics. is being phased
out (Ziff-Davis Publishing’s discontinu-
ance of the original Popular Electron-
ics. back in the 1980s is still fresh in his
mind). But, as readers who have been
closely following the transition at
Gernsback Publishing realize, nothing
could be further from the truth. What is
going on is a re-orienting of the editori-
al content of both magazines to give
each a sharper focus and added reader

Opening the Mail

T'S THE END OF JUNE AS THIS IS BEING WRITTEN, AND
AROUND THIS TIME EVERY YEAR, SUMMER HOUSE AND YARD
PROJECTS BEGIN TO CUT INTO MY SOLDERING-IRON TIME.

HOWEVER, I'VE DONE SOME WORK ON OUR ONGOING PHILCO 70

interest.

Eric Fleharty (Berwick, LA) asks
waere he can get a Philco #44 tube. Well
actually, Eric, unless you are restoring a
Philco set and want to make it look just
as it did when it left the factory, you
don’t really need a Philco branded tube.
Any brand will do. Also, this tube is
more commonly known as the 39/44.
What happened was that two different
tube manufacturers happened to register
new types (the 39 and the 44) that were
virtually identical in specifications. Each
was assigned a separate number, but a
few years later the two were combined as
a single type that would replace both.
My 1998 Antique Electronic Supply cata-
logue lists a new-old-stock 39/44 at
$3.00. Write AES at 6221 South Maple
Ave., Tempe, AZ 85283.

Joe Wisemann e-mailed me a while
bzck to call my attention to a mental
lasse I had back in the July column,
waen [ reviewed the standard AC-DC.
series-string tube complement that
became known as “The All-American
Five.” I correctly listed the 12SA7 pen-
tagrid converter, 12SK7 RF/IF amplifi-
er, 12SQ7 detector/amplifier, and 35Z5
rectifier. However, the typical output
tube was a 5016, not a 35L6 as I men-
tioned. This results in a voltage drop of
121—slightly more than the nominal
line voltage of 115 rather than slightly
less (106) with the 35L6.

And speaking of the All-American
Five, Charlie Wilson (Spokane, WA)

BY MARC ELLIS

writes of his success in adapting for 115-
volt operadon a Greek Kosmophon set
designed to operate on European 220-
volt mains. The Kosmophon had the
All-American Five tube set (I guess that
country’s radio industry wasn’t big
enough to have a “Pan-Hellenic Five!)
with a large dropping resistor to make
up the voltage difference. Charlie substi-
tuted an American cordset for the origi-
nal, bypassing the dropping resistor, and
the Kosmophon now operates happily in
Anywhere U.S.A.

Another success story comes from
Arthur L. Manning, N4XNM, of
Brunswick, GA. Art owns two Knightkit
Star Roamer sets and noted that both
suffered from high-end audio distortion
at medium and above audio levels. He

c2
1000
TO 35V
6.3VAC <—N—<>—K—-—;
FILAMENTS D1
3A
50V
TO SPEAKER
oA "HOT" SIDE
55 (REMOVE EXISTING
Sov- LEAD TO OUTPUT
' TRANSFORMER)
cs
220
3sv
c4
01

STAR'ROAMER
-] CHASSIS
TO VOLUME
CONTROL CENTER
WIPER IN STAR
ROAMER

FIG. 1—ART MANNING'S REVERSIBLE
STAR ROAMER modification used parts
from the RadioShack catalogue. After doing
the modification, try a .0047-pF capacitor
across the volume control for more pleasing
tone.
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THE LATEST OFFERING from the Xtal Set
Society contains all of the 1998 member
newsletters.

corrected the problem with a non-
destructive and completely reversible
modification. The 12AX7 and 6ARS
audio stages were disabled simply by
removing the tubes. Then an LM386
low-power audio amplifier chip was
wired in as shown in Fig. 1. The result:
Audio gain was increased and both audio
distortion and current drain from the
power supply were considerably
reduced. Art is a retired Voice of
America Broadcast Engineer/Manager.

Finally, a big thank-you to reader
Harold McCullen (Saginaw, MI) who
took the trouble to send me copies of the
Philco Model 70 service notes from his
personal collection. Harold was a radio
serviceman in the mid 1930s, and
remembers that most of the trouble with
the early Philcos (even then!) was short-
ed caps in the Bakelite blocks. Towards
the end of the 1930s, he obtained his
First Class Commercial Operator’s
license, then worked in Radio and
Television broadcasting until 1956. The
next 24 years were spent with Michigan
Bell, and Harold has been retired for the
past 19 years.

Recent Books And Publications

Crystal Set Loopers And More, edited
by Rebecca Hewes. Published by The
Xtal Set Society, PO. Box 3026, St
Louis, MO 63130; e-mail: xtalset@mid
nightscience.com; Order line: 800-927-
1771. 128 pages; 5fi by 8h inches; soft
cover; $15.95 plus $3.75 S&H.

This fun book is actually volume 8 of
the Xtal Set Society newsletter, a com-
plete collection of the member newslet-
ters from January though November
1998. The issues contain correspon-
dence from members all over the world,
focusing on simple and elegant old-time
radio circuits. There are construction
projects, schematics, theory articles, and
nostalgia pieces.

Among the projects are a simple
shortwave crystal set with a loop anten-
na, a 3-tube AM/SW receiver, a “univer-
sal loop” that can be used with a variety
of experimental circuits, an antenna
tuner wavetrap that will add sensitivity
to your sets and tune out interfering
strong local stations, and a crystal set
built into a stick deodorant dispenser(!).
Experimental articles explore such top-
ics as the use of molybdenite as a detec-
tor and the effects of biasing on crystal
detectors.

If you are charmed, as I am, by the
variety and quality of the Society’s pub-

lications, you may want to consider

" The New Zosland Broadcasting Board. n
| B  STATION 2YA m '
| A, Tifer 4

' YOUR REPORT OF of this Smiiea’s U
47 jom on J,fzﬂ? g;‘#...la,/ysz B,

hes been chacked with the Seation log for the dome

b
s ) stg ool

across my desk recently, and though 1
haven’t seen the volume itself, the
description looked interesting enough to
tell you a little about it. As the name
suggests, the author devotes himself to
the development of shortwave broad-
casting from its beginnings in the 1920s
through the end of World War II. The
broad-based coverage includes early
radio personalities and broadcasters, fre-
quency utilization, set building, com-
mercially made sets, wartime broadcast-
ing and listening, reception reporting
and the birth of The Voice of America.
There are 171 illustrations from short-
wave’s early days.

Tube Collector (Bulletin of The Tube
Collector’s Association), PO Box 1181,
Medford, OR 97501). Number of Pages
varies; 5'/2 by 8!/ inches; soft cover; published
six times per year. Annual dues are $20.00 in
North America and $25.00 elsewhere.

This is a newly-formed organization
of collectors and history enthusiasts
focusing on all phases and vintages of

YOU CAN HELP the Committee to Preserve Radio Verifications preserve these precious

bits of radio history!

becoming a member. Cost in U.S.
(which includes a subscription to the bi-
monthly newsletter) is $12.95 for a year;
$23.95 for two years. Canadian sub-
scriptions are $14.00 per year; $19.00
per year elsewhere.

On The Short Waves, 1923-1945—
Broadcast Listening In The Pioneer Days Of
Radio by Jerome S. Berg. Published by
McFarland & Company, Inc., Box 611,
Jefferson, NC 28640; Order line: 800-
253-2187. 280 pages; 7 by 10 inches;
casebound; $42.40 plus $4.00 S&H. NC
residents add 6% sales tax.

A flyer describing this book came

tube design. The founding president of
the group is Al Jones, W1ITX, who is
known for his award-winning tube col-
lection. The publication is edited by
Ludwell Sibley, a recognized vacuum-
tube expert who for several years edited
‘The Old-timer’s Bulletin, quarterly publi-
cation of The Antique Wireless
Association. Several other recognized
experts serve on the board of this fledg-
ling organization. Those with a serious
interest in vacuum history and lore
should seriously consider joining. Write
to the address given above for more
information.

(Continued on page 87)
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Measingfil
Cervtification for
Profissional
Lechwicians

Since 1965, the International Soci-

\ISCET 7ety of Certified Electronics Techni-
cians (ISCET) has helped train, prepare,

CERTIFIED and test more than 46,000 technicians in
the electronics and appliance service indus-
try. Employers and consumers put their faith
in those whose experience, skills, and knowl-
edge have been measured and certified by
ISCET. A Certified Electronics Technician (CET)
must pass a thorough, two-part exam covering ba-

sic electronics and one or more specialty fields.

The Associate Exam costs just $30, while Journeyman options
cost $35 each. The two exams may be taken at the same sitting (if the
candidate has at least four years of professional electronics experi-
ence and/or education) for the discounted price of $50. Journeyman
options are available in:

¢ Audio * Consumer Electronics
¢ Biomedical ¢ Industrial

¢ Communications ¢ Radar

¢ Computer ¢ Video

In addition to administering technician cerification programs,
ISCET also facilitates the Federal Communications Commission li-
censing of commercial operators. ISCET is one of just a few organi-
zations selected to be a Commerical Operator License Examination
Manager (COLEM).

FCC licenses available through ISCET include:

¢ General Radiotelephone Operator License
Marine Radio Operator Permit ($50)

* First and Second Class Radiotelegraph
Operator Certificates ($75)

* Global Maritime Distress and Safety System
(GMDSS) Operator License (call for pricing)

* Global Maritime Distress and Safety System
Maintainer License (call for pricing)

* Ship Radar Endorsement (call for pricing)

= Call tor a complete list of study materials
and question pool information available

For mnore information on CET testing,
FCC licensing or a complete list of study material,
contact the ISCET office.

ISCET

2708 West Berry St. * Fort Worth, TX 76109
(817) 921-9101, ext. 12; Fax (817) 921-3741
http://www.iscet.org * e-mail: iscetFW @aol.com

Is youw fictune in Electronics Servicing?

Prices Subject to Change. Complete form und mail to:

ISCET

2708 West Berry Street; Fort Worth, TX 76109
(817) 921-9101, ext. 12; Fax (817) 921-3741
http://www.iscet.org * e-mail: iscet FW @aol.com

I’'m interested in becoming certified. Send me
information about test administrators in my area.

STUDY MATERIAL AVAILABLE:

The CET Study Guide, 4th Edition $19.95
by Sam Wilson CET postage 4.00
For the associate and consumer exams.

Study Guide for the Associate Level

CET Test $14.95
__ Study Guide for the CET Test —

Computer Option $10.00
__ Electronic Communication $65.95

By Robert Shrader posiage 4.00

Radio communications text for the
communications option.
Control Electronics with an Introduction

to Robotics $39.00
By Sam Wilson CET (hardbound) postage 4.00
Study Guide for the industrial option.
__ Control Electronics Lab Manual $14.00
By Joe Risse CET postage 4.00
_ Computerized Associate Practice Test and
Study Guide $39.95
Study program with 300 sample pestage 4.00
questions for the Associate CET Exam.
____ VCR Troubleshooting & Repair Guide $24.95
By Joe Risse CET postage 4.00
____ CET Associate Practice Test $5.00
_____ CET Audio Practice Test $3.50
__ CET Communications Practice Test $3.50
____ CET Consumer Practice Test. $4.00
__ CET Industrial Practice Test $3.50
__ CET Radar Practice Test $3.00
__ CET Video Practice Test $3.50
PAID
Check/M.O.# Date:

Please allow 4-6 weeks for delivery when using personal checks.
Money orders, cashier’s checks. and credit cards are processed in
10 days. Foreign shipments, please add International Postage. Please
specify Surface or Air. Texas residents multiply dollar amount by
8.25% for taxes.

Amount enclosed:

Ovisa; O MasterCard, Exp. Date

Card No.

Name:

Member of J NESDA: (J ISCET

Business
Address
City State Zip
Phone Fax




A UNIVERSAL STEREO NOISE
FILTER AND COMPRESSOR

Reduce noise and increase clarity of any audio signal.

hile there are many tech-

niques for redu-
cing noise on audio
signals, few are uni-
versal or “sngie-andad.”
Most noise-reduction
methods need the
original signal to be
encoded at the source
and decoded at the recei-
ving end; examples of that me-
thod include Dolby and dbx. Also,
noise-reduction systems many times
require a license from the patent
owner to use the encoding system
(and sometimes the decoding!).

The best solution would be a
“universal” noise-reduction system.
Such a system should be able to
work with any signal without any
encoding. What's more, the circuit
should be usable by anyone who
has the ability to pick up a solder-
ing iron without worry of running
afoul of the law.

The good news is that a truly uni-
versal noise-reduction system exists.
The Universal Noise Reducer pre-
sented here has those features that
make it a delightful addition to any
audio system. Built around a special
noise-reduction integrated circuit, it
does not require encoded materi-
al; the signal-to-noise ratio of any
signal can be improved by 25 dB.
Any line-level audio source such as
tapes, records, FM radio, stereo TV,
and satellite signais will benefit. It is
aiso quite effective with CD copies
of older analog sources. The system
also improves the sound quality of
video games and electronic keyboards.

Noise-Reduction Basics. Figure 1
llustrates the frequency and ampli-
tude envelope of a typical audio
signal within the bandwidth of an
audio amplifier. While the signal
might occupy any frequency or

RICHARD PANOSH

amplitude within the amplifier
envelope, it does not occupy that
area completely at all times. That is
especially true during quiet pas-
sages or a pause in either the music
or speech. During those periods,
the large audio bandwidth is not
required and noise becomes quite
evident. By its nature, noise has a
wide bandwidth and is perceived
as a hissing sound known as white
noise. When the audio signal is pre-
sent, the noise is covered up, or
“masked”, by the signal. That con-
cept is well known to the field of

psychoacoustics, which studies the
psychological aspect of sound and
its perception. Whenever a
sound is being perceived, it
reduces the ability of
the listener to hear
another sound. During
those quiet passages,
the noise i “unmasked”
and heard as a hiss.
The unmasked white
noise that occurs during
those quiet passages can be
reduced with a reduction of the
overall audio bandwidth. That
technique has been available for a
number of years and is referred to
as Dynamic Noise Reduction (DNR
is the registered trademark of
National Semiconductor). An ex-
ample of that technique was cov-
ered in an article that appeared in
the July 1994 issue of our sister pub-
lication, Popular Electronics. That
project used a voitage-controlled
variable low-pass filter to track the
audio-frequency envelope and
maintain the required bandwidth
to pass the signal information. Since
the signal-to-noise ratio is improved
with the square root of the band-
width reduction, a reduction in
bandwidth from 35 kHz to 1 kHz can
improve the signai-to-noise ratio by

AUDIO BANDWIDTH & GAIN

AMPLITUDE

SIGNAL

FREQUENCY

Fig. 1. Noise is inherent in any audio signal. As long as the level of the audio is loud enough, our
ears ignore the noise. It’s when the music becomes quiet that the noise becomes apparent.
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Fig. 2. If louder passages are attenuated and softer passages boosted, a further reduction in noise

can occur.

nearly a factor of 6, or about 15 dB.

A second technique that can
be used for noise reduction is the
use of a variable voltage-con-
trolled amplifier. By controlling the
amplifier’'s gain, the level of the
background white noise, or system
noise floor, can be further attenu-
ated. With this method. signals
that are above a certain thresh-
old are passed with a gain of one
so that no distortion is added to
the program material. However,
signals below the threshold are
attenuated as shown in Fig. 2; the
result is an additional noise reduc-
tion of 15 dB. Combining those
two techniques results in an
improvement of about 25 dB or a
factor of nearly 18:1!

A drawback in frying to reduce
noise in unencoded signals is that
different recording equipment,
media, and environments have dif-
ferent requirements. In addition to
the methods discussed above, the
Universal Noise Reducer uses an
automatic adaptive threshold that
senses the noise floor of different
audio sources. This lets the unit auto-
matically maintain the best possible
signal-to-noise level at all times.

An added bonus noise-reduc-
fion technique available through
the use of the voltage-controlled
amplifier circuit is a compressor. In
the compressor mode, signal levels
above an adjustable threshold
level will be attenuated. That fea-
ture is particularly useful to attenu-
ate commercials that are some-
times much louder than the pro-
gram material. It can aiso be used
to improve softer sounds below the
threshold by attenuating loud
sounds, thereby reducing the

dynamic range. The compressor
and nose reduction functions are
independent and can be used
individually or together.

Circuit Description. Follow the
schematic diagram shown in Fig. 3

1,

COMP

during the following description of
the Universal Noise Reducer’s circuit.

Power from a 12-volt DC wall
tfransformer is connected to J5. The
voltage is regulated to a 9-volt level
by IC4. That supply voltage is also
divided in haif by IC5 to provide a
"pseudo ground;” working with op-
amps is much easier with a “split”
power supply.

Stereo audio signals are input
through J1 and J2. Those signals are
applied to the heart of the
Universal Noise Reducer, IC1. That
chip. made by Analog Devices,
handies all of the noise-reduction
and signal-compression techniques
discussed before.

Stereo FM and stereo TV signals
use a pilot signal to separate the
left and right channels. A tuned
passive filter formed by L1. C16, and
C13 attenuate any 15-kHz or 19-kHz

L
o
L -
L -
o
L -
o
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[ >l
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Heres the foil pattern for the component side of the Universal Noise Reducer. A large ground plane

aids in reducing stray noise pickup.
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Fig. 3. The Universal Noise Reducer is built around an Analog Devices component that handles all

of the noise reduction and compression tasks.

pilot signals if they are present in
IC1's centrol loop. A 15-kHz pilot is
used to encode the stereo or SAP
(secondary audio program? signals
in television; 19 kHz is used for stereo

FM. Switch S2 is used to select fiiter-
ing for one of those frequencies or
no filtering at all. Older audio
equipment was more prone to leak
the pilot signal into the audio sig-

nal; newer equipment removes the
signal beftter.

Each section of IC2 handles a
different function. Op-amp IC2-b is
used as a high-gain buffer to isolate
pin 11 of IC1—the control voltage
for the voltage-tuned low-pass fil-
ter's bandwidth. Note that IC]
processes that voltage internally to
remove any variations in ampli-
tude. The voltage level present at
pin 11 is still a function of signal
amplitude but for normal line-level
signals 1t is suitable for an indication
of filter bandwidth. The buffered sig-
nal is displayed on a bar-graph LED
display with IC3; variations in the
low-pass filter bandwidth can be
tracked. During quiet passages in
the audio signal, the low-pass filter
should be at the minimum band-
width of 1 kHz; the first LED shouid
be extinguished. If a pilot signal is
leaking into the control loop., the
lower LEDs will remain on, indicating
that noise reduction is not working
as well as it should be.

The other op-amp, IC2-a, closes
IC1’s compressor loop. It monitors
the level of the source-signal
detector on pin 12 of IC1. That volt-
age level is compared to the
threshold level set by R20. Levels
above the threshold level switch
Q1 on. The feedback signal passes
through S3 to pin 7 of IC1.. which
then attenuates the signal until the
level falls enough to turn IC1-a and
Q1 off. If the compressor feature is
not wanted, simply throwing S3
breaks the feedback loop. When
Q1 switches on, the voltage drop
developed by R11 switches on Q2
and, In turn, LED2, indicating that
the compressor is active.

The processed output signal is
available on J3 and J4. Switch S1is
used to bypass the Universal Noise
Reducer without having to dis-
connect the unit from the signal
path. By switching the unit in and
out of the audio path, an “A-B*
type of comparison is easily done
as to the effectiveness of the vari-
ous settings of the Universal Noise
Reducer.

Construction. Because of the
nature of audio circuits, the Univer-
sal Noise Reducer is best built on a
PC board; less stray noise and hum
will be picked up. After all, the pur-
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Fig. 4. The Universal Noise Reducer uses a double-sided PC board. If your board doesn t have plat-
ed-through holes, don't forget to solder the traces where pads are on both sides of the board. No
Jumpers are needed; all connections between sides are made at component leads.

pose of the project is to reduce
noise—not add to it

Foil patterns for a double-sided
layout have been included here for
those who wish to etch and drill their
own board. If you do not want to
etch a board. one is available from
the source given in the Parts List.

If you are using a board from the
source given in the Parts List or one
made from the foil patterns, use the
parts-placement diagram shown in
Fig. 4. The best order for mounting
the components is to start with the
smallest parts first; electrostatic-sen-
sitive parts, such as semiconduc-
tors, should be mounted last irre-
spective of their size. If you want to
use sockets for the integrated cir-
cuits, mount them first, followed by
the resistors and capacitors.

Note that if you are using a PC

board that you etched yourself, you
will have to make some provision
for making connections between
both sides of the board where
there are traces on both sides. One
method (certainly the easiest) is to
simply solder to the component
lead on the top side as well as the
bottom side. Special eyelets have
also been used with success in
both industry and the hobby. The
ultimate solution, of course, is plat-
ed-through holes. While that tech-
nique is simple to do in an industriai
or commercial setting, it is messy,
time-consuming. and occasionally
dangerous due to the type of
chemicals and equipment needed
for creating a plated-through hoie.
The foil patterns do not have any
“via” holes (holes that pass a signai
from trace to trace between the

two sides without a component
lead in them) in their design. so you
don’t have to worry about solder-
ing short pieces of jumper wires to
make those connections. If you are
using a purchased board, all of the
holes are plated through, making
construction a snap.

Note that all of the semiconduc-
tors, as well as the electrolytic
capacitors, are polarized; double-
check their orientation before sol-
dering them in place. Any patt
installed backwards will be
destroyed as soon as power is
applied for the first time. It is also
possible that an improperly-
installed polarized component can
take out other components with it.
For example, an electrolytic
capacitor that is installed back-
wards might work for a few seconds
or minutes; but it can explode or
burst into flames, sending an elec-
trical surge into a nearby IC that
could destroy that component as
well. Also beware of components
that look the same. such as IC5, Q1,
and Q2. Always check twice before
soldering!

The switches and jacks specified
in the Parts List are designed to
mount directly to the PC board. If
you are going to substitute panel-
mounted parts, you’'ll have to wire
them up in the traditional fashion
with short pieces of insulated wire.
Keep the wire lengths as short as
possible, especially where audio
signals are being carried. Note thadt
52 is a three-position unit; it should
be in the middle of the group of
switches.

The leads for LED1 should be
bent down at a 90-degree angle

Fig. 5. The Universal Noise Reducer fits easily
into a stylish case.



Fig. 6. There are several ways to connect the Universal Noise Reducer 1o your stereo equipment. It
is important 1o remember that the system works best with an unmodified audio signal. Even if you
don't have an amplifier that allows processing equipment to be added to the path, you can always

use the tupe recording and monitoring jacks.

about Ainch back from the plastic
case. A /-inch thick piece of stock
can be used as a guide. Check the
polarity of the LEDs before bending
the leads. A longer (anode) lead
will be nearest the corner of the PC
board. The display is seated down
against the board to obtain the
correct height.

When you are finished mounting
all of the components, double-
check your work for bad solder
joints. poor workmanship, and miss-
ing, incorrect, or backward compo-
nents. When you are satisfied with
your work, mount the board in a
suitable enclosure. The author’s
prototype, shown in Fig. 5, used a
PacTec enclosure. Drill holes as
needed for the jacks, switches, dis-
plays, and controls. Note that R20 is
a slide potentiometer rather than

the traditional rotary style. It is
mounted above LED1 and con-
nected to the board by short
lengths cf insulated wire.

Once the Universal Noise Redu-
ceris mounted in its case, it is ready
for testing and use.

Set-Up and Operation. The Universal
Noise Reducer can be hooked up
in a couple of ways. The most obvi-
ous way is shown in Fig. 6A, where
the audio sorce is connected to J1
and J2, with J3 and J4 connected
to the amplifier’s inputs. Wherever
possible, the unit should always be
placed in the audio path after any
preamplifiers and before the vol-
ume control or tone ctontrols. That
way, the signals will be of a uniform
level and provide a flat-frequency
response. Many modern amplifiers

SINGLE COMPONENT SOURCE JJLEFT AUDIO OUTPUT AUX. RIGHT INPUT
AM/FM/DISC/TAPE/NVCR/
SATELLITE RECE!VER OR RIGHT AUDIO OUTPUT AUX. LEFT INPUT
STEREO TV ‘ ]
INPUTS OUTPUTS
Rl LI [R L
HI-Ft STEREO
UNIVERSAL SYSTEM
NOISE REDUCER
A
TAPE INPUT
TAPE OR CASSETTE
RECORDER
TAPE OUTPUT INPUTS OUTPUTS
INPUTS OUTPUTS L] R LA
—
TA
st Ol S PE MONITOR JACKS
UNIVERSAL H"&?ESEO
NOISE REDUCER
B
INPUTS OUTPUTS
Ll R LR
INPUTS OUTPUTS [ TAPE MONITOR JACKS
Rl L| {R L
HI-Fi STEREO
UNIVERSAL SYSTEM
NOISE REDUCER
c

have separate preamplifier output
jacks for just such a use.

If you don’t have such a rig. the
Universal Noise Reducer can be
placed in the tape-loop or signal-
processing loop: see Fig. 6B. Again,
that will provide fiat-frequency sig-
nals with levels in the range of 100
miliivolts to 1 volt rms. If you have an
equalizer in the same loop, it is
important to locate the Universal
Noise Reducer before the equaliz-
er. Again, the unit works best with a
flat bandwidth before you do any
equalizing. If you don‘t have a tape
unit, simply connect the Universal
Noise Reducer in place of one as
shown In Fig. 6C. By monitoring the
tape playback, the unit becomes a
part of the audio path on even the
most basic stereo equipment as
fong as tape input and output
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PARTS LIST FOR THE UNIVERSAL NOISE REDUCER

SEMICONDUCTORS
IC1—SSM2000 stereo noise attenuator/
compressor, integrated circuit
(Analog Devices)
IC2—TL082 operational amplifier,
integrated circuit
IC3—LM3915 bar-graph display
generator, integrated circuit
1C4—1LM7809 9-volt positive voltage
regulator, integrated circuit
IC5—TLE2426CLP split power supply
ground converter, integrated circuit
LED1—Light-emitting diode bargraph
display, 10-segment
LED2—Light-emitting diode, green
Q1—2N4401 silicon transistor, NPN
Q2—2N4403 silicon transistor, PNP

RESISTORS

(All resistors are !/s-watt, 5% units
unless otherwise noted.)

R1-R4, R11, R15—100,000-ohm

| 0000 0O

R5—3300-ohm
R6—1000-ohm
R7—510-ohm
R8—10,000-ohm
R9—2700-ohm
R10—560-ohm
R12—27,000-ohm
R13—5600-ohm
R14—15,000-ohm
R16—330-ohm
R17—6800-ohm
R18—1800-ohm
R19—1200-ohm
R20-—10,000-ohm, linear potentiometer

CAPACITORS

C1-C4, C8, C20, C23, C24—47-uF,
10-WVDC, electrolytic

CS, C6—0.001-wF, ceramic-disc

C7—330-pF, 35-WVDC, electrolytic

C9, C21, C22, C25—0.1-pF,
ceramic-disc

083k
3

o,H {_9 X
-] x :ago °°° o
A= °

Here's the foil pattern for the solder side of the Universal noise Reducer. All connections between
the two sides are done at component pads, making it easier to build the unit without using plated-
 through holes.

4-INCHES

C10—470-pF, ceramic-disc
C11—0.0022-uF, ceramic-disc

C12, C15—0.02-F, ceramic-disc
C13—0.0068-W.F, ceramic-disc
C14—0.22-uF, ceramic-disc
C16—0.015-wF, ceramic-disc
C17—2.2-pF, 10-WVDC, electrolytic
C18—3.3-pF, 10-WVDC, electrolytic
C19—1-pF, 10-WVDC, electrolytic

ADDITIONAL PARTS

AND MATERIALS

J1-J4&—RCA-style phono jack, PC-
mounted

J5—Co-axial power jack, PC-mounted

L1-—4.7mH inductor, shielded

S1, S3—Single-pole, double-throw
switch

S2—Single-pole, double-throw, center-
off switch

Case (PacTec CM125 or similar), 12-
volt DC wall adapter, IC sockets,
knob for R20, wire, hardware, etc.

Note: The following items are available
from Vista, PO Box 142 Bolingbrook,
IL 60440-1532; Tel: 630-378-5534:
Assembled and tested unit (SSM-
2000-ASSEM), $125.00;
Complete kit of all parts and case
(SSM-2000-KIT), $95.00; etched,
drilled, silk-screened PC board with
plated-through holes (SSM-2000-
BOARD), $18.00; IC5, $3.90; IC1,
$18.00. All mail orders will be
shipped by first class US mail with a
shipping/handling charge of $3.00. All
telephone orders will be shipped by
priority mail with a shipping/handling
charge of $6.00. Illinois residence
must include 7.5% sales tax.
Visa, Mastercard, and American
Express credit cards are accepted.

jacks are availabie.

With a 12-volt power source con:
nected to J5, throw S1 to sypass, S2
fo AuDIo, and 53 to ofr. Unmodifie
audio shouid be heard. Switch S1 t
DNR and a reduction in noise should
be heard. Try using audio sources
that have different gain levels, such
as a quiet passage of a piece of
classical music. If you are using a
television or radio as an audio
source, you might have to set S2 to
the appropriate mode as men-
tioned before in case the carrier
signal is leaking into the audio
path. Finally, throw S3 to test the
compressor; note that compression
takes place at different levels by
varying R20. The level of compres-
sion should be seen on LED]. Q
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for The CompleTre BeginneR

MICHAEL A. COVINGTON

Microcontrollers have revolutionized the world of electronics, but they are useless to you if you don’t know
how to use them. This month we look at more of the code that will belp you get with the “program.”

t goes without saying that micro-

controllers have become one of
the most important components in
today’s electronics. As evidence of
that, virtually every modern elec-
tronic device makes use of those
units. Further, microcontrollers have
become increasingly important to
the electronics hobbyist. More and
more, the best projects in the
pages of Electronics Now and
other electronics publications
make use of microcontrollers.

What that means, however, is
that, if you don’t know how to pro-
gram and use microcontrollers, you
are missing out on some of the best
of what's available to today’s elec-
tronics hobbyist,

Well, we can’t adllow that to hap-
pen! Last month we looked at some
microcontroller basics and showed

Michael Covington does research on advanced
microcontrofier applications at the University of
Georgia’s Artificial Intelligence Center. He also
conducts the monthly “Q&A” section in Electronics
Now Magazine.

you how to program a microcon-
troller with a simple program. This
month we’ll continue that discussion
and then tackle a project that is a lit-
tle more ambitious.

First, however, let’s take another
look at last month’s program.

How The Program Works. let's
look back at Listing 1 (which
appeared last month and s
repeated here for your conve-
nience) and consider the program
in detail. More than haif of what
you see there consists of com-
ments; everything after the first
semicolon (;) in each line is a com-
ment ignored by the computer.

The program starts with a num-
ber of pseudo instructions, com-
mands that give information to the
assembler but are not translated
info machine instructions. The first
pseudo instruction:

processor PIC16F84

tels the assembler what kind of
CPU you’'re using. It's immediately
followed by another instruction:

include <p16f84.inc>

telling the assembler to read the file
P16F84.INC, which contains a lot
more pseudo instructions giving the
memory addresses of the ports and
other particulars of this CPU.

Next comes the __config macro
instruction:

—config _RC_OSC & _WDT_OFF
& _PWRTE_ON

Notice that there are two under-
score marks at the beginning of
__config. This instruction specifies
some configuration settings to be
programmed into the PIC. It says
you're using an RC oscillator (resis-
tor and capacitor, not crystal); the
watchdog timer is off; and the
power-up timer is on. The power-up
timer imposes a slight delay at start-



up to give the 5-volt supply time to
stabllize. The watchdog timer is a
built-in device for rebooting the PIC
every 18 milliseconds; some pro-
grams use that to protect them-
selves from endless loops, but it’s
very important to turn it off if you're
not using it, or your program will
keep restarting itself at inopportune
moments.
The last pseudo instruction is:

org 0

which means, "The next instruction
should go at address 0 in program
memory.” That is, you're tellng the
assembler where to start. Then
come the program instructions,
and finally the pseudo instruction:

end

which tells the assembler that the
program Is over. Unlike END in
BASIC, end in assembly language
does not tell the program to stop
running.

What The Instructions Do. Now
look at the actual CPU instructions
in the program. namely:

movlw B'00000000
tris PORTB
moviw B'00000001"
movwf PORTB

fin: goto fin

What the program needs to do is set
up port B for output, place a 1 into
the lowest bit of port B (causing pin
BO to go high). and stop. Consider
the last of these first: How do you
stop a program? Not by making the
processor go dead, because then
the output at BO would disappear
and the LED would turn off. Nor by
exiting to the operating system,
because there isn't an operating
system. Your program has the PIC all
to itself.

The way you stop this program is
by putting it in an endless loop.
That's accomplished by the instruc-
tion:

fin: goto fin
which simply jumps back to itself,

over and over.
Now look at the previous step:

LISTING 1

; File TURNON.ASM

; Assembly code for PIC16F84 microcontrolier

; Tums on an LED connected to BO.
; Uses RC oscillator, about 100 kHz.

; CPU configuration
] (it's a 16F84, RC oscillator,

; watchdog timer off, power-up timer on.)

processor 1684
Include <p16f84.inc>

__config _RC_OSC & WDT_OFF & _PWRTE_ON

; Program
org 0

; At startup, all ports are inputs.
; Set Port B to all outputs.

B'00000000
PORTB

moviw
tris

; Put a 1 in the lowest bit of port B.

B'00000001’
PORTB

moviw
movwf

; Stop by going into an endless loop

fin: goto fin
end

How do you place a 1 in the lowest
bit of port B? From the CPU’s view-
point, port B is an 8-bit register and
we want to place binary 00000001 in
it. But there is no CPU instruction to
place a specified value (a “literal”)
directly into a port. Instead, the pro-
gram places 00000001 into the W
register using a movlw instruction
("move literal fo W*) and then
copies W to port B using a movwf
instruction ("move W to file register”).

Note that in assembly language,
“move” always means “copy.” That
is, every “move” instruction actually
copies data from one place to
another, leaving the original
unchanged. This is frue of all the
assembly languages 've seen,
regardless of the kind of CPU.

Note also that in PIC assembly
language, the name of port B is
PORTB (all capitals), not “portb”
(lower case). This name was
defined in P16F84.INC. MPLAB will

T W=
; copy w to port B itselt

; start at address 0

; w := binary 00000000
; copy w to port B control reg

binary 00000001

, program ends here

recognize both names but the
assembler won't—a possible source
of confusion.

In order for port B to work as
intfended. it has to be set up as an
output port. Actually, each of its
eight bits can be set as input or out-
put, independently of the others,
but in this program., all eight bits are
set to output. This is done by zeroing
the corresponding bits in the TRISB
special-function register.

Deprecated Instructions. And
here we run into a “deprecated
instruction,” an instruction that works
perfectly well but which the assem-
bler tells us not to use. That is tris, the
instruction that copies W into that
special function register. To set up
port B for output, we use the instruc-
tions:

moviw B'00000000
tris PORTB

MON SOIUC.IDB|F ‘6661 8GO0

w
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LISTING 2

; File CHASER.ASM
; Assembly code for PIC16F84 microcontroller

; Blinks LEDs on outputs (Port B) in a rotating pattern.

; Reverses direction if port A, Bit 0, is high.
; Uses RC oscillator, about 100 kHz.

; CPU

; Give names to 2 memory locations {registers)
J equ H'1F' ; J = address hex 1F
K equ H1E’ ; K= address hex 1E
; Program
org 0 ; start at address 0
; At startup, all ports are inputs.
; Set Port B to output and initialize it.
moviw  B'00000000° ; w = binary 00000000
tris PORTB ; copy w to port B control reg
moviw  B'00000001’ ; W = binary 00000001
movwf  PORTB ; copy w to port B itself
; Clear the carry bit
bef STATUS,C
; Main loop.
; Check Port A, Bit 0, and rotate either left or right
; through the carry register.
mioop:
btfss PORTA,O ; skip next instruction if bit=1
goto m1
rif PORTB,f ; rotate port B bits to left
goto m2
mi:
rrf PORTB,f ; rotate port B bits to right
m2:
; Waste some time by executing nested loops
moviw  D’50' ; W = 50 decimal
mowvwf  J idi=w
jloop: movwf K  Ki=w
kioop: decfsz  K.,f ; K := K-1, skip next if zero
goto kioop
decfsz  J,f ; J = J-1, skip next if zero
goto jloop
; Do it all again
goto mioop
end ; program ends here

configuration
(it's a 16F84, RC oscillator,
watchdog timer off, power-up timer on.)

processor 1684
include <p16f84.inc>

_config _RC_OSC & WDT_OFF & _PWRTE_ON

and the second of these always
generates a warning message, A
we saw last month.

The reason for the warning mes-
sage is that some other PICs lack
the tris instruction, and in the inter
est of program portability,
Microchip, Inc., would like us not t
use it. Instead, they want us to d%
something a good bit more compli
cated,involving switching over to cl
different bank of registers, the
addressing the TRISB register by its
address.

Well, that’s their preference, bui
it need not be yours or mine. The tri
instruction is fully supported on the
‘F84; there’s nothing wrong with
using it; it is not unreliable or risky in
any way. It just generates an error
message you have tfo ignore. Th
same is true of the opftion instrucd
tion, which lets you set some CPU
configuration options without switch-
ing register banks.

A More Elaborate Program. Now it
is fime to tackle something a littl
more interesting: a more elaborat
PIC program that makes eight LEDs
blink on, one at a time. in a “chas-
er” sequence. The sequence revers:
es direction when you change the
logic level on pin AC. The program
for that is shown in Listing 2.

The circuit used to implement
the program is shown in Fig. 1. As
you can see, the circuit is not too
complex so it can be easily built o
perfboard. You can also make this
circuit out of the demo board that
comes with the Ramsey PICPRO
programmer (discussed last month
and available for $59.95 plus $6.95
postage and handling in the U.S.
from Ramsey Electronics, 793
Canning Parkway, Victor, NY 14564
Tel: 716-924-4560; Fax: 716-924-4886
Web: www.ramseyelectronics.com)|
if you add a switch or jumper sa
that you can connect pin 17 (AQ)
o either V+ or ground. With this pro
gram, do not leave pin 17 floating;
it’'s a CMOS input and will pick up
noise. Also, do not modify the pro;
gram 1o light more than one LED o
a time; the PIC can’t output tha
much power.

Describing Bit Patterns. Before
going any further, we need to lay
some groundwork. Each PIC filg
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Fig. 1. Use this circuit to implement the program

in Listing 2. It is simple enough to build from

scratch or can be made from a demo board included with a PIC programmer available from Ramsey
Electronics (See text). The Ramsey programmer is based on the author s NOPPP PIC programmer,
which originally appeared in the September 1998 issue of this magazine.

register, 1/O port, and memory
address consists of one 8-bit byte.
Thus, any PIC assembly-language
program is going to contain a lot of
groups of eight bits. There are three
main ways to describe a bit pat-
tern: in binary, in hexadecimal, orin
decimal.

Obviously, you can describe a
bit pattern by writing out the bits
themselves, such as B0O0011101". In
PIC assembly language. the B and
quotes are required. The lowest-
numbered bit comes last, if you
output B'00000001' on port B, pin BO
will go high, but B'10000000" will
make pin B7 go high.

You may have been told that
computers treat everything as
numbers. That’s not true; comput-
ers treat everything as bit patterns.
Nonetheless, one common way of

interpreting bit patterns is to take
them as binary numbers. When this
is done, you can write the same
number more concisely in another
base (radix). For example, binary
00000110is 1 X 4+ 1 x 2, or 6in ordi-
nary (decimal) notation. (In this
context “decimal” does not imply
that there are digits to the right of
the point.) Converted to decimal,
the 256 possible 8-bit bytes,
B'00000000" to B'11111111°, range
from O to 256.

It turns out o be even more con-
venient to convert binary numbers
to base 16 (hexadecimal, or hex for
shor). In hex, there are sixteen dig-
its,0,1,2.3,4,5,6,7.8.9,A,.B,C,D.E.
and F. As you might guess, A means
10. B means 11, and so forth up to F
= 15. Thus FF means fifteen sixteens
plus fiffeen ones, or 255 (binary

1111111,

The reason hex is used is that
each hex digit corresponds to four
binary digits. If binary 0110 equals
hex 6, then binary 01100110 equals
hex 66. With some practice, you
can learn to do hex-binary conver-
sions in your head. Many scientific
calculators can interconvert hex,
binary. and decimail.

A Word Of Warning. In PIC assem-
bly language you should normally
specify the base of every number
you write, such as B11111111",
D'255', or HFF'. If you write numbers
without the quotes and base indi-
cation, they will normally be taken
as hex. but it's best to be safe. If you
write a character between quotes
without a base specifier, such as '3',
it will be interpreted as the bit pat-
tern of that character’s ASCIl code.

How The Program Works. We're
finally ready to look at the pro-
gram. It uses rotate-right and
rotate-left instructions, rrf and rif, to
shift bits around in a bytfe: thus
00000001, rotated left, becomes
00000010, then 00000100 and so
forth. Rotating isn't just for LED
chasers; it's a handy way 1o pick off
the bits in a byte, one by one, for
serial data transmission.

The bits being rotated pass
through a ninth bit called the carry
flag: as you might imagine. the
carry flag is also used to keep track
of the ninth digit when adding two
eight-digit binary numbers. Acc-
ordingly. the first thing the program
does, other than set up its ports, is
clear the carry bit (set it to zero):

bcf  STATUS.C

Here STATUS and C are names
given by P16F84.INC to the status
register and the carry bit within it.
They must be written in all capitals.
You could refer to the carry bit by
its address if you wanted to.

The actual rotating is done by
one of the instructions:

rif PORTB.f
rrf PORTB.f

but the program also has to decide
which one of them to use, depend-
ing on the signal at pin A0, and

MON S2IU0JIO8IT ‘6661 18GOI0
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then intfroduce a time delay after
each rotation.

Making Decisions. At this point it's
a good ideato look at the full set of
PIC instructions, shown in Table 1. A
selling point of the PIC is that there
are so few instructions (only 35 if
you count them the way the
brochure-writers do); what’s more,
every instruction that doesn’t
involve a jump executes in just one
clock cycle. Thus, the PIC qualifies
as a form of RISC (reduced instruc-
tion set computer). By contrast, the
Pentium has hundreds of instruc-
tions, each of which takes several
clock cycles to execute.

There is no “if” statement in PIC
assembly language. Instead, the
PIC has several instructions that test
for a condition and skip the next
instruction if it is true. For example, in
this program. the instructions:

btfss PORTA O
goto ml

mean “Go to M1 unfess bit 0 of port
A is set (=1).” The first instruction,
btfss, stands for " Bit Test file-register,
Skip next instruction if Set.” So if the
appropriate bit is set, the goto is
skipped. Even though port Ais not a
file register, this instruction treats it
as if it were.

By interleaving skips and gotos in
this way, the series of instructions:

btfss PORTA O
goto m1
r'f PORTB.f
goto m2
ml;
rrf PORTB.f
m2:

rotates the bits of port A 1o the left
if AO=1 and to the right if A0=0.

If you know another assembly
language, you may be wondering
how the PIC getfs away without
having a byte compare (CMP)
instruction. The answer is that bytes
are compared by subtracting them
and then checking whether the
result is zero.

Minding Your Fs and Ws. Many
PIC instructions, including rif and rrf,
come in two varieties, one ending
in f and the other ending in w,

TABLE1—PIC16F84 INSTRUCTION SET

ADDLW
ADDWF
ADDWF

ANDLW
ANDWF
ANDWF

BCF
BSF

BTFSC
BTFSS

CALL

value
address,F
address,W

value
address,F
address,W

address,bitnumber
address,bitnumber

address,bitnumber
address,bitnumber

label

CLRF address

CLRW
CLRWDT

COMF
COMF

DECF
DECF

address,W
address,F

address,W
address,F

DECFSZ
DECFSZ

GOTO

INCF
INCF

address,W
address,F

label

address,W
address,F

INCFSZ
INCFSZ

address,W
address,F

IORLW
10RWF
IORWF
MOVLW
MOVF
MOVF
MOVWF
NOP
OPTION
RETFIE
RETLW
RETURN

RLF
RLF

RRF
RRF

SLEEP
SusLwW

SUBWF
SUBWF

value
address,F
address,W

value
address,W
address,F
address

value

address,F
address,W

address,F
address,W

value
address,F
address,W

address,W
address,F

PORTA
PORTB

SWAPF
SWAPF

TRIS
TRIS

XORLW
XORWF
XORWF

value
address,F
address,W

which are actually abbreviations
for 0 and 1 respectively. These are
destination codes: f means the

Add W to value, place result in W

Add W to contents of address, store result at address
Add W to contents of address, place result in W
Logical-AND W with value, place result in W

Logical-AND W with contents of address, store result at address
Logical-AND W with contents of address, place result in W

Set specified bit to O
Set specified bit to 1

Test bit, skip next instruction if bit is 0
Test bit, skip next instruction if bit is 1

Call subroutine (will return with RETURN or RETLW)

Set contents of address to binary 00000000
Set W to binary 00000000

Reset (clear) the watchdog timer

Reverse all the bits of contents of address, place result in W
Reverse all the bits of contents of address, store result at address

Subtract 1 from contents of address, place result in W
Subtract 1 from contents of address, store result at address

Like DECF address,W and skip next instruction if result is O
Like DECF address,F and skip next instruction if result is 0

Jump to another location in the program

Add 1 to contents of address, place result in W
Add 1 to contents of address, store resuit at address

Like INCF address,W and skip next instruction if result is 0
Like INCF address,F and skip next instruction if result is O

Logical-OR W with value, place result in W

i R W with contents of address, store resutt at address
Logical-OR W with contents of address, place result in W
Place value in W
Copy contents of address to W
Copy contents of address o itself (not useless; sets Z flag if zero)
Copy contents of W to address
Do nothing
Copy W to option register (deprecated instruction)
Return from interrupt
Return from subroutine, placing value into W
Return from subroutine

Rotate bits left through carry flag, store result at address
Rotate bits left through carry flag, place result in W

Rotate bits right through carry flag, store result at address
Rotate bits right through carry flag, place result in W

Go into standby mode

Subtract W from value, place resuit in W
Subtract W from contents of address, store result at address
Subtract W from contents of address, place result in W

Swap half-bytes at address, place result in W
Swap half-bytes at address, store result at address

Copy W into /o control register for Port A (deprecated)
Copy W into i/o control register for Port B (deprecated)

Logical-XOR W with value, place result in W
Logical-XOR W with contents of address, store result at address
Logical-XOR W with contents of address, place result in W

result should go in the filg register or
other memory address that you
{Continued on page 74)



Do gravity waves actually exist? Build any one
of these experimental devices successfully and
you may be the first to provide positive proof!

SKIP CAMPISI

B y now, everyone has heard
of “gravity waves.” But why

have they never been detected?
The common answer from classical
physics is that gravity waves are
very “subtle and weak.” To me, that
answer appears to be a very subtle
and weak explanation! To discuss
this topic in an intelligent manner,
we must first examine some facets
of Relativity and Particle Theory, which
both tend to be somewhat hazy in
the areas concerning gravitation.

Take, for example, Einstein’s
Principle of Equivalence, on which
his Relativity Theory Is heavily (if not
entirely) based. Here he has stated
that there is absolutely no way for
an observer in a fully enclosed
environment to distinguish whether
he is "at rest” in a gravitational field,
or is being “accelerated” by a uni-
form force pushing (or pulling) his
enclosure. Picture yourself in a rock-
et ship at rest on the Earth, and
then experiencing a one-gravity
rocket acceleration far away from
any local gravitational fields.

At first glance, you'd agree with
Einstein—the one-gravity rocket
acceleration would feel exactly
the same as sitting at rest in Earth’s
gravitational field. However, that’s
only because your senses are too
limited to note any difference.
What? You don’t believe me?
You've forgotten all about the
Inverse-Square-Law!

The force of gravity falls off and
weakens as the distance to the

mass creating the
gravitational field
increases, adhering
to an inverse-square rela-
fionship. Thus, if you're standing
upright (in the rocket) at rest on the
Earth, your feet are experiencing a
slightly stronger pull from gravity
than your head, agreed? What
happens to you when the rocket is
accelerating outside of a gravita-
fional field?

Naturally, your head feels the
exact same pull as your feet. As you
can readily see, there is a differ-
ence between gravity and accel-
eratfion. But how do you measure
this minuscule little difference?
Fasten your seatbelts—here comes
a very subtle contfradiction in
Relativity: Einstein himself gave us
the means to make the measure-
ment! In explaining his theories, he
loved to use measuring rods and
clocks. According to him, a clock
placed within a strong gravitation-
al field would run slower than one
placed in a weaker gravitational
field.

This aspect of Relativity was con-
firmed in 1960 at Harvard University
using the Mossbauer Effect, which
utilizes atomic nuclei as extremely
accurate “clocks.” The “clock” on
the bottom floor of their lab ran
slower than the one on the upper
floor. Obviously, this result won't
occur in an accelerating rocket,
where the force is uniformly
applied and not subject to the

Inverse-
Square-
Law. So,
was Einstein
right or wrong?
Or both?

Technically speaking. he was
correct, as numerous proofs of his
Special and General theories have
upheld all of his assumptions to
date. His Principle of Equivalence
indeed appears to hold true, even
though he himself has shown us
that there is a method of distin-
guishing between uniform acceler-
ation and gravitational force. What
I'm attempting to point out here is
that at least one stone has been
left unturned. Perhaps we'li find
others in our quest to understand
gravitation.

Another peculiar aspect of
Relativity is the so-called limiting
velocity: A particle with mass can
only attain speed-of-light velocity
by acquiring infinite mass from infi-
nite energy input, which are both
impossibilities. This indeed appears
to be true according to particle-
accelerator experiments. But what
about particles without mass? This is
where we depart from Relativity
and enter the equaily strange
world of Particle Theory.

Here we use the photon as an
example. The photon is (according
to current theory) the “exchange
particle” for electromagnetic radi-
ation. It has no charge or mass, and
a “spin” of 1. It fravels at one speed:

MON SOIUONIDR|T ‘6661 1890100
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the speed-of-light (1C). As this radi-
ation is very far-reaching, the pho-
ton’s characteristics are necessary
for propagation. (Other examples
could include the exchange parti-
cles related to the “strong” and
“weak” nuclear forces, which have
extremely short-range effects.
These particles are allowed to be
guite massive and still function
properly at much lower velocities,
never achieving light-speed.)

From these theories, it was
inferred that gravity waves should
be generated when a massive
object moves, and should also be
far-reaching, just as the effects of
gravity itself are felt over long dis-
tances. This implied that another
exchange particle, again having
no mass or charge, would be
required. This exchange particle, as
yet undetected, was named the
“graviton.”

To fit the theories, the graviton
was given a spin of 2, and a veloc-
ity of 1C, as with the photon. But is
that correct? What if the spin is
actually 1 and the velocity equal to
2C? 1 hear you dall grumbling—noth-
ing can exceed light-speed, can it?
Nothing with mass, that is. Let’'s try a
lite experiment (see Fig. 1) that
appears to thwart Relativity a bit.

For this experiment, we'll need a
fixed reference frame. which is
actually simpler than it sounds. All
that we need to do is aftach two
HeNe lasers onto a length of board
so that they face each other, with
their beams aligned parallel, travel-
ing in opposite directions to each
other. The beams are dligned so
that they can’t enter the emission
aperture of the opposing laser,
which could cause unstable lasing.
A target is placed next to each
aperture to display the opposing
laser’s beam.

If you turn both lasers on, you'll
notice the beams’ images dis-
played on their respective targets.
If you now turn off only one laser,
you’ll notice that the remaining
beam display has not changed in
intensity or color. This result has only
two possible explanations:

1) The beams passing in oppo-
site directions interacted with each
other in a "Relativistic” manner. The
velocity of each beam was

reduced to 0.5C, for a relative
velocity shared by both beams of
1C, while the laser frequencies

BEAM #1

LASER #1

were  doubled (wavelengths
halved) to maintain the original
color and intensity. (Difficult to

TARGET #1

TARGET #2

LASER #2

Fig. 1. This simple experiment in Relativity yields two possible conclusions that have profound

implications.
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Fig. 2. Here is one possible method (using commonly available materials) of constructing a super-
sensitive pendulum movement. The key concerns in any pendulum design are low friction and rigid-
ity of components. The pendulum itself is shown in A, a side-view of the axle and bearing details is
shown in B, while the sectional view in C shows the basic assembly.
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Fig. 3. As shown in this block diagram, the tip of

the pendulum interrupting the light beam of IC1

provides a “gare” signal that triggers the display, which can be a standard frequency counter set up
10 read time period. Optionally, you could build your own high-resolution display as illustrated here
or use a single-chip version such as the ICM7226A 8-digit courirer.

believe, no?)

2) The beams passing in oppo-
site directions had no interaction
with each other. This leaves us with
the assumption that a photon from
one beam shares a relative veloci-
ty of 2C with a photon from the
opposing beam and implies that
certain particles are allowed to
fravel in excess of light-speed with-
out violating any limiting laws. (Any
better?)

Both explanations vyield pro-
found results: (1) appears to tell us
that electromagnetic radiation is
always traveling at changing
velocities to compensate for the
ever-present interaction of pho-
tons, reflected or otherwise, and (2)
apparently tells us that light-speed
can be exceeded by particles
without mass. Explanation (1) looks
like great fodder for another article,

so we'll leave that alone for now.
For the purposes of this arficle,
explanation (2) will suffice.

We know a bit about photons, as
they readily interact with normal
matter. They don’t appear 1o
accelerate or decelerate, but are
tfraveling at light-speed when emit-
ted. One other particle without
mass or charge is known to fravel at
light-speed: the neutrino. This parti-
cle was originally “designed” to
maintain  the Conservation-of-
Momentum Law as related to other
sub-atomic particles. It has a spin of
/2 and is necessarily ejected in cer-
tain nuclear reactions to maintain
this law, among others,

The neutfrino doesn’t interact
with mafter to any great extent,
making it undetectable until
recently. Some had even speculat-
ed that it actually did have a very
slight mass, which would not allow it

to reach light speed. Fortunately,
Supernova 1987A, located tens-of-
thousands of light-years away in
the Magellanic Clouds, showed us
the truth: neutrinos from this vast
explosion arrived at our planet
within the same time-frame as the
photons from its visible light. If the
neutrinos had any mass, we’'d still
be waiting for them to arrive, due
to the enormous distance they
would have had to travel at sub-
light velocities!

“Okay. so what’s all this have 1o
do with gravity waves?” you might
now ask, and rightly so.

As | previously stated, the
exchange particle theorized for
gravity is the graviton. A moving
massive object should produce
gravity waves using gravitons, just
as electromagnetic waves use
photons as the exchange particles.
Supposedly, gravitons interact to an
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even lesser extent with matter than
neutrinos, thus making them almost
impossible to detect.

We know that photons and neu-
frinos don’t have a mass or charge
and travel at 1C. That would indi-
cate that gravitons could share the
same characteristics, but what if
gravitons really do travel at 2C, with
a spin of 1? (Energy-wise, this might
be considered equivalent to a
velocity of 1C with a spin of 2.) That
could explain why we’ve never
detected them: a velocity of 2C
might not allow some of the pre-
dicted interactions with normal
matter (which itself experiences
time dilation, contraction effects,
and mass increase at relativistic
speeds) except for the usual gravi-
tational effects already observed.

As you can imagine, this has pro-
found implications in Particle
Theory. Might any other particles
exist that are in guestion? Could
be. How about tachyons, for a
starter? We'll need a brand-new
technology to detect any of these
particles. But we still might have a
shot with gravitons, assuming a
device can ever be built. Let me
pass on a few ideas to you—per-
haps one of our readers would
care to make the attempt at con-
structing one of these—the suc-
cessfully completed project would
be Nobel material, without a
doubt!

One of these ideas is based on
the assumption that an incoming
gravity wave will interact with our
local gravitational field, either
adding to it or subtracting from it.
Another ided, which is currently
popular, assumes that the gravitons
interact in a direct manner with
matter itself, changing the dimen-
sions slightly (for example) of a
solid, material object. The last idea
assumes that photon emission
wavelength varies with gravitation-
al field strength. Could any of these
ideas be sensitive enough to
detect gravity waves? Only some R
& D will telll

The major problems with all of
these ideas involve the apparent
size of the wavefront encountered,
and the wavelength of the “radia-
tion.” The wavefront, which may
possibly be compared to “ocean”
waves in a loose sense, is huge—

SILICON
SOLAR
CELL

S'HINZE)

LASER DIODE
MODUL.E

w B

Fig. 4. The “laser bounce” system is perhaps the easiest detector to assemble, requiring only a sim-
ple glass lens, laser diode module, and a solar cell. The output current variations can be monitored
on a high resolution DMM. Mount all of the components on a rigid frame, with as much distance as
practical between the lens and the solar cell. The entire unit should be sitting in a sand box for vibra-

tion damping.

globe spanning at a minimum. This
creates directional and other mea-
surement problems, as you'll soon
find out. The wavelength is also
large.

Consider a rapidly rotating “pul-
sar,” which is probably the highest
frequency gravity wave generator
we might find. If it rotates in one mil-
lisecond (note that none have
been found this fast as yet), the
wavelength would be 186 miles,
assuming a propagation velocity of
1C. At a propagation of 2C, the
wavelength doublest We can safe-
ly assume that most wavelengths
we’ll be trying to detect are much
longer than 186 miles. So, here we

go....

Super-Sensitive Pendulum Method.
Galileo originally determined that
the simple harmonic motion of a
pendulum resulted in a time period
that depended only on the length
of the pendulum and the acceler-
ation of gravity. The mass of the
pendulum only aids in overcoming
friction. If you divide the length by
the acceleration of gravity, extract
the square-root of the result, and
multiply it by 6.28 (2 x =), you'll
obtain the period of the pendulum.
This holds true over short distance
swings of about 256% of the pendu-

lum’s length.

The pendulum’s harmonic
motion has proven to be so accu-
rate that oil and mineral prospec-
tors use them to locate burie
deposits, which alter the strength of
the local gravitational field.
Assuming that incoming gravity
waves dlter local gravity in a similar
fashion,  pendulum-time-period
variations present one possible
method for detecting them.

The basic setup is actually quite
simple, especially if you already
have a frequency counter with
time-period measurement capabil
ity. The main task then becomes
only a matter of assembling a suit-
able pendulum movement. A sug-
gested approach using common
materials is shown in Fig. 2. If neces-
sary, you could construct a high-
resolution display (see the block
diagram on Fig, 3) using standard
logic chips of your choice.

The pendulum itself is fabricated
from a rigid length of metal rod or
tubing, with a short slot cut down
the center of its axis on one end. A
“knife-edge” axle (made from a
standard “utility” knife blade) is
centered in the slot with its edge
fixed at 90° to the pendulum rod.
Two pardllel "bearings” made from
drill rod are supported horizontally




and exactly level on a rigid frame,
spaced just far enough apart to
clear the pendulum. The pendulum
swings between the bearings on its
knife edge. which pivots in adja-
cent 90° "Vee" grooves cut into the
bearings as “keepers.” A massive
weight, such as a carpenter’s
plumb, is installed on the free end
of the pendulum rod.

A standard slotted opto-inter-
rupter is located on the bottom
section of the support frame (at the
center of the pendulum’s swing) so
that the tip of the plumb can pass
through the slot to break the light
beam. The pendulum length should
be selected to have a pericd of at
least a couple of seconds. and the
whole mechanism must sit in a
sand box for vibration damping.

The opto-interrupter supplies the
gate pulse for triggering the time
period display. If you build your own
display, you can use a 1-MHz crystal
oscillator module along with 3-digit
BCD counters driving three BCD-to-
7-segrnent decoders. These in turn
could drive three separate, 3-digit
multiplexed LED (or LCD) displays,
which would display the period in

TEMP, CONTRCHLLED

AR
[+]5H
112k

FLAT
MIRROR
(A5 REQ'D)

TEMP, CONTROLLED
LASER DIDDE MODULE

microseconds. (The ICM7226A
counter is a good, single-chip alter-
native.) You may process the out-
puts with your PC, utilizing a plotter
to provide hard copy of time-peri-
od variations.

Needless to say, that method is
not useful for higher frequency
gravity waves, due to the long peri-
od required for the pendulum to
give high resolution. Very long-term
changes, such as the daily influ-
ences of the Sun and Moon, can
be easily factored out, especidlly if
you're using a PC. To start the mea-
suring process, gently set the pen-
dulum in motion, giving it a few
minutes or so to stabilize before
attempting any measurements.

Laser Bounce Method. One
schoo!l of thought suggests that
gravitons may interact sufficiently
with matter to actually cause
dimensional changes (albeit very
small changes) in solid objects.
Looking at the diagram illustrated
on Fig. 4, you'll find one possible
method of detecting these
changes.

Here we bounce an uncollimat-

S LASER DIODE MODULE

FREQUENCY
COUNTER

A FM "BEAT®

PHOTC-
DETECTOR

Fig. 5. A promising method of detecting gravity waves uses this unusual type of interferometer. Two
temperature-controlled laser diodes apply their beams 1o a photodetector “mixer” where they are
heterodyned. The incoming gravity wave might then frequency modulate this “beat” frequency, as
each of its “crests” and “troughs” sequentially pass by the two lasers.

ed laser beam off of a convex
reflector, with the reflected beam
directed to a large aperture pho-
todetector. To take advantage of
“angular magnification.”  the
detector is mounted as far away as
practical from the reflector. That
allows for a large "moment arm”
that functions just as a lever would
in a mechanical system due fo the
convex shape of the reflector.

If the theory holds true, the
dimensions of the reflector should
change in step with an incoming
gravity wave, causing the beam to
move across the detector. It can
also be inferred that the beam’s
angular diameter would vary due
to the reflector's changes, provid-
ing additional amplification for the
system. If we locate the detectorin
the outer fringes of the diverging
laser beam, any beam movement
would cause the detector output
to vary as the gravity waves
impinge on the reflector.

The reflector itself should have a
precision-polished optical surface.
A simple, uncoated plano-convex
(flat on one side, convex on the
other) glass lens of short focal
length should perform well. Even
though bare glass only reflects
about 5% of the incident light, that
is more than sufficient for our pur-
poses. A standard silicon “solar cell”
(shielded from ambient light)
should make a reasonable detec-
tor, using a visible or infrared laser
diode as a light source. Once
again, the entire system must sit in a
sand box for vibration damping,
with all components mounted on a
rigid frame.

Unlike the mechanical system
discussed earlier, this system can
handle higher-frequency waves,
which might be a great advan-
tage when considering what types
of gravity-wave generators might
produce the strongest radiation—
the fastest moving objects! The out-
put current from the detector can
be processed by a PC and plotted
for hard copy if desired or dis-
played on a high-resolution DMM.

Optical Heterodyning Method.
Einstein’s Theory of Relativity also
predicted gravitational redshift. All
atoms emit photons at specific
wavelengths related to the vibra-
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tional rate of their orbital electrons;
thus, they can be considered as
"clocks.” Recalling the 1960
Harvard experiment previously dis-
cussed, you’'ll see why a photon
emitted in a strong gravitational
field would have a longer wave-
length than one emitted from a
similar atom in a weaker field.
Hence the term gravitational red-
shift. This has been observed in pho-
tons from our Sun.

If we assume that gravity waves
affect these “atomic clocks” in a
similar manner, we can construct a
device such as the one illustrated in
Fig. 6, which theoretically could
detect the resulting redshift
changes. This device is an unusual
type of interferometer that uses two
light sources, rather than bending
the beam back from a single
source onto a target.

The system operation is quite
simple: One [aser diode directly illu-
minates a photo-detector in close
proximity. Another laser diode is
located at an optimum distance
from the detector, at the point
where the greatest amplitude dif-
ference would occur (between the
two lasers) on the incoming gravity
wave. This would happen at one-
half of the wavelength, with one-
quarter of the wavelength being a
more ' reasonable  “antenna”
length. As you can appreciate, this
method is highly directional and
tunable to the desired gravity-
wave frequency and wavelength.

With both beams illuminating
the detector, which can now be
called a "mixer,” optical heterodyn-
ing results. The mixer’s output is the
difference frequency between
both lasers. If we assume that both
lasers” emissions are undergoing
redshift changes via the incoming
gravity wave, we should be able to
see a modulation in this "beat” fre-
quency in step with the gravity
wave’s frequency as each “crest”
and “trough” passes the lasers
sequentially.

Selecting a reasonably low beat
frequency might allow you to mea-
sure that frequency-modulation
product, A standard frequency
counter can be used as the dis-
play. with your PC processing and
plotting the resuits. You might now
be wondering how to select two

’

I'4

laser diodes that are close enough
in wavelength to have a beat fre-
quency low enough to use con-
ventional circuitry. The answer s
that you don't redlly have tol

It is well known that a laser
diode’s efficiency goes up as its
temperature goes down, and also,
its wavelength decreases as its
temperature drops. Thus, we have a
practical method of “tuning” each
laser’s wavelength or frequency. By
keeping the remote laser’s temper-
ature constant, while varying the
other laser’s temperature, we can
actually select an appropriate
beat frequency for display. As with
any interferometer, vibration-free
component mounting is an
absolute must!

Detection Problems. At first glance,
those three ideas appear to be
workable methods for detecting
gravity waves, assuming that the
waves actually do exist in the first
place! We’ve already pointed out
the three major problems concern-
ing detection: the huge wavefront,
extremely large wavelengths, and
the possibility of faster-than-light
propagation velocities. The types of
gravity-wave-generating objects
we might expect to detect are also
worth considering.

What about that one-millisec-
ond pulsar | mentioned previously?
It would certainly be convenient if
that type of *neutron star” provided
us with a 1-kHz gravity wave to
detect! However, just the fact that
it’s rotating at high velocity doesn’t
mean that it will generate gravity
waves, It would necessarily have to
be lop-sided in its mass distribution
for that to occur. That this is the
case is suggested by the X-ray puls-
es that they radiate, but that fact
by no means offers an absolute
proof.

A much more likely source of reli-
able gravity wave generators will
probably turn out to be variable
stars, These fall into two basic
groups: eclipsing binaries and pul-
sating variables. Eclipsing binary
stars are rapidly rotating pairs
whose orbital planes lie edge-on to
us. Their periods are measured in
days, which would make gravity-
wave detection a chore. On the
other hand, pulsating variable stars

*  FOR MORE INFORMATION

Both Relativity and Particle Theory -
are fascinating subjects; with'many books
having been published conceming them
and their relationship with gravitation. If
you wish to leam more about these sub-
[ects; in the opinion of the author, the fol- '
lowirig texts are amaong the best available

Land can be located through most book-
selbers:

 Relativity, the Special and the General
Thaary, by Alben Einstein,

xMu::.nl‘.\ lourmay Across tha Sma.'mmc
Cosmos, by lsaac Asirmoy -

Galgt:apwa.r Ph}fics, by Paul G Hewitt

have periods measured in hours[,
with the fastest in minutes—much
more reasonable! As you can see,
a time-period display (as illustrated
in Fig. 2) might be a better choice
than a frequency display. .
I'm sure that you’ll now be won-
dering how a single star that only
varies in brightness (magnitude)
can produce gravity waves of any
strength without moving to any
extent. The fact of the matter is that
they do movel According to cur-
rent well-established theory, these
stars actually contract and expand
in sync with their magnitude pulsa-
tions. Ergo, they might generate
something that could be
detectable. So. how does all of this

relate to our three detector ideas? .
Returning to the pendulum
method, just how would wave-
length affect our measurements?
With the pendulum and the display}
circultry In near proximity (as dictat:
ed physically) it’s quite a possibility
that a local 1-MHz oscillator would
be doffected in the exact same
manner as the pendulum time peri-
od, In that case, we would detect
absolutely nothing! On the other
hand, the oscillator may be affect-
ed in a different manner, which
might effectively amplify the time
period variations, This system does
offer some directional selectivity
along the axis of the pendulum
rod—if it works at all. .
Looking at the laser bounce
method, it would appear that just
by adding more convex mirrors to
the light path, we could amplify:
even the smallest dimensional
(Continued on page 77}
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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
exciting jobs in Communications, Radio-
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
cost! GUARANTEED PASS—You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

Or, Call 1-800-932-4268 Ext. 210
r
]

----------------------1

commanbd PRODUCTIONS

1
I FCC LICENSE TRAINING, Dept. 210 1
I PO. Box 2824, San Francisco, CA 94126 :
: Please rush FREE details immediately! i
1 NAME _ i e ey B
: ADDRESS :

CITY STATE ZIP

beccmeerccccccccccenc==d

RF Data Modules

AM Transmitter

*Sub Miniature module
*SAW Controlled

»No adjustable components
eLow current - 2.5SmA

oSupply 2.5-12Vde

¢Compact Hybrid Module
*Very stable

»418MHz or 433MHz
sRange up to 300ft
*CMOS/TTL data input
o7 x I x4mm!
AM-TX1-xxx .... $12.60

*2kHz data rate
o Sensitivity -105dBm
*38x [2x2mm

AM-HRRG6-xxx... $16.33

*5V CMOS logic interface
eFast ImS gnable

ePower saving feature

o Carrier Detect output
BiM-xxx-F

*Up to 400ft. range

o 1/4 wave ant. on board

o User data packetizing

*58 x40 x I5mm
CYPHERNET .... $139.30

R e

eLow current. 4mA typ.
*Up to 4kHz data rate
oSmall: [7x 1lmm
AM-RTS-xxx .... $12.10

pe. «CMOS/TTL output
*5Vdc, 0.8mA (HRR6)
*Only 23 x 33 x Tlmm
m *Up to 4501t. range
Saroesry
*418MHz or 433MHz FM
*3wire RS232 interface
*418MHz or 433MHz FM
»TX/RX Status LED's
@ eRange up to 250ft.
m *Wide supply range 2-14V
!

*5V operation
©19.2Kbps half duplex
*CMOS/TTL input

tel: (416)236 3858

fax: (416)236 8866

www.abacom-tech.com
MasterCard / VISA

PlC’n Books

ABACOM

Free Catalog
TECHNOLOGIES

sPatented Laser Trimmed
*Up to 40.000bps data rate
07.5-15Vdc. 20mA
*SAW controlled stability
i
0

LEARN ABOUT PIC MICROCONTROLLERS

EASY PIC'n - Beginner
PIC’n Up The Pace - Intermediate a4

NEW!

PIC’n Techniques - Intermediate
* 8-pin PICs
* Timer 1, timer 2 and the capture/compare/PWM (CCP) module
* Talking to a PIC with a PC using a terminal program
* Test equipment and data logger experiments

$29.95

$34.95

See Table Of Contents: http//www.8q-1.com
Secure Online Ordering ls Available

+$4 o/h In US for 1 book, $5 for 2 books, $6 for 3 books
VISA, MC, AMEX, MO, Check
CA residents please add 7.25% CA sales tax
PIC and MPLAB are trademarks of Microchip Technology Inc.

SQUARS [1

P.0. Box 501, Kelsayville, CA 95451
Voice (707) 279-8881 FAX (707) 279-8883
Web Site: http/mww.sq-1.com
E-Mall sqone@pacific.net

ELECTRONICS




New
Features:

v 21.5MHz

v multi-unit
phaselock

Telulex Inc. model SG-100A

DC to 21.5 MHz linear
and log sweeps

InVExt AM, SSB,
Dualtone Gen.

Pulse Generator Noise

Telulex Inc.

v .01 Hz steps

ny waveform you want!

@ Synthesized Signal Generator
Clean sinewaves DC-21.5 MHz, .001% accuracy!
.01 Hz steps. DC Offset. RS232 remote control.
@ Arbitrary Waveform Generator
40 Megasamples/Second. 32,768 points. 12 bit DAC
@ Function Generator
Ramps, Triangles, Exponentials & more to 2 MHz!
@ Pulse Generator
Digital waveforms with adjustable duty cycle

Ramps, Triangles,
Exponentials

InvVExt FM, PM,
BPSK, Burst

Arbitrary Waveforms Unlimited Possibilities!

2455 Old Middlefield Way S Tel (650) 938-0240 http://www.Telulex.com

“Mountain View, CA 94043

Fax (650) 938-0241 Email: sales@Telulex.com

CIRCLE 312 ON FREE INFORMATION CARD

2539 W. 237th Street, Bldg. F, Torrance, CA 90505
Order desk only: USA: (800) 872-8878 CA: (800) 223-9977

o
Mini Order: $20.00. Mini shipping and hendling cha
5,00, cashiers lmuaC ov‘p\Fl’l‘Sg No persono?gchecksrg:

¥

$5.00, We occ checks,
OD's. CA residents add 8.25% soles tox. We are not mxgnsib‘e for
[ ] typographical errors. All merchondise subject fo prior sale Phone orders

LA & Techrical inko: (310) 784-5488 Fox: {310) 784-7590 o rders voquve, spacil hondling Prices. subied 10
B e 1 Over 14 yoors and 31,000 custowors and stil growiag s e B e S e
I Liauip CRYsTaL DispLays 1 AcKER CORNER

240x64 dot LCD with built-in controller.
AND 4021ST-EQ. Unit is EL back-lit. $59.%or 2 for $109.% or
OPTREX. DMF5005 (non batk-iir) $49.%0r 2 for $89*

20 character x 8 fine T4L x 24H The built-in comroller allows vou 10 do text.and graphics.
Alphanumeric—parallel interface
.5 -

16XT s - $10.00 32x2 ... ...$8.00
16x1 (ig. char.) . $15.00 40x1 X
16x2 ... $10.00 40x2 I
16x2 (x $10.00  40x4 . 0.00
16x4 ... $10.00  4x2. $5.00

SV power required « Buit-in C-MOS LCD driver & controller « Easy "microprocessor” nterface » 98 ASCI character
enezator » Certain modeis are backiit, cail for more info.

Graphics and alphanumeric—serial interface

$izo = A price size Mit. price
640x480 {backlit) pson $25.00 480x128 Hitachi $10.00
640x400 {backilt) Panasonic $20.00 256x128 Epson $20.00
640x200 Toshiba $15.00 240x128 (backlity Optrex $20.00
480x128 (backlity ALPS $10.00 240x64 Epson $15.00
160x128 Optrex $15.00
6” VGA LCD 640X480, Sanyo LMDK55-22 $25%
| MONITORS

Non-Enclosed TTL
Comes with pinaut. 12V at 1.4 Amp inpot ¢ Horizontal frequency 15Khz. * Ability to do 40 and 80 column.
S inch Amber $25.00 « 7 inch Amber $25.00
9 inch Amber or Green $25.00

5 COLOR MONITOR $39.% o
+ Flgt Foceplote ® 320 x 200 Dot Resolution * CGA & Hercules Compatble 2 for $69* Jf
+ 12 VDC Operation * 15.75 KHz Horiz. freq. ¢ 60 Hz Vert. Sync. Freq. 4
+ Open Frame Construction * Standord Interface Connector ¢ Degaussing Coil included » MF. Somtron

EMBEDDED 4B &G COMPUTER $99.°°
Complete enbanced Tatel $865X 33 bused compater in ultra small (9-7/8L x 6-V8W x 3-i/8H) case. [deal for embedded operations.
or 88 & second computer. Features include: + e 16 bit 1SA shol « 3 serial ports plus dedicated printer port Puratiei optical
coupled adapter port + Built in 1BM PC/AT keyboard port + On board VGA video and port « Uses standard STMM op to 32 MB
« BIOS is PC/AT compatible
Unit has a backup Ni-Cd hattery system in case of power failure (S min. backup time) and lockable front
cover to prevent floppy drive access. Mounting / interface provisions for sundard 3.5” laptop floppy
and 2.5 inch hard drives. Comes with very comprehensive manual.

SONY Miniature Color LCD Disrlny (LEX0058KB) $ 29°°
+ 1.4 CM (0.5 inch} Diagonal Full Color Display » Built In Horizontal and Vertical Drivers » Delta Dot
Pattern for High Picture Quality - 537 dots (H) x 222 dots (V) + Compatible with NTSC & PAL Format
and Sync Inputs * 12 VDC Operation with - to +17 V RGB Signal and Driver Input Voltage * Excellent
Display for Virual Reality Projects, Viewfinders, and Miniature Test Equipment Displays * Pin Outs and
Specification Included » Unit Reguires Clock, Synchronization and Video

CELL SUTE TRANSCEIVER 58999 2 fur $89
These transceivers were designed for operation in an AMPS (Advanced Mabile Phone Service) cell site. The
20 MHz bandwidih of the transceiver allows it to operate on ail 666 channeis aliocated. The transrit
channels arg 870.030-888.980 MHz with the recéive channels 45 HMz below thoss trequencies. A digital
synthesizer is utilized to generate the selected trequency. Each unit contains two independent recelvers {0
demodulate voice and data with a Receive Signal Strength indicator (RSS1) circuit to select the one with
the best signai strength. The transemitter provides a 1.5 watt modulated signal to drive an external power
amplifier. channet selection is accomplished with a 10 bit binary input via a connector on the back panel.
Other interface requirements for operation are 26 VDC (unregulated) and an 18.990 MHz reference
trequency for the digital synthesizer. The units contain independent baards for receivers, exchter,
synthesizer. tunabte front end, and interface assembly (which includes power supplies and voltage-
controlled oscilator). Service manual, schematics and circuit descriptions included.

9 COLOR SVGA MONITOR $179 Fully Enclosed - Tilt and swivel type.
Pos & BaAar Cope

MAGNETIC CARD READER $25.°°
Includes: 20 character dot matrix display with full alpha-numeric ca bili'{o' keyponet with full alpha-
numeric entry ® separate 7.5 VDC/O.?Amp power supply ® s'ondufs?elep ne interface extension cord ¢
lithium batery omat-m speaker.

HP bar code wand (HBCS 2300) $19.00

4 INCH LCD MONITOR $49°°

Compact (447 x 3.8" x 1.47) TFT active matrix LCD color monitor including
fluorescent backlight. Analog RGB and composite sync input with switchable
horizontal / vertical viewing. Eow power consumption and long life backlight make
it ideal for sccurity and door phone use. Single 8 VDC supply and good resolution
allow mobile operations or use with laptops. Standard ribbon cable - Molex
connector interface. Complete specifications included.

"NTSC COMPOSITE
4”7 LCD MONITOR $69°°

CIRCLE 275 ON FREE INFORMATION CARD
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CALL TOLL FREE g Look For Other
(800) 292-7711 C & S S a I e Monthly Specials
Orders Only On Our Website

Se Habla Espanol Excellence in Service www.cs-sales.com

Power Supplies Miscellaneous

Elenco Quad Power Supply Elenco Power Supply Kit Elenco Model EP.SO Elenco Model Mx.93oo
Model XP-581 Model XP-720K Electronic Four Funcﬂons |n one
. o $ 95
| 379_95 1A1.5vt)c 15VDC @ 54- ) Playground and } L
! :;“,gg"@‘; “"5" Learning Center

+ 6.3VAC @ 1A & Contains Over 50

12:6VAC center

4 Fully Regulated DC Power

I u Experiments
fanc mm?g%:isl\’r‘@(::fm”@':k ave BPped@1A s 1p9 95
1 Variable ;fs -2V @ 2A XP-720 Fully Assembled
Elenco DC Power Supply Elenco Model XK-150

*450

Mebi SrLow 3709 % Digital/Analog .
= .
Ly B Y Trainer Featunts ,
providing the exact output voltage no matter what * One Ins?rumsnt with four test and measuring |
current you use. (t contains one fully regulated s 95 systems:
power supply. The variable voltage is capable of 89 * 1.3GHz Frequency Counter
delivering 0-30V at up to 3A. The output is pre- o * 2MHz Sweep Function Generator
c:sely he‘l;julo the da:lr:;j output voltage ;Q spe- . g:g::: ry.:im:‘er - F—
clal regulating circuit. Output tully prote from . ripie Power Supply - 1
1| overtoad. Ideal for Schools B an

Generators & Counters
Elenco Sweep Functlon Generator 10 Function 1.3GHz Universal Counter Multifunction Elenco Handheld |
1w/ bullt-In frequency counter Model GF-8036 Elenco Model F-1300 Counter Universal

' et o " P road S0z 10 60000008 £ 11T =3 BK Modai Counter
‘ 225 ¢ Toutae - Counts o 190.599.388 31 89 10Hz - 2.8GHz

Model F-2800

* Stop-watch set 2 sac. to 100 hra, s
igtprediiongih sl B S 99
g;gsgpulse over 8 frequ'ency ranbe from 0.2Hz to 2MH‘z. T e B isescsoe :'?,:‘: ;:m'scnr,:
Elenco RF Generator with Counter B&K 20MHz Sweep/Function Generator synchronous
(100kHz - 150kHz) Model SG-9500 with Frequency Counter Model 4040 :f;;ﬁ"’a'ndb:’,;
Features internal AM mod. | *0.2Hz to 20MHz strength.

3 Channels

of 1kHz, RF output 100MV - | * AM & FM moduation 34 4 5
35MHz. Audio output TkHz | [ Bum Opeaten
T38|

* Linear and Log sweep

‘eatures 10
|gn display,
Measures Frequency, Period, segment
Data Hoid, Relative, Memory lndRFl‘vnﬂswnﬁmbﬂo'wh
{min., max., average). High
Sansitiv

38l BK PREC!S Controlled:

Klt Corner Elenco Digital / Analog Tralner
over 100 kits available Model XK-700

Model AK-870 Model AK-700 Elenco’s newest advanced
. . Digital / Analog Trainer is spe-

Radio Control Car Kit Pulse/Tone cially designed for school pro-
$2 4 95 Telephone Kit jects. It Is built on a single PC

L] board for maximum reliability.. It
¢ Solderless includes 5 built-in power sup-
* 7 Functions plies, a function generator w/
* Radio Control

continuously sine, triangular
Transmitter Included

and square waveforms, 1,560
Model AM/FM-108K tie point breadboard area.
AM/FM

Tools and meter shown option-

! (Mounted in a professional

Transistor tool case made of reinforced
Radio Kit
w/ Stand

Includes antanna, NiCad battery, and
WRLTOP! AC adapter.

$G-9000 ........ $119.95 10MHz Model 4017
0 e Vi Mode! 40

metal).
XK-700 ,
Assembled &  XK-700K - Kit
fEsted 159.95
$189.05 °

| Guaranteed Lowest Prices C&S SA LES, INC. 15 DAY MONEY BACK GUARANTEE |

UPS SHIPPING: 48 STATES 5% e TL UL

Made in USA

Electronics Now, October 1999

WHi NG, IL 600!
| IL Residents add 8.25% Sales Tax FAX: (84 iﬁ:l-gt?ozl ,:47192_“_071_0
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CALL OR WRITE
sueoey C&S Sales i

SHIPPING 64 PAGE CATALOG!

Excellence in Service (800) 445-3201

__ Digital Multimeters
Elenco LCR & DMM |Elenco Model M-1740 Fluke 7911 Fluke 87iil )

Model LCM-1950 $39 9 |2 5299

* Capacitance  ranges
trom 99.99nF to 9999;:F.

12 Functions 11 Functioss: Features high per-

; * Freq. to 20MHz ¢ Bullt-in trequency formance AC/DC
Freq. to 4MHz - Cap. to 20uF counter of voltage input voltage and current
Inductance « AC/DC Vokage o L e ok measurement, fre-

s . A 7 « Lo-Ohms range, a 40Q ency, d cycle,
Capaditince ket range wit Fke’s pro roststonce, Sondde
and Much More * Diode Test 2(',,';:,“,2,0,,. Lo tance, and capaclh

resolution with tance measuremant.
increased noise rejec-

tion.
Series Il (limited qty.)

*69 e

Elenco Model LCR-1810 | Elenco Model M-1005K | Dual-Display LCR Meter | Elenco Model 6100

w/ Stat Functlons $ 95
599, | [T 14, 99

« Transistor Test

¢ Meets UL-1244 safety

specs.

Model M-2760 - $24.95
(9 functions)

Series | (limited qty.)
$289

B&K Model 878

| ]
P * True RMS of high speed
« Capacitance .1pF to D'QItal s 95 signals =

204F Multimeter Kit e JerRgeq ‘
« Inductance 1uH to 20H . + Froquency to 200KHz ‘
« Resistance .014 to . to 40uF

e i8iangos Auto/manual + Large 3 3/4 LCD display

3 1/2 Digit LCD « Captures and displays

« Temperature to 750°C Transistor Test range max, min, & avg. |

* Relative % to reference

* DC Voits 0 - 20V Diode Test
*Fi o 15SMHz = Three hold system
. Dm:::;m'mrilnuny ruenco ol M?“Y features = mlme{w
Yost ‘with Q factor 3 R contbuly
« Signal Output Function + Auto power off
* 31/2 Digit Dispiay M-1000B (Assembled) ......... $14.95 High Accuracy U ey l
Oscilloscopes TEKK Radios
Free Dust Cover and 2 Probes Both Models| Pro-Sport FRS Twa-Way Radio Talk up to
Avaliable iy 2 miles!
In Yellow, Model PRO-SPORT+
Blue & Black
Model PRO-SPORT
1/2 Watt Output, 14 Mcdel PRO-SPORT +
Channels.

* 1/2 Watt Qutput, 14 Channels.

* TX & RX LED/LCD Indicators.

« Large LCD Display.

* 38 Privacy (CTCSS) Tones.

« Plus All Features of Pro-Sport

« TX LED Indicator.

« Removable Belt Clip.

< Highly Water Resistant.
* Economy Type

Guaranteed Lowest Prices c&s s ALES, INC. 15 DAY MONEY BACK GUARANTEE

UPS SHIPPING: 48 STATES 5% 156 W. CARPENTER AVENUE _2 YEAR FACTORY WARRANTY

|+ No License Required! Model.
I
i $68.00 each or $79.00 each or
| 2 for $109.95 2 for $149.95 |
t z
S-1325 25MHz  Dual Trace $325| jI ]
S-1330 25MHz Delayed Sweep $439/ YTt 3 |
S$-1340  40MHz  Dual Trace $475| L ! Elenco TeChnICian Too' Klt i
S-1345 40MHz Delayed Sweep $569 |
S-1360 60MHz  Delayed Sweep s7a9| Model TK-1500 $ 95 8
§-1390  100MHz Delayed Sweep $995 49 L [l §
| ~
DIGITAL SCOPE SUPER SPECIALS | 28 tools pius a DMM (M-10008B) =
DS-203  20MHz/10Ms/s Analog/Digital $695 | contained in a large flexibie tool 5‘8
DS-303  40MHz/20Ms/s Analog/Digitai $995 | case with a handie ideal for m
DS-603 60MHz/20Ms/s Analog/DigitaI $1295 everyone on the go._ §
3
2.
(9]
®
z
o
£

OTHERS CALL FOR DETAILS WHEELING, IL 60090 -
IL Resldents add 8.25% Sales Tax FAX: B47) 541-9904 (847) 541-0710

SEE US ON THE WEB - www.cs-sales.com

PRICER SUBJECT T CHANGE WITHOUT NOTICE

0
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SONY COLOR VIDEO
CAMERA W/AUDIO

SONY #CCX-Z11/S1
Brand new 1/4™ CCD color
video camera with audio.
Ideal for surveillance or
video conferencing.
Good-looking,
compact design,
only 3.5" X 2.33" X 1.05".
Adjustable lens. On-off power
switch. RCA jacks for video
and audio outputs. NTSC, ETA
standard. 270,000 pixels. Auto white balance.
10 Lux min. illumination. Includes 4.5 Vdc
power supply, output cables and adjustable
desktop camera stand which can easily be
used as a wall or ceiling mount bracket. An

exceptional deal.
$9 each

CAT# VC-1100
| 3 or more $85.00 each |

| Blg Savings on AA BATTERIES

Here are some good quality carbon-
zinc AA cells at a great price. Made
by the same company that makes
batteries for Ray-o-vac. these Vinnic
“Extra Heavy Duty” cells have a rela-
tively late 2000 date code. Bulk
packed for OEM use. Large quantity
available.

CAT # BT-AA 4 for $1 00

100 for $20.00 (20¢ each)
500 for $75.00 (15¢ each)
1000 for $100.00 (10¢ each)

20 Character X 4 Line LCD

Optrex # DMC 20434-CEM
(PWB 20434-CEM)

5 x 8 dot format.

3" x 1" viewing area.

3.88" x 2.38” module.
Removed from new equipment, may have felt
padding on metal bezel. 14 pin singie row head-
er is pre-attached. Includes spec/hook-up sheet.

CAT # LCD-46 00
3 [ Gacn

ORDER TOLL FREE

1-800-826-5432

CHARGE ORDERS to Visa. Mastercard.
American Express or Discover

TERMS: NO MINIMUM ORDER. Shipping and bandling for the
48 continental U.S.A. $5.00 per order. All others including AK,
HI, PR or Canada must pay full shipping. All orders delivered
in CALIFORNIA must include local state sales tax. Quantities

Limited. NO COD. Prices subject

CALL, WRITE to change without notice.

FAX or E-MAIL MAIL ORDERS TO:
tor our FREE W XUNINIe) i={e]N[[elS
96 Page CORPORATION

CATALOG P.O. Box 567
Outside the U.S.A.  RVETII NTUIVET o7 WD 1013

send $3.00 postage.

FAX (818)781-2653 |
www.allelectronics.com
allcorp@allcorp.com

e-mail

Unbeatable
PRICES!

DESCRAMBLERS
CONVERTERS - FILTERS
VIDEO STABILIZERS

[S[RIE[E » 30 Day Trial

FREE » Product Catalog
FRES » 1 Year Warranty
100% MONEY BACK GUARANTEE

Let us point you in
the right direction ...

Technologies
Omaha, Nebraska

OLL FREE

888-554-2776

m . ;
30 Day Triat « 1yr. Wenty « Frea Catalag »
Qty. Diccounte « Dealere Welcome!

I-8llll-538-2225

alaxgdogcramhlem com

Measure Temp. and Relative
Humidity easily with the RHT7!

§-554-ARROW g

Easy 1o connect to stamps
and microprocessors
On-board calibration system
Factory calibrated sensors
Sense from a remote area
Includes all parts and PCB
$64.95 + shipping/handling
Visit our Webpage for more!

. RHT7 kit shown assembled
_——
/\Technology Electronics, Ltd.

Phone: 937-438-4683 Fax: 937-438-5934
www.technologykit.com kits@technologykit.com

-

800-992-9943

817-483-6828
Fax: 817-483-6899 -

catalog@mouser.com

958 N. Main St., Mansfield, TX 76063

Low Cost, Precision-Made PC Boards
From Your Gerber/NC Drill Files

Put your CAD = * Miliin,
wounmio | | PEBMIIRG | oriiee
work for you! \/_ « Routing

www.pcbmilling.com FAX: (703) 818-0071

19 2rOADCAST EQUIPMENT
We manufacture & carry Stereo FM Transmitters,
RF Amplitiers, Low Pass Filters, Antennas, DJ Mixin
Boards & Consoles. Mics, Compressor/Limiters, Digite
Reverbs, Automation Sottware, RF Test Equipment, AF Pares
Including BGY 133's, and much more! Call For Free Catalog.

P Progressive concepts
(3

"

BOX 586 STREAMWOOD, Ii. 80107
(630)736-9822 FAX (630)736-0353

CONSTRUCT THOSE

<& SIMPLE AUDIO
o PROJECTS FROM
e -, SESCOM SiPs

JUST APPLY SIGNAL,
POWER AND OUTPUT

CONNECTIONS AND
YOU ARE READY TO GO.
SIMPLE CONSTRUCTION.
PINS ARE ON 0.1” CENTERS

- 1]
ose B
» !
GET YOUR SIP-1 AUDIO MODULE TODAY
*ONLY $2.00 FOR SHIPPING AND HANDLING
EXPERIMENT FOR YOURSELF TO SEE THE BENEFITS OF THESE DEVICES.
THERE ARE 25 DIFFERENT DEVICES IN THE SIP PRODUCT LINE.
OFFER GOOD ONLY (N THE 48 STATES. OFFER ENDS DECEMBER 20,1999,
LIMIT ONE REQUEST PER CUSTOMER. MUST BE PREPAID BY CREDIT CARD
OR CHECK. MAILED 18T CLASS, ALLOW 1-2 WEEKS FOR DELIVERY

ORDERS 800-634-3457 » FAX 800-551-2749
OFFICE 702-565-3400 » FAX 702-565-4828

®
| www.sescom.com « info@sescom.com
SESCOM, INC. 2100 WARD DR., HENDERSON, NV 89015

SESCOM ING. i ot reaponsbie for madvartent ypograghl orors

2 41% subect to change wihout notce.
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