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high -end 

schematic design ¡ and simulation - software 

$299 
CircuitMaker 6: 

Schematic design 

and simulation 

software 

Maker 

s 

high -end 
printed circuit 
board layes 
software at a 
traction of 
the cost. 

Maker 
$299 

TraxMaker 3 : 

,':' Printed circuit 
board layout 
software 

CircuitMaker Version 6 and TraxMaker Version 3 give you the features of professional, high -end software at 

a fraction 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 
design and simulation program featuring: 

Professional schematic features including printout 

borders, title block and barred pin names 

Symbol editor and Macro feature for custom devices 

Fast, accurate SPICESf 5/XSPICE -based simulation 

Complete array of analysis types, including Fourier, AC, DC 

Parameter Sweep, Transient and more 

Virtual instruments including a digital oscilloscope, 

muttimeter, Bode plotter, curve tracer and more 

Extensive library of over 4,000 devices 

Tight integration with TraxMaker® for quick PCB layout 

Output PCB netlists in Protel®, Tango ®, and TraxMaker®, 

formats for use in a variety of PCB layout programs 

Windows 3.1, 95, 98 and NT 

TraxMaker 3 is a powerful printed circuit 
board layout program featuring: 

Over 2,000 component footprints in a fully- documented, indexed 

library Documentation shows footprints actual size 

Built -in autorouter and Design Rules Check 

Supports up to 6 signal layers plus power and ground planes, 

silk screen overlays and solder and paste masks 

Board sizes up to 32 "x 32 ", with no pin limitations 

Intelligent manual routing with unroute capabilities 

Import any PCB netlist in CircuitMaker ®, Protel® or Tango® formal 

Output RS274X Gerber files, Excellon N/C drill files and Bill of 

materials 

Print to any Windows compatible printer or plotter 

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 Provo, UT 84604 Tel 801.224.0433 Fax 801.224.0545 www.microcode.com 

01999 Protel International Ny Ltd. All rights reserved. CircuitMaker, TraxMaker and SimCode are registered trademarks of Protel International Pty Ltd. All other brand and product names are trademarks or registered trademarks of their respective companies. 
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The millennium is upon us. The year 
2000 

is 
sr 

right 
ge hands-on 

the 
electronics 

corner. What will it bring? - 
PodT n:cs magazine 

build, maintain, and repair all 
Today's challenging electronics marketplace does not for a 

who design, 
of competitive publications aimed 

ate the hands -on lend 
that 

electronics 
lives, 
activist the P the computer and 

repair 
who 

the electronics gear that fills our lives, the experimenters who build projects, 

want to know what's in the latest gear, 
radio operators 

to and are 
what's outdth 

eerobots, audiophiles who want 

to test new circuits and designs, ha P 
Elctronics, into 

p n - that you will soon 
and 

holding in your hands. 
That's why Gernsback Publications is melding our two publications - Elc Now and P 

(Yes r Ek the s, 
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millen- 

nium 

new, tally 
it 

and timely monthly 2000 
issue. What a ay to enter the new millennium! (Y 

Coincidentally it will anutl1e January 
2001.) actually starts January 

It's evolution! Starting with the January 2000 issue Electronics Now will become the magazine for the 

Poptronics will be the agazinr for Poptronics, 

hands -on electronics activist! No matter what your specific electronic interest; 
when we began 

magazine 
April a for 

all electronics activists in the 21st Century. We've been here since the beginning, 

with the first issue of Modern Electrics. We're still going to be here for the start of the next millennium, the year 

3001, with Poptronics or its future descendant. 

We have brought together all of the very best 
ett laments variety ur e weng n agazines 

into Poptronics. 
e packaged It is 

designed 

to deliver to you, our readers 
Service 

the very best 
product lab reviews, nother how 

Prototype, Hands -on Reports, Service Clinic, Peak Computing, Robotics Workshop, Amazing 
have 

and otGr key 

columns; 
and how 

wrapped 
to do it rticl 
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reate a 

editorial 
ondpackage rful new world of electronics! 

projects, 
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it works 

Our web site at www.gernsback.com will still be there too. The forums, searchable index, 
n 

links a 
lústayas 

what 
are, but you 

happening. 
b finv a lot of 

will findlit a en morel useful than before. We will continue the forums that 

whnt is I 
readers 

that 
exchange 

hu 

bring thousands 
magazine. 

of 
It's 

a 
to place o search the index for old articlesand to 

find 
ownload 

latest 
current articles 

contents 
nd art- 

in the magazine. Its a great 

work from the current issue. 

If you are a current subscriber to Electronics Now, you will automatically receive upcoming issues of Poptronics 

(starting with January 2000) until your 
t 

subscription 
f l 

also subscribe to Popular 

Electronics we will combine our subscriptions (if you have 10 moreis issues of Electronics Now to go, and 5 
issues 

of Popular Electronics - for example - you will receive the next 15 issues of Poptronics). 

If we goof and you get two copies of Poptronics next month, just cut off or copy the labels on the front cover 

of both magazines and send them to me. I'll see that your subscription is merged without you losing a single 

copy. 

and see just how great our electronics industry can be. We will be bringing you all 
An exciting new world of electronics publishing begins with the January 2000 issue of Poptronics Be our pa 

net in progress. Stay with us 1 

of the latest electronics news as it happens. 

Larry Steckler, EHF,CET 

Publisher 
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.HE C O V E 

Freeze Motion With 
The Laser Scope 

When it comes to measuring the speed of a 

rotating object, nothing can take the place of 

a stroboscope -and that just scratches the 

surface of the possible applications for that 

piece of test gear. However, commercial 

units are often expensive and are line oper- 

ated, making field use difficult. But why buy 

when you can build? This month's cover 

project is an easy -on- your -wallet strobo- 

scope that's a snap to put together yourself. 

Even better, it is battery powered making it completely portable. - Skip Campisi 

T E C H N O L O G Y 

41 Balanced -Line Converter 
The easy way to interconnect professional 
and consumer audio gear for testing or other 
applications. - Gary McClellan 

^r A Scrolling LED Clock 
It gives new meaning to the expression `time 
marches on." - David Williams 

13 Prototype 
Higher disk capacity through colossal magnetoresistance, mini - 

robots in space, fast SRAM, and more. 

¶R Understanding Digital Modulation 
It's the key to today's high -speed data transfers. - Fernando Garcia 

92 Component Notebooks 
A new way to organize your workbench. - Peter B. Reintjes 

nn A Computer Display in Your Eyeglasses 
Technology that makes keeping your eye on your PC easier than 

ever. - Bill Siuru 

A N D M O R E 
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30 

93 

NEW PRODUCTS 

,.D -E P A R T M E N T 5_ 

4 EQUIPMENT REPORT 
Creative Labs Nomad MP3 audio player. 

DX LISTENING 
Looking back. - Don Jensen 

r. SERVICE CLINIC 
More on semiconductor testing and a DVD 

update. - Sam Goldwasser 

7P COMPUTER CONNECTIONS 
Updating Windows. - Konstantinos Karagiannis 

2:I ANTIQUE RADIO 
The end of a long and pleasant road. - Marc Ellis 

8E TECH MUSINGS 
Contactless charging, linear equations, induc- 
tion- heating books, and more. - Don Lancaster 
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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 plans or information published in this magazine. 

Since some of the equipment and circuitry in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW disclaims any liability for the 

infringement of such patents by the making, using, or selling of any such equipment or circuitry, and suggests that anyone interested in such projects consult a patent 

attorney. 
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Gravity Waves Explained 

I have been a NASA Goddard Space 
Flight Center astrophysicist for over 35 

years, and I retired not long ago. I have 
been working in relativistic astrophysics 
since the early 60s and have published 
numerous articles in scientific journals 
on the application of general relativity to 
astrophysics. In 1963, I co- edited with 
William F. Hoffman (now professor of 
astronomy in the University of Arizona) 
a book Gravitation and Relativity, in 
which the theory and experimental 
detection of gravitational waves were 
among subjects discussed. Since then, of 
course, there have been many new 
developments in this subject. 

The article, "Measuring Gravity 
Waves" by Skip Campisi (Electronics 
Now, October 1999) contained a number 
of critical mistakes that I feel obliged to 
point out. First of all, the name "gravity 
waves" is erroneously used. "Gravity 
waves" is a term used by geologists to 
describe the wave generated in either the 
atmosphere, oceans, and the land 
through the variation of gravity caused by 
a number of quite earthly reasons. For 
example, the tidal effect of the moon rais- 
es and lowers the height of the land with 
respect to the earth s center by approxi- 
mately 1 cm and generates a kind of grav- 
ity wave, which is monitored closely by 
geologists using a sensitive gravity meter. 
This kind of wave is associated with 
Newtonian mechanics and has nothing to 
do with Einstein s theory of relativity. 
The proper term used to describe the 
kind of waves associated with Einstein's 
theory of gravity and mentioned in this 
article is "gravitational waves." Second, 
the arguments used in conjunction with 
Figure 1 to show that light travels at 2c or 
t /2c speed is wacky at best; and had one of 
the most prominent founders of quantum 
mechanics, Wolfgang Pauli, been alive, 
he would have called it "not even wrong." 

The kind of devices described in this 
article will certainly detect something. 
But whatever effect is detected is cer- 

tainly not caused by gravitational waves. 
Invariably, it is caused by vibrations and 
other disturbances associated with 
atmosphere and the ground. Isolation 
from these effects is one of the main 
themes of the detection of gravitational 
waves. Even in the relatively crude 
(judged from the current standards) 
device built by Professor Joseph Weber 
(University of Maryland), who is regard- 
ed as the founder of gravitational wave 
physics, great pains were taken to 
achieve an isolation factor of 1010 

(100db). 
There is a current gravitational wave 

project sponsored by the National 
Science Foundation (LIGO). The prin- 
ciple used is laser interferometry. The 
length of the interferometry path is 
roughly 3 miles with hundreds of multi- 
ple reflections to increase its sensitivity, 
and the whole device is enclosed in high 
vacuum. The mirrors were suspended 
and isolated from the ground by an iso- 
lation factor much better than Weber's 
1963 device. 

The electronics described in the 
article might be sound, but there is no 
mention about isolation of the pro- 
posed instrument. Isolation is one of 
the main games in the detection of 
gravitational waves. A casual experi- 
menter might detect some signals from 
the kind of crude instruments de- 
scribed in this article, but the signal 
might as well be caused by a distant 
truck rumbling by and certainly not by 
gravitational waves. Sorry, no isolation, 
no detection. By the way, the distortion 
of space -time metric caused by gravita- 
tional waves (which are speculated to 
be generated during the collapse of 
stars such as supernova or the coales- 
cence of close dense star pairs such as a 

binary neutron star pair) in a device of 
the dimension described in this article 
is estimated to be less than 10." cm 
(and could be considerably less). This 
is smaller than a proton or neutron. 
HON -YEE CHID 
North Potomac, MD 
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CREATIVE LABS NOMAD MP3 PLAYER 

Look Ma, portable audio 
with no moving parte 

CIRCLE 15 ON FREE INFORMATION CARD 

tiUMRO 

Portable, personal stereo systems 
were all the rage back in the early 

1980s when Sony first introduced the leg- 
endary Walkman. Those devices, and sim- 
ilar ones from other vendors, featured a 

cassette tape player in a handheld package 
that used headphones for speakers. 

Over nearly 20 years, portable stere- 
os became smaller, fancier, more com- 
plex, and even cheaper in general. 
Today, many portable stereos can even 
play CDs. But all portable stereo sys- 
tems contain moving parts, which tends 
to make them rather delicate and power - 
hungry. But thanks to an Internet -driven 
development, that might soon be a thing 
of the past. 

By now, most have heard of MP3. 
MP3 audio is basically MPEG -com- 
pressed audio, which can package a typ- 
ical song in about one tenth the space 
that the same song recorded on a CD 
would occupy. As an example, a 40- 
megabyte song on a CD can be convert- 
ed to a 4- megabyte MP3 file. Now 
whole albums can fit in roughly 64 
megabytes of space, as opposed to the 
640 megabytes of space on an audio CD. 
The sound quality of MP3 audio is 

about the same as CD audio. 
For some time now, MP3- encoded 

audio has been available on the Internet, 
from both legal and illegal sources. 
While record companies and amateur 
recording artists enjoy being able to dis- 
tribute music samples via MP3 over the 
Internet, they do not like it when some- 
body takes a brand new album, converts 

it to MP3, and posts the entire album on 
the Internet for anyone to download. It 
is easy for people who know where to 
look to locate nearly any song or album 
they want -especially new releases. 
Software MP3 players are also available 
on the Internet for free, so that any PC 
can play back the music. But a desktop 
computer, or even a notebook, is not 
nearly as portable as a Sony Walkman. 

But a portable MP3 player is, and this 
holiday season will likely see a number 
of them on the market. One example is 
Creative Labs' new Nomad MP3 player. 
Not only does Nomad play MP3 audio, 
but it also features an FM tuner and 
recording capability so that it can be 
used as a dictation device -one that lets 
the audio be uploaded to a PC for safe- 
keeping and future reference. 

Creative Labs Nomad 
The base Nomad player contains 32 

megabytes of built -in memory and has a 

slot for flash card memory modules to 
increase the unit s capacity. The Nomad 
64- megabyte version includes a 32- 
megabyte memory card. With 64 
megabytes of memory, Nomad can store 
up to two hours of CD -quality audio or 
four hours of voice recording. Included 
stereo earphones are used for listening. 
Nomad s LCD readout displays the title 
of the song being played. 

A docking station allows Nomad to 
be connected to a computer so that var- 
ious MP3 files can be downloaded to the 
player. Users can download entire 

albums or mixes of their favorite songs 
from multiple albums- basically what- 
ever they like. Nomad lets you cus- 
tomize your own content and take it 
with you, whether you're going on a trip 
or just working out. Nomad contains no 
moving parts -no motors, no belts, no 
nothing. The solid -state nature of 
Nomad provides skip -free playback no 
matter how rough the going gets. 

Nomad comes with the aforemen- 
tioned high- quality stereo earphones 
and PC docking station. Also included 
are an installation manual, AC power 
adaptor, parallel port cable, CD installa- 
tion disc, a pre -encoded MP3 content 
disc, and two rechargeable AAA NiMH 
batteries. Playback time is about 5 hours 
with the included rechargeable batteries, 
and about 9 hours with a pair of fresh 
AAA alkaline batteries. 

Nomad is much smaller than it looks 
in photos. Its lightweight magnesium 
casing measures about 2'/4 inches wide 
by 33/e inches high by about Vs inch deep. 
It weighs little more than two ounces 
without the batteries. Nomad's signal - 
to- noise ratio is less than 90dB and its 
frequency response is from 20 Hz to 20 
kHz. The docking station measures 
about 31/s inches wide by 5'/4 inches high 
by 2 inches deep, and it connects to a 

PC's parallel port using the included 
cable. 

The parallel link lets users download 
MP3 files from the MP3 content disc 
included with Nomad or material 
obtained from the Internet Alternatively, 
users can convert their own CD collec- 
tions into MP3 files using the Creative 
Digital Audio Center software included 
with Nomad. Digital Audio Center lets 
you encode, decode, and archive MP3 
files, as well as convert an unlimited 
number of CD tracks and catalog them 
according to preference. The Nomad 
Manager software downloads MP3 files 
to Nomad via its docking station in a 

matter of seconds. 
Creative Labs has set up a Web site 

(Continued on page 29) 



DX L I S T E N I N G 

Looking Bach 

AS YOU READ THIS, Y2K IS NOW JUST A SHORT TIME AWAY. 

FOR THE PAST SEVERAL MONTHS, WITH THE AID OF 

JEROME S. BERG S HISTORY OF SW BROADCASTING, ON THE 

SHORTTEIVES, 1923 -1915, WE VE BEEN LOOKING BACK ON THE EARLY 

years of our listening hobby. 
For the SWL, then and now, the one 

essential tool is a radio. In the earliest 
days, the choices were few. You could 
buy a commercially made general -pur- 
pose radio that happened to cover the 
shortwave frequencies. Or you could 
build your own homebrew set, usually 
from plans in radio magazines. Serious 
shortwave listeners, though, needed 
something better, a communications 
receiver that offered the degree of sensi- 
tivity, selectivity, and signal handling 
required to pull in weak, distant signals. 

Berg quotes receiver historian 
Raymond Moore as identifying the first 
bona fide communications receiver as 
the RME -9, made by Radio 
Manufacturing Engineers of Peoria, IL. 
The RME -9 was introduced in 
December 1933, and offered features 
that would define communications 
receivers for decades to come: band - 
switching, calibrated dials, bandspread 
tuning, signal- strength meter, separate 
RF stages, selectable bandwidth filters, 
automatic volume control to combat 
fading signals, a beat -frequency oscilla- 
tor for reception of CW Morse -code 
signals, and more. 

For decades, beginning in the 1930s, 

CREDITS - Jeff Findlater, CA; Bob Fraser, MA; 
Andre Fredette, ONT.; Mark Humenyk, ONT.; 
David Krause, OH; Jack Linois, PA; William 
McGuire, MD; Denis Pasquale, PA; Betsy 
Robinson, TN; Gerald Witham, HI; North 
American SW Association, 45 Wildflower Road, 
Levittown, PA 19057. 

the biggest name in shortwave receivers 
was Hallicrafters. The firm was founded 
by William J. Halligan, who, after sever- 
al collaborative efforts with other mak- 
ers, began manufacturing communica- 
tions receivers for hams and SWLs in 
his Chicago factory. Hallicrafters, Berg 
notes, was known for value and a wide 
variety of receivers in just about every 
price range. They tended to be big, solid 
sets that performed well. 

Another major player in the SW 
receiver field, both pre- and post -WWII, 
was the National Company. Initially, 
more than 80 years ago, the company 
made a variety of products, from toys to 
household goods. National began making 
radio kits in the 1920s, and high- perfor- 
mance sets for radio amateurs in the early 
1930s. Under the guidance of its chief 
engineer and general manager, James 
Millen, National produced fine tube -type 
receivers, particularly its HRO series, for 
30 years. In 1964, the company intro- 
duced its admirable HRO -500 solid -state 
receiver. 

The third of the "Big Three" com- 
munications receiver manufacturers of 
the early years was Hammarlund 
Manufacturing. It was founded in 1910 
as a general manufacturer of such 
diverse devices as fire alarms and liquor 
decanters, Berg says. By the mid- 1920s, 
Hammarlund was making radios. Long 
time SW DXers recall the firm's quality 
HQ series of communications receivers, 
which began with the HQ -120 model in 

BY DON JENSEN 

1938. It cost $230 in 1940, a huge price 
for the time. But Hammarlund radios 
were high -quality well-built sets; even 
today, many veteran DXers seek out 
well -used 30- year -old Hammarlund 
HQ -180 receivers at hamfests and flea - 
markets. 

Despite gigantic advances in receiver 
designs in the last several decades, in 
terms of its ability to pull in really tough 
DX, the HQ -180 remains one of the 
most effective SW sets ever made. 

More information about Berg's 
shortwave history is available from 
McFarland & Co., Inc., Publishers, at 
www.mcfarlandpubl.com or by calling 
800 -253 -2187. 
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Radio Australia Turns 60 
On Dec. 20, 1939, a new internation- 

al shortwave operation, known then as 

Australia Calling, officially began broad- 
casting. This month, today's Radio 
Australia marks its 60th birthday. 

The beginnings of shortwave 
radio in Australia are even older, 
though. In 1928, the Australian 
Postmaster General's office began 
broadcasting from Lyndhurst, 
Victoria, near Melbourne. VK3LR, 
as the station was called, had a 500 - 
watt transmitter feeding a horizon- 
tal halfwave dipole antenna. It 
broadcast on 9580 kHz; a frequency 
still used by Radio Australia nearly 
three -quarters of a century later. 

The first experimental transmis- 
sions were received around the 
world despite the low transmitter 
power. The good reports prompted 
the Australian Broadcasting Corp. 
to begin a regular scheduled short- 
wave service in March 1934. The 
SW transmissions, relays of the 
ABC's AM medium -wave programs, 
were intended for listeners in 
remote parts of the Outback and on 
the more distant Pacific islands. 

International broadcasting from 
Australia became a practical reality in 
1939, when, spurred by the outbreak of 
war in Europe and China, worldwide 
communications took on a greater impor- 
tance. The Australia Calling shortwave 
service was broadcast by 10- kilowatt 
transmitters in Lyndhurst and Sydney. 

When the war reached the Pacific, 
there was a new urgency in reaching 
international audiences. A high -pow- 
ered, for its day, 50- kilowatt transmitter 
began operating from Shepparton, 
about 200 km. north of Melbourne, in 
1944. Soon six 100 -kW SW transmitters 
were added at Shepparton. 

In the 1960s, a second international 
transmitting site was established at 
Darwin in northern Australia. Cyclone 
Tracy destroyed the station in 1974, but 
it was rebuilt over the following decade. 

A third Radio Australia site at 
Carnarvon on the central coast of West 
Australia was added in 1976. An interim 
transmission center also was opened in 
1989 at Brandon, where the lower pow- 
ered 10 -kW. units from Lyndhurst were 
reinstalled. This facility was intended to 
reach audiences over medium distances, 
particularly those in Papua New Guinea. 

At its peak in the early 1990s, Radio 
Australia operated 16 shortwave trans- 

ABBREVIATIONS 
DX, DXer = Distant shortwave stations; 

one who hunts DX 
FM = Frequency modulation 
kHz = kilohertz, unit of frequency 

measurement 
kW = kilowatt, unit of power 

measurement; 1000 watts 
SW, SM. = Shortwave, shortwave 

listener 
UTC = Universal Coordinated Time 

standard used by most SWLs and 
major shortwave stations. Equivalent 
to Eastern Standard Time plus 5 
hours; CST+6; MST +7 or PST+8 

mitters, with powers from 10 to 300 
kilowatts, on the air for a cumulative 
total of about 1600 hours weekly. But in 
recent years, like so many other major 
international broadcasters, Radio 
Australia's budget has been drastically 
cut. The Darwin and Carnarvon centers 
were shut down. Broadcasting hours 
were cut back severely; language ser- 
vices- including Thai, after 53 years of 
programming -were eliminated. Radio 
Australia's focus has narrowed to cover- 
ing Asia and the Pacific, with program- 
ming in English, Chinese, Indonesian, 
Khmer, Vietnamese, and Pidgin. 

Although Radio Australia has cut- 
back on its newsgathering staff at 
bureaus around the world, its on -the- 
hour 10- minute newscasts offer solid 
coverage, particularly of events in the 
Pacific Rim region that the broadcaster 
considers its prime responsibility. 

Among the programs attracting siz- 
able audiences is Roger Broadbent s 

"Feedback," which is a combination let- 
terbox and musical -request program. It 
is aired at 0030 UTC Saturday on 
21,740 kHz, and also is heard at 2105 
UTC Friday; 0330 0605 UTC Saturday; 
and 0330 UTC Sunday. 

Look for Radio Australia program- 
ming at 0200 to 0900 UTC on 15,515 
and 17,580 kHz; 0900 to 1100 UTC on 
11,880 and 13,605 kHz; 1100 to 1500 
UTC on 9580 and 11,650 kHz, and 
2100 to 0200 UTC on 17,580 and 
21,740 kHz. 

Despite the cutbacks at Radio 
Australia, it continues to be widely heard 
by SWLs in the U.S. and Canada, as it 
has been for the past six decades. 

The Years, Old And New 
Before we leave 1999 behind, I want 

to offer another happy birthday wish to 
the Ontario DX Association, which 
marked its 25th anniversary during the 
year. The Canadian club serves those 
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who listen to international shortwave, 
medium wave, scanning, FM listening 
and more. While its prime efforts are 
directed to listeners in Ontario, with 
regional gatherings and listening events, 
its monthly bulletin has subscribers 
throughout the world. 

For more information about this 
club, you can check the ODXA Web site 
at www.odxa.on.ca or write to ODXA, 
P.O. Box 161, Station A, Willowdale, 
Ontario, M2N 5S8, Canada. 

Looking to the new year ahead, the 
13th Annual Winter SWL Festival is 
scheduled for March 10 -12, 2000, at the 
Holiday Inn in Kulpsville, PA (Exit 31 
on the Northeast Extension of the 
Pennsylvania Turnpike). Every year, sev- 
eral hundred SWL, medium -wave, and 
scanner enthusiasts gather for a weekend 
of programs, equipment displays, and 
fun. For more information on how you 
can join in, send a self- addressed 
stamped envelope to Winter SWL 
Festival, do Dr. Harold Cones, 2 Whits 
Court, Newport News, VA 23606. 

And a week later, March 19 -21, is 
scheduled for the 2000 North American 
DX Championships. This listening con- 
test is a great way to show the world that 

you are the tops when it comes to 
SWLing. Rules on how you can partici- 
pate in the year's SWLing event also can 
be obtained for an SASE to 2000 NA 
DX Championship, also in care of Dr. 
Cones at the above address. 

Down The Dial 
Let s take a look at some DXing tar- 

gets you may want to tune: 
BULGARIA- 13,600 kHz, Radio 

Bulgaria in Sofia is noted signing on 
with German programming, including a 

newscast, at 0515 UTC. Operating in 
parallel at this time is 12,000 kHz. 

CANADA -6070 kHz, CFRX, 
Toronto, is one of a handful of indepen- 
dent SW stations in the "Great White 
North." You may be able to catch it 
about 2300 UTC. 

FRANCE- 15,155kHz, Radio 
France International's English program- 
ming to Asia and the Pacific can be 
logged here around 1215 UTC, as well 
as on a parallel channel of 15,540 kHz. 

MOROCCO -9680 kHz, Voice of 
America, relayed from Moroccan trans- 
mitters, airs its `News Now" program at 
0600 kHz. 

NIGERIA -11,560 kHz, Voice of 

Nigeria has been noted in English at 
1900 UTC with reggae music and a 

political commentary. 
SEYCHELLES -9770 kHz, the 

British Broadcasting Corp. broadcasts 
are relayed from transmitters in this 
Indian Ocean island nation. Listen for 
sign on at 0200 UTC with the familiar 
Big Ben chimes tuning signal. 

SLOVAKIA -9440 kHz, Radio 
Slovakia International programs from 
0130 UTC, with interval signal, English 
identification, and into news in Slovak. 

SWEDEN -12,060 kHz, Radio 
Sweden s English service has its news 
feature program, "60 Degrees North" 
scheduled at 0340 UTC. A parallel fre- 
quency is 9495 kHz. 
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BY SAM GOLDWASSER 
SERVICE EDITOR 

More on Semiconductor Testing, 

DVD Notes, and More 

THIS MONTH WE'LL COMPLETE OUR DISCUSSION OF SOLID- 

STATE DEVICE TESTING ALONG WITH SOME VERY SIMPLE 

CIRCUITS THAT CAN BE PUT TOGETHER IN ABOUT 10 MINUTES TO 

DISPLAY THE CHARACTERISTICS OF TWO- TERMINAL DEVICES ON 

an oscilloscope. We'll also inaugurate an 

occasional series of short topics on other 
aspects of repair or follow -ups to previous 
articles. This time: What about DVD play- 
er or DVD -ROM drive servicing? 

Diode and Rectifier Speeds 
When the polarity reverses on a 

diode, it takes finite time for the charge 
carriers to be cleared from the area of 
the junction. During this time, reverse 
current flows. For high- frequency appli- 
cations -i.e, switching power supplies, 
horizontal deflection circuits, etc.- a 

normal diode would act more like a 

short circuit and result in poor perfor- 
mance or even burn out. 

There are a variety of alternatives: 
fast -, super- fast -, ultra -fast- (and so 
forth) recovery diodes, Schottky diodes, 
and others that must be used in high - 
frequency signal, switching, and power - 
supply circuits. Thus, if you find a bad 
diode in a piece of electronic equipment, 
don t assume it is just an ordinary diode 

o5 because the case looks the same. 

Z 

Replacing a fast -recovery diode with a 

1N4007 will very likely just result in 
more confusion. A proper device must 
be used even for testing. In most cases, a 

faster part can be substituted without 
problems. However, there are occasion- 
al situations where the specific charac- 

2 
teristics of a slow part (a reverse pulse 
due to its long recovery time or high 

W capacitance) are needed for the circuit to 
operate properly! 

8b 

Horizontal Output Transistor 
Pinouts 

The next discussion might go in the 
"general trivial department," but it might 
also come in handy if you haven't been 
playing with horizontal output transis- 
tors (HOTs) all your life! 

You will nearly always find one of two 
types of HOTs in TVs and monitors, 
and those are shown in Fig. 1. Some 
other transistor types use the same 
pinout (TO3 -see Fig 1A-for metal 
can, TOP3 and TO220 -see Fig. 1B- 
for plastic tab), but not all. However, for 
horizontal output transistors, those 
pinouts should be valid. 

Note that HOTs with a built -in 
damper diode may read around 50 ohms 
between B and E (near 0 on the diode 
test range) -this is normal as long as the 
resistance is not really low (under 10 ohms). 

TOP3 OR TO220 

TO3 METAL CAN PLASTIC PACKAGE 

TAB (IF METAL) IS 
ALSO CONNECTED 

TO C. 

B = BASE 
C = COLLECTOR 
E = EMITTOR 

BOTTOM VIEW 
A 

B C E 
FRONT VIEW 

B 

FIG. 1 -HOT PACKAGES: a TO3 metal can 
is shown in A, and a TO220 plastic package 
is in B. 

Difference Between Normal and 
"R "- Marked Parts 

Electrically, normal and "R "- marked 
parts are exactly the same. The R 

stands for "reverse." The "R" pinout is a 

mirror image of the normal one. This 
makes layout of high- frequency pairs 
easier because traces do not have to 
cross over one another. However, it can 
also bite you if you are unaware of what 
the marking means! 

Testing MOVs 
Metal -oxide varistors (MOVs) are 

used mostly for surge suppression in 
power strips and the front -ends of the 
power supplies of TVs, VCRs, and other 
consumer electronic equipment. They 
are those brightly colored things that 
look like Epoxy -dipped capacitors. At 
least, that's what they look like when 
new. A common failure mode is for the 
MOV to be totally obliterated by a surge 
or from old age. In such cases, testing is 

not needed! 
MOVs are supposed to be located 

beyond the line fuse (though possibly 
not always). In this case, where the line 
fuse blows but there is no visible damage 
to the MOV(s), the simplest test may be 
to just temporarily remove the MOV(s) 
and see if your problem goes away. 

A multimeter can be used to test for 
leakage (there should be none), but the 
best option is to remove the device. 
Since the proper functioning of the 
equipment doesn't depend on any 
MOVs (in 99.9999 percent of the 
cases -the exception being where the 
MOV is used as a high -voltage trigger- 
ing device or something like that 
rather than a surge suppressor), 
remove the MOV(s), test the equip- 
ment, and then just replace the 
MOV(s) if in doubt. 
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FROM VARIAC 

HORIZONTAL SCOPE INPUT 
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SCOPE GROUND 

VERTICAL SCOPE INPUT (INVERTED) 
(CURRENT DISPLAY) 

FIG. 2 -THIS "QUICK AND DIRTY CURVE TRACER" can tell you a lot about the value and 
health of a wide variety of components. It is used with an oscilloscope. 

Introduction to Curve Tracers 
A curve tracer is a piece of test equip- 

ment or an add -on to an oscilloscope that 
provides a graphical display of the V -I (or 
other parameters) of an electronic corn - 
ponent. The design of a curve tracer is 
simple in principle; let's look at one 
designed for testing bipolar transistors. 

For the horizontal (collector supply) 
you need a variable -ramp generator. If 
your scope has a sweep output, then you 
can derive it from that-if you are not 
interested in frequency response, an 
audio amplifier may be adequate with a 
volume control to adjust the amplitude. 

For the base drive you need a pro- 
grammable current source capable of 
putting out a series of constant currents; 
for example, a counter driving a D/A set 
up for a current- output mode. Use the 
trigger output or sweep output of the 
scope to increment the counter so that it 
sequences through a set of say 10 cur- 
rent settings. Then, you can jazz it up 
with microprocessor -controlled on- 
screen display. 

Curve tracers can be big expensive 
things or little add -ons to regular 
scopes. If you want to build your own, 
kits are available from sources such as 
Gootee Systems (http: / /www.fullnet. 
com/u/tomg/). I have no idea how good 
their unit is, but you can get more infor- 
mation on their Web page. Also, 
Popular Electronics, May 1999, has 
complete plans for a "Semiconductor 
Tester" that can handle NPN and PNP 
bipolar transistors, JFETs and 
MOSFETs, all sorts of diodes including 
Zeners, and a variety of other devices. 
This is basically a curve tracer adapter 
for an oscilloscope. With a little ingenu- 
ity, it can be enhanced to test virtually all 
the semiconductors discussed in last 
month's Service Clinic (and more). 

Therefore, if you want a sophisticat- 
ed piece of test equipment, one of these 
would be suitable. Or, get yourself a 

used Tektronix 575 curve tracer. It will 
do just about everything you could pos- 
sibly want (including the testing of vac- 
uum tubes with the addition of a bit of 
external circuitry.) 

However, to just test two terminal 
devices -or to just get a feel for device 

characteristics, there are much simpler, 
cheaper, alternatives. 

Quick and Dirty Curve Tracer 
I built the circuit shown in Fig. 2 in 

about 10 minutes. With minor modifica- 
tions, it is capable of displaying V I curves 
for diodes, Zeners, transistors, thyristors, 
resistors, capacitors, inductors, etc. 

I used a 12 VAC transformer for TI 
just because it was handy. You can use 
anything you like as long as you under- 
stand the safety implications of higher 
voltages and make sure the components 
you use can withstand the power that 
might be dissipated in them if the 
Device Under Test (DUT) is a dead 
short. In addition, it is bad form to blow 
out the DUT while testing it! A signal 
generator driving a small audio trans- 
former could also be used if it is desired 

SHORT 
(VERTICAL 

LINE) 

V 
SLOPE 
(V /I) = R 

V 

OPEN 
(HORIZONTAL 

LINE) 

RESISTOR ANY DEVICE 

.a 

RECTIFIER OR SIGNAL DIODE 

V 

I V 
.7 

ZENER DIODE 

TRIGGERS 

.V 

SCR 

IDEAL CAPACITOR 

FIG. 3 -THESE WAVEFORMS are what you'll see on your oscilloscope when testing a 
variety of components. 9 



VERTICAL SCOPE INPUT 
(INVERTED) 

GROUND 

HORIZONTAL SCOPE INPUT 

FIG. 4 -THIS CIRCUIT IS ALL you need to test devices while they are still in the circuit. It 

is from an article that appeared in 1975. 

to test components at frequencies other 
than 60 (or 50) Hz. 

CAUTION: Turn down the intensi- 
ty of the scope so the spot is just barely 
visible so that when there is no input, 
you don't end up drilling a hole in the 
face of the CRT! Here are some other 
circuit notes: 

Rl: Current limiting and phase 
shift control. I used 500 ohms, which 
works well for small signal semiconduc- 
tors and capacitors of around 1 µF. 

R2: Current sense. I used 10 ohms 
and put the scope on the one of the.l, .2, 

or 0.5 V /cm ranges. 
Tl: Small power transformer. I 

used the 12 VAC wall wart from an 
obsolete modem. This will supply a volt- 
age of up to about 17 V peak to your 
DUT. For higher power or higher volt- 
age devices, substitute a suitable larger 
transformer. 

Modify these (selector switches 
might be nice) for your needs. A Variac 
provides a convenient method of adjust- 
ing the voltage applied to the DUT. 

So what will you see on the scope? 
Some typical curves are shown in Fig. 3. 

Zener diodes -the result will be 
exactly like the picture in your textbook. 
Try this with a 5 or 6 V Zener to con- 
firm that your rig is working. 

Resistors -the display should be a 

straight diagonal line. You should be 
able to compute their value from the 
ratio of V to I. If the device is open or 
shorted, the display will be either a hor- 
izontal or vertical line, respectively. 

Capacitors -you should see the 
phase shift between voltage and current 
resulting in an ellipse (though you will 

probably have to adjust the scale factors 
to obtain a usable display with typical 
capacitor values). 

Bipolar transistors -a source of (DC) 
base current is needed. You can be fancy or 
simple. For a simple source, I used a vari- 

able 0 to 15 V power supply and a current 
limiting resistor. Since we know that the 

10 voltage drop across the B -E junction is fair- 

TABLE 1-SCOPE DISPLAY 

Resistors: 
Open 
10 K 
1K 
0 

Horizontal line 
10 degree 
45 degree 
Vertical line. 

Capacitors: 
1 mF Shallow ellipse 
2.6 mF Circle 
50. mF Narrow vertical. 

Transformers: 
Ellipse depending on impedance 

Diodes (Germanium): 
Right angle display 

Diodes (Silicon): 
Right angle one side longer (any leakage 

showing less sharp angle) 

Transistors: 
Test as two diodes (B to E and B to C) 

Integrated Circuits: 
Input for gates and counters show a 

certain signature display 
Outputs display a different signature 
A short will show a vertical line 
An open will show a horizontal line 

ly constant at around 0.7 V (for silicon), the 
output of the supply can be calibrated in 

terms of base current. 
SCRs -connect a suitable resistor 

in series with a diode or two (or a diac) 
between the gate and the DUT positive 
terminal (so gate current is included in 
the V -I curve). When the threshold cur- 
rent is exceeded, the device should turn 
on and remain on until the zero cross- 
ing. With the reverse polarity, the device 
should remain off. For Triacs, use diodes 
in parallel in both directions, or a diac. A 

Triac should trigger on both polarities of 
the AC waveform. 

In- Circuit Tester 
In the August 1975 issue of Popular 

Electronics, author Lou Garner wrote a 

story called "A Simple On -Board 

Tester" about a fairly simple piece of test 
equipment, which is shown in Fig. 4. It 
is along the same lines as the "quick and 
dirty curve tracer," but is suitable for in- 
circuit testing as the current and voltage 
are limited to safe values for most 
devices (less than 1 -volt AC and than 1- 

mA AC respectively). Note that some of 
the information that follows was provid- 
ed by Wern Thiel. 

CAUTION: Use at your own risk. I 

cannot absolutely guarantee that there 
won't be certain devices in use today that 
didn't exist in 1975 and that might be 

unhappy with this approach. 
The device can be used with any type of 

oscilloscope and consists of a 6 -volt fila- 

ment transformer, three 1/4 -watt resistors, 

and two test probes. Half of the filament 
voltage is applied to a voltage divider con- ' 

sisting of 220 -and 100 -ohm resistors, 
yielding 1 -volt AC on top of the 1000 -ohm 
resistor. This voltage can be applied to any 

component or combination of components 
across which the test leads are placed. The 
current is limited to one milliampere by 

the 1000 -ohm resistor. 
The voltage across the probes is con- 

nected to the horizontal input of a scope 
while the voltage across the 1000 -ohm 
resistor as a result of the current through 
it is connected to the vertical input.. 
What we see on the scope is a voltage 
across a component under test versus the 
current through the component and is 

summarized in Table 1. 

In- circuit testing is done with no 
power applied to the equipment under 
test. With some experience one should 
be able to test components in and out of 
circuit and troubleshoot without danger 
of damage to components. 

Testing Vacuum Tubes or FETs 
A transistor curve tracer can be easily 

adapted to test vacuum tubes if it has an 
adequate voltage range for the collector 
(now plate) drive and independent con- 
trol of base and collector polarity. All 

that is needed is to add a separate trans- 
former to power the tube s filament(s) 
and a resistor to convert base current to 
voltage. For FETs, just leave off the 
transformer. Michael Covington (author 
of the Q &A column in Electronics 
Now) suggests the following: 

"Get an old Tektronix 575 (mine cost 
$2 5 at a hamfest). That is a transistor curve 
tracer that goes back to the 1950s and goes 
up to 200 volts. It doesn t have FET set- 
tings, but you can control the "base" and 
"collector" polarity independently. So what 
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FIG. 5- INSIDE A TYPICAL DVD -ROM drive. Mechanically, they do not look very different 
from CD -ROM drves, though the electronics seem more complex. 

you do is put a 1000 -ohm resistor from 
"base" to ground, so that you can read mil - 
liamps as volts. Then put a positive -going 
voltage on the "collector" and a negative - 
going current into the "base." For tubes, 
emitter, collector, and base are cathode, 
plate, and grid, respectively. Naturally you 
also need a filament supply; I use a lab -type 
DC supply because its handy and can't 
introduce hum. I also test FETs that way 
(without the filament supply, of course). 
Then, emitter, collector, and base become 
source, drain, and gate respectively." 

That's it for semiconductors for 
now -in a future column we will delve 
into the problems of testing and power- 
ing the types of laser diodes found in 
CD and DVD players, laser printers, 
and other laser -based consumer elec- 
tronics equipment. 

DVD Player and DVD-ROM Drive 
Servicing 

We covered CD- player operation, 
troubleshooting, and repair, in a com- 
plete series of Service Clinic columns a 

while ago. Since then, DVD technology 
has really taken off and (if you believe 
the marketing hype) is about to replace 
CDs totally. Realistically, this won't hap- 
pen for some time. In any case, DVD 
players and DVD -ROM drives are sup- 
posed to accept CDs, CD -Rs, and CD- 
RWs, so no need to panic just yet. But 
availability of new CD -based devices 
will disappear because the cost to manu- 
facture a DVD player or drive isn't 
much more than that of a similar CD 
unit, so manufacturers will want to close 
down their old production lines and 
concentrate on DVDs only. 

Photos of a DVD -ROM drive are 
shown in Fig. 5. That unit, a Toshiba 
SD- M1212, is typical of the units 
shipped with bundled PCs (I believe this 
was from a Dell Dimension 450 MHz 
Pentium H system). The most notable 
feature of the optical deck used here is 

that it really is very similar in appearance 
to those used with late model CD play- 
ers or CD -ROM drives. In fact, without 
the DVD logo or other distinguishing 
markings, it could just as well have been 
a CD -ROM drive (of course, we know 
that what's inside is quite different at 
least in the details). I wasn't willing to go 
any deeper since this is still a working 
unit so there could be internal differ- 
ences. An update will be forthcoming 
when I get my hands on a broken one! 

One thing that is obvious is the 
amount of circuitry compared to a late 
model high -speed CD -ROM whose 
PCB typically occupies less than ' /3rd of 
the available area. I don't know how 
much of the added circuitry is due to it 
just being newer technology that hasn't 
been as highly integrated yet as opposed 
to the additional complexity required for 
DVD decoding and support for CD 
audio and data formats as well. 

In any case, eventually all things 
break, and DVD equipment will be no 
exception. Fortunately for us, the simi- 
larities between CD and DVD technol- 
ogy are much more significant than the 
differences. The inside of a DVD player 
looks pretty much the same as the inside 
of a CD player and, for the most part, 
the same problems are likely to occur. 
Here are some things to look out for: 

DVD discs (if you haven't seen one 
yet) look virtually identical to CDs. 
They are the same size and thickness 
with the same large center hole and will 
fit perfectly well into a CD player or 
CD -ROM drive -but of course it won't 
do much there. Despite the tracks and 
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Parameter 

Disc diameter 
Disc thickness 
Disc structure 

Laser wavelength 
Numerical aperture 
Track pitch 
Minimum pit/land length 
lx speed (CLV) 
Number of data layers 
Number of sides 
Data capacity 

User data rate (13) 

TABLE 2 -CD vs. DVD 

Compact Disc /CD -R 

20 mm 
1.2 mm 
Single substrate 

780 nm 
0,45 
1.6 mm 
0.83 mm 
1.2 m /sec 
One 
One 
-680 MB 

153.6 K/sec (mode 1) 

Digital Versatile 
Disc 
120 mm 
1.2 mm 
Two bonded 0.6 

mm substrates 
650 to 635 nm 
0.60 
0.74 mm 
0.4 mm 
4.0 m /sec 
One or two 
One or two 
4.7 GB (one 

layer) 
8.5 GB (two layer) 
17 GB (two layer, 

two sides) 
1108 K/sec (node 1) 

176.4 K/sec 
(mode 2) 

pits being closer together, the rain- 
bow /diffraction effects are about the 
same so a casual glance isn't enough to 
tell them apart, but there is always that 
DVD logo! However, the information 
layer is precisely in the center of a sand- 
wich of polycarbonate (each half 0.6 mm 
thick). The DVD standard supports a 

double -sided DVD. If a DVD is two 
sided (many aren t), that of course leaves 

virtually no room for the label! 
A comparison of major CD and 

DVD characteristics is shown in Table 2. 

Here are some additional notes: 
The reduced track pitch and pit 
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length made possible by the shorter 
wavelength and advances in optical 
readout technology accounts for the 
almost 8 -fold increase in data storage 
capacity on a single layer. 

The laser in a DVD -based device is 

a very visible red (a wavelength around 
650 mn compared to the nearly invisible 
IR 780 nm laser used for CDs). This is 

about the same wavelength as used in 
newer red laser pointers. It is still low 
power (1 mW or less at the objective 
lens) but the laser will appear very bright 
when it is powered and working correct- 
ly. As far as hazards to vision, the same 
recommendations apply -don't look 
into the beam directly, but viewing from 
an oblique angle at 12 inches or more 
from the objective lens should be safe. 
The eye's aversion reflex will prevent 
damage in any case -you will blink or 
turn away from the bright light. 
CAUTION: Some (probably older) 
DVD equipment may also have a stan- 
dard CD pickup to be able to read CDs. 
For these, obviously, all the IR laser pre- 
cautions apply. 

It should be easier to determine if 
the laser is bad by brightness alone 
though a laser power meter, and the 
manufacturer specifications will still be 

needed in marginal cases. 
As a result of the march of technol- 

ogy, the optical pickup is likely to be of 
simpler design than that in older CD- 
based devices with even fewer or no 
adjustments possible. However, there 
could be additional complexity due to 
the need to handle DVDs and CDs in 

the same equipment. The use of com- 

bined laser diodes and photodetector 
arrays is likely to be quite common if not 
pervasive. 

The same basic functions need to 
be performed by the front -end electron- 
ics, including amplification of the pho- 
todetector array output, and focus, 
tracking, and spindle servos. Much of 
this is likely to be done inside large chips 
with no service adjustments possible. 

More functions will be incorporat- 
ed into fewer surface -mount chips. 
Fortunately, failures of the large -scale 
integrated circuits themselves are not 
nearly as common as simple mechanical 
problems. We'd better hope so in any 
case as troubleshooting of things like an 
MPEG decoder is way beyond what 
could be done without a complete ser- 
vice manual, sophisticated test equip- 
ment, and probably a whole lot more! 

More plastic and less metal is likely 
to be used, making the unit lighter, flim- 
sier, and less likely to be serviceable at 
all. 

So, the bad news is that if something 
breaks inside a large chip, accept defeat 
and send the unit in for service. The 
good news is that most problems will 

still be mechanical -dirt, dust, gummed 
up grease, bad motors, abuse. From our 
experience with CD repair, we should be 

well equipped to deal with these! 
Hopefully, manufacturers have learned 

from their experience with CDs to make a 

more reliable robust product, but that may 
be wishful thinking where the bottom line 
is involved. Its still too early to tell. 

For more information on DVD tech 
nology, check out the following sites: 

DVD FAQ: www.videodiscovery.com / 
vdyweb /dvd/dvdfaq.html 

Digital Video Disc (DVD) Technolgy: 
www .c- cube.com/technology /dvd.html 

Philips Optical Storage: www.km.phi 
lips.com/laseroptics/ 

DVD Central @ etown.com: The 
Home Electronics Guide: http: / /com 
munity.etown.com /dvd/ 

Wrap Up 
That's it for now. Next time we start 

on the exciting world of VCR repair. 
Until then, check out my Web site, 
www.repairfaq.org. I welcome com- 
ments (via e-mail please) of all types and 
will reply promptly to requests for infor- 
mation. Sorry, I really cannot answer 
postal mail, but might include a 

response in a future column (if interest 
warrants). See you next time! 
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"Colossal" Magnetoresistance And Improved 

Data Storage 

Ateam of Japanese researchers 
have identified an oxide material 

that could greatly improve the storage 
capacity of hard disks and magnetic 
tapes. The discovery, reported earlier 
this year in Nature, relies on a phenom- 
enon called "colossal magnetoresis- 
tance"-a large drop in a material's 
electrical resistance (by more than a fac- 
tor of 10) in response to an applied mag- 
netic field. 

The basic cause of the magnetoresis- 
tance is the Lorentz Force, which influ- 
ences the electrons to move in curved 
paths between collisions. Magnetoresis- 
tance materials have become a main- 
stream research subject by virtue of their 
considerable technological importance, 
though it is not well explained within 
the existing theoretical framework. It is 
potentially important for its commercial 
applications in devices such as magnetic 
sensors, magnetoresistive read heads, 
magnetoresistive random- access -memo- 
ry devices (MRAM). and use as elec- 
trodes in solid -oxide fuel cells. 

Magnetoresistance is what allows 
tape- recorder or disk -drive heads to 
read data from the magnetic pattern on 
the tape or disk. It's the result of a par- 
ticular magnetic property of materials 
called the "magnetic moment " -a tiny 
magnetic field produced by the elec- 
trons orbiting the nucleus of an atom. 

Science has been investigating mag- 
netoresistance for over 20 years. 
Magnetoresistive materials are very spe- 
cial: When exposed to a magnetic field, 
they exhibit less resistance to electrical 
current. So if a voltmeter is placed 
across a disk head made of magnetore- 
sistive material, the fluctuations in volt- 
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JAPANESE RESEARCHERS HAVE DEMONSTRATED a 10- percent drop in resistance in 

iron -molybdenum -oxide crystals such as Sr2FeMoO6, shown here. (Illustration courtesy 
Joint Research Center for Atom Technology, Japan.) 

age that the meter shows reflects the 
magnetic values stored on the disk. 

Heads designed using magnetoresis- 
tance instead of the current inductive 
design have distinct advantages. By 
directly detecting the magnetic field, 
rather than measuring the change in 
field as current inductive heads do, mag- 
netoresistance heads can detect smaller 
magnetic signals, plus they don't face the 
problems of increasing smaller spacings 
and thermal noise that currently plague 
inductive heads as storage densities 
increase. 

In many crystalline materials, mag- 
netic moments are randomly oriented, 
which increases the electrical resistance 
of the material. But a strong external 
magnetic field can reduce that resistance 
by bringing the magnetic moments into 

alignment. The larger the magnetoresis- 
tance of a material, the smaller the mag- 
netic signal to which it can respond, 
hence the possibility of dramatically 
increasing storage capacity. 

Some Background 
The magnetoresistance of traditional 

materials is quite small. The passage of 
current is not greatly affected by exter- 
nal magnetic fields. However, various 
materials have been made with extreme- 
ly large magnetoresistances. "Giant" 
magnetoresistive materials- multilayers 
of ferroelectric and non -magnetic met- 
als -were discovered in 1988. Then, in 
1993, when the magnetoresistance of 
the special kind of perovskite manganese 
oxide was discovered to be much larger, 
the name "colossal" magnetoresistance 
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(CMR) was chosen. 
Before the Japanese research, the 

largest resistance drops were seen only 
when the temperature of the material 
was very low, impractical when used in 
common items such as read/write heads. 
Therefore, scientists had to settle for 
only a one or two percent reduction in 
resistance. However, in crystals of an 
iron -molybdenum oxide, a team led by 
Kei- Ichiro Kobayashi at the Joint 
Research Center for Atom Technology 
(JRCAT) in Tsukuba, Japan, observed a 

10 percent drop in resistance at room 
temperature when the material was 
placed in a strong magnetic field, 
encouraging experts to predict the find- 
ing will eventually accommodate 
improved magnetic sensors and disk 
storage. 

To be useful commercially, CMR 
must address several important consid- 
erations, said Edward Gillman, staff sci- 
entist in the Accelerator Division of the 
Thomas Jefferson National Accelerator 
Facility, Newport News, VA, including 
the temperature range at which the 
magnetoresistance materials operate. 
For practical applications, the magne- 
toresistance materials need to operate 
near room temperature. 

Another consideration is at what mag- 
nitude of magnetic field are the materials 
responsive. A large magnetoresistance 
response to a large magnetic field is not 
practical outside the laboratory. A low 
field magnetoresistance response will 
ultimately determine the utility of these 
materials. The application of the new 
generation of magnetoresistive oxides in 
information storage requires a reduction 
in the applied fields required to achieve 
significant magnetoresistance. 

Finally, how difficult is it to incorpo- 
rate these materials into electronic 
structures. For near -term applications, 
these materials need to be integrated 
into conventional microelectronic 
devices at low -cost. Ultimately this is 

determined by the processing technolo- 
gy needed for these materials. 

"Kobayashi's work is an important 
new development that attempts to 
address some of these issues, " said 
Gillman. "Most work, including my 
own, has focused on the CMR mangan- 
ite films. Clearly this new material rep- 
resents an important advancement in the 
field of MR technology." 

Because of the relatively high mag- 
netic field required to produce the MR 
effect, the researchers say the material is 

not yet ready for use in data storage 
devices. 

"It's no good having 99.9 percent resis- 
tance suppression if you need a 7 Tesla field 

to achieve it," said Matthew Rosseinsky, 
University Lecturer in Inorganic 
Chemistry at Oxford University. "So the 
demonstration that the spin -polarized 
metallic oxide Sr2FeMoO6 displays low - 

field magnetoresistance at room tempera- 
ture is significant." 

The discovery is part of JRCAT's 10- 

year Ultimate Technology for Manipulating 
Atoms and Molecules project, which 
began in 1992. The two -phase project 
aims at establishing a generic technolo- 
gy and a fundamental concept for creat- 
ing new materials and devices by 
manipulating atoms and molecules 
either individually or collectively at the 
operator's will. 

The six-year first phase operated as a 

versatile basic research program rather 
than a rigid project, with some remark- 
able results, such as creation of semicon- 
ductor nanostructures, experimental and 
theoretical clarification of initial oxida- 
tion process of clean silicon surfaces, 
direct observation of higher order struc- 
ture of DNA, and discovery of colossal 
magnetoresistance effects in single crys- 
tals of manganese oxide and iron- molyb- 
denum oxide. -Doug Page m 

Mini -Robots in Space 
Scientists at NASA's Ames 
Research Center, Moffett Field, 

CA, are developing an autonomous 
robot to support future space missions. 
About the size of a softball, the compact 
design of the Personal Satellite Assistant 
(PSA) will allow it to keep out of the 
astronauts' way while working in the 
cramped confines of the Space Shuttle's 
flight deck and Space Station modules. 
Since it will operate autonomously, the 
astronauts' hands will be free for other 
tasks. 

The little round robot will be 
equipped with a variety of sensors to 
monitor environmental conditions in a 

spacecraft, such as the amount of oxy- 
gen, carbon dioxide, and other gases in 
the air; the amount of bacteria growth; 
air temperature; and air pressure. The 

PSA will also have a camera for video 
conferencing, navigation sensors, wire- 
less network connections, and even its 

own propulsion components enabling it 
to operate autonomously throughout 
the spacecraft. 

EQUIPPED WITH A VARIETY OF SENSORS 
TO MONITOR ENVIRONMENTAL conditions 
in a spacecraft, the little round PSA robot 
will also have a camera for video conferenc- 
ing, navigation sensors, wireless network 
connections, and even its own propulsion 
components. 

'We're developing an intelligent 
robot that essentially can serve as anoth- 
er set of eyes, ears, and nose for the crew 
and ground support personnel," 
explained NASA Ames researcher Yuri 
Gawdiak, principal investigator for the 
project. "Our research objective is to 
test intelligent autonomous systems that 
use advanced sensors and monitoring 
technologies for supporting current and 
future spacecraft operations." 

The Personal Satellite Assistant rep- 
resents the next generation of advanced 
Information Technologies that follows 
the Wireless Network Experiment 
(VVNE) developed at NASA Ames in 
1995 for the International Space 
Station. As the astronauts aboard 
Atlantis discovered during the STS -76 
mission, wireless computer networkers 
work well in a space environment and 
the wireless computers' radio signals did 
not interfere with either the Space 
Shuttle's or the Russian Space Station 
Mir's other electronic equipment. 

Based on this success, the crew rec- 
ommended handheld wireless portable 
data assistants that could support their 
mission operations onboard the 
International Space Station. The Ames 
research scientists took their recommen- 
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Digital Optical -Disc Video Recorder 
NEC Corporation recently announced 
the release of a digital video re- 
corder, called GigaStation, that uses 
a 120mm diameter rewriteable large - 
capacity optical disc as its record- 
ing medium. The unit offers the 
same functions as standard -tech- 
nology videotape recorders, includ- 
ing unlimited recording and 
editing. 

Using CD -size rewriteable optical discs with a capacity of 5.2GB on each 
side, it can record two hours of S- VHS -quality video in standard mode, and 
four hours of lower -quality video in extended mode. A fine mode for even 
higher -quality recording is also available. 

The GigaStation can search and play the contents by selecting a title 
that was automatically created during recording, and it also offers a book- 
mark function. In addition, it can automatically find free disc space, can 
record at the push of a button, and can perform high -speed noise -free fast 
forwarding. 

In addition to a standard analog input/output interface, the recorder 
offers a digital -video input for use with digital video cameras and PCs 
equipped with a DV interface. Available only in Japan at present, NEC is 
planning to ship 30,000 units the first year. The unit is priced at 350,000 
Yen, with rewriteable disc cartridges available for 3500 Yen. co 

dations several stages further by design- 
ing the handheld data assistants instead 
as autonomous intelligent robots. 
Besides supporting the onboard crew, 
payload scientists, and mission con- 
trollers on the ground, the PSA robot 
would be able to remotely monitor pay- 
loads, especially when onboard crew 
members are not available. 

Several PSAs could be linked togeth- 
er to conduct collaborative environmen- 
tal troubleshooting activities. In order to 
accomplish this complicated task, at 
least three PSAs would use formation 
flying techniques to zero in on the loca- 
tion of an environmental problem, such 
as a pressure leak, temperature spike, 
off -gassing, etc. 

The PSA is also being designed to handle 
more mundane housekeeping chores such as 

independent environmental sensor calibra- 
tion checks, and inventory monitoring in 
order to free the crew to focus on their 
research activities. Long -term future goals of 
the Personal Satellite Assistant are to support 
remote diagnostic operations and to substi- 
tute as necessary for damaged or nonfunc- 
tioning sensors on future spacecraft. 

"We hope to launch a Personal 
Satellite Assistant in about two years 
aboard a Space Shuttle and in about 
three years aboard the International 
Space Station." Gawdiak said. `This will 

be an evolving prototype to test and 
evaluate different hardware, software, 
and sensor suites to help astronauts, 
ground crew, and payload scientists 
operate more efficiently in space." m 

Predicting Traffic 
Congestion 

Dr. John Leonard, an associate 
professor in the School of Civil 

and Environmental Engineering at the 
Georgia Institute of Technology, is 
designing a cutting -edge model that 
uses data from traffic surveillance sys- 
tems to make real -time decisions on 
operations of a highway corridor or 
region. He calls it a real -time "tempera- 
ture," or index, of traffic congestion. 

To create the congestion index, 
Leonard is collecting traffic volume data 
from the Georgia Dept. of Transporta- 
tion's video surveillance system -such as 
the 300 -plus video cameras installed on 
freeways in Atlanta -and from com- 
monly used loop detectors on roadways. 
Then he can develop traffic flow models 
to synthesize historical and current mea- 
sures of delay -such as speed, travel 
time, or density-that in combination 
represent congestion. Once he has a 
working model, his next step will be to 

devise a traffic- congestion forecast for 
the next day, based on existing condi- 
tions and special events. 

"People need a simple -to- understand 
number -even if it doesn't have a physi- 
cal meaning -to represent traffic con- 
gestion." Leonard says. "We need to 
publicize it daily so people start to devel- 
op a personal understanding of conges- 
tion and plan accordingly." 

Publicizing the traffic congestion 
index will be key to its effectiveness. 
Leonard envisions freeway message 
board, radio, television and Web site 
distribution. Web site users could select 
one of several points of origin and get a 

real -time "star diagram" that would 
show them graphically an estimated 
travel time to any of the various points 
of the "star." 
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DR. JOHN LEONARD HAS CREATED A ̀ STAR 
DIAGRAM' THAT WEB surfers can view to 
obtain travel time estimates under current 
traffic conditions. 

Besides the obvious short -term bene- 
fits of a traffic -congestion index, long- 
term benefits would include better 
traffic planning for the future. This 
information could also be integrated 
with ozone forecasting, work that is also 
ongoing at Georgia Tech. 

By this summer, Leonard expects to 
have a prototype traffic- congestion 
index, which he will demonstrate to 
Georgia DOT decision makers. Full 
implementation of the traffic- conges- 
tion index is probably several years away, 
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Leonard adds. Though Atlanta will be 
the testbed for the index system, it could 
be implemented anywhere. 

In addition, he is also researching 
traffic signal coordination and plans for 
optimal timing of signals. After collect- 
ing data from a variety of sources and 
integrating it into a data set, Leonard 
designs traffic -flow models and comput- 
er programs to evaluate that data and 
prepare a coordinated timing plan. m 

Internet TV 
Programming 

cientists at Siemens Corporate 
Research have developed a filter 

technology called HotStreams, a soft- 
ware program that will enable video 
material and TV programming to be 
transmitted via the Internet. The devel- 
opment could be used by Internet con- 
tent providers or TV programmers to 
offer customized information, on the 
basis of stored user preference, via video 
streaming over IP (Internet Protocol). 

"This technology offers TV net- 
works the ability to add another dimen- 
sion to their standard programming not 
otherwise available," said Arturo Pizano, 
head of the Multimedia/Video Tech- 
nology Department. "As an example," 
he explained, "an Internet user could 
request that a customized program on 
house renovation and remodeling be 
automatically compiled from present/ 
past TV programs and streamed to their 
Internet terminal." 

Based on the customer profile, he 
explained, advertising targeted to a par- 
ticular audience could be shown during 
the video sequence. Users could also 
decide whether they wished to watch 
commercials or whether they wanted to 
pay more for commercial -free films. 

To use such a service, an Internet 
user would need a multimedia PC plus 
access to the Internet with transfer rates 
upwards of 300 -Kbit per second. With 
ADSL (Asymmetrical Digital Subscriber 
Line) technologies already available on a 

limited basis, television- quality pro- 
gramming via the Internet should be 
available to a wide range of users within 
the next two years. 

HotStreams uses several Internet 
characteristics such as hyperlink and 
hypervideo. By clicking the mouse, a 

customer can move from video to a page 
of text or wander to another video. Only 
the information that customers have 
requested, and for which they are willing 
to pay, is offered. Customers who, for 
example, have just seen a video sequence 
about the stock market can click a but- 
ton to see the development of individual 
shares without changing the application. 

HotStreams' filter technology can be 
added to ordinary Web servers, whether 
at the TV network's site or an interme- 
diate host. The HotStreams software 
program uses algorithms that "filter" 
information stored in multimedia data- 
bases, including pricing information 
plus descriptions of TV programming 
and other subjects. The algorithms ana- 
lyze the information the Web server has 
gathered about each customer's interests 
and selects and compares this with the 
database information to decide what TV 
programs will actually be delivered to 
the customer. Finally, HotStreams gen- 
erates a list of instructions sent to the 
delivery system which, in turn, gathers 
the customized programming that has 
been requested. 

Digital Imaging 
Sensor 

megapixel sensor capable of 
operating at 500 frames per sec- 

ond (fps), PB -1024 is said to be the 
world's fastest CMOS image sensor. The 
PB -1024 uses Photobit's CMOS "active - 
pixel" technology, which has high -image 
quality, lower -power consumption than 
CCD sensors, on -chip integration of 
camera functions, and the ability to 
manufacture on the same (CMOS) plat- 
forms as virtually all microprocessors 
and memory chips. 

"This unique chip supports dozens 
of exciting applications," said Dr. 
Sabrina Kemeny, chief executive offi- 
cer of Photobit. "It will trace the path 
of a speeding bullet or analyze the 
steps of a running athlete, or a golf 
swing. It can show us how a high -speed 
virus reproduces inside a cell or help 
with automobile crash tests. And of 
course it supports manufacturing, with 
volume visualization, sorting systems, 
flaw detection, and other advanced 
types of robotic vision." 

The PB -1024 outputs 8 -bit progres- 

sive -scan video in 1024 by 1024 pixel 
format, and its power consumption is 

low at any speed: 100mW at 60 fps and 
less than 450 mW at 500 fps. The 
monochrome PB -1024 is designed with 
10- micron- square active -pixel photodi- 
odes and has a 1 -inch optical format. 
Digital responsivity is 500 bits per lux - 
second. 

The sensor has Photobit's True -Bit 
Noise Cancellation feature, which pre- 
serves image quality along the signal 
path, and an architecture that permits 
access to several internal operations. 
Frame rate, integration time, the win- 
dowing function, and other parameters 
can be adjusted via a simple digital inter- 
face to suit specific applications. 

Fast SRAM 
The world's first ultra -fast SRAM 
using copper interconnect tech- 

nology is now available from Motorola. 
The device, an 8Mb Late Write SRAM, 
delivers greater than 333MHz perfor- 
mance by combining copper intercon- 
nects with leading edge 0.15- micron 
gate -size CMOS technology. The end 
result is an SRAM that delivers unprece- 
dented speed of performance at low 
power levels from a device containing 
60- million transistors. 

The Motorola FSRAM, part number 
MCM63R836FC, delivers L2 cache 
performance while consuming 50 -75 
percent less power than previous 
BiCMOS process SRAMs. The 8Mb 
SRAM has met with strong industry 
acceptance and has already been 
designed into numerous workstation 
and server L2 applications. 

The product represents the first 
example of Motorola's strategy to devel- 
op a common high -performance CMOS 
(HiPerMOS) process platform. The 
performance of this newest FSRAM 
device clearly makes copper technology 
the preferred interconnect material for 
delivering speed and high performance. 
The ability of copper to resist electromi- 
gration also suggests such devices will 
benchmark with top reliability as well. 

"Producing this ultra -fast SRAM is 
validation of Motorola's commitment to 
deliver the most advanced DigitalDNA 
solutions available," said Craig Lage, 
Motorola FSRAM Technology Development 
Manager. 



Plug a Friend into 

Electronics 
NOW 

and Save $41.89 
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. 

i 
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* ... OR EVEN $83.78* ... For 
each gift of Electronics Now you give this 
Christmas, you save a full $41.89* off the 
newsstand price. And as a gift donor, you're 
entitlec to start or extend your own 
subscription at the same Special Holiday 
Gift Rate -you save an additional $41.89 *! 

No need to send money ... if you prefer, 
we'll hold the bill till January, 2000. 
But you must rush the attached 
Gift Certificate to us to allow time 
to process your order and send a 
hàndsome gift announcement card, signed 
with your name, in 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 to plug your friends into a whole year 
of exciting projects and new ideas in 
Electronics Now! 



COMPUTER CONNECTIONS 

Updating Windows 

ACOUPLE OF MONTHS AGO WE TALKED ABOUT THE 

IMPORTANCE OF SYSTEM MAINTENANCE AND OPTIMIZA- 

TION, AND SAW HOW WINDOWS MAKES IT POSSIBLE TO DO QUITE 

A BIT OF TWEAKING. THIS MONTH, WE THOUGHT WE'D RETURN 

somewhat to the topic of operating -sys- 
tem improvement, and explore a func- 
tion of Windows that lets you keep the 
OS as fresh as possible, all without 
spending a dime. 

Some of you might be aware of this 
feature -Windows Update -but might 
not be using it to its fullest potential. 
Whether Update's new to you or just 
something you've been ignoring, read 
on to find out what your computer 
"wants" you to do from time. 

A Quick Checkup 
In the computer biz, being current or 

up- to- the -minute is a near impossibility. 
Let s face it, you can't bring a program 
home and install it without it being out- 
dated. Go online to the Web site of your 
new office suite or graphics package and 

chances are that there's already an update 
patch or even new version available. 

Commercial products exist that are 
designed to check the Web constantly 
for improvements to the software you 
have on your machine. That s great, but 
for the most part unnecessary. How 
many programs do you really rely on? 

Five or six? It s no big deal to check the 
sites from time to time to stay current. 
But what about your OS? 

Yes, Windows is being improved 
almost weekly. Did you know that 
there s a Service Pack update to 
Windows 98, including a few Y2K- 
problem fixes? That a new version of 

Media Player can now handle a form of 
compressed audio that provides MP3 
quality in half the storage space? That a 

new Java engine is available for 
Explorer? 

These are only examples of updates 
that can enhance your computing expe- 
rience or, in the case of the Service Pack, 
keep your computer running. But your 
PC won t tell you that it needs them 
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(well, it could, but you'd have to set it up 
to do so -more on this later). As it turns 
out, your computer's OS is as innocent 
and as reliant on you for healthcare as is 

a child. It needs regular checkups and 
"booster shots." 

Fortunately, giving Windows the 
care it needs is a cinch. The Windows 
Update feature- essentially a book - 
marked Microsoft site that launches 
Internet Explorer -can scan your com- 
puter and recommend any necessities or 
even fun apps that have come out yet 
aren't on your system. 

To access Update, go to the Start 
button and scroll up above the 
Programs icon. There may be four or 
five icons in this upper area, depend- 
ing on which applications you have 
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The following updates are available for your Windows system. To install updates, select the check bones next to the 

updates you want, and then click the Download button. If you want to uninstaa or remstall updates, chele show 

Installed Updates. The list will expand to include updates you already have installed. 
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r Microsoft Libraries Update 2.0 
2130 KB/ Download Tire: 36 min 

A This update resolves an Issue et Microsoft Libraries 2.0 which Envy count some 

third -party software applicators to behave unexpectedly after the Installation of 
the Microsoft Works Suite 99, Encarte Encyclopedia 99 (U.S. only), Encarta Virtual 

Globe 99, and Shi a° Greetings 99. This updated version spedtcally addresses the 

originel library files with updates for both e Year 2000 issue and an Aprii 1, 2001 

date handling Issue. Pd.fid..this first 

P Windows 98 Year 2000 Update 2 
635 KB/ Download Time: 10 sin 

4 T s ,oruppnent Cs part of the Wlridows0 ge Service Pad! I. It corrects several 
minor with OeneralI ne dates On Yoid cRtI t* F.on or after &.asp 

THE HEART OF WINDOWS UPDATE is Product Updates, a section that lets you choose 

from a variety of patches, upgrades, and bug fixes for the most popular consumer OS. You 

can even find new, free applications from Microsoft. 



Microsoft Windows Update 

Windows 98 Year 2000 Update 2 

Download progress: 2545 KB/2980 KB 

ii1111IUIIlIIIIIIIIIR MUMMI 
Download time remaining: 1 

Install Progress: 

UPDATE WILL DOWNLOAD any components that you select, and even automatically 
install them when it's done. A progress indicator lets you know how the procedure's com- 
ing along. 

installed; click the one that's labeled 
`Windows Update." 

Internet Explorer should now load 
up, taking you to a Java- enriched page 
with three major links to choose from. 
The most important is Product 
Updates, and will be discussed here. 
The other two, Support Information 
and Hardware Support, will be han- 
dled in a moment. 

Product Updates loads a Java app 
that compares the installed Microsoft 
components on your system with a data- 
base of newly available versions. For the 
paranoid, let me explain that this is a 
non -invasive app that doesn't dump the 
contents of your hard drive to some 
Microsoft server (not to mention that 
this would take days over a modem). 
The app runs on your computer, like 

Microsoft Personal Online Support from Product Sur port Services -Advanced Search - Microsof... llJ x 
. Er< E61 YKv 
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Personal Online 
$pooaK -Basic 

Advanced Search Go to Basic Search 
Search the Microsoft Knowledge Base of technical support Information and self - 
help tools for Microsoft products. 
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My search is about: 
'Select a Microsoft consumer product A i IQ all MICropof orodual 

I want to search by: 
r: Keywords 
r Specific article ID number 
r Specific driver or downloadable file r Specific troubleshooting tool 
r Asking a question using e free -text query r What's new within the last (- J day(s) 

My question is: 

ype your ke ords or uestion here and dick go 

Search Options 
I want to search against: 
d' Full text r Title 

I want the search results to show: 
w Titles with excerpts rTKies only 

DESPITE ITS ODD NAME, SEARCH PERSONAL offers you the opportunity to find out 
answers to common and even arcane Windows and Microsoft- product questions. 

most Java apps do, and makes its com- 
parisons on your system. Then, it pre- 
sents you with a list of updates in various 
categories: 

The ones you definitely want to 
download are Critical Updates. These 
include bug and security fixes, and other 
patches that make Windows run better. 
To pick one of these (or any update, for 
that matter) just click on the box to the 
left of it. 

Scrolling down, you come to Picks of 
the Month, which are items that 
Microsoft feels many users would be 
interested in, such as an app that lets you 
know automatically whenever a Critical 
Update is available for your system. 

Downloads suitable to some, but not 
all users are grouped under the 
Recommended Updates section. There's 
one here for laptop users, one for those 
who registered Wm98 online and wish 
to have better control of its Registry 

VENDOR INFORMATION 

Microsoft Corporation 
One Microsoft Way 
Redmond, WA 98052 
425 -486 -9258 
www. microsoft. corn 

hardware -identification features, and 
other such niche patches. 

Under Additional Wmdows Features 
you'll find Internet enhancements such 
as VRML viewers, Java engines (code 
for a browser that lets it run the latest in 
Java apps), and communications free - 
ware like Outlook Express. Further, 
you'll find new players, like Media 
Player mentioned earlier, and foreign - 
language support so you can view, say, 
Chinese -text pages correctly. 

Depending on the month you run 
Update, you re likely to find some inter- 
esting screensavers and time -wasters in 
the Fun and Games section. Right below 
it are Preview Versions, a section for 
anything Microsoft plans on letting 
users test (most likely to find bugs). 

While selecting from all these down- 
loads, you may come across a warning 
dialog box when clicking on a particular 
update. This box will inform you that 
this download should be performed by 
itself for best results. Make sure to 
uncheck any other boxes if this is the 
case. Ignoring this warning and trying to 
download such a patch as part of a group 
usually causes your machine to crash. 

After your choices are made, you can 21 
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Electronics CD ROMS 
Want to improve your design skills? 
Then you should consider our range of CD ROMs by best -selling author Mike Tooley. 

Electronic Circuits and Components provides a sound introduction to the principles 

and applications of the most common types of electronic components and how they ore 

used to form complete circuits. Sections on the disc include: fundamental electronic 

theory, active components, passive components, analog circuits and digital circuits. 

Includes circuit s and assignments for Electronics Workbench. 

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

symbol recognition. The CO ROM will help students recognize common electronic 

components and their corresponding symbols in circuit diagrams. Quizzes are included. 

The Parts Gallery is free with Electronic Circuits and Components. 

Digital Electronics details the principles and practice of digital electronics, including 

logic gates, combinational and sequential logk circuits, docks, counters, shift registers, 

and displays. The CD ROM also provides an introduction to microprocessor -based 

systems. Indudes circuit sand assignments for Electronics Workbench. 

Analog Electronics is a complete learning resource for this most difficult subject. lire 

CD ROM includes the usual wealth of virtual laboratories as well as an electronic circuit 

simulator with over 50 pre -designed analog circuits, which gives you the ultimate 

horning tool. The CD ROM provides comprehensive coverage of analog fundamentals, 

transistor circuit design, op -amps, filters, oscillators, and other analog systems. 

"...hammers home the concepts in a way 
that no textbook ever could." 

Electronics Australia 

produced br 

m 
n au mu 

multimedia 

Interested in programming PIC micros? 
We hove the perfect solution: 

Our P ICtutor CD ROM can teach you how to write assembly language programs for the 

PIC series of minocontrallers. The CO ROM's 39 tutorial sections will guide you from 

basic PI( architecture, commands, and programming techniques up ta advanced 

concepts such as watchdog timers, interrupts, sleep modes, and [EPROM data memory 

use. Over 80 exercises and challenges ore provided to test your understanding, and the 

unique Virtual PIC allows you to write and test programs on -screen. 

The complementary development kit includes a reprogrammable PI(1 6(84, which you 

can program via your printer port. The institution version (designed for use in schools, 

colleges and industry) includes a quad 7-segment LED display and alphanumeric LCD 

display. The development kit provides an excellent platform for both learning PIC 

programming and for further project /development work. Assembler and send (via 

printer part) software h included on the CD ROM. 

development bard ¡institution version) 

Prices and Versions 
Institution versions are suitable for use in schools, colleges and industry. 

Student versions are for student /home use. 
student 
version 

institution 
version 

Electronic Circuits & Components $56 $159 

Digital Electronics $75 $189 

Analog Electronics $75 $189 

PtCtutor(CD and devetopmentboard)$179 $350 

Shipping costs to Canada an additional$S. Overseas orders please contad 

CLAGGK Inc. for shipping costs. 

see http : / /www.MatrixMultirnedia.co.uk for full specs and densos 

Please circle the products you would like to buy on the table above right, calculate the total cost, fill in the form 

belowand send it to us. Please allow 4 - 6weeks for deivery. 

Name 

Address 

Zip Telephone: 

I have enclosed my check for $: 

Please charge my credit card for $ 

Note that the delivery address and the address at which 
the cari is registered must be the sanie 

Card type 

Mastercard, Visa, or Discover only 

Order Form 

Signature: 

Number: 

Expire date: 
ct..a2 

Claggk Inc., PO Box 4099, Farmingdale, NY 11735 -0792 
Tel: 516- 293 -3751 email claggk @poptronix.com 

click Download. A screen will then 
inform you of the total size of your 
selections in kilobytes, and give you an 
estimate of download time. If you agree 
to initiate the process, click the "agree" 
box to begin download and plan on 
doing something else for a while (unless 
you have a broadband connection). 
When the components are loaded, 
Update will automatically install them. 
You 11 then be prompted to reboot for 
the changes to tàke effect. 

If your machine crashes during such 
an install session, go back to the first 
Update screen and select Show Installed 
Updates to make sure that the process 
was successful for each component. If 
not, reinstall the missing one(s). 

Your machine will thank you. 

Searching For Other Help 
Have a general question about 

Wmdows or other Microsoft products? If 
so, while you're at Update you might 
want to click on the Support Information 
link. This will take you to a page where 
you can connect to Wmdows 98 Online 
Support Don t let the name fool you - 
the link will open up a browser window 
where you can choose which type of user 
you are (home, business, etc:) and then get 
help with any Microsoft product in that 
category. 

Major concerns are listed on the cat- 
egory page most relevant to you. For 
best results, though, click on Search 
Personal. You'll then be presented with a 

pull-down menu that lets you select the 
product that you want to learn more 
about. Also, you can type a short key- 
word query or question so that the site 
can return only relevant information. 
Give it a try ... you might be pleasantly 
surprised at the wealth of information 
found here. 

Back on the main Windows Update 
screen you'll find yet another tool - 
Hardware Support. Click on that to be 
transported to a Web site hosted by your 
computer's manufacturer. Here you can 
get any updated drivers or patches that 
have to do specifically with the hardware 
that was installed in your machine at the 
factory. Don t underestimate the impor- 
tance of having current hardware dri- 
vers. It could mean the difference 
between a buggy machine and one that 
purrs. 

I hope some of the downloads that 
you find through Update make your 
computing experience a more enjoyable 
one. 



ANTIQUE RADIO 

The End of a Long and Pleasant 

Road! 

WELL, READERS, IT HAD TO COME SOME TIME AND IT 

SEEMS THAT THE TIME IS NOW! THIS WILL BE OUR 

LAST ANTIQUE RADIO COLUMN. AS I UNDERSTAND IT, NEXT 

MONTH POPULAR ELECTRONICS AND ELECTRONICS NOW WILL 

be replaced by a single magazine, 
Poptronics, which will carry many, but 
not all, of the features of the predecessor 
magazines. I've enjoyed my 13 -year run 
with Gernsback Publications and wish 
the new publication much success. 

Those readers who have Internet 
access and would like follow the remain- 
ing work to be done on the Philco 
Model 70 are most welcome to visit the 
Web page I'm setting up for that pur- 
pose. Reader mail as yet unacknowl- 
edged will also be found there. The 
URL should be www.infomedialab.com\ 
-mfellis \antiqueradio. This hasn t been 
completely set up and tested as of this 
writing, but it will be by the time this 
column appears. So if you have trouble 
accessing my site, please e-mail me at 
mfellis @enteract.com and I'll advise you 
of any changes. 

Alignment Tools 
My first attempt (a few months back) 

to touch up the alignment of the Model 
70 ended in failure. The problem: I did- 
n't have the non -metallic quarter -inch 
nutdriver needed to adjust the trimmers. 
I tried a metal one, but it interfered too 
much with the tuning of these critical 
circuits- making fine adjustment nearly 
impossible. The non -metallic Philco 
alignment tools are now all but impossi- 
ble to obtain new -though they 
undoubtedly will turn up at radio swap 
meets. I was fortunate enough to be able 
to borrow one from a friend so I could 

complete the work on the "70." 
Those who may have followed radio 

alignments I have done over the years 
know that my signal source of choice is 
the venerable Navy "LM" heterodyne 
frequency meter. Except for details of 
packaging, this unit is almost identical to 
the famous army BC221. Both were 
used extensively during World War II, 
and probably before. A couple of other 
differences: the "LM" is designed for 
use with an accompanying AC power 
supply, while the "221" runs on batteries 
and needs to be modified for use on AC. 
Also, the "LM's" signal (most models) 
can be modulated with an audible tone 
(very handy during the alignment 

MARC ELLIS 

process), while modulation is available 
only on certain models of the "221." 

These instruments have largely fallen 
out of favor, probably because of the 
availability of inexpensive digital fre- 
quency meters. However, they provide 
something the latter tools do not: an RF 
signal that can be injected into the 
receiver being adjusted. The frequency 
range covers most standard IFs, the 
broadcast band, and the usual shortwave 
bands. Accuracy is outstanding, partly 
because of the very high quality compo- 
nents and partly because of the built -in 
crystal calibrator. The "LM" and BC221 
turn up frequently at hamfests and radio 
swap meets -quite often at bargain 
prices. 

In addition to an RF signal source, 
the alignment process requires an indi- 
cator for measuring the strength of the 
signal output by the radio. Most techni- 
cians use the audio output, which is 
picked off at the speaker voice coil. 
(That's why it's helpful for the signal 

HERE'S THE PHILCO "70" surrounded by my standard alignment setup. The "LM" is at left, 
sitting atop its power supply (headphones are for use with crystal calibrator). The Ballantine 
"300" is at the right. 



THE REPLACEMENT REAR ARCH (sure 

glad I didn't have to craft this myself!) was 

glued in place and kept tightly clamped 

overnight. Now properly reinforced, the cab- 

inet can be safely handled for refinishing. 

source to have audio modulation). My 
choice is another surplus "reliable," the 
Ballantine Model 300 AC voltmeter. 
This is a very stable and sensitive AC 
vacuum -tube voltmeter whose frequen- 
cy response is flat enough to use even in 
the checking of hi -fi sound equipment 
(though that's not a feature we need 
much in radio alignment). Again, these 
units may often be picked up inexpen- 
sively at radio meets. 

IF and RF Alignment 
Following the Philco service instruc- 

tions, the first step in aligning the Model 
70 was to inject a 260 -kHz signal (the 
radio's IF frequency) at the grid cap of 
the mixer tube, with the grid clip 
removed. With modulation on and the 
Ballantine hooked up, the relative 
strength of the receiver's audio output 
could now be read on the Ballantine's 
meter. To avoid overloading, good prac- 
tice dictates using the lowest level signal 
that will provide a usable meter reading. 

Next, beginning with the secondary 
of the last IF transformer and working 
backwards, all of the IF trimmers were 
peaked for maximum audio output. If 
my Model 70 had AVC (automatic vol- 
ume control) -which it doesn't -the 
AVC would have to be disabled since 
otherwise it would flatten out variations 
in signal strength, nullifying the effects 
of the tweaking. The IF alignment pro- 
ceeded very smoothly, with each adjust- 
ment resulting in a very definite peak. 
By the time I was through, I had to 
increase the voltage setting of the "300" 

24 manyfold- showing that I had made a 

significant improvement in the gain of 
the IF channel. 

Now, per Philco service bulletin 
instructions, I moved to the front end of 
the receiver to adjust the RF input and 
oscillator trimmers. That was done with 
the radio and "LM" set for 1400 kHz. 
These adjustments, particularly the 
oscillator, were more critical than the IF 
settings. Even using a non -metallic 
adjustment wrench, the position of the 
adjustment was influenced by the tool's 
presence or absence. Following the 
Philco instructions, I was able to take 
care of the problem by rotating the trim- 
mer slightly past the peak position. 
Then, when the wrench was removed, 
the reading of the Ballantine returned to 
the previously noted peak. 

The final adjustment was a low -fre- 
quency front -end tweaking carried out 
with the radio and "LM" set for 700 
kHz. This proceeded without any prob- 
lem. All in all, the Model 70 was a very 
simple and stable radio to align, with all 

peaks occurring as expected. And the 
result was a very sensitive radio that 
pulls in signals all over the broadcast 
band with only a short indoor antenna 
and no ground. 

Cabinet Restoration 
Most long -time readers of the col- 

umn know that cabinet work is not my 
forte or my strongest interest. If I had 
the means, I'd gladly pay someone to do 
a first -class cabinet refinishing job on 
every one of the important sets in my 
collection! However, I have to grit my 
teeth and proceed with stripper, stain, 
and steel wool. The first step with this 
particular cabinet was the installation of 
the new rear arch I purchased from Dick 
Oliver of Elkhart, Indiana. Without that 
necessary reinforcement in place, the 
cabinet was really too fragile to handle 
except very gingerly. 

The rear arch as supplied seemed a 

bit too long. It overlapped the vertical 
strips of thin reinforcing wood glued to 
each side of the cabinet back. Each strip 
should run from the floor of the cabinet 
just up to the bottom of the arch. I veri- 
fied this by checking a Model 70 with an 
intact arch. The discrepancy must have 
been due to manufacturing variations. 
Perhaps the cabinet Dick got his mea- 
surements from and my cabinet had 
been made in different plants. 

I considered cutting down the arch a 

bit, but I would have very likely spoiled 
the nice curve that finishes off each arch 

Ediaa j aibez ea bent 
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BROWSE THROUGH Radio Tubes and 

Boxes of the 1920's to experience some- 

thing of the exuberance of that decade's 

radio boom. 

tip. Finally, I settled on the strategy of 
slightly cutting back the top ends of the 
reinforcing strips using a matte knife and 
straight edge and being very careful not to 
damage the cabinet beneath. The arch 
was then coated with white wood glue and 
clamped in place overnight. The result is 

very authentic looking, and the cabinet 
can now stand up to the handling neces- 
sary to carry out the refinishing process. 
Next step: removing the old finish, which 
is too far gone for restoration. 

Radio Tube Box Art 
The radio boom of the 1920s must 

have been very much like the computer 
boom of the 1980s and 1990s -with new 
manufacturers springing up almost daily 
to market exploding technology to an 
innovation -hungry public. Some corn - 
pany and brand names survived to 
become household names; others disap- 
peared as quickly as they had sprung up. 
Just as with the computer boom, the 
radio offerings included not only com- 
plete and ready -to -go units, but also a 

myriad of parts and accessories. 
In his new book Radio Tuber and Boxes 

oftbe 1920s, author George A. Fathauer 
(who, as president of Sonoran 
Publishing, Inc., is also the publisher) 
has captured the exuberance and excite- 
ment of the first decade of home -radio 
development. The book contains over 
360 color photos of early vacuum tubes, 
as well as 40 magazine ads and examples 
of company literature. Dates and other 

(Continued on page 29) 
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READERS' QUESTINS, EDITORS' 
CONDUCTED BY MICHAEL 

Capacitance Units? 
Ql m sorry, .1' ill new to electronics but 

what are the units for capacitors in your 
schematics? Microfarads or something 
else? K. G., no location given 

AThat's actually a very wise question to 
ask. We give capacitance in micro - 

farads (µF, formerly abbreviated mF) 
unless otherwise noted. In high -fre- 
quency circuits you will sometimes see 
capacitors valued in picofarads (pF, for- 
merly called mmF). European publica- 
tions often use nanofarads (nF), but we 
rarely if ever do. The relationship is: 

I µF = 1000 nF = 1,000,000 pF 

If you really can't tell whether a particu- 
lar value is in picofarads or microfarads, 
you can usually figure it out as follows. 
The smallest capacitors made are about 
5 pF, so any number less than 5 has to be 
microfarads. On the other hand, any 

ANSWERS 
A. COVINGTON, N4TMI 

capacitor larger than 1 pF will usually be 
an electrolytic, with the polarity marked. 
So if you see a capacitor marked "3300" 
and it has one end marked " + ", it's a 

3300 -µF electrolytic; if it lacks such a 

marking and is part of a high -frequency 
amplifier or filter, it's probably 3300 pF. 

Note that 3300 pF = 0.0033 µF; a few 
capacitances in that neighborhood are 
commonly given both ways. There's an 
example of one in the very next circuit 
(see Fig. 1). 

Finally, note that the numbers actu- 
ally printed on the capacitor usually give 
its value in picofarads, in a peculiar way. 
The third digit is to be replaced by that 
number of zeroes. For example, "474" 
means 47 followed by 0000, or 470,000 
picofarads, equal to 0.47 µF. 

Active Audio Crossover 
QI have a set oftwo -way speakers that cross 

at 1800 Hz. Id like to build four ampli- 

fiers (two fir the tweeters and two for the 
woofers) that have active filters ahead of 
them, so that each ampl(ergets only signals 
in the appropriate frequency range. I'm very 
bad at number crunching. Could you provide 
me with a schematic to get thin job done? 
L.E., Glen Burnie, MD 

ASeparating high from low frequencies 
ahead of the amplifiers is a good idea 

because the bass amplifier needs more 
power but the treble amplifier needs 
more high -frequency response. Also, 
you can use a high -performance active 
crossover circuit rather than a relatively 
low- performance network of capacitors 
and inductors at the speakers. 

Figure 1 shows a circuit from 
National Semiconductor Corporation's 
Application Note AN -346, which pro- 
motes their LM833 audio op -amp. 
Actually, you can use any low -noise op- 
amp in this circuit; you might try a pair 
of TL072s or TL082s if these are easier 
to get. Note that a split power supply is 
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FIG. 1- HERE'S THE CIRCUIT for a 1800 -Hz crossover. The crossover frequency is 

determined by F = 1 /2-rrRC, where R is equal to 22,600 ohms (22.6K) and C is equal to 
3900 pF in this example. 
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FIG. 2- RATHER THAN BREADBOARDING 
lated using Electronics Workbench. Here 
response at the two outputs. 

required; it's shown as +15V and -15V, 
but split 12 -volt or even 9 -volt supplies 
will work equally well. While bread- 
boarding, you might use a pair of 9 -volt 
batteries. 

According to National Semiconduc- 
tor, this is a "constant -voltage" crossover, 
which means that the sum of the bass and 
treble output voltages is the same at all 
frequencies. The crossover frequency is 

determined by a simple formula: 

F = 1/27rRC 

Here R is the resistance of R1, R2, 
R3, R4, R5, R6, and R8, and C is the 
capacitance of C3, C4, and C7. Resistors 
R7 and R9 are the value of R. Bypass 
capacitors Cl, C2, C5, and C6 don't 
affect frequency response. 

For best results, use precision com- 
ponents: 1% resistors and 1% or 3% 
capacitors. The capacitance you need, 
3900 pF, is also described as 3.9 nF or 
0.0039 faF. 

Because it requires special compo- 
nents, I didn't actually breadboard this 
circuit; instead, I simulated it with 
Electronics Workbench. Figure 2 shows 

THE CIRCUIT in Fig. 1, it was instead simu- 
are the calculated frequency and phase 

the calculated frequency and phase 
response at the two outputs. You can 
download a free trial version of this soft- 
ware from www.interactiv.com. 

Analog Computers? 
QOh; obviously your article about the 
amazing new analog microprocessor was 

an April Fools gag, but was all the theory 
you were .stating true? !fa miraculous ana- 
log-to- digital converter were invented, 
would an analog computer be possible? -D. 
B., Colorado Springs, CO 

AWell...the April Fool's article con - 
tained plenty of facetious theory as 

well as facetious products, but analog 
computers really exist and have been 
around more than 40 years. In fact, one 
of their basic components, the opera- 
tional- amplifier (op -amp), is now used 
in all sorts of circuits. 

Figure 3 shows an op -amp actually 
performing an operation addition and 
subtraction. The circuit computes V4 - 
(2 x V1) -V2 - V3, where Vl, V2, V3, 
and V4 are the input voltages. 

There are three reasons why analog 
computers aren't used for general -pur- 
pose computation. One is accuracy. A 
digital computer only has to distinguish 
1 from 0, so it's completely unaffected by 
minor variations in component values. 
An analog computer, though, is only as 
accurate as its worst component. On a 

digital computer, you can easily carry 
out a calculation to as many decimal 

RI 
5K 

R4 
10K 

-15V 

FIG. 3- WHILE, AS MOST REALIZED, the 
analog microprocessor in the April issue 
was clearly fictitious, simple analog corn - 
puters have existed for a long time. One 
example of that is shown here, where an 
op -amp is being used to compute the value 
of V4 - (2 X V1) - V2 - V3. Unused 
inputs are grounded. 

places as you want, but on an analog 
computer, you're doing well to get three 
significant digits. You wouldn't want 
your bank account thrown off 2% by a 

bad resistor. 
The second is programmability. It's not 

clear how you'd program an analog com- 
puter, other than by rewiring the circuit. 
Digital computers can use the same kind of 
memory for the program as for the data. 

The third is that much of the data 
that we now process is digital, not ana- 
log. Analog circuits are fine for low -pre- 
cision arithmetic but can you imagine 
an analog word processor? Most of the 
data in text documents and business 
records is made up of discrete symbols, 
not values that range along a continuum. 

Still, analog computers have their 
uses. Because a simple analog circuit can 
compute a rough approximation to an 
integral or derivative quickly, analog 
computers are still used in control cir- 
cuits and signal processors. In fact, the 
circuit in Fig. 1 is technically an analog 
signal processor that solves differential 
equations on the fly. 

Mats In A Keyboard? 
Ql d like to use PIC mierocontrollers to 

build a programmable keyboard for my 27 



HOW TO GET INFORMATION ABOUT ELECTRONICS 

On the Internet: See our Web site at 
http: / /www.gernsback.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.ti.com 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 
ter.com, 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 
faq.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 Art 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- 
zines 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 
Manuals, PO Box 802, Council Bluffs, 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 D945 is actually a 2SD945. 

Hamfests (swap meets) and local orga- 
nizations: These can be located by writing 
to the American Radio Relay League, 
Newington, CT 06111; (http: / /www.arrl.org). 
A hamfest is an excellent 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. 

PC. Where are the PC keyboard signals doc- 

umented.? IfI can fin d this out, I would glad- 
ly develop and post a construction project.- 
N 1, no location given 

AThe "horse's mouth" for this infor- 
mation is the IBM PC AT Technical 

ReferenceManual(1984), a dark blue vol- 
ume that a generation of PC gadgeteers 
relied on. Ask around and see if any old - 
timers in your area still have one. 

Today, the best reference is probably 
The Personal Computer from the Inside 

28 Out, by M. Sargent and R. L. 

Shoemaker, published by Addison - 
Wesley. It devotes several pages to the 
keyboard signals, which are synchronous 
serial codes. Using a digital oscilloscope, 
you can reverse -engineer the whole sys- 
tem for yourself. 

See also The Undocumented PC by 
Frank van Gilluwe, same publisher, for 
more about the software side of key- 
board communication. 

But what you really want is probably 
Philips Semiconductor application note 
AN434, "Connecting a PC keyboard to 
the PC bus," which should be available 

online at www.philips.com (follow the 
menus to "semiconductors," then 
"microcontrollers," then "catalog and 
datasheets "). The exact Web address of 
this document, if Philips doesn't change 
it, is www.eu2.semiconductors.com/ 
acrobat /applicationnotes /AN434.pdf. 

When you get that project devel- 
oped, let us know! 

Printer Communication 
QJ have a yuertion about how the printer 

drivers in Windows tell the printer to 

advance to a new page. Does the software 
send a form feed character (FF, ASCII 12) 
through the DO-D7data lines, or does it use 

the,9UTO FEED pin? S. L. G., B,7esh, CO 

AThe former. There is no pin that will 
make the printer eject the paper. The 

AUTO FEED (or AUTO LF) pin tells the 
printer whether to advance to the next 
line after receiving a Carriage Return 
(CR, ASCII 13) or to advance only when 
sent a Line Feed (LF, ASCII 10). You get 
the first behavior if the AUTO FEED pin is 

grounded and the second if it is not. 
Normally, the PC holds this pin high. 

PC Power -On Self Test 
Qlì, the past you've reviewed a commer- 
cially available POST diagnostic card 

(November 1995), but you haven't pub- 
lished instructions for how to build one. It 
soundr simple. Could you steer me to a source 
ofinfbrmation that would enable me to build 
one? Also, I seem to recall PC breadboards 
being available in the past-that ir, bread- 
boards that plug into a slot in a PC. Are they 
still available? -R. D., Brampton, ONT, 
Canada 

AThe second question is easy: solder - 
less breadboards that plug into ISA 

slots are available from Jameco, 1355 
Shoreway Rd., Belmont, CA 94002; Tel.: 
650 -592 -8097; Web: www.jameco.com. 
Ask for part number B1672, which lists 
for $59.95. 

Now for your main question. When 
a PC fails its power -on self test (POST), 
it outputs a diagnostic code to port 
address hex 80. The whole process is 

described at length in Troubleshooting, 
Maintaining, and Repairing Personal 
Computers, by Stephen J. Bigelow, pub- 
lished by Tab Books. Bigelow gives the 
full set of codes for numerous makes and 



models of motherboards, as well as the 
alternative port addresses used by some 
of them. 

To learn how to grab data from a port 
address, see this column, May 1997. 
There I tell you how to build a port that 
can be read or written from software. To 
make a POST card, what you'll need to 
do is change the circuit so its address is 
80 rather than 280, then feed the data to 
a pair of LED seven -segment displays. 
You won't need a microcontroller, just a 

one- or two -chip BCD-to- seven -seg- 
ment decoder system. If you want to 
make it fancier, you can add alternative 
switch -selectable port addresses. 

The best general book I know of 
about ISA bus interfacing is The 
Embedded PC's ISA Bus, by Edward 
Nisley, published by Peer -to -Peer 
Communications, Inc. (www.peer -to- 
peer.com). 

Composite Video 

to S -Video 
A reader in the August issue needed 

to convert composite video to S -video 
signals (with luminance and color on 
separate wires). We found a product that 
does this the Tribute C2S Convertor, 
which retails for about $100 and is made 
by Tributaries, 1307 E. Landstreet Rd., 
Orlando, FL 32874; Tel: 800 -521 -1596. 
The converter consists of passive filters 
that do not require power, so the whole 
thing fits in an aluminum cylinder -it's 
just a thick spot in the cable, so to speak. 
A higher- performance powered version 
is also available. 

Electronic Organ 

Resources 
If you need parts or manuals for older 

electronic organs and other musical 
instruments, here are some useful 
addresses, courtesy of Bill Stiles, 
Hillsboro, Missouri: 

Keyboard Systems, 3637 East 7800 
South, Salt Lake City, UT 74121; Tel: 
801- 943 -7888; Web: www.systemsinfo. 
com (Lowrey organs, many hard -to -find 
tubes, and ICs for all brands) 

Organ Service Co., Inc., 1210 W. 
55th Place, Countryside, IL 60525- 
3409; Tel: 708 -352 -8011 (Hammond 
organs, Leslie speakers) 

Organ Service Corp., PO Box 372, 
Marengo, IN 47140 -0372; Tel: 800- 
457 -4408; e -mail: orgsvccorp @aol.com 
(Kimball, Conn, Thomas) 

Stevens Custom Organ Co., 330 N. 
West Ave., Fayetteville, AR 72701; Tel: 
501 -521 -9240 (older Baldwin organs) 

Morelock's Organ Parts, Rte. 1 Box 
6, Rienzi, MS 38865; Tel: 601 -462 -7611 
(older Wurlitzer organs) 

Baldwin Piano and Organ Co., 
Technical Services Dept., 1101 S. 
Beechwood, Fayetteville, AR 72701; Tel: 
501 -443 -1965 (Baldwin and Wurlitzer 
since about 1981) 

Dave's Electronic Service, Inc., 105A 
E. Penn St., Hoopeston, IL 60942; Tel: 
217 -283 -5010 (Gulbransen before 1986) 

Writing to Q&A 
As always, we welcome your questions. 
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, 
Poptronics Magazine, 500 Bi -County 
Blvd., Farmingdale, NY 11735, or e- 
mailed to q &a @gernsback.com, but 
please 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. CM 

Radio Tubes and Boxes ofthe 1920s(8 '/: 

by 11 inches, 112 pages, slick paper, soft 
cover) sells for $26.95 and may be pur- 
chased from Sonoran Publishing, 116 N. 
Roosevelt, Chandler, AZ 85226. 

Au Revoir! 
That's all she wrote, friends! I've cer- 

tainly enjoyed serving the readers of 
Hands -On Electronics, Popular 
Electronics and Electronics Now over 
the past thirteen years or so. And I'm say- 
ing "Au Revoir" rather than goodbye 
because I hope many of you will be able to 
visit me at the new Web site. Please e-mail 
me at mfellis @enteract.com if the URL I 
gave you at the beginning of this column 
does not work when you try it. 

ANTIQUE RADIO 
(continued from page 24) 

information, where known, are given in 
individual captions. 

The main charm of this book is the 
opportunity it provides to experience 
and enjoy the naive, and sometimes 
crude "box art" of the period. The vol- 
ume is not for those looking for defini- 
tive data on tube evolution or technical 
specs. However, the introduction does 
include helpful information in tube dat- 
ing and identification. 

EQUIPMENT REPORT 
(continued from page 4) 

that is devoted entirely to supporting 
Nomad and its users. That site, 
www.nomadworld.com, provides the 
latest news on MP3 audio and offers a 

mixture of regularly updated MP3 pro- 
gramming that caters to a variety of 
interests. 

Nomad is a slick little device, and 
one that is a lot more capable and con- 
venient than the MP3 players that came 
before it. The FM tuner is a feature that 
consumers have wanted in portable 
MP3 players right from the beginning, 
and the docking station eliminates the 
need to connect and disconnect the 
player to a parallel port. Nomad's voice 
recording capability, also unique, lets 
users record up to four hours of voice - 
quality audio that can be uploaded to a 

PC. Available accessories for the Nomad 
include memory upgrades, a car- adapter 
kit, a carrying case, and different head- 
sets. 

The 64- megabyte Nomad has a sug- 
gested retail price of $249.99, and the 
32- megabyte costs $169.99. If you're 
already into MP3 audio, Nomad is the 
perfect way to take your favorite MP3 
material with you wherever you go. And 
if you haven't yet played with MP3 
audio, Creative Labs' Nomad, along 
with its bundled software, is a great way 
to get started. 

For more information contact 
Creative Labs, Inc. (1523 Cimarron 
Plaza, Stillwater, OK 74075; Tel: 800- 
998 -1000; Web: www.creativelabs.com) 
or circle 15 on the Free Information 
card. en 29 
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NEW PRODUCTS 
USE THE FREE INFORMATION CARD FOR FAST 

Voice-luteractivo Navigatiou Device 

RESPONSE 

CIRCLE 338 ON FREE INFORMATION CARD 

COMPACT, PORTABLE, AND LOW 
cost, the AudioNav navigation system 
operates completely by voice command, 
without the need for complex displays or 
keyboards. It is designed to get drivers to 
and from locations quickly without forcing 
them to take their eyes off the road. 

The same size as a typical portable 
CD player, the AudioNav incorporates a 

small voice -interactive chip that works 
as the operating engine, communicating 
directly with CD -ROM mapping soft- 
ware. This process allows users to ver- 
bally prompt the unit with an address, 
and the system's recorded voice 
responds with easy -to- understand, accu- 
rate, turn-by -turn verbal instructions. 
Drivers are able to choose an address, 
intersection, point of interest, or cus- 
tomized location as either a destination 
or a starting point for navigation. Music 
disc player functions can also be con- 
trolled by voice command and used 
interchangeably with route guidance, 
making the device into a voice -operated 
portable CD player. 

The AudioNav's navigation smart 
chip uses L &H's Automatic Speech 
Recognition technology. A complex 
spell -checking system combines with 
isolated word -recognition and rejec- 
tion of out -of- vocabulary words to 

make the AudioNav smart chip a virtu- 
ally error -free speech engine. Most 
important, the technology allows the 
system to respond to different speak- 
ers (speaker independent), regardless 
of variable speech patterns, dialects, 
etc. 

Additional features include rerouting 
capabilities in case of traffic delays or con- 
struction; directory of nearby services such 
as ATMs, hotels, and banks; ability to cus- 
tomize and store favorite locations in the 
AudioNav's memory; and options for 
beginner's or expert mode. The system can 
navigate throughout the US. Mapping 
software is available on nine different CD- 
ROM discs, each corresponding to a dif- 
ferent US region. It comes equipped with 
the portable AudioNav, the nine navigation 
software CDs, headphones, microphone, 
cigarette lighter adapter with built -in 
amplified speaker, AC adapter, audio con- 
necting cable, tutorial CD -ROM, and 
operating manual. 

The AudioNav navigation system has 
a suggested retail price of $299. 
PRONOUNCED TECHNOLOGIES, 
LLC 
6611 Odessa Avenue 
Reseda, CA 91106 
Tek 818 -654 -2750 
Fax: 818- 778 -1005 

Cable Tester 
SCSI TERMINATOR TESTING IS 
now available on the Signature Touch 1 

cable and harness tester -a Pentium - 
class, PC -based tester with a graphical 
touch -screen display. It tests SCSI ter- 
minators by using a combination of its 
standard testing capability and its cus- 
tom script language together with the 
optional powered test adapter. With the 
SCSI test adapter for the Touch 1, users 
can test a range of terminators including 
single -ended active, active negation, and 
low- voltage differential (LVD) termina- 
tors, as well as the switchable LVD /SE/ 
HVD terminators. 

CIRCLE 339 ON FREE INFORMATION CARD 

To accommodate terminators other 
than these, as well as the different ICs, 
the test script is changed to match the 
IC type and terminator type being test- 
ed. The SCSI kit includes an adapter, a 

nine -volt DC power supply, and a wire 
list and script for each type of termina- 
tor to be tested. 

The Signature Touch 1 cable tester 
retails for $54.95 and the SCSI kit retails 
for $200. 
CIRRIS SYSTEMS CORP. 
1991 Parkway Blvd 
Salt Lake City, UT 81119 
Tek 800-411-9910 
Fax: 801- 973 -4609 
Web: www.cirrii:com 

Video Cable Set 
THE SILVER COMPONENT VIDEO 
Cable Set is made up of three cables that 
provide the best possible picture from 
the latest DVD players equipped with 



component -video output. The video 
cables are "true" 75 -ohm cables, featur- 
ing a 32 -strand silver -plated OFHC 
(Oxygen Free High Conductivity) cop- 
per center conductor protected by 
triple- layered shielding. A PVC jacket 
and the "Slip- Over" insulating layers in 
the cables provide both flexibility and 
protection against abrasion damage and 
deterioration. 
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The cables terminate with Maximum 
Contact Connectors, gold -plated machined 
brass, color -coded (Y, R -Y, B -Y) 75 -ohm 
RCA-type plugs. TRIBUTARIES propri- 
etary "360° Surround soldering System" 
with high silver content solder provides a 

strong connection between the cable 
shield and connector, assuring maximum 
protection from mechanical cable failure 
and noise pickup. 

The Silver Component Video Cable 
Set has a suggested retail price starting 
at $200. 
TRIBUTARIES 
1307 Fast Landr[seet Road 
Orlando, FL 32821- 7926 
Tek 800-121-1596 
Web: www.tributariescab/e.com 

Data Acquisition Boards 
QUATECH'S NEW PCI LINE IN- 
dudes 12- and 16 -bit data -acquisition 
boards capable of both analog input and 
output These boards all provide 16 single - 
ended or 8 different A/D channels and are 
available in unipolar and bipolar versions. 
They offer two channels of waveform - 
capable analog output, 32 digital I/O chan- 
nels, 16-bit timer counters, and pacer 
docks for both A/D and DIA. 

The 12 -bit DAQ- 1201/PCI features 
200 kS /s sampling and high gains of 1, 

10, 100, and 1000. The DAQ- 1602/PCI 
provides 16 -bit resolution, 200 kS /s 
sampling, and low gains of 1, 2, 4, and 8. 
Analog inputs on all the PCI data- acqui- 
sition boards can be expanded to 256 
channels. 
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The PCI Data Acquisition Boards 
have prices starting at $495. 
QUATECH, INC. 
662 Wolf Ledges Parkway 
Akron, OH 44311 
Tek 800 -553 -1170 or 330 -434 -3154 
Fax: 330 -434 -1409 
Web: www.quatech.com 

Frame Grabber 
THE DFG/LC2 COMBINES THE 
benefits of an industrial frame grabber 
with features such as trigger, sync 
generator, 12 -volt power for up to 
four cameras, and industrial 12 -pin 
Hirose connectors. The DFG /LC2 
offers 4 -color S -VHS (Y /C), or four 
monochrome or composite -video 
inputs. All video standards are sup- 
ported: NTSC, PAL, and SECAM. 

CIRCLE 342 ON FREE INFORMATION CARD 

Up to four cameras can be connected to 
the frame grabber and can be powered 
from the card itself. A resettable 2 -amp 
fuse protects the unit The image stream 
produced by the DFG/LC2 is either trans- 
ferred to the VGA card or the PC's RAM 
using Burst RAM-all in real time. 

The DFG/LC2 PCI frame grabber 
sells for $449. 
THE IMAGING SOURCE 
900 Baxter Street, Suite 103-A 
Charlotte, NC 28204 
Tek 704 -370 -0110 

Fax: 704 -370 -0906 
Web: www. TbelmagingSource.com 

Digital Multimeter 
A RUGGED, AUTORANGING DIG - 
ital multimeter, the DM501 accurately 
measures ohms, voltage, and current, 
including True RMS. Its Liquid 
Crystal Display (LCD) provides a 65- 
segment bar graph. There are also 
indicators for polarity, overrange, and 
low battery. 

Measuring 6.9 by 3.3 by 1.2 inches, 
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the meter has a sampling rate of 2 

times /sec for digits and 12 times /sec 
for analog bar graph. The meter will 
automatically shut itself off after 
approximately 10 minutes, unless the 
input changes within a defined time. A 
warning tone sounds if the test lead is 
connected to an input terminal when 
the rotary function selector is not 
turned to that position. 

The DM501 Digital Multimeter, 
which comes with test leads, holster, and 
manual, has a list price of $199. 
SENCORE, INC. 
3200 Sencore Drive 
Sioux Falls, SD 57107 
Tek 800- SENCORE or 605 -339 -0100 
Web: wwzo.sencore.com 

(Continued on page 96) 
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TEST 
PROCEDURES 
for Basic Electronics 

PROMPT 

Build Your Own Home Lab. 

#61108 -- $29.95 

Shows you how to assemble an efficient 

working home lab, and how to make it 

pay its own way. Includes projects for 

creating your own test instruments too. 

7 3/8 x 9 1/4", 249 pp, paperback. 

Test Procedures for Basic 

Electronics. #61063. -- $19.95 

Many useful tests and measurements 

are covered. They are reinforced by the 

appropriate basic principles. Examples 

of test and measurement setups are 

given to make concepts more practical. 

7 3/8 x 9/1/4", 356 pp, paperback. 

Complete VCR Troubleshooting and 

Repair. #61102. -- $34.95 
Though VCRs are complex, you don't 

need complex tools or test equipment to 

repair them. This book contains sound 

troubleshooting procedures that guide 

you through every task. 8 1/2 x 11", 

184 pp, paperback. 

Complete Camcorder 

Troubleshooting and Repair. 

#61105. -- $34.95 
Learn everything you need to know 

about the upkeep and repair of video 

camcorders. Start by examining cam- 

corder troubleshooting procedures, then 

move into more advanced repair 

techniques. 8 1/2 x 11", 208 pp, 

paperback 

Howtodrd W. Sarni.* Company 

Complete Camcorder 
Troubleshooting and Repair 

pN L/Nwhlf s 

r,rv!ri41.u+ktP(w 

Oscillator Circuits and Projects. 

#61111. -- $24.95 

A Textbook and project book for those 

who want to know more about oscillator 

circuits. You can build and enjoy the 

informative and entertaining projects 

detailed in this book. Complete informa- 

tion is presented in an easy -to- follow 

manner. 7 3/8 x 9 1/4 ", 249 pp, 

paperback. 

Troubleshooting and Repair 

Guide to TV. #62246. -- $34.95 
Repairing and troubleshooting a TV is 

very simple and economical with help 

from the information in this book. It is 

the most complete and up -to -date TV 

repair book available, with tips on how 

to handle the newest circuits. 

8 1/2 x 11", 263 pp, paperback. 

Howard W S.n, 6 Cammy 

Computer Monitor 
Troubleshooting and Repair 

MA aa..,<, 
.rura war.+.n 

Computer Monitor Troubleshooting 

and Repair. #61100. -- $34.95 
This book can save you the money and 

hassle of computer monitor repair by 

showing you how to fix it yourself 

Tools, test instruments, how to find and 

solve problems are all detailed. 

8 1/2 x 11 ", 308 pp, paperback. 

Joe Carr's Circuit Toolkit. 

#61000. -- $29.95 
Easy -to- build, useful circuits from Carr's 

workbench to you. They will spark new 

ideas in your day -to -day use of circuits 

and help solve frustrating problems. 

256 pp, paperback. 

Joe Carr' 
Circuit Toolkit 
E.syToeulw, tJlelul Mutts 
From Can's TodWridt to Yours) 

Please circle the products you would like to buy on the page above, calculate the total cost, include shipping charges, 

using in the form below and send it to us. Please allow 4 - 6 weeks for standard delivery. Claggk Inc. 

PO Box 4099 
Name: 

Address: 

Zip: Telephone: 

I have enclosed my check for $: 

Please charge my credit card for $: 

Card Type: 

Mastercard, Visa or Discover only 

Signature: 

Number: 

Expiration Date: 

Note: The delivery address and the address at which 

the credit card is reoistered must be the same. 

Farmingdale, NY 11735 -0792 

Tel: 516- 293 -3751 
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ANDRE Du2ANr 

Freeze Motion with 
the Laser Scope 

If you are involved with 
mechanical designs as a part 

of your electronics activity, you no 
doubt find yourself in need of more 
and more tools and equipment, 
some of which can be quite 
expensive. The average "bench" 
of the past only consisted of the 
usual electronic test gear and 
assorted hand tools. Nowadays, 
the average bench occasionally 
calls for a drill press, small lathe, or 
other power tools, not to mention a 
wide variety of hand tools required 
for precision machining. Times are 
changing! 

"Speeds" and "dimensions" are 
now as important to an experi- 
menter as "frequency" and "volt- 
age." Building and troubleshooting 
mechanical devices requires the 

SKIP CAMPISI 

Measure the speed of rotating 
o,ects with this aff rdable, com- 
pact instrument. What s more, 

you can easily view them in stop - 
action or slow motion! 

hobbyist to invest time and money 
in a completely different field -an 
investment that can be very 
rewarding. The "new" type of test 
equipment includes micrometers, 
depth gauges, and thread 
gauges; they are analogous to the 
DMM, capacitance meter, and fre- 
quency counter found on a tradi- 
tional electronics bench. 

Many would say that the basic 

indispensable tool of the electron- 
ics bench is the oscilloscope. When 
properly used, it can display almost 
any type of measurement. The 
companion tool for the mechani- 
cal bench is the stroboscope. That 
device is just as useful, providing 
many equivalent measurement 
and troubleshooting functions. 
However, commercial units are 
somewhat expensive and general- 
ly line operated due to the high 
voltages needed by their flash 
tubes. 

What can a stroboscope do for 
you? For starters, it can give a pre- 
cise measurement of shaft RPM. 

Perhaps you need to view a high- 
speed mechanism in slow motion 
to locate a "sloppy" component 
that is causing vibration or noise. 33 



Another use would be in studying a 
reciprocating mechanism that 
might be flexing too much under a 
heavy load, causing excess friction. 
If you are involved in photography, 
the experimental "drop -of- milk" 
photos made by the late Harold 
Edgerton (inventor of the strobe 
light) are yet another example of 
non -obvious uses for the strobo- 
scope. Like the oscilloscope, uses of 
a stroboscope appear to be unlim- 
ited...if only we could afford one. 
For those reasons, we present the 
Laser Scope, which is designed to 
overcome the drawbacks of a 
commercial stroboscope using 
standard off- the -shelf components. 

The Laser Scope was designed 
with portability and economy in 
mind to fit within the budget and 
needs of the average hobbyist. 
However, you'll find that its perfor- 
mance exceeds commercial units 
in several ways. The expensive and 
short -lived flash tube has been 
replaced with a high -performance 
semiconductor, which will last for a 
long time and provide a shorter - 
duration flash than a tube. The flash 
rate is variable over a range of 0 to 
10,000 fpm (flashes -per- minute) in 
two calibrated ranges. An added 
bonus is the flash- duration control, 
letting the user adjust image sharp- 
ness and brightness under varying 
speeds and lighting conditions. 

"Light" Talk. Like electricity and 
magnetism, light has its own set of 
definitions. The basic unit of light is 

the candela, which is equal to one 
lumen per steradian (a unit of solid 
angle). The lumen is a measure of 
optical power. In the English system, 
one lumen per square foot is the 
light intensity received by a one - 
square -foot target placed one foot 
away from a standard point- source 
candle. See Fig. 1. Another more 
common term for the lumen is can- 
dlepower, which is given in foot - 
candle units. As you can see, can- 
delas, candlepower, and foot -can- 
dles equally share the same unit 
quantity: the lumen. 

The obvious first choice for a 
solid -state replacement for the 
flash tube is a visible -red laser 
diode. Interestingly, as bright as 
those diodes are, they only provide 

34 low light intensities when their 

Fig. 1. A footcandle is the amount of light that 
shines on a one-foot-square surface that is one 
foot away from a standard candle. 

beams are optically expanded for 
a stroboscope's wide -angle cover- 
age. Fortunately, a related device 
has proven itself to be much more 
versatile: a high -intensity light -emit- 
ting diode that happens to be 
available through RadioShack. Not 
only is it about 20% of the cost of a 

surplus laser diode, tests have 
shown that it is several times 
brighter than a 5 -mW laser! 

In a side -by -side test between a 
high- brightness LED and a 5 -mW, 
670 -nm- wavelength red laser 
diode, lenses were used to adjust 
the beam angles for equal target - 
area coverage and the devices 
were operated in their CW (contin- 
uous) mode for easy visibility. The 
LED has an orange output (at 620 
nm) and a luminous intensity of 
12,000 mcd (millicandelas) or 12 

candelas, at a forward current of 
0.02 amperes. For comparison, a 
typical "high- intensity" lamp pro- 
vides about 15 candlepower, so 
you can readily appreciate the 
LED's brightness. What we don't 
know is the LED's output beam 
angle used to make that measure- 
ment. We can only assume that its 

output is equivalent to 12 lumens /ft. 
Laser output, on the other hand, 

appears to be rated at mechani- 
cally equivalent power in watts, 

PARTS LIST FOR THE LASER SCOPE 
SEMICONDUCTORS 
ICI CD4518 CMOS dual BCD counter, 

integrated circuit 
IC2- CD4046 CMOS phase- locked- 

loop, integrated circuit 
IC3- TLC555 CMOS timer, integrated 

circuit 
IC4 -78L05 5 -volt, 100 -mA regulator, 
integrated circuit 
Q1- TIP120 NPN Darlington transistor 
DI, D2- 1N4001 silicon diode 
D3, D4- 1N4148 silicon diode 
LED1 -Red light- emitting -diode 

(RadioShack 276 -309 or similar) 
LED2 -Green light -emitting -diode 

(RadioShack 276 -304 or similar) 
LED3- Orange light- emitting diode, 

620nm/12,000mcd output 
(RadioShack 276 -206 or similar) 

RESISTORS 
(All resistors are 1/4-watt, 5% carbon -film 

units unless otherwise indicated.) 
R1- 40,200 -ohm, '/4 -watt, 1% metal -film 
R2- 100,000 -ohm, multi -turn trimmer 

potentiometer 
R3 -5000 -ohm, 10 -turn panel -mount 

potentiometer, wire -wound, with pre- 
cision turns- counter (see text) 

R4- 10,000 -ohm 
R5, R7 -1000 -ohm 
R6- 100,000 -ohm, panel -mount poten- 

tiometer, audio -taper, with integral 
switch 

R8- 10,000 -ohm, single -turn trimmer 
potentiometer 

R9 -1.0 -ohm, 'h -watt 
R10 1200 -ohm 
R11 -10 -ohm 

CAPACITORS 
C I- 0.01 -R,F, 5% Mylar 
C2, C3, C7- 0.1 -µF, ceramic -disc 
C4- 220 -pF ceramic -disc 
C5- 0.01 -µF ceramic -disc 
C6 0.005 -µF, 5% Mylar 
C8 -1 -RF, 16 -WVDC, electrolytic 
C9- 47 -RF, 16 -WVDC, electrolytic 
C10- 330 -µF, 16 -WVDC, electrolytic 

ADDITIONAL PARTS 
AND MATERIALS 
B1-9-volt battery 
J1- Coaxial power jack with switch 

(RadioShack 274 -1582 or similar) 
SI- Single -pole, double -throw toggle 

switch 
S2- Single -pole, single -throw switch 

(part of R6) 
S3- Single -pole, double -throw switch 

(part of J1) 
9 -volt DC, 100 -mA wall adapter, con- 

cave lens (see text), case, IC sockets, 
wire, hardware etc. 
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Fig. 1. As you can see on the Laser Scope's schematic diagram, the circuit design is fairly simple. 
Utilizing CMOS integrated circuits, along with a capacative -discharge current drive for LED3, 
allows the use of a standard 9 -volt battery for the main power source. 

where one lumen is equal to 1.5 
mW of power output. That is mea- 
sured at a wavelength of 555 nm, 
the peak response of the human 
eye. The eye's response at 670 nm is 

only about 20% of the peak level, 
so we may assume that the laser's 
output power is rated at 0.3 mW 
per lumen. 

Those assumptions indicate that 
the 5 -mW laser diode has an out- 
put of about 17 lumens, a little high- 
er than the LED. However, consider 
the fact that a 5 -mW laser diode 
typically operates at about 3 mW. 
Also, a wavelength of 620 nm 
appears to be about three times as 
bright to the eye as an equally 
intense 670 nm wavelength. Thus, 
the LED does indeed appear to be 
brighter "mathematically" than the 
laser diode over an equivalent 
area of coverage. That tends to 
agree with our side -by -side tests. 

About the Circuit. Referring to the 
schematic diagram shown in Fig. 2, 
you'll see that the Laser Scope is a 
simple design. For true portability, 
CMOS integrated circuits are used 
to conserve power; a standard 9- 
volt battery, B 1, is the power source. 
Battery power is regulated by IC4 
to supply 5 volts to the rest of the 
circuit. An external 9 -volt DC wall 
adapter can be plugged into J1 to 
conserve battery power if a wall 

socket is available. Note that J1 has 
an integral switch that disconnects 
B1 when the Laser Scope is exter- 
nally powered. 

The heart of the Laser Scope is 

IC2, a CD4046 CMOS phase -locked 
loop. The device's voltage -con- 
trolled oscillator (VCO) section is 

used for the flash -rate timebase. 
That rate is variable from 0 to 1667 
Hz with R3, a 5000 -ohm, 10 -turn pre- 
cision potentiometer. A turns 
counter is mounted on R3 for a 
direct readout of 0 -1000 flashes - 
per- minute (fpm). If you don't need 
the precision or expense of a 10- 
turn device and counter, you can 
substitute a standard 5000 -ohm sin- 
gle -turn linear -taper potentiometer. 
If you do that, the case should be 
marked accordingly. 

Because IC2's VCO input is limit- 
ed to a range between about 0.55 
volts (one diode forward- voltage 
drop above ground) and 4.45 volts 
(0.55 volts below the 5 -volt supply), 
Dl and D2 match those voltage 
restrictions as closely as possible. It 
was found that 1N4001 devices 
specified resulted in a VCO linearity 
within 1% over most of the range. 

The output of IC2 is divided by 
IC1, a CD4518 CMOS dual -BCD 
counter. Two division ratios (100 and 
10) are available and are selected 
by S1. The resulting flash rates are 0- 
1000 fpm on the " x 1" range and 0- 

10,000 fpm on the "x 10" range. The 
selected range triggers IC3, a 
TLC555 CMOS timer, through C4. 
Configured as a monostable multi - 
vibrator, the output pulse width of 
IC3 is variable from about 5 to 500 
microseconds with R6, the flash - 
duration control. 

An audio -taper potentiometer 
was selected for R6, which allows 
for easy setting of the two- decade 
spread in pulse width. When wired 
correctly, its resistance will increase 
when rotated clockwise, and 
should measure about 10,000 ohms 
at its center of rotation. Thus, the 
pulse width will be 5 microseconds 
with R6 at full counter -clockwise, 50 
microseconds at the center of rota- 
tion, and 500 microseconds at full 
clockwise. Note that in the proto- 
type, power switch S2 is activated 
by R6's control shaft, 

The output pulse from IC3 drives 
Q1, a TIP120, which is configured as 
an unusual capacitive- discharge 
type of constant -current sink that 
only sinks current for the duration of 
the input pulse. The current pulse 
flows through LED3, causing it to 
flash in sync with the pulses. The 

SAFETY WARNINGS 

The Laser Scope, or any similar type of 
device, should not be used by, or in the 
vicinity of, a person prone to epileptic 
seizures or similar neurological disorders. 
It has been determined that a flashing light 
in the "flicker- fusion -frequency" range of 
about 8 Hz, or 480 fpm, can induce 
seizures by what is called "photo-driving." 
In fact, neurologists, to initiate a seizure for 
EEG study of their patients, utilize that 
technique. Further information can be 
found in the July 1999 Letters column of 
Electronics Now. 

Although the light- emitting diode used 
does not produce coherent radiation like a 

laser diode, its high -intensity output might 
possibly cause eye damage if viewed for 
extended periods at very close range. 
Never stare directly into the aperture at 
close proximity! The least that you will 
experience is temporary pain. 

Neither the publisher nor the author 
assumes any liability for the misuse of this 
device by any person, resulting in bodily 
injury to him or others, intentionally or not. 
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Fig. 3. The Laser Scope fits into a handheld 
case large enough to hold all of the components 
easily. 

bulk of the current is stored in CIO; 
it is recharged through R 11 

between pulses. The combination 
of LED2 and D4 provide tempera- 
ture compensation for the two 
base -emitter junctions in Ql; they 
also hold the input pulse voltage to 
about 2.4 volts. The voltage devel- 
oped across R9 (about 1 volt) limits 
the current through Q1 to 1 amp. 

That much current would nor- 
mally destroy an LED instantly. 
Keeping the pulses to a low duty 
cycle lets us pass that much current 
without damaging the LED. The 
power -dissipation rating of LED3 is 

130 mW; at a forward current of 1 

amp, a 4 -volt forward- voltage drop 
for a 4 -watt peak power dissipation 
results. The short flash durations 
used let LED3 safely dissipate (for a 
limited time) an average power of 
330 mW-21/2 times the maximum - 
when the fpm rate and flash dura- 
tion are both at their maximum set- 
tings. Note that we said "for a limit- 
ed time." Leaving the Laser Scope 
at those settings for an extended 
time will weaken and eventually 
destroy LED3. 

Some consideration must be 
36 given to conserving battery power 

when operating the Laser Scope. 
The output stage draws the maxi- 
mum supply current at the worst - 
case settings detailed above. With 
the duration set to 500 microsec- 
onds, 010 discharges linearly from 9 

volts down to 7.5 volts, with a 1.5- 

volt drop appearing across R11. As 

R11 is a one -ohm unit, 150 mA of 
peak current is drawn from B1. 

Normally, that is not a problem. 
However, at the 10,000 -fpm setting, 
the average current drain becomes 
75 mA, which can rapidly deplete 
Bl. By either reducing the rate to 
1000 fpm or the duration to 50 
microseconds, the drain is reduced 
proportionately down to 8 mA, 
allowing B1 to "coast." Whenever 
you need extended use at maxi- 
mum flash rates and long durations, 
an AC adapter should be used to 
conserve battery power. 

Construction. The Laser Scope is 

simple enough in design to be built 
on perfboard using standard con- 
struction techniques. Although the 

frequencies involved are low, keep 
the connection lengths as short as 

possible to avoid noise pickup. 
Layout and packaging of the unit is 

to your own personal taste; the 
author's prototype is shown in Figs. 

3, 4, and 5. As an option, you can 
use sockets for the integrated cir- 
cuits. Since all of the ICs are static - 
sensitive CMOS devices, sockets 
are a good idea; the chips can be 
plugged in after construction. It 

would also be a good idea to get 
several CD4046 devices for IC2; 

they are inexpensive and tend to 
have "individual" characteristics in 

terms of VCO linearity! 
To keep the high currents In the 

output stage from interfering with 
the rest of the circuit, use the fol- 
lowing "star" connections: connect 
a 9 -volt power lead from S2's com- 
mon lug, C9's positive lead, R11's 
"positive" lead, and IC4's input pin 
to one connection point. Similarly, 
the ground wire from Jl's common 
lug, D4's cathode lead, C10's neg- 
ative lead, R9's "negative" lead, 

MEASURING RPM WIT 

Making measurements with the Laser 

Scope is quite easy once you have a basic 

understanding of the images that you'll see 

at different flash rates. Let's learn how by 

making an actual RPM measurement on 

an 1800 rpm synchronous motor running 

on 115- volts, 60 -Hz AC. Once you learn the 

basic technique, you can use it with any 

speed motor or fan that you may have 

available. 
Attach a one- to two -inch- diameter wheel, 

such as a pulley, fan blade, or gear to the 

motor shaft. Stick a small piece of masking 

tape on the face of the wheel near its rim 

as a strobe target. Set R6 to 50 microsec- 

onds and S1 to the "x1" range. With R3 set 

to 0 flashes per minute, point the Laser 

Scope at the wheel. While watching the 

image of the masking -tape target, advance 

R6 as needed. To conserve battery power, 

keep R6 as low as possible for adequate 

target contrast. 
Adjust R3. The tape will appear to slow 

down and stop at certain settings, and var- 

ious multiple images of the dot will be 

seen. However, look for the settings that 

stop and show only one image of the dot. 

Those occur at whole number divisions of 

the actual rpm, For instance, our 1800 -rpm 

motor will show a single image stopped at 

300 fpm (1800/6), 360 fpm (1800/5), 450 

H THE LASER SCOPE 

fpm (1800/4), and so on up to 1800 fpm. 

Keep in mind that as you reach the 1000 - 

fpm rate, you'll have to reset R3 back down 

to 100 fpm and set S1 to "x10" to continue. 

Once the fpm rate equals the actual motor 

speed, any further increase in the flash 

rate will no longer yield a single target 

image. At double the rpm (3600 fpm), you'll 

see two dots spaced 180 degrees apart; at 

triple the rpm (5400fpm), 120 degrees 

apart. Noting those readings as you go will 

quickly yield the correct rpm by watching 

for the change from the last single image to 

the next double image at exactly twice the 

rpm of the motor. 

The process might seem confusing at first, 

but is really quite simple once you've tried 

it. You might notice that at higher flash 

rates, the target image begins to blur. That 

is where duration control R6 comes into 

play; simply reduce R6 for a sharper image 

while maintaining sufficient contrast for 

easy viewing. You'll also notice that at flash 

rates slightly higher or lower than exact 

RPM divisions, you can watch the target 

slowly rotate around the wheel. That comes 

in very handy when looking for "wobble" or 

other problems in a rapidly- rotating sys- 

tem. As with any stroboscope, working 

under subdued ambient -lighting conditions 

produces the best target contrast. 



Fig. 4. A neat and clean control arrangement 
makes for a unit that is a joy to work with. 

and IC4's ground lead should all go 
to another single connection point. 
Those two paths need to be low 
impedance. Be sure to install LED2 
and D4 as close to Q1 as possible 
for best performance; see Fig. 3. 
Capacitors C2, C3, and C7 are for 
noise reduction on the power sup- 
ply; install them near the power 
supply pins of I Cl, IC3, and IC2, 
respectively. 

Drill suitable holes in a case for all 
of the panel- mounted compo- 
nents. The author's layout can be 
seen in Fig. 4. Once all of the holes 
are drilled, label the controls 
appropriately. 

A concave lens (one with a neg- 
ative focal point) is mounted on 

Fig. 5. The completed Laser Scope is a handy tool 
for anyone working with mechanical systems. 

one end of the case. It should have 
a -1- to -2 -inch focal length, with a 
diameter of at least '/2 -inch or 
more. Surplus mail -order locations 
might carry an assortment of inex- 
pensive lenses. Another source is 

the viewfinder of an old "pocket" 
camera. Drill a 3/8 -inch (minimum) 
hole centered at the cabinet end. 
Glue the lens into position, center- 
ing it on the hole on the inside of 
the cabinet. Silicone sealant works 
well here, even on glass lenses. The 
concave surface should face 
inwards. 

Mount LED3 directly in front 
of -but not touching -the con- 
cave lens surface. The author's 
prototype used a metal spring 
clip as a combination mounting 
clip and heatsink. Shaped like an 
oversized fuse -holder clip, those 
clips can be found at a local 
hardware store or supermarket. 
An alternate method is to simply 
"hang" LED3 from an edge of the 
circuit board by its leads and use 
a "slip -on" TO -5 heatsink. You nor- 
mally don't think about cooling 
LEDs, but in the Laser Scope, the 
high- current pulses make it 
mandatory! 

Install the panel controls, circuit 
board, and battery. Make all of the 
interconnections as short as possi- 
ble. Double -check your wiring, and 
then install the ICs in their sockets. 

Setup and Calibration. Set R2 and 
R8 to about their centers, R3 for 600 
fpm, Si to "x 10 ", and R6 to 5 
microseconds; turning R6's shaft will 
activate power switch S2. Using a 
voltmeter, check the power supply 
output at IC4. It should be at 5.0 
volts ±0.25 volts. Connect a fre- 
quency counter to pin 4 of IC2 and 
adjust R2 for 1000 Hz. 

Set R3 down to 60 fpm and the 
frequency counter should read 100 
Hz. With R3 set to 900 fpm, the dis- 
play should read 1500 Hz. The pro- 
totype linearity was within ±1% over 
that range, which is typical for a 
"good" CD4046. You may use other 
settings of R3 to further check IC2's 
VCO linearity. If your readings are 
not satisfactory, try swapping IC2. 
Some devices perform better than 
others as the specifications on the 
VCOs of those ICs are not held too 
closely. Another possible method 

involves substituting 1 N4148 diodes 
in place of the 1N4001 units used 
for D1 and D2. Place a variable 
resistor in parallel with each diode 
to adjust the offset voltages 
applied to R3. 

Connect the x10 probe of an 
oscilloscope to the emitter of Q1 
(the common lead goes to circuit 
ground). Set the oscilloscope con- 
trols to display a couple of cycles 
at a frequency of 100 Hz. Set R3 to 
600 fpm and R6 to 50 microsec- 
onds. With R8 at mid -rotation, set S1 

to " x 10." You should see a pulse 
waveform with a peak voltage' 
near 1.0 volts. 

If the pulse is not present at Q l 's 
emitter, you should see It at pin 3 of 
IC3. A correct pulse at that point 
means a faulty component or 
incorrect wiring around Q1. If the 
pulse is not present at IC3, check 
pin 2 of that device. There should 
be a negative -going spike that 
must drop below about 1.6 volts in 
order to trigger IC3. Typically, C4's 
value of 220 pF will drive the pulse 
down to about 1 volt. If needed, 
add more capacitance -about 50 
pF at a time -in parallel with C4 
until you get a pulse output at pin 
3. Needless to say, if you don't see 
any pulse at pin 2 of I03, check for 
pulses from ICI and Si. 

With the x10 probe on Ql's 
emitter, set R8 for a peak pulse volt- 
age of 1.0 volt. Increase the oscillo- 
scope's sweep rate to display only 
one pulse. Rotate R6 back and 
forth; you should see the pulse 
width vary between about 5 and 
500 microseconds, with the width at 
the center of rotation at about 50 
microseconds. Once everything 
checks out, you can close up the 
cabinet; the Laser Scope is ready 
to go! 

When operating the Laser Scope, 
be sure to follow the safety tips 
given in the box that accompanies 
this article. Keep in mind the current m 

drain needed at maximum control 
settings; operating the unit for 12 

extended periods in those condi- m 

tions might cause LED3's intensity to 
deteriorate or even burn out. To S. 

extend its operating life, use only the ÿ 
minimum flash duration needed for ó 
good contrast. As with any strobo- 
scope, the best contrast is obtained 
under subdued lighting. S2 37 



Understanding Digital 
Modulation 

Digital modulation it the key to today s 
high speed data tranrs and has made 

possible such developments as high-speed 
digital modems and even HDTV 

Analog modulation tech - 
niques have served us well 

for many decades, and have been 
the mainstay of radio and TV 

broadcasts, as well as ham and 
mobile communications. The two 
basic analog -modulation methods 
are Amplitude Modulation, or AM 
(both as double and single side - 
band) and Frequency Modulation 
or FM. With the advent of comput- 
ers and the widespread use of dig- 
ital communications, neither AM 
nor FM has proved to be the best 
modulation choice as neither of 
those analog modulation schemes 
are efficient from the bandwidth vs. 

baud rate point of view. Therefore 
digital modulation techniques are 
required. 

As most of course know, modula- 
tion is the process of encoding 
information onto a carrier signal. 
Since the carrier remains analog, 
the term "digital modulation" is a 
bit misleading. In digital modulation 
what is happening is that a carrier 
is modulated in discrete increments 
instead of the continuous envelope 
of conventional analog modula- 
tion methods. Each increment is 

then assigned a value of a bit or 
group of bits. 

Before we go on, it is interesting 
to note that digital modulation 
techniques are not new by a long 
shot. The earliest wireless communi- 
cations used Morse code, which is 

in essence digital modulation. The 
dots and dashes that comprise the 
code are basically the short and 
long pulses of RTZ- encoded digital 

38 data. During the earliest days of 
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personal computers, hackers would 
build Morse -keyers, where the text 
would be typed on the computer 
screen, and the computer would 
toggle a relay to simulate the key- 
ing. Morse code is bandwidth -effi- 
cient, and although slow and a little 
dated, it still remains useful to this 
day. 

ASK and FSK. Morse code -modu- 
lated signals would be known 
today as Amplitude Shift Keying or 
ASK. With ASK, the carrier is keyed 
between two discrete levels. 
Although any two carrier values 
could be used, for maximum effi- 
ciency these levels are keyed 
between full carrier and no carrier. 
This can be seen in Fig. 1, where ASK 

is shown in the middle trace and 
the modulating (digital) signal is 

shown at the top trace. 
ASK suffers from very poor noise 

immunity during the period where 
the carrier is off. Therefore, it is not 
the modulation of choice for fast or 
critical transmissions. However, ASK 

consumes transmitter power only 
during the period the carrier is 

actually keyed on, and the trans- 
mitter design itself is uncomplicat- 
ed. Thus, it is widely used for simple 
battery- powered devices, such as 
garage -door openers. 

With Frequency Shift Keying or 
FSK, the carrier is always on, as 
shown in bottom trace of Fig. 1. In 

that sample trace, the frequency 
shifts have been exaggerated for 
the sake of clarity. 

FSK is a much more robust mod- 
ulation method, as it has superior 
noise immunity. Receivers incorpo- 
rate a limiter circuit much like FM 

detectors do, thus removing most, if 

not all, amplitude disturbances. 
Due to its robust receiving charac- 
teristics, the FSK modulation tech- 
nique was frequently used in early 
modems. 

The piffall with FSK is that it occu- 
pies quite a lot of bandwidth for 
the amount of data -per -unit of 
time that it transmits. Bandwidth is a 
scarce commodity, and the need 
to transmit ever increasing data 
rates seems to be ever increasing. 
In order to minimize the occupied 
bandwidth, the frequency shifts are 
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Fig. 1. ASK modulation (middle trace) and FSK modulation (bottom trace) are shown here. The top 
trace is the modulating signal. 

kept as narrow as possible. 
Engineers soon realized that as the 
frequency shifts became narrower 
and narrower, they would look 
more like instantaneous phase 
shifts. Thus, Phase Shift Keying (PSK) 
was born; and its several variants, 
which allow extraordinary data 
rates to be transmitted, have large- 
ly superseded FSK. 

Enter PSK. Phase Shift Keying was 
the next logical development, and 
it is what has allowed today's high- 
speed modems. In PSK, the carrier is 

subjected to abrupt phase 
changes as the modulation varies. 
This is shown in Fig. 2. Note that in 
the figure, the phase shift is a full 
180 degrees, but the horizontal 
scale has been expanded with 
regard to the scale used in Fig. 1 to 
allow the modulation to be clearer. 

PSK is difficult to view on tradi- 
tional scope displays and even 
much more difficult to measure 
accurately. To get a better look at 
it, we need a better way to repre- 
sent it -polar coordinates on a 
vector diagram. Such a diagram 
allows us to more easily see the rel- 
ative phase shift of the waveform 

with respect to a phase reference. 
This is clearly seen in Fig, 3, where 
the horizontal dividing line is the in- 
phase axis, and the vertical divid- 
ing line is the quadrature axis. The 
dots in the horizontal axis represent 
the two possible states; in this 
example, no phase shift would indi- 
cate a logic "0" and a 180 -degree 
shift would indicate a logic "1". 

It did not take very long for engi- 
neers to realize that there is plenty 
of empty space between zero and 
180 degrees. Would it be possible to 
modulate both the in -phase axis 
and the quadrature axis in varying 
amounts and obtain a vector with 
smaller phase shifts -say 90 
degrees, or even lower, perhaps to 
45 degrees? 

An example of the latter case is 

shown in Fig. 4. This modulation 
method in the figure is known as 
Quadrature Phase -Shift Keying or 
QPSK. Each discrete state is known 
as a symbol, and since there are 8 
different states, that means that 
each symbol is capable of carrying 
three bits. Thus, QPSK allows dra- 
matic increases in the baud rate 
without substantially increasing 
bandwidth. 

The phase shifts could be further 
reduced to obtain additional sym- 
bols, but again we run into trouble 
since all modulated data suffers 
from certain limitations. Although 
PSK is relatively immune from ampli- 
tude noise, phase modulated sig- 
nals suffer from phase uncertainties 
called jitter. The jitter might be pro- 
duced at either the transmitting or 
receiving ends, or caused by the 
medium used to send the signal. 
Thus, as the number of symbols 
increases, it becomes more difficult 
to accurately resolve the ever 
decreasing phase shifts. Additional 
sophistication and improvements 
are required to achieve higher 
modulation densities. 

Marrying Phase and Amplitude. 
Further improvements upon the 
basic phase shifting might be possi- 
ble. For instance, ASK modulation 
requires keying the amplitude 
between two states, but the only 
reason that one of those states tra- 
ditionally has been fully off was to 
conserve transmitter power. 
Without such a requirement, ampli- 
tude modulation could take the 
form of several discrete levels, each 
one providing additional symbols. 
Engineers have found a way to 
happily marry multi -level ASK and 
QPSK, and thus provide a wave- 
form with simultaneous amplitude 
and phase shifts where a very 
dense modulation (with many sym- 
bols) could be achieved. 

This modulation method is 
known as Quadrature Amplitude 
Modulation, or QAM -xx, where the 
"xx" are the number of symbols sup- 
ported by the modulation. That 
means that the example shown in 
Fig 5. is QAM -16. In this instance, 
each different state carries four dif- 
ferent bits of information. 

QAM is not limited to 16 symbols. 
Certain applications use QAM -64 
and more. As the number of states 
increase, the symbols resemble 
twinkling stars when viewed in 
appropriate equipment, and thus 
people have nicknamed such dis- 
plays as "constellation diagrams." 
Specially equipped oscilloscopes 
or spectrum analyzers, or dedicat- 
ed digital communications equip- 
ment such as the unit shown in the 
beginning of this article are 39 
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Fig. 2. An example of PSK modulation. Note the much shorter horizontal time scale as compared to 

Fig. 1. 

required to view these diagrams. 
Constellation diagrams clearly 

indicate the boundaries for which 
the symbols may be detected cor- 
rectly. This is necessary since QAM is 

not perfect and suffers from jitter 
and amplitude uncertainties. The 
ideal dots may become wide, fuzzy 
blobs in actual operating condi- 
tions. Then some symbols may over- 
lap with each other, and errors will 
occur. Those uncertainties limit the 
amount and density of symbols 
that may be reliably sent. Thus 
many modulation methods will fall 
back to a lower rate if excessive 

0 

Fig. 3. Using both a vector diagram and polar 
coordinates makes it easier to examine PSK 

40 modulation. 

errors at the higher rates are 
detected. In addition, sophisticat- 
ed error -correcting algorithms 
allow high -speed data to be effec- 
tively recovered. But those are top- 
ics beyond the scope of this short 
article. 

High Definition TV and Beyond. 
With its very high baud rate, QAM 
has pushed digital modulation into 
the mainstream, allowing a variety 
of devices to become feasible. 
Digital video broadcasts, the dra- 
matic speed increases of PC 
modems, and other improvements 
have been made possible by this 
technique. 

This does not mean that QAM's 
supremacy is unchallenged. The 
FCC's Advisory Committee on 
Advanced Television Service evalu- 
ated a vestigial sideband (VSB) digi- 
tal transmission system that had 
been developed for terrestrial, 
MMDS, and cable television broad- 
casting by the Zenith Electronics 
Corp. After extensive field tests and 
a long debate among the members 
of the Grand Alliance (a consortium 
of several corporations and the MIT), 

the system was adopted as the new 
high- definition, digital terrestrial stan- 
dard for the United States. This finally 
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Fig. 4. The symbol positions in actual QPSK 
modulation may differ from the sample shown 
here. 

occurred on December 1996. 

Among the reasons cited for the 
adoption was that VSB is more robust 
than QAM with regards to fading 
and that it provides faster recovery 
from dropouts, since VSB will still 

maintain receiver synchronization 
even if the received data is in error. 

Synchronization is extremely impor- 
tant, as all modern digital modula- 
tion methods use extensive error -cor- 
rection algorithms, and these require 
at least data -clock synchronization. 

QAM is a self -clocked modula- 
tion, and data dropouts will wipe 
the error -corrector's capability to 
recover. VSB, on the other hand, 
uses supplementary synchroniza- 
tion, which allows the receiver to 
rapidly recover after a data loss. 

Just as with QAM, there are sever- 
al variants for VSB, depending on the 
required data rates and robustness. 
Recommended modes are 8 -VSB for 
terrestrial broadcasting, and 16-VSB 

for cable systems, although there is 

flexibility to accommodate other 
modes. Those modes allow one 
HDTV channel for the former, and 
two HDTV channels for the latter, to 
be transmitted within the 6 MHz 
bandwidth currently allotted to exist- 
ing NTSC channels. The maximum 
data rate under optimum conditions 
for 8 -VSB signal is 19.39 Mbps and 
twice that much for 16 -VSB. 

This is not to say that VSB has 
completely won the HDTV battle. 
Japanese and European consor- 
tiums are holding steadfastly to the 
newer OFDM (Orthogonal 
Frequency Division Multiplexing) 
modulation, which requires a lot of 

(Continued on page 44) 



Test Equipment for Audio 
Technicioni: Balanced-line 

Converlet 

Connect consumer audio gear to 
professional amplifiers. 

As you probably know, profes- 
sional sound equipment typ- 

ically has "balanced -line" inputs 
and outputs. The balanced -line 
configuration is used because it is 

great for reducing hum pickup 
when long cable runs are used 
between the equipment. 
Unfortunately, a balanced -line 
input isn't very useful when you 
want to connect a CD player, mini - 
disc recorder, or other device with 
an unbalanced output. True, it is 

possible to rewire the amplifier's 
input connector to accept an 
unbalanced signal, but there is no 
guarantee that the equipment will 
work properly. Balanced -line sys- 
tems also tend to be low imped- 
ance, and the line -level inputs typi- 
cally require higher voltages when 
compared to consumer products. 
What is needed is an unbalanced - 
to- balanced line converter with a 
low output impedance and volt- 
age gain. 

The Balanced Une Converter pre- 
sented here offers a simple solution 
to the balanced -line conversion 
problem. The unit accepts unbal- 
anced inputs from consumer audio 
gear and has balanced outputs with 
impedances and levels that are suit- 
able for professional audio equip- 
ment. The input impedance is 

100,000 ohms -suitable for all solid - 
state equipment and most vacuum - 
tube gear. The latter is especially 
desirable if you use tube -type micro- 
phone preamplifiers or signal 
processors. Such devices are cur- 
rently popular in recording studios. 

Although the Line Converter was 
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originally developed for profession- 
al audio- equipment servicing, it has 
proven to be a real workhorse. For 
example, the unit can be used as a 
remote microphone preamplifier. 
The author has used an inexpensive 
unbalanced microphone plugged 
into the unit with a long cable run 
to a mixer console. Another use is 

as a headphone amplifier. On the 
test bench, the unit can be used to 
convert an audio -oscillator output 
to a balanced -line format for mixer - 
console and power -amplifier test- 
ing. It is a project that is as versatile 
as it is inexpensive; you might want 
to build several! 

How It Works. As you can see from 
the schematic diagram shown in 
Fig. 1, the Balanced -Line Converter 
is a simple, straightforward device. It 

is based upon a quad op -amp and 

two voltage regulators. The quad 
op -amp serves as a combination 
two- channel -amplifier and phase - 
splitter circuit. The voltage regula- 
tors provide high -quality power for 
the op -amp. 

In operation, an unbalanced sig- 
nal appearing at J1 is amplified by 
op -amp ICI -a. That stage serves as 
an inverting amplifier with a gain of 
2.27. The inverted output goes to 
pin 3 of J3. Resistors R2 and R5 set 
the amplifier gain. Resistor R6 pro- 
tects the op -amp from short cir- 
cuits, and it minimizes the possibility 
of oscillation when the unit is con- 
nected to a long cable. 

Op -amp IC1 -b amplifies the 
same input signal. It serves as a 
non -inverting amplifier with a gain 
of 2.27. The non -inverted output 
goes to pin 2 of J3. Resistors R3 and 
R4 set the gain of this stage. Resistor 41 
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Fig. 1. The Balanced -Line Converter does just what its name implies: the unbalanced signal from 
consumer -audio equipment such as a CD player or tape deck is converted to a balanced -line format 
used by professional audio gear. The balanced -line format is designed for very long cable runs 
where noise pickup would he a problem; any induced noise is cancelled out due to the inverted/non- 
inverted nature of the signal. As a bonus, the signal is amplified to drive such long cables. 

R7 serves the same functions as 
resistor R6. Finally, Rl serves as a DC 
return for the input. It minimizes drift 
of the DC offset voltages on the op- 
amp outputs when an AC- coupled 
signal source is connected to J1. 

The second channel works the 
same way. 

Note that the Balanced -Line 
Converter is capable of very high 
performance. The device uses 1% 

resistors to assure that each chan- 
nel's inverting and non -inverting 
output -signal levels are matched 
within 1 %, and that the input 
impedance is 100,000. 

The power supply uses a conven- 
42 tional half -wave rectifier (Dl and D2) 

and three -terminal voltage regula- 
tors IC2 and IC3 to develop +12 volts 
and -12 volts DC. Resistor R15 is a 
notable addition. It insures that IC2 
starts up each time power is applied. 
During the development of this pro- 
ject, it was discovered that the out- 
put voltage of IC2 would sometimes 
read -0.8 volt after power up. The 
problem was that IC3 starts up soon- 
er than IC2, forcing IC2 to shut down. 
Changing IC2 did not solve the 
problem. However, an old manufac- 
turer's application note for IC2 
described the problem and suggest- 
ed that cure. You might not need 
R15, but consider it insurance against 
having power -supply problems! 

Construction. While the Balanced - 
Line Converter can be built on a 
piece of perfboard using standard 
construction techniques, a PC 
board is recommended in order to 
keep noise and hum pickup to a 
minimum. If you wish to use a PC 

board, a foil pattern has been 
included here. Use the parts- place- 
ment diagram in Fig. 2 as a guide 
when populating the board. 

Be sure to observe the polarities 
of C 1 to C4 and the orientation of 
IC2 and IC3. Don't forget the 
jumpers; they are a "necessary evil" 
for the ease of working with a sin- 
gle -sided board. 

A socket, while not needed, is a 
good idea for IC 1 should you need 
to replace it with a repair part or 
one that has better specs with the 
same pinout. When you are done, 
check your work for errors and cor- 
rect any that are found; do that 
after taking a short break or at the 
start of your next work session. 

The Balanced -Line Converter is 

PARTS LIST FOR THE 
BALANCED -LINE 

CONVERTER 

SEMICONDUCTORS 
IC 1 -TL084 quad op -amp, integrated 

circuit 
IC2 -78L12 voltage regulator, 

integrated circuit 
IC3 -79L12 voltage regulator, 

integrated circuit 
D1, D2- 1N4002 silicon diode 

RESISTORS 
(All resistors are I/4 -watt, 1% 

metal -film units.) 
R 1, R8 -1- megohm 
R2, R9- 110,000 -ohm 
R3, R10- 200,000 -ohm 
R4, R5, R11, R12- 249,000 -ohm 
R6, R7, R13, R14 -100 -ohm 
R15- 4700 -ohm 

CAPACITORS 
Cl, C2- 220 -11F, 25 -WVDC, 

electrolytic 
C3, C4- 10 -p,F, 16 -WVDC, electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 
J1, J2 -RCA jacks, panel -mount 
13, J4-XLR connectors, male 
T1 -12 -volt AC, 400 -mA wall 

transformer 
Case, audio cable, sockets, wire, 

hardware, etc. 
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Fig. 2. The Balanced -Line Converter fits on a single -sided PC board with only two jumpers needed. 

mounted in any suitable metal 
case. Feel free to place it inside an 
existing amplifier or mixer console if 
you wish. Note that any case that 
you use must be made of metal to 
prevent hum pickup. The interior 
layout of the author's prototype is 

shown in Fig. 3. 

Drill appropriate holes for J1 and 

J2 at one end of the case. Sand the 
inside of the case around those 
holes lightly; the roughened bare 
surface makes for a better ground 
contact between the jacks and 
the case, resulting in less hum and 
therefore a quieter unit. It is hard to 
find panel -mount versions of J3 and 
J4; note that the author used the 

more common line - 
mounted variety. Drill 
three holes on the other 
end of the case and 
add rubber grommets to 
protect the wires from 
being cut on the sharp 
metal edges of the 
holes. Run a length of 
shielded audio cable 
through each hole. The 
output cable can be 
any two -conductor 
shielded type. One 
source for that type of 
cable is a 6 -foot stereo 
patch cable with con- 
nectors cut off. One end 
attaches to the PC 
board; the other to the 
XLR jacks. Use an ohm- 
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Here:s the foil pattern for the Balanced -Line Converter. 

meter to verify that the wires are 
connected to the proper pins and 
that there are no shorts. 

The wire from Tl passes through 
the center hole and is attached to 
the PC board in a similar fashion. 

The PC board is mounted to the 
bottom of the case using screws, 
nuts, and spacers. Be sure that the 
traces or solder joints do not short 
out against the metal case. Note 
that two cable clamps were also 
used to hold the output cables in 

place; they also act as a strain relief. 
The jacks may be labeled any 

way that you choose. For example, 
you could mark them as channels 1 

and 2, but "Left" and "Right" might 
work better for you. 

Checkout and Operation. Before 
using the Balanced -Line Converter, 
take a moment to make a few sim- 
ple tests. Plug in Ti and clip the 
negative lead of a voltmeter to 
ground. Check for the following 
power -supply voltages: pin 4 of IC 1 

must read +12 volts; pin 11 must 
read -12 volts. Those measurements 
must be within 0.5 volt. Check the 
DC -offset voltages on pins 2 and 3 

of J3; neither voltage should 
exceed 20 mV. If they do, replace 
ICI . Repeat the test on J4. If the 
Balanced -Line Converter passes 
those tests, close up the case; the 
Balanced -Line Converter is ready 
for use. 

Using the Balanced -Line 
Converter is easy. Plug in Ti. 
Connect an unbalanced signal 
source, such as a microphone or 
CD player, to J 1 and J2. Connect J3 
and J4 to an amplifier or mixer -con- 
sole input. Adjust the amplifier or 
console controls for the desired 

Fig. 3. The simple design of the Balanced -Line 
Converter can be seen in this inside view of the 
author's prototype. Note the use of cable clamps 
to act as strain reliefs for the audio cables - 
XLR connectors can be quite heavy! Dont for- 
get to use rubber grommets where the wires 
pass through the metal case. 43 
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TIPS FOR MAIL ORDER 
PURCHASE 

It is impossible for us to verify the claims of ad- 
vertisers, including but not limited to product 
availability, credibility, reliability and existence 
of warranties. The following information is pro- 
vided as a service for your protection. It is not 
intended to constitute legal advice and readers 
are advised to obtain independent advice on 
how to best protect their own interests based 
upon their individual circumstances and juris- 
dictions. 

1. Confirm price and merchandise information 
with the seller, including brand, model, color or 
finish, accessories and rebates included in the 
price. 

2. Understand the seller's return and /or refund 
policy, including the allowable return period, who 
pays the postage for returned merchandise and 
whether there is any "restocking" or "return" 
charge. 

3. Understand the product's warranty. Is there 
a manufacturer's warranty, and if so, is it for a 

U.S. or foreign manufacturer? Note that many 
manufacturers assert that, even if the product 
comes with a U.S. manufacturer's warranty, if you 
purchase from an unauthorized dealer, you are 
not covered by the manufacturer's warranty. If 
in doubt, contact the manufacturer directly. In 
addition to, or instead of the manufacturer's war- 
ranty, the seller may offer its own warranty. In 
either case, what is covered by warranty, how 
long is the warranty period, where will the prod- 
uct be serviced, is there a charge for service, what 
do you have to do to obtain service and will the 
product be repaired or replaced? You may want 
to receive a copy of the written warranty before 
placing your order. 

4. Keep a copy of all transactions, including 
but not limited to cancelled check, receipt and 
correspondence. For phone orders, make a note 
of the order including merchandise ordered, price, 
order date, expected delivery date and salesper- 
son's name. 

5. If the merchandise is not shipped within the 
promised time, or if no time was promised, with- 
in 30 days of receipt of the order, you generally 
have the right to cancel the order and get a re- 
fund. 

6. Merchandise substitution without your ex- 
press prior consent is generally not allowed. 

7. If you have a problem with your order or the 
merchandise, write a letter to the seller with all the 
pertinent information and keep a copy. 

8. If you are unable to obtain satisfaction from 
the seller, contact the consumer protection 
agency in the seller's state and your local Post 
Office. 

If, after following the guidelines, you experi- 
ence a problem with a mail order advertiser 
that you are unable to resolve, please let us 
know. Write to Advertising Department, 
Gernsback Publications Inc., 5006 Bi -County 
Blvd. Farmingdale, NY 11735. 

Be sure to include copies of all correspondence. 

sound level. 
The Balanced -Line Converter 

makes an excellent headphone 
amplifier. To use it as such, make an 
adapter cable from two female 
XLR connectors and a stereo 
phone jack. From the phone jack, 
the ground connection goes to pin 
1 of one XLR connector, the ring 
connection to pin 2 of the same 
XLR, and the tip connection to pin 2 

of the other XLR. For best results, the 
headphone impedance should be 
at least 32 ohms. Lower impedance 
headphones will produce less vol- 
ume and distort when you turn the 
sound level up. 

One word of warning: turning the 
Balanced -Line Converter on or off 
while it is connected to an amplifier 
or mixer console will produce a loud 
thump in the speaker system. One 
way to avoid possible speaker dam- 
age is to power up the amplifier/ 
console and the Balanced -Line 
Converter at the same time through 
a switched outlet strip. Otherwise, 
power up the Balanced -Line 
Converter before the amplifier or 
console, and power it down after the 
amplifier /console is turned off. If that 
is not possible, you should turn the 
amplifier or console level controls to 
zero before switching power to the 
Line Converter. S2 

"Honey...What's this switch do ?" 

DIGITAL MODULATION 
(continued from page 40) 

computer power to implement -so 
much, in fact, that until recently 
there were no cost -effective digital 
processors powerful enough to 
implement the OFDM demodula- 
tor on a consumer product. 

OFDM uses hundreds or even 
thousands of quadrature- modulat- 
ed carriers, each transmitting at a 
low data rate. The parallelism of 
those carriers allow for the 
extremely high data rate required 
for HDTV applications. 

0010 

0001 

1001 

1010 

0000 

1000 1111 

1110 

0111 

0110 

0011 

1011, 
1100 

0100 

.1101 

0101 

Fig. 5. This constellation diagram shows a 
QAM -16 signal -a quadrature -amplitude mod- 
ulated carrier with 16 states or symbols. 

Each digital -modulation system 
has, of course, its technical advan- 
tages and pitfalls. The advocates 
for each camp remain stubborn in 
their attempt to prove that their 
system provides the best solution. 
Even here in the US, there are 
uncertainties for VSB. Cable opera- 
tors that have already committed 
to digital programming have done 
so by deploying QAM systems. They 
maintain that since a cable system 
does not suffer from multipath, fad- 
ing, or other off -air disturbances, 
QAM is as robust as VSB in this 
application. Perhaps a better 
explanation would be that they 
are extremely reluctant to replace 
the very substantial investment 
made in equipment and training. 

HDTV broadcasts in general and 
VSB modulation in particular are 
fascinating and lengthy topics that 
could fill entire books. Visit Zenith's 
web site at www.zenith.com for a 
comprehensive discussion on the 
subject. S2 



A SC 
LE 

Low -cost digital clocks have 
been available for many 

years, but most show the time in a 
static four -digit display. The Scrolling 
Clock described in this article cre- 
ates an interesting timepiece by 
presenting the digits in a dot - 
matrix format and scrolling 
the time in a ticker -tape fash- 
ion. The result is an eye - 
catching timepiece that is 

truly unique. Place it on your 
desk, mantle, or table and 
watch the attention that it 
gets! 

About the Circuit. As you can 
see from the schematic dia- 
gram shown in Fig. 1, the heart 
of the Scrolling Clock is IC 1, an 
AT89C2051 microcontroller 
made by Atmel. It is pro- 
grammed to handle a variety 
of functions, including display 
multiplexing, timekeeping, dot - 
pattern encoding, scrolling, 
and time setting. 

The AT89C2051 has 2000 
bytes of "flash" program 
memory, 128 bytes of RAM, 15 

input /output lines, two 16 -bit 
timers, a serial interface cir- 
cuit, an analog com- 
parator, and an inter- 
rupt system that can 
handle five different 
types of interrupts. It is 

fully compatible with 
Intel's MCS -51 series of 
microcontrollers in terms of 
both the design architecture 
and instruction set. 

Even though the microcontroller 
is doing most of the work in the 
Scrolling Clock, some additional cir- 
cuitry is needed. 

Let's begin with the power sup- 

OLLINC 
CLOCK 
DAVID WILLIAMS 

Time Marches On it more 
than just an expression with 

Mir clock s display 

derived from the 60 -Hz AC power 
line. The frequency of the commer- 
cial power grid is held to tighter tol- 
erances than the best crystal time - 
base can hope to achieve. After 

all, how accurate is your 
digital wristwatch as 

compared to the 
electric wall clock in 

your kitchen? 
The 9 -volt AC 

waveform is picked 
off of BR1 before it is 

rectified and current 
limited by R15. Only 
the positive half 
cycles are used; the 
negative cycles are 
clamped by D1 . The 
resulting half -wave sig- 
nal is electrically isolat- 
ed by IC6. The resulting 
squarewave is applied 
to one of the interrupt 
pins of ICI. Note that no 
pull -up resistor is used; 
pin 6 of ICI already has 
one. 

The Scrolling Clock 
uses two dot -matrix -style 
LED displays. Each dis- 

play has 35 LEDs that 
are internally con- 

nected to form 
an array of 
seven rows by 
five columns. In 

the type used in the 
Scrolling Clock, the LED anodes are 
connected to the rows and the 
cathodes are connected to the 
columns. The rows of both displays 
are bussed together to form a larg- 
er array of 70 LEDS that appears to 
have seven rows and ten columns. 
Only 17 connections are needed 
to select any LED; the technique is 45 

ply. Tne entire 
circuit receives power from a 

9 -volt AC wall -mounted transformer. 
The AC supply is rectified by bridge 
rectifier BR1, filtered by capacitor 
C9, and regulated to 5 volts by IC5. 

For accuracy, the signal used by 
ICI for keeping track of the time is 
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Fig. I. The Scrolling Clock is built around a micrncnntroller that the rime like a xcrnllin, 
marquee. 

called multiplexing. 
In multiplexing, the LEDs are 

strobed one column at a time at a 
rate fast enough so that the human 
eye does not perceive any flicker; it 
is possible for all 70 LEDs to appear 
lit. However, if you only supply the 
normal amount of current to the 
LEDs, they will appear dim because 
each column will only receive the 
current for ' /,o of the time. To com- 
pensate, the current must be boost- 
ed to 10 times the normal amount. 

Seven data lines from ICI control 
the display rows. Current boost is 

46 provided by transistors Q1 -Q7. A 

CD4017 CMOS decade counter, 
IC2, selects each of the 10 columns 
in sequence. Since IC2 cannot han- 
dle the display current directly, IC3 
and IC4 contain sets of NPN 
Darlington- transistor arrays for cur- 
rent sinking. 

Two output lines from IC1 control 
IC2. One resets the counter so that the 
row data can be synchronized with 
the proper column; the other clocks 
IC2 to enable the next column. 

In practice, the Scrolling Clock 
multiplexes the display as follows: 
First, IC2 is reset to select the first 
column. Display data is output on 

the seven row lines to turn on the 
appropriate LEDS in the first col- 
umn. After one millisecond, the LEDs 

are turned off. A clock pulse incre- 
ments IC2 to select the next col- 
umn. At the same time, the row 
data is changed to turn on the 
LEDs in the next column. That 
sequence continues for each of 
the 10 columns before the entire 
process is repeated. At that speed, 
the display's refresh rate is 100 times 
per second -much faster than the 
human eye's ability to perceive 
flickering. 

Finally, two switches are used for 



PARTS LIST FOR THE 
SCROLLING CLOCK 

SEMICONDUCTORS 
IC1- AT89C2051 microcontroller, 

integrated circuit 
IC2- CD4017 decade counter, 

integrated circuit 
IC3, IC4- ULN2003 NPN Darlington 

driver array, integrated circuit 
IC5- LM7805 5 -volt regulator, 

integrated circuit 
IC6 -4N27 optoisolator, integrated 

circuit 
Q1- Q7- 2N2907 PNP transistor 
DISPI, DISP2- LTP1157 5 X 7 LED 

matrix display 
D1 -1N914 silicon diode 
BR1 -Bridge rectifier, 1 -amp 

RESISTORS 
(All resistors are' /4 -watt, 5% units.) 
RI-R7-100-ohm 
R8 -R15 -1000 -ohm 
R16- R23- 10,000 -ohm 

CAPACITORS 
C 1, C2- 22 -pF, ceramic -disc 
C3- 0.001 -11F, ceramic -disc 
C4-C6 0.1 -µF, ceramic -disc 
C7- 10 -µF, 16 -WVDC, electrolytic 
C8- 100 -µF, 16 -WVDC, electrolytic 
C9- 470 -µF, 25 -WVDC, electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 
XTALI- 11.0592 -MHz crystal 
SI- Single -pole, single- throw, 

momentary- contact switch (Digi -key 
P8012S -ND or similar) 

S2- Single -pole, three- position, center - 
off slide switch (Jameco 106075 or 
similar) 

T1 -9 -volt AC, 500 -mA wall 
transformer 

Sockets, hardware, wire, etc. 

Note: The following items are available 
from LNS Technologies, PO Box 
67243, Scotts Valley, CA 95067; Tel: 
831- 768 -9155; Web: www.ncal.verio. 
comf-Instech: Complete kit of all parts, 
PC board, programmed ICI (SCROLL - 
CLOCK -KIT), $49.00; programmed 
ICI (AT89C2051 -SCK), $12.00; 
etched and drilled PC Board 
(SCROLLCLOCK -PCB), $10.00; 3'/2 
inch floppy disk with software (SCK- 
DISK), $ 7.00. Please add $5.00 for 
shipping and handling. CA residents 
must add 8% sales tax. MasterCard and 
VISA orders are accepted. No C.O.D. 
orders will be accepted. 

Fig. 2. The Scrolling Clock fits nicely on a single-sided PC board; several jumpers are needed. 

setting the time. Normally, S2 is left in 

its center, or OFF, position. Throwing 
S2 in the appropriate direction lets 
you set the hours or minutes; Si 
advances the time when held. 

Software. The Scrolling Clock's soft- 
ware consists of two main routines 
plus several utility routines. The main 
loop converts the time digits to dot 
patterns, refreshes the display, shifts 
the data for scrolling, and checks 
for switch inputs. The interrupt rou- 
tine, controlled by the squarewave 
from lC6, executes 60 times a sec- 
ond to increment the internal sec- 
onds, minutes, and hours counters. 
The time- setting routine "debounces" 
the switch inputs and increments 
the appropriate internal counters. 
Because mechanical switches are 
being connected to a microcon- 
troller, the mechanical "bounce" of 
the switch contacts would normal- 
ly be seen as several openings and 
closures by the software. When a 
switch closure is detected, the soft- 

ware waits a few milliseconds 
before checking the switch a sec- 
ond time. If the switch is still closed, 
the appropriate action is taken; an 
open switch is considered a "false 
alarm" and is ignored. 

The software listing is too large to 
print here, but the source code can 
be downloaded from the 
Gernsback Web site at ftp. 
gernsback.com /pub /EN /sclock.zip. 
Compiled programming data is 

also included in that file. 

Construction. Being a microcon- 
troller -based project, the Scrolling 
Clock has many interconnections 
between its components as well as 
high frequencies around the dis- 
play multiplexer and ICI's crystal. 
For those reasons, a printed- circuit 
board is required. Fortunately, a sin- 
gle -sided board layout can be 
achieved; plated- through holes 
and lining up the top and bottom 
patterns will not be a concern for 
those who wish to etch their own 47 



4 PLACES 

-DRILL 5/32 -INCH 
BACK.PLATE ONLY 

1/4-INCH RADIUS 
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5-1/2- INCHES 

DRILL 3/16 -INCH 
BACK PLATE ONLY 

0-4-4.-DRILL 1/8-INCH 

o,` 
O 

4-1/4- INCHES 

Fig. 3. The front and back of the Scrolling Clock are cut to the same size; the front is made from 
see- through red plastic. 

boards. A foil pattern has been Alternatively, an etched and drilled 
included elsewhere in this article. board, as well as a full kit, a pre -pro- 

48 Here's the foil pattern for the Scrolling Clock. 
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Fig. 4. The base is a simple block with rubber 
feet that the Scrolling Clock will press fit onto. 

grammed microcontroller, and pro- 
gramming code are available from 
the source given in the Parts List, 

If you are using a purchased PC 
board or one made from the foil pat- 
tern, the parts -placement diagram 
shown in Fig. 2 should be followed 
during construction. Begin by 
installing the several jumpers need- 

ed to connect sections of the 
circuit together. The compo- 
nents should be installed in size 
order from smallest to largest 
for ease of construction. 
Whenever possible, install the 
semiconductors last; minimiz- 
ing the handling of them will 
help prevent static -electric 
damage. Note that several 
components are polarized; 
double -check their orientation 
before soldering them in 
place. Bend the leads on 105 
so it lies flat against the PC 
board. 

If you use the switch speci- 
fied for S2, it can be soldered 
directly to the PC board. Note 
that S1 is mounted to the solder 
side of the board. Otherwise, 
you can run wires to the switch- 
es of your choice. 

While not necessary, it is 

highly recommended to use 
sockets for all of the integrat- 
ed circuits. Because of the 
danger of damage due to 
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Fig. 5. The Scrolling Clock's case is a simple sandwich arrangement that creates a stylish- looking 

project. 49 
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electro- static discharge (ESD), 
sockets let you install the ICs after 
all of the soldering is done; repairs 
are also easier. Be sure to match 
the notch on each socket with the 
orientation shown in Fig. 2. 

Sockets for DISP1 and DISP2 are 
required for clearance; the edges 
of the displays overhang R1 -R7. 
Make them by cutting a length of 
strip socket to four pieces of seven 
pins each. 

The Display Case. While the 
Scrolling Clock can be mounted in 
any suitable case, it is a project that 
calls for a stylish housing. A black 
plastic back panel and a translu- 
cent red front bezel are cut to the 
same size; the dimensions of the 
author's prototype are shown in 
Fig. 3. The four holes are aligned to 
the four mounting holes at the cor- 
ners of the PC board; get location 
measurements from your board. 
Note that two additional holes are 
needed. One is centered as shown, 
the other is for S1 to project through 

the back plate. If your switches are 
not mounted on the PC board, 
you'll need to devise a suitable 
mounting scheme that does not 
interfere with the placement of the 
PC board. 

Make a base from heavy plastic; 
the dimensions are shown in Fig. 4. 
Suitable glue holds the pieces 
together. 

While the base is drying, we can 
assemble the Scrolling Clock. See 
Fig. 5. Cut and strip the wires from Ti 
and pass them through the hole in 
the back plate. Solder them to the 
PC board, Mount the PC board to 
the back plate with screws, spac- 
ers, and threaded spacers. At this 
point you can install the socketed 
components. If you did not pur- 
chase a pre -programmed IC1, 
don't forget to program it before 
installation! 

The front bezel is attached with 
additional screws to the threaded 
spacers. When the base is dry, you 
should find that the Scrolling Clock 
will press -fit into it snugly. If not, you 

can use a few shims as needed at 
the back of the unit so that they 
are not visible through the front 
bezel. 

Operation. Set S2 to the center or 
RUN position. When power is first 
applied to the Scrolling Clock, the 
internal time is reset to 12:00 and 
the number 12 flashes in the dis- 
play. If you see that in the future, 
you'll know that there was a power 
failure and that the time needs to 
be reset. 

To set the hours, move switch S2 

to the HOURS position. The current 
hours digits will flash in the display. 
Press and hold S1 to advance the 
hours. To set the minutes, move 
switch S2 to the MINUTES position and 
follow the same procedure. When 
you are done, put S2 back to the 
RUN position. The time will now scroll 
through the display. 

The Scrolling Clock is a guaran- 
teed eye catcher, and is sure to be 
noticed by all of your friends, family, 
and co- workers. S2 

NOW Find the Right Pari for Your VCR! 
The 172 -page Eighth Edition of the VCR 
Cross Reference contains both model 
and part number cross references. 
Over 7,810 new parts and 1927 new 
models have been added. 

VCR's are made in a few factories from 
which hundreds of different brand names 
and model numbers identify cosmetically - 
changed identical and near -identical manu- 
factured units. Interchangeable parts are 
very common. An exact replacement part 
may be available only a few minutes away 
from you even though the original brand - 
name supplier is out of stock. Also, you may 
be able to cannibalize scrap units at no cost. 

Wñé ISCET VCR CROSS REFERENCE 
NEW! The Seventh Edition is contained on a 
31/2 diskette for IBM PC AT /XT compatibles, 
DOS 2.1 or higher. The disk software allows 
technicians to search by manufacturer for 
model numbers and description of part num- 
bers. A parts editing sequence gives an on- 
screen view of all substitutes for parts en- 
tered. With the diskette, the technician can 
update files by adding model and parts 

crosses of future models. The Eighth Edition 
can be printed on pages completely from 
the diskette. 

The ISCET VCR Cross Reference, Seventh 
Edition, is on 81 x 11 -in., pre -punched 
pages and sells for $24.95. The 3% inch 
diskette sells for $69.95 and you can view 
listings from a monitor or printed page. 

ONLY $24.95 for pages 
$69.95 diskette 

Not including Shipping & Handling 

Ciaggk Inc. 
VCR CROSS REFERENCE OFFER 
P.O. Box 4099 
Farmingdale, New York 11735 -0793 
Name 

Business 

Address 

City 

State 

Phone 

Zip 

Enclosed $24.95 for the ISCET VCR Cross 
Reference, Eighth Edition. 

Enclosed $69.95 for the 'diskette containing the 
ISCET VCR Cross Reference, Ver. 7.0 

Include $5.00 for shipping Version 8 pages within 
the United States. All other countries add $6.00 
(surface mail). 

Include $3.00 for shipping Version 7 disk within the 
United States. All other countries add $4.00 (surface 
mail). 
The total amount of my order is $ 
Check enclosed -do not send cash. US funds only. 

Visa MasterCard Exp. Date / / 

Card No. 

Signature 

New York State residents must add 
applicable local sales tax to total. CB03 



SUPPLEMENT TO ELECTRONICS NOW DECEMBER 1999 

Electrvinic 

The Leader In Micro Video Cameras 
Wireless Cameras 

GW -2400S - $449.95 ' "Portable" 
Inc 
Wireless 

ludes: 
Camera. 
2.a Gnu color 

Color Receiwer and Built -In Monitor 

Wireless GC -2400 
System $229.95 

(camera) 

GM -2400 
$269.95 

(monitor /receiver) 

Wireless Transmitter & Receiver 
Transmit From: VVT_Y400 

Satellite Receiver Transmitter 

Lipstick Cameras 
- 

LP -850p LP -850i 
$119.95 $109.95 

Length r.9' . Diameter: 91' 

114 
- B/W 

t 
Length: 1.37" Mod= - t Diameter:.87' 4 

-, Model 

Cameras with Built -In 
Infrared Illuminators. 

LP -850w 
$169.95 

LP -850w 
Operates on 

octal Darkness. 
Weatherproof 

MB -810B 
New BLC 
Multi -Mount option 
High Resolution 

rpp - NEW - 

e! r . 

Powéred 

' mt 10 MR4EDss 

es the power! 

ß' MIB -8108 
$119.95 

, 

G'° 

4, 
CMOS 1/3" IA 

Gooseneck Camera co 
with Power Supply. 

6N -440c $1 9.95 C) 

B/W J1 
GN -440b $99.95 e 

CO 

Y I 
Product 

Catalo s 

polar 
l5 I 

Camcorder 
Cable TV $129.95 
Surveillance Camera u,.w -. 
VCR 
CD Player 
Laser Disc Player WR -2400 
Wireless Cable 
Digital Video Disc . 

Over 

Receiver - # 
NV Receiver lraasmlRange. $129.95 

Stereo Audio 114 Mile ° 

Flat Screen TFT -LCD 
onitors 

' 

, 

. r" 

. r 

TFT-4 $179 "95 
4" Screen, (Size: 6 "(W) x 4.5 "(H) x 2 "(D) 
An excellent monitor for one camera 
monitoring or for setting up cameras 
during installation or maintenance. 

Door or Wall Camera 
Designed to replace existing Peep -Hole 
outside 

Camera 
Lens 

Inside 

Video F. Power 
Cable 

L 

video 

i 
DV-810 
$199.rß 

Color Lipsticks 
Lipstick cameras are ecuipped with a 
Video /Power cable connection is for 

connection to a Monitor or VCR, 

,_ 

WP -300c LP 850 
Weather Proof 

Models Availabt. 

MB 45có 99.95 
Panasonic Color Video Camera. 
4.3mm Lens, se Angle of View, 

Operates on 5 to 12 volts DC. 

,. :' 

' ? '. 
-45cB 

Size: 1.25 "sq. $99.95 

OLAAi 
Q o Polaris Industries 

http: / /www.polarisusa.com 
seci 800.752.3571 

Polaris Industries 470 Armour Dr. Atlanta GA 30324 Tech Info: 404.872.0722 FAX: 404.872.1038 
CIRCLE 222 ON FREE INFORMATION CARD 
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ABC ELECTRONICS 315 7TH AVE N. MPLS. MN. 55401 

(612)332 -2378 FAX (612)332 -8481 E- MAILSURPI(),VISI.COM 
WE BUY TEST EQUIPMENT AND COMPONENTS. 
VISIT US ON THE WEB AT WWW.ABCTEST.COM 
1IP 51501A 100MHZ DIGrn :IN,; SCOPE S1300.00 HP 4930k TRAN S.IMPAIRMENTTEST SET $900 00 

HP 54201D 300MHZ DIGITIZING SCOPE $1000 00 HP 5006A SIGN MIRE ANALYZER $150.00 

HP 542201A 300MHZ DIGITIZING SCOPE $1000.00 HP 86602B IMHZ-I300MHZRE PLUG $400 00 

HP 54200A 50 \IHZ SC(1PE'WAVEFORM ANALYZER $'00 00 HP 575 MICROWAVE COUNTER $1500.00 

11013IM 13MHZ FUNCTION GENERATOR $250.00 FLUKE 95 50MHZ SCOPEMETER $550.00 

HP 5370A 100111112 U: rI. ('oLNTER $ 400.00 L.ECROY 7200 100MHZO- S('OPE $1000.00 

HP 3588C LEVEL METER $75o.(>0 TEK 4 75 200MHZ 0-SCOPE $-500 00 

H P 43oA POWER METER W10 SENSOR& .481.E $500.00 TEK 4n5 100M HZ 0- SCOPE_? $400.00 

HI' 835C11 SWEEP OSCILLATOR MAINFRAME $2000.00 TEK 490 1 KHZ- 1.80HZ SPEC.ANALYZER $3''00.00 

HP 3137A 3 5DI;IT SYSTEM VOLT METER $250.00 TEK 1240 LOGIC ANALYZER $750.00 

HP 3155A DIGITAL MULTIMETER $`5(> 00 TEK TDS320 100811 Il DIGITALO- SCOPE. $1400.00 

>IP3.IN'A DIGITAL NIULTIMEIER $.100.141 TEK 11401A 500MHZ PRCk.;.0- SCOPE FRAME $750.00 

HP 333'(' SYNTHESIZER'LEVFL GENERATOR $800.00 TEK 7854 400MHZ OSCILLOSCOPE FRAME $500.00 

HP 3325A SYNTHESIZER FUNCTION GENERATOR $1000.00 TER 7904400$I117.OSCILLOSCOPE FRAME $2''0.C'0 

TIP 5335A 200N11 1Z ('OI:N I E R $00.00 TEK 7A20 200M HZ. VERTICAL PLUG $75.00 

HP 8I85A PROGR'.MM ABLE SIGNAL SOURCE $1100.00 TEK 'A2 1 10041 HZ VERTICAL PLUG $1500) 
111' 85588.181 100K- ISÙ0MH7. SPE( TRIM ANALYZER $1000.00 TEK 71180 400MH7-TIME 16.45E S'500 
HP 855011'183 10M117:2 IGHZ SPEC "1RI'$1 .ANALYZER $3000.00 TTK'892A 500MHZ DUAL TIME BASE $125 rH: 

HP 1 'MA MOW ISCILLO5.'UI E $250 00 TEK "51: SAMPLING PLUG $250.00 

HP 603.1A oOVIX' -LOA POWER. SUPPLY $750.00 TEK 7L14 10K11L- 1.8GHZ SPEC. ANALYZER $1000 00 

IiP o2098 10VDC -50A POWER SUPPLY $800 00 TEK AM503 CURRENT PROBE AMPLIFI:R $250 00 

TIP 8553A 40VDX'- 12.5A. POWER SlWI'LY OP'r.JoI $1200.00 WAVE'1 EK 145 20MHZ PULSE /FUNC710N GEN. $400 00 

HI' on32A 2OVL)C-5A PU'VER SUPPL', $500 00 WAVETI'K 1020 4EIH7. FUNCTION GEN $150 00 

11P8o43 \15VD -1.11A l'tOWFRSI1Pfl.1+)PT!,:+ S t0 00 00,, \"ELFI )5S - ` 12 IGHL MP'R( )SCURCF SI 10000 
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The 
Epic Series 

18. 

280 different configurations in a 
single size, snap -in mounted case 

Create a look of conformity on panes 
Choose from: 

3 1/2 or 4 1/2 digit displays 
voltage or process loop inputs 
black, red, amber or green numerals 
black numerals with lighted green background 

Features: 
selectable, displayed engineering units 
resistant to RF and EMI 
economically priced 
five year warranty 

Visit our catalog un the web: www.knsinstruments.com 

800 -356 -4920 
4i 

PO Box 10158 
Bedford, NH 03110 -0158 

Fax 800- 356 -1250 

Building a Micro Robot ? 
MicroCore-1 1 TM 

tiny 2" x 2" stackable 68HC11 microcontroller module 
plugs into solderless breadboard like a chip 
download programs via you PC serial port 
use assembler or BASIC (both included) 

32K SRAM plus 8K or 32K EEPROM 
RS232, 5V regulator, 8MHz xtal 

8K Starter Package #MC11SP8K US$75.00 
32K Starter Package #MC11SP32K US$89.00 
Motor driver board and accessories available. 

Technological 
APIO 

26 Scollard Street 
Toronto, Ontario 

Canada M5R 1E9 
Phone: (416) 963 -8996 

Fax: (416) 963 -9179 

www.technologicalarts.com 

FCC License Preparation 
RADIOTELEPHONE LICENSE 

Electronics Tedt,Avionics,Marine & Radar 
Homestndy- Fast -Easy & inexpensive. 
Manuels- Audio- Video-pcdisks -Q &As 

Guarantee Pass -see at www.wptfcc.com 
Details- 800 -800- 7555.WPT Publications 

4701 NE 47ST,Vancouver,WA.98661 

90,000+ Electronic Components 

www.mouser.com 
Heat Sinks Semiconductors 

Crystals Optoelectronics LEDs 
Lamps Wire Cable Connectors 

Sockets Jacks Plugs Cable Assemblies 
Resistors Potentiometers Capacitors 

Fans Power Supplies Inductors 
Transformers Switches Relays 

Speakers Batteries Fuses 
Panel Meters Cabinets 

Knobs Hardware 
Equipment 

Tools Ki 

800- 992 -9943 

sales @mouser.com 
Fax: 817- 483 -6899 

958 N. Main St., Mansfield, TX 76063 

MOUSER 
E L E C T R O N I C S 

CIRCLE 318 ON FREE INFORMATION CARD 

Digital Video 
Stabilizer 

For Free Information Package and Pricing 

Call 219 -233 -3053 de 

Video King 

i5E1 
R.C. Distributing, PO Box 552, South Bend, IN 46624 

BEST DEALER PRICING! 

CABLE 
101IRECT 
CONVERTERS FILTERS 

OESCRAMH1ER5 
IMPROVE YOUR IMAGE WITH 

VIDEO STABILIZERS 

FREE 
CABLE TV 
CATALOG! 

100 
MONEY 

BACH 
GUARANTEE! 

Now you can tune -in your favorite 

cable TV programming 
and SAVE $100'S - 

EVEN S' 000'S on premium 
CABLE TV EQUIPMENT. 

= IB-i 

miOOERN 
ELECTRONICS 
1 -800- 906 -6664 

2609 S. 156TH CIRCLE OMAHA. NE 68130 

http :llwww.modernelectronics.com 



ELECTRONICS & MORE 

6 -1/2" Two Way System 
This is our most 
popular in -wall. You 
won't believe how 
good these really 
sound. Big enough 
to produce great 
home theatre sound 
and still fit 
everyone's budget. 
Put a pair in every 
room of your house. 
Great for front or rear speakers i ¡.....,, -,. 
in your surround system. The 6- '7 
1/2" polypropylene woofer and 1" textile dome 
tweeter were specially designed with home theatre 
in mind. The crossover network utilizes a mylar ca- 
pacitor for crisp clean highs. 3 piece design make 
installation in new or existing walls a snap. 
Specifications: *6 -1/2" polypropylene cone woofer 
with poly foam surround 1" textile dome tweeter/ 
midrange *8 ohm impedance *3 component L/C 
crossover network Frequency response: 50- 
20,000 Hz Power handling capability: 60 watts 
RMS /85 watts max *Sensitivity: 89 dB 1W /1m 
*Overall dimensions: 8 -1/2" W x 12" L x 3 -1/2" D 
*Hole size: 7 -1/4" x 10 -3/4" *Fits into standard 2" x 
4" wall Net weight: 12 lbs. per pair. 

#300 -036 689.900.3 $79.50 

Satellite Speaker 
Stands 
These quality speaker stands are 
perfect for mini or rear surround 
speakers. The heavy die cast base 
provides stability. Textured black satin 
finish blends in well with any decor. 
The height is adjustable from 26 -1/2" 
to 47 -1/2" and the speaker wire can 
be run inside the pole for a better 
appearance. The top base is 
adjustable from 4 -1/8" to 7 -1/2" to 
accommodate most mini speakers. 
Includes foam pads to prevent marring 
of speaker cabinet. Sold in pairs. Net 
weight: 12 lbs. 

#240 -762 $39.8011.3 PRS) $35.504 PRS.UP 

5 Function Remote 
*Operates five devices (TV, VCR, 
Cable, Satellite, AN Receiver) 
Lighted component keys which 
indicate what device is currently being 
used *Preprogrammed, 621 codes that 
work over 6,400 models New 
ergonomic design features a contoured 
case, index finger grooves, and keys 
grouped in clusters for easy operation 
*Satellite cursor control is tailored for use 
with a Home Theatre system, keypad 
design allows movement through menus 
with ease Retains codes when replacing batteries 
New flat back design for easy operation Money 
back guarantee ensures customer satisfaction *Toll 
free customer service number provides the customer 
with friendly, knowledgeable assistance *Requires 2 
AAA batteries ( #140 -150 not included) 

#180 -806 $29.9511.) $26.3514 -uP) 

3/4" TemflexTM 1700 
Vinyl Electrical Tape 

General purpose 7 mil electrical 
tape. UL listed and CSA 
approved. 3/4" x 60' rplls. 

#350 -052 75°11.9) 596(10 
-UP) 

Gold Plated 
AN Cables 
A super quality, 
"siamesed" type cable. 
Two RCA cables for 
stereo (audio) signal from VCR to 
receiver /stereo TV and one low noise 
coaxial type cable for video. Price Price 
Part # Length (1 -9) (10 -UP) 
180-120 3 ft. 
180-118 6 ft. 
180-121 12 ft. 
180-124 20 ft. 

$4.25 
4.90 
8.95 

12.75 

$3.95 
4.50 
7.95 

11.50 

If you haven't 
received 

copy of our cur a 
Cate /o 9 .., nt260page have one added to your order or give call and we will end S a out to you im one 

mediate/y, 
6 -1/2" Round 
Coaxial System 
Designed for the home and 
office, these 6 -1/2° round in- 
walls ara ideal for ceiling 
installations, or for use as rear 
channel surround speakers. 
Adding music to the kitchen, 
den, bath, or patio has 
never been easier! System 
features a weather resistant 6- 
1/2" treated paper cone with poly foam surround, 
coaxially mounted 1/2" polymer dome tweeter, and 
built -in crossover with a mylar capacitor in the tweeter 
feed. Retrofit design allows installation in 3oth new 
and existing construction in just minutes. System 
includes removable steel mesh grills, built -in mounting 
bracket, hardware, and installation instructions. 
Specifications: Impedance: 8 ohms Frequency 
response: 60- 20,000 Hz Power handling capability: 
30 watts RMS /45 watts max. *Sensitivity: 89 dB 
1W /1m *Dimensions: 9° round x 2 -7/8" deep. Net 
weight: 5 lbs. per pair. 

#300 -408 $69.9511. PR$) $62.7514PRSUP) 

3 Amp Power Supply *,-! 
This fully regulated power sup - 
ply is perfect for powering 
CBs, car radios, and other 
12 VDC devices that draw 
up to 3 amps. Heavy duty 
steel housing with front 
mounted switch and binding 
posts. Short circuit and 
overload protection! 
Specifications: *Output Voltage: 13.8 VDC (fixed) 
*Output Current: 3A (cont), 5 amps (surge) *Ripple 
Voltage: Less than 3mV at rated output *Input Volt- 
age: 120 VAC, 60Hz Dimensions: 5 -1/2" x 3 -1/2" x 
6 -1/2" *Weight: 5 lbs. 
#120 -530 $19.9511.) $18.5014.up) 

../e..xe u..r« a. 

11-6°°: _ass>. 
_ _ -_ a-o. 

Weller WLC100 
Soldering Station 
The Weller 
WLC100 
solder sta- 
tion is 
ideal for 
the profes- 
sional, se- 
rious hob- 
byist, or kit 
builder wha 
demands higher 
performance than usual of a standard iron, but with- 
out the high cost of an industrial unit. Power is ad- 
justable from 5 to 40 watts. Includes 40 watt pencil 
iron. UL approved. Net weight: 1 -3/4 lbs. Replace- 
ment sponge #372 -119. 
#372 -120 $39.95EACH 

"44" Solder 
`IKester "44" rosin 

(/ core solder is de- 
signad for electronic 
and electrical work. 

It uses a fast acting, instant wet- 
ting, non -corrosive, and non -con- 
ductive flux for faster soldering 
and a strong, long lasting bond. 

Alloy 
Lead/Tin 

DMM and LCR Meter 
In addition to functions found 
in regular DMM's, this meter 
can also measure inductance 
in 5 ranges (4mH, 40mH, 
400mH, 4H, 40H), capacitance 
in 5 rarges (4nF, 40nF, 400nF, 
4uF, 400uF), frequency in 4 
ranges (4KHz, 40KHz, 400KHz, 
4MHz), TTL logic test, diode test 
and transistor hFE test. 5 AC/ 
DC ranges up to 1000V (AC75OV), 
3 AC /DC current ranges up to 20A and 
7 resistance ranges up to 4000 M ohms. 
Includes test leads, battery, spare luse, 
and manual. Net weight: 1 lb. 

#390 -513 $85.90EACH 

2.5W Mini Audio Amplifier 
This amp contains both pre- 
amplifier and power amplifier on 
a super small board measuring 
only 1- 5/8 "x1 -1/4". Maximum 
output power is 2.5W into 4 
ohms with 12VDC input 
power. No adjustments 
requirec:. Short circuit protected. 

#320 -215 $9.95EACH 

Part # 
Price Price 

Spool Dia. (1 -3) (4-UP) 
370 -080 60/40 1 lb. 031" $8.50 $7.95 
370-090 60/40 1 lb. .050' 8.50 7.95 
370-098 60/40 4 l . 031' 33.90 31.80 
370.088 60/40 1/2 lb. .020' 6.95 5.75 
370-072 63/37 1 lb. .020° 14.90 13.50 
370-086 63/37 1 /2 lb. .031' 9.95 8.50 
370-074 63/37 1 lb. .031° 12.50 11.50 
370-087 36/37 1 /2 lb. .031' 7.95 6.75 

Pro Wick 

Pro Wick's advanced 
fine braid design 
provides wicking action 
that is second to none. 

Price Price 
Part # TS # Size Length (1-9) (10 -UP) 
341 -415 1E02 -5 .06' S' $1.40 $1.25 
341-416 1 803 -5 .08' 5' 1.45 1.30 
341 -417 1E04 -5 .10" 5' 1.60 1.45 
341 -424 1E02 -10 .06" 10' 2.75 2.50 
341 -425 1E03 -10 .08' 10' 2.80 2.55 
341 -426 1E04 -10 .10' 10' 2.95 2.70 
341 -440 1802 -25F .06' 25' 6.80 6.30 
341-041 1803-25F .08" 25' 6.85 6.35 
341-442 1E04 -25F .10° 25' 7.60 7.00 
341-418 1802 -100 .06" 100' 21.90 20.50 
341 -419 1603 -100 .08" 100' 21.90 20.50 
341 -423 1804 -100 .10" 100' 23.90 22.50 

LARGEST 
SELECTION 

OF SPEAKER 
DRIVERS 

IN THE / I COUNTRY! 

725 Pleasant Valley Dr., Springboro. OH 45066 -1158 
Phone: 513- 743 -3000 Fax: 513- 743 -1677 
E -mail: sales@parts- express.com 

KEY CODE: ENMI 

VISIT OUR WEB SITE AT 
www.parts-express.com 

OR CALL TOLL FREE 

1. 800.338 -0531 
CIRCLE 262 ON FREE INFORMATION CARD 
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Any waveform you want! 
New 
Features: 
21.5 MHz 

.01 Hz steps 

multi -unit 
phaselock 

Telulex Inc. model SG -100A 

II t I 

III 

DC to 21.5 MHz linear 
and log sweeps 

Pulse Generator 

'I'einfe\ Inc. 

III III! 

nt/Ext AM, SSB, 
Dualtone Gen. 

Noise 

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 

Int/Ext FM, PM, 
BPSK, Burst 

Ramps, Triangles, 
Exponentials 

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 

PC BOARDS 
Low Cost, Precision -Made PC Boards 

From Your Gerber/NC Drill Files 

Put your CAD 
program to 
wort. for you! 

1PCBM///Gig 

www.pcbmilling.com 

Milling 
Drilling 
Routing 

FAX: (703) 818 -0071 

WIRELESS CABLE - IPTS - WADS 
ATV - INTERNATIONAL - DIGITAL 
Amplifiers Antennae Books Components 

RF Frequency 2100.2700 MHz 
SASE For 'FREE" Catalog or Send s1 

PHILLIPS -TECH ELECTRONICS 
PO. Box 13074 Scottsdale. AZ 85267-3074 
CATALOG /INFO: 480-547 -7700 
ORDER LINE: 800- 880-MMDS 

CHALLENGER SYSTEM FAX LINE: 480- 547.7750 
atsuet ïr;m:l::ilaé'.e WEBSITE: www.phllllps- tech.com sr Wammr E -MAIL: product @phIlllps- tech.com 

FREE SHIPPING v.ss IaiC 8n5 Deco.ns coo 'r oumny voc,ng 

Max '99' 
Used world wide for research! 

+ Three 12 inch diameter decks 
* 30 lbs payload capacity 
* HCI1 microprocessor w/ 32k ram 
" Basic, Forth and 'C' programming lang. 

Zagros Robotics 
PO Box 460342 

St. Louis MO63146 -7342 
(314)768 -1328 

http://wwwzagroembotics.com 
info@y-agroemobotice.com 

GALEP-Ill 
Pocket Multiprogrammer 

GALEP -/// 

Programs 8 -bit and 16-bn 

EPROM,, EEPROMs, Zero 

Power RAMS, Flash, serlal 

EEPROMs GAL, PALCE, 

ATF 87xxz, 89xxx, 
PIC12 /16 /17Cxx All DIL 

devkes without adaptor Lightning fast 
parallel data transfer (e.g. 27C5 12 read /compare 2 sec() Power 

supply Independent due to rechargeable battery Uses PC printer 
port Hex, ]EDEC, and binary file formats Hex and (runup 
buffer editor Split te shuffle for 8 -bit, 16 -bit and 32-b(í targets 

Runs under WIn3.I, 95, 98 'Remote control' by DDE scripts 

Designed for the future due to flexible pin driver technology - new 

devices will be added every month Devke Its, demo software and 

lifetime free updates from our website www.conitec.cam( 

GALEPIII Set with cable, battery, recharger... $333.00 
PLCC Adapter for &Nt EPROM, / is-bit EPROM, / GAIE .... each SI 49.00 

$ r CONITEC i:i t(é 
rzi 

.ii2ó thg la: I :° 
oo;mi 

<<tom 

®r' -iul= 
30 Dey Trial Iyr. Wrnty Gee Catalog 

Qty. DIScotnts Dealers Welcome! 

1-800-538-2225 ; x o 
Www. alaxydrscramhlers.cOm 

PicC C Compiler $59 
for kecrochip'e PIC microcontrollers 
Supports PIC16C55x, 16C6x 16C62x. 16C8x 16C92x PIC families 

SnXC C Compiler $59 
Supports SceniX sx18ac and sx28ac mcrocontrollers 

Both compilers based on ANSI C standard. Arrays, unions, 

structures, pointers, strings, function calls, if, for, switch, while, 

interrupt vectors, in -line assembler code, 8 5 16 bit variables, etc. 

Outputs Intel Hex format and assembly code. Code optimizer 

included. Excellent development tools! 

DebugiDE Debugger $79 
C source level debugger for PicC and SnXC compilers Integrated 

Development Environment. Step, Run, Stop, Reset. Variable 

monitoring and modification. Oscillator /cable kit (539) 

732 -873-1519 fax'. 732473 -1582 e. grichrc 8taol.com 

Grich RC 1% 120 Cedar Grove Ln, 5e 340. Somerset NJ D5A 08873 

URL: http : /Imembers.aol.comlpiccompile 



EY Coo/ Wireless Goodies 
World's Smallest TV Transmitters 

We call them the 'Cubes'.... Perfect video transmission 
from a transmitter you can hide under a quarter and only 
as thick as a stack of four pennies - that's a nickel in the 
picture! Transmits color or B &W with fantastic quality - 

almost like a direct wired connection to any TV tuned to 
cable channel 59. Crystal controlled for no frequency drift with performance that equals law enforcement 
models that cost hundreds more! Basic 20 mW model transmits up to 300' while the high power 100 mW 
unit goes up to 1/4 mile. Audio units include sound using a sensitive built -in mike that will hear a whisper 
15 feet away! Units run on 9 volts and hook -up to most any CCD camera. Any of our cameras have been 
tested to mate perfectly with our Cubes and work great. Fully assembled - just hook -up power and you're 
on the air! These are the units that are being built into hats, pagers, cigarette packs and sold for big $$ !! 

C -2000. Basic Video Transmitter $89.95 C -3000, Basic Video & Audio Transmitter $149.95 
C -2001, High Power Video Transmitter...$179.95 C -3001, High Power Video & Audio Transmitter S229.95 

CCD Video Cameras 
Top quality Japanese Class 'A' CCD array, 
over 440 line line resolution, not the off - 
spec arrays that are found on many other cameras. Don't be fooled 
by the cheap CMOS single chip cameras which have 1/2 the resolu- 
tion, 1/4 the light sensitivity and draw over twice the current! The 
black & white models are also super IR (Infra -Red) sensitive. Add 
our invisible to the eye, IR -1 illuminator kit to see in the dark! Color 
camera has Auto gain, white balance, Back Light Compensation and 
DSP! Available with Wide -angle (80 9 or super slim Pin -hole style 
lens. Run on 9 VDC, standard 1 volt p -p video. Use our transmitters 
for wireless transmission to TV set, or add our IB -1 Interface board 
kit for audio sound pick -up and super easy direct wire hook -up to 
any Video monitor, VCR or TV with A/V input. Fully assembled, with 
pre -wired connector. 

CCDWA-2, B &W CCD Camera, wide -angle lens $69.95 

CCDPH -2, B &W CCD Camera, slim fit pin -hole lens $69.95 

CCDCC -1, Color CCD Camera. wide-angle lens $129.95 

IR -1, IR Illuminator Kit for B &W cameras $24.95 
IB -1, Interface Board Kit $14.95 

Mini Radio Receivers 
Imagine the fun of tuning into aircraft a hun- 
dred miles away, the local police /fire depart- 
ment, ham operators, or how about Radio 
Moscow or the BBC in London? Now imagine 
doing this on a little radio you built yourself - 

in just an evening! These popular little 
receivers are the nuts for catching all the action on the local ham, 
aircraft, standard FM broadcast radio, shortwave or WWV National 
Time Standard radio bands. Pick the receiver of your choice, each 
easy to build, sensitive receiver has plenty of crystal clear audio to 
drive any speaker or earphone. Easy one evening assembly, run 
on 9 volt battery, all have squelch except for shortwave and FM 
broadcast which has handy SCA output. Add our snazzy matching 
case and knob set for that smart finished look. 

Doppler Direction 
Finder 

Track down jammers and hidden transmitters with 
ease! This is the famous WA2EBY DF'er featured 
in April 99 OST. Shows direct bearing to transmitter 
on compass style LED display, easy to hook up to 

any FM receiver. The transmitter - the object of your DF'ing - need not be FM, it 

can be AM, FM or CW. Easily connects to receivers speaker jack and antenna, 
unit runs on 12 VDC. We even include 4 handy home -brew °mag mount° antennas 
and cable for quick set up and operation! Whips can be cut and optimized for any 
frequency from 130 -1000 MHz. Track down that jammer, win that fox hunt, zero in 

on that downed Cessna - this is an easy to build, reliable kit that compares most 
favorably to commercial units costing upwards of $1000.00! This is a neat kit!! 

DDF -1, Doppler Direction Finder Kit $149.95 

Super Pro FM Stereo 
Transmitter 

Professional synthesized FM 

Stereo station in easy to use, 
handsome cabinet. Most radio 
stations require a whole equip- 
ment rack to hold all the fea- 
tures we've packed into the 
FM -100. Set freq with Up /Down buttons, big LED display. 
Input low pass filter gives great sound (no more squeals or 
swishing from cheap CD inputs!) Limiters for max 'punch' in 

audio - without over mod, LED meters to easily set audio 
levels, built -in mixer with mike, line level inputs. Churches, 
drive -ins, schools, colleges find the FM -100 the answer to 
their transmitting needs, you will too. Great features, great 
price! Kit includes cabinet, whip antenna, 120 VAC supply. 
We also offer a high power export version of the FM -100 
that's fully assembled with one watt of RF power, for miles 
of program coverage. The export version can only be 
shipped outside the USA, or within the US if accompanied 
by a signed statement that the unit will be exported. 

FM -100, Pro FM Stereo Transmitter Kit $249.95 

FM- 100WT, Fully Wired High Power FM -100 $399.95 

!I ̀
!'!'ns 

Tiny Transmitters 

AR -1, Airband 108-136 MHz Kit $29.95 

HFRC -1, WWV 10 MHz (crystal controlled) Kit $34.95 
FR -1. FM Broadcast Band 88 -108 MHz Kit $24.95 

FR -6. 6 Meter FM Ham Band Kit $34.95 

FR -10, 10 Meter FM Ham Band Kit $34.95 

FR -146. 2 Meter FM Ham Band Kit $34.95 

FR-220, 220 MHz FM Ham Band Kit $34.95 

SR -1. Shortwave 4-11 MHz Band Kit $29.95 

Matching Case Set (specify for which kit) $14.95 

Touch -Tone Reader 
Read touch -tone numbers from any radio, 
phone line, tape recorder - any audio source! 
Decipher called numbers on scanners, radio 
shows, anywhere touch -tones are used. Mem- 
ory stores up to 256 digits, an 8 digit display 
window scrolls anywhere in memory. Memory 

good for 100 years, even with power off! Runs on 7 to 15 volt DC, 
Available in kit form with optional matching case set or fully assem- 
bled in case set. We sell tons of these to private investigators! 

TG1, Tone -Grabber Touch Tone Reader Kit $99.95 

CTG, Case for Tone- Grabber Touch Tone Reader S14.95 

TG -1WT. Tone -Grabber, fully assembled with case 5149.95 

AC12 -5, 12 Volt DC Wall Plug Adapter $9.95 

Order Toll -free: 800 -446 -2295 
Sorry, no tech info, or order status at 800 number 

For Technical Info, Order Status 
Call Factory direct: 716 -924 -4560 

Gosh, these babies are tiny - that's a 

quarter in the picture! Choose the unit 
that's best for you. FM -5 is the small- 
est tunable FM transmitter in the 
world, picks up a whisper 10' away 
and transmits up to 300'. Runs on tiny 
included watch battery, uses SMT 

parts. FM -4 is large , more powerful, runs on 5 -12 volts, 
goes up to a mile. FM4,5 operate in standard FM band 88- 
108 MHz. FM -6 is crystal controlled in 2 meter ham band, 
146.535 MHz, easily picked up on scanner or 2 meter rig, 
runs on 2 included watch batteries. SMT (surface mount) 
kits include extra parts in case you sneeze & loose a part! 

FM -4MC, High Power FM Transmitter Kit $17.95 

FM -5, World's Smallest FM Transmitter Kit 519.95 
FM -6, Crystal Controlled 2M FM Transmitter Kit $39.95 
FM -6. Fully Wired & Tested 2M FM Transmitter $69.95 

AM Radio 
Transmitter 

Operates in standard AM broadcast 
band. Pro version, AM -25, is synthe- 
sized for stable, no -drift frequency and is retable for high 
power output where regulations allow, typical range of 1 -2 

miles. Entry-level AM -1 is tunable, runs FCC maximum 100 
mw, range 114 mile. Both accept line -level inputs from tape 
decks, CD players or mike mixers, run on 12 volts DC. Pro 
AM -25 includes AC power adapter, matching case and bot- 
tom loaded wire antenna. Entry-level AM -1 has an available 
matching case and knob set that dresses up the unit. Great 
sound, easy to build - you can be on the air in an evening! 

4100 

AM -25. Professional AM Transmitter Kit $129.95 

AM -1. Entry level AM Radio Transmitter Kit $29.95 

CAM. Matching Case Set for AM -1 $14.95 

FM Stereo Radio 
Transmitters 

No drift, microprocessor synthesized! 
Excellent audio quality, connect to CD 
player, tape deck or mike mixer and 
you're on- the -air. Strapable for high or 
low power! Runs on 12 VDC or 120 
VAC. Kit includes case. whip antenna, 
120 VAC power adapter - easy one evening assembly. 

FM -25, Synthesized Stereo Transmitter Kit $129.95 

Lower cost alternative to our high perfor- 
mance transmitters. Great value, easily 
tunable, fun to build. Manual goes into 
great detail about antennas, range and 
FCC rules. Handy kit for sending music 
thru house and yard, ideal for school 

projects too - you'll be amazed at the exceptional audio 
quality! Runs on 9V battery or 5 to 15 VDC. Add our 
matching case and whip antenna set for nice 'pro' look. 

FM -10A, Tunable FM Stereo Transmitter KR $34.95 

CFM, Matching Case and Antenna Set $14.95 

FMAC, 12 Volt DC Wall Plug Adapter $9.95 

FM Station Antennas 
For maximum performance, a good antenna 
is needed. Choose our very popular dipole 
kit or the Comet, a factory made 5/8 wave 
colinear model with 3.4 dB gain. Both work 

great with any FM receiver or transmitter. 
TM -100, FM Antenna Kit $39.95 

FMA -200, Vertical Antenna . , .. $114.95 

RF Power Booster 
Add muscle to your signal, boost power up 
to 1 watt over a freq range of 100 KHz to 
over 1000 MHz! Use as a lab amp for sig- 
nal generators, plus many foreign users 
employ the LPA -1 to boost the power of 
their FM transmitters, providing radio service through an 
entire town. Runs on 12 VDC. For a neat finished look, add 
the nice matching case set. 

LPA -1, Power Booster Amplifier Kit $39.95 

CLPA, Matching Case Set for LPA -1 Kit 514.95 

LPA -1WT, Fully Wired LPA -1 with Case $99.95 

Dinky Radios 
Everyone who sees one of these babies 
says they just gotta have one! Super 
cute, tiny (that's a Quarter in the picture!) 
FM radios have automatic scan /search 

tuning, comfortable ear bud earphones and we even 
include the battery. The pager style unit looks like a 

shrunken pager and even has an LCD clock built-in. The 
crystal clear sound will amaze you! Makes a great gift. 

MFMT1, World's Smallest FM Radio $11.95 

PFMR -1. Pager Style LCD Clock & FM Radio $12.95 

RAMSEY ELECTRONICS, INC. 
793 Canning Parkway Victor, NY 14564 

See our complete catalog and order 
on -line with our secure server at: 

www.ramseyelectronics.com 

VISA 
AMERI04N 

ERE55 
DIJaVER 

ORDERING INFO: Satisfaction Guaranteed. Examine for 10 days, if 

not pleased, return in original form for refund. Add $6.95 for ship- 
ping, handling and insurance. Orders under $20. add $3.00. NY resi- 

dents add 7% sales tax. Sorry, no CODs. Foreign orders, add 20% 

for surface mail or use credit card and specify shipping method. 

CIRCLE 266 ON FREE INFORMATION CARD 
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EARN 
MORE 

MONEY! 
Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

1 
Earn Lipp to 

$60 an hour 
and more! 

aaZ:ïa.wir°--- 
Learn at home in spare time. 

' No previous experience needed! 

No costly school. No commuting to class. 
The Original Home -Study course prepares 
you for the "FCC Commercial Radio- 
telephone License." This valuable license is 
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 commanD PRODUCTIOIIS 

FCC LICENSE TRAINING, Dept. 210 
P.O. Box 2824, San Francisco, CA 94126 
Please rush FREE details immediately! 

NAME 

ADDRESS 
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RELAYS LIGHTS MOTORS 

MEAS. SUN RE 
TEMPERATURE PRESSURE LIGHT LEVELS HUMIDITY H PuT 

SWITCH POSITIONS THERMOSTATS LIQUID LEVELS 

MODEL 80. . 879. 

MUGR INTO PC BUS 

24 LINES DIGITAL I/O 
3 CHANNEL- 

S RD A /Di IN 

II SIT COUNTER 

119 TO 14E RMP /EEC 

MODEt, 45 . . . . . $189 

R11221 INTERFACE. 

R DIGITAL I/O 

R ANALOG INPUTS 

2 ANALOG OUTPUTS 

2 COUNTERS-24 RIT 

12 WT 100 SHY AID 
4 ANALOG OUTPUTS 

3 TIMER COUNTERS 

24 O6ITAL I/O 

R1:222 INTERFACE 

IRMA, 20 AMPS 

12 SIT A/O 

OPTO-IROLATED 

COMPLETE 014M 

MODEL 40 ..... $109 

RS232 INTERFACE 

kaTS z- 26 LINES DIGITAL I/O 
e ANALOG INPUTS 

PIETA OUTWIT 

MODEL 70 $239 

DIGIT 

OP TO 60 6MP /SEC 

Prairie Digital, Inc. 
PHONE 608 -643 -8599 FAX 608- 643 -6754 

CIRCLE 315 ON FREE INFORMATION CARD 

AM Tr nsmitter 
Sub Miniature module 
SAW Controlled 
No adjustable components 
Low current - 2.5mA 
Supply 2.S -l2Vdc 

AM Receiver 
Compact Hybrid Module 
Very stable 

CMOS/TTL output 

I I I 
I W i l l Patented Laser Trimmed 

5Vdc. 0.8mA (HRR6) 

FM Transceiver 
Only 23 x 33 x 11mm 

Up to 40,000bps data rate 

Up to 450ft. range. 

5V operation 
.4 I 8MHz or 433MHz FM 

RS232 Transceiver 
3wire RS232 interface 

I9.2Kbps half duplex 
4I8MHz or 433MHz FM 
7.5- (5Vdc, 20mA 
TX/RX Status LED's 

AM Transmitter 
Range up to 25011. 

SAW controlled stability 
Wide supply range 2 -I4V 
CMOS/TFL input 

418MHz or 433MHz 
Range up to 300ft 
CMOS.ITTL data input 
7x IIx4mm! 

A M -TX I -xxx .... S12.60 

2kHz data rate 

Sensitivity -105dBm 
38x12x2mm 

4M11-HRR6-xxx... S16.33 

5V CMOS logic interface 
Fast ImS enable 

Posner saving feature 
Carrier Detect output 
BiM11 -xxx -F 587.36 

Up to 40011. range 
I/4 wave ant. on board 

User data packetizing 
58 x 40 x 15mtn 

CYPHERNET .... 5139.30 

Low current. 4mA typ. 
Up to 4kHz data rate 

Small: 17 x I Imm 
AM -RTS -xxx .... S12.10 

OM ` t I ABAó Free Catalog 
'-71,11r\ 

tel: (416)236 3858 
fax: (416)236 8866 

www.abacom -tech.com 
MasterCard / VISA 


