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Editorial 

Long -Time Subscriber Makes 
Good 

Where did it all begin? Well, it all started back on a little farm...oh, not that far back? 
Actually, it all started back when I decided to get serious about electronics as a hobby. 

I had picked up a few "how -to" books and started studying data sheets, but I wanted to 
get a better grounding in the subject. 

I wanted to subscribe to an electronics magazine. 
The two contenders that I decided to choose from were Popular Electronics (back 

when it was published by Ziff- Davis) and Radio-Electronics. Although tempted to flip a 

coin, I decided on the former of the two. I was just about to send in my subscription card 
and payment when I heard that Ziff -Davis was changing the title to Computers & 

Electronics. Since I had no money for a computer (we're talking 1981 here, folks. An Apple 
Il cost well over a thousand dollars- almost two months of my salary!), I sent my check 
to Gemsback Publications. 

Flash forward 15 years: The career that I was building in the electronics manufactur- 
ing industry had dried up, and the job that I had taken to keep the bills paid wasn't doing 
as well as expected. Imagine my surprise when I looked in the help- wanted ads and saw, 
"Electronics magazine looking for technical editor. Electronics knowledge a must." I 

thought, "What's the worst that could happen ?" as I typed up a cover letter, but the 
address kept sticking in my mind. Where had I seen it before? 

Suddenly, it hit me. Grabbing a recent issue of Electronics Now I verified my suspi- 
dons. I was going to try working for the company whose magazine I had been reading for 
over a decade. 

Obviously, I got the job. 
Now that I've been given the chance to "step up to the batter's box," I'd like to remind 

everyone that first and foremost, I'm a reader just like you. Together, we can make sure 
that Poptronics, the magazine of the hobbyist, by the hobbyist, and for the hobbyist shall 
not perish from the newsstand! 

So strap yourselves in and check that your seat backs and tray tables are in their 
upright and locked positions -we have quite a ride in store for you! 

Now that I've taken care of the old business, let's move onto this month's controver- 
sial question. The other day, I was reading an interesting item in a trade journal for the 
Internet and computer industry. It seems that an interesting interpretation of copyright laws 
is occurring. You would expect that if you buy a book or magazine, you have the right to 
sell that item to someone else as long as you don't keep any copies, and that the same 
goes for software when the license says that it should be treated "like a book." 

Apparently, a large software publisher stopped someone from selling their copy of the 
software on eBay citing copyright violations. It seems the person who bought the software 
found that it didn't do what they needed, didn't realize until too late that the publisher had 
a 30-day return policy, and just wanted to "make it go away." The software company felt 
that selling used software is "distributing copyrighted material without permission of the 
copyright owner." 

Since I haven't verified for myself the facts in this story, I won't mention names, but the 
concept is a bit chilling. If I buy a piece of software that doesn't do it for me, am I stuck 
with both it and a bad feeling about the company that published it, or should I be allowed 
to unload it on someone else that might find it useful? What about magazines? Books? 
CDs? Paintings? Old computers with bundled software in them? Where will it stop -when 
we can only sell an old car back to the manufacturer if they feel like it? 

Let us know how you feel about this. 

Joseph Suda 
Managing Editor 
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Development Support Tool 

I New Features 

For Windows 98/95 
$170 

Personalized Color Pallets 
You can personalize the tone of the built -in 16 -color 
pallet by setting RGB (brightness) level. 

Cop in 
Areas of the screen can be selected and copied onto 
other screens. 

I Expanded Flash Memory 
Ima e Manipulation 

Images imported from digital cameras or other 
sources can be easily bitmapped and registered on 
screens or keycaps. (The demonstration fish was 
created with the Development Support Tool.) 

Screen -to- Screen Grou Move 
Screen data can be selected, grouped and moved to 
other screens. 

46, 

System Setup Example 

RS232C/RS485 

Specification 
Model uTD4141 CTD5741 CTD1047 

á 
i 

LCD 5.7 -inch, monochrome 5.7 -inch, color STN 10.7 -inch, color TFT 

Resolution 320 x 240 320 x 240 640 X 480 

Maximum digits 40 columns x 30 lines 40 columns x 30 lines 80 columns X 60 lines 

Effective display area (mm) . 116 x 87 116 x 87 211 x 158 

Key matrix input 10 X 6 10 X 6 13 X 10 (640 X 480) 

Key size (mm) 12 x 14 12 x 14 15 x 15 

Power supply 5V DC 0.8A 5V DC 1A 5V DC 1.2A 

Dimensions (mm) W189 x D112 x 1132 W189 x D112 x1132 W272 x D205 x H43 

Standard price $635 $845 $1400 
4 Escutcheons and cases available for all models. *Standard prices shown in this table are changed 

without nctice for rate of exchange. 

Via RS -232C communications, simple commands let ycu easily display 
characters, draw graphics or collect key -input information. 

The built -in display memory can hold 4 full screens, making paging and 

other screen operations more convenient. (Up to 54 screens can be added 
with the Expanded Flash Memory.) 

Expansion features can be easily used with the Development Support Tool 

optional software. 

A wide array of characters can be displayed including kanji, kana, alphabet, 
numerals and special patterns. 

U Key -input can be selected between polling and interrupt. 

Equipped with buzzer ON /OFF and backlight ON /OFF commands. 

Characters can be displayed as large as 64 X 64 dot. 

Easy backlight replacement (for color LCC models). 

Portrait monitor and RS485 model are available as special specification. 

URI. * htty:/,'www4.dango.ne.jp/onomichi/inh/ 
la4alt tnhdorange.ocn.ne.jp 

International Hanbai Co., Ltd 
22 -30 Kanda -cho. Onom chi. Hiroshima, 722 -0016, Japan 
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G 17MO® 
Portable LCD Photo Album 

Keep all your memories and important images with you at all times with an elec- 
tronic Wallet, a compact portable digital image photo album from VideoChip 
Technologies. It measures 4 x 5 x g/, inches, fits easily into a pocket or purse, and 
holds up to 200 full -color images on a plug -in Compact Flash or Smart Media card. 
The screen is a back -lit 4 -inch 24 -bit color LCD with 320 x 240 resolution. 

To find a specific photo, multiple images are displayed in thumbnail form. The 
user scrolls through the images and chooses the desired one. Images can be 
shown in either portrait or landscape formats at the choice of the user. Two 
slide -show modes can be used to display the stored photos in sequence. The sug- 
gested retail price is $349.95. 

VideoChip Technologies Inc., 1010 El Camino Real, Suite 330, Menlo Park, CA 
94025; 650- 470 -5130; www.videochip.com. 

CIRCLE 50 ON FREE INFORMATION CARD 

Wireless Inter -tainment System 
It's called Cybiko -a portable entertainment and communications system that combines instant 

messaging, interactive gaming, e-mail and personal information manager capabilities in an all -in- 
one device. Priced between $149 and $179, Cybiko comes in a choice of four translucent col- 
ors, has a full QWERTY keyboard with a stylus to compose messages, LCD display, 1 -MB 

memory (expandable to 16 MB), a high- frequency transmitter, and a vibration -alert 
device. The unit measures 4.8 x 2.8 inches and weighs less than 4 ounces. 

Communication range is 150 to 300 feet depending upon the environment -and 
potentially much farther as multiple devices link and expand the range -creating their 
own virtual community. Users can set up their own CyPage, a personal profile. Cybiko 

will then alert users when a friend is within range or allow them to browse the virtu- 
al network to connect with everyone in the area. CyLoader allows users to synchronize 

the device to their PC and send and receive e-mail. 
Cybiko, Inc., 1582 Lenox Ct., Bartlett, IL 60103; 630 - 540 -1961; www.cybiko.com. 

CIRCLE 51 ON FREE INFORMATION CARD 

CD Recorder 
Yamaha's first entry into the popular CD- 

recorder market is the CDR -S1000 ($599). The sin- 
gle -play recorder is said to provide excellent 
reproduction and duplication. 

The CDR-S1000 is equipped with coaxial digital 
and optical digital inputs and outputs. It also has a 
line -level analog input /output. The recorder's other 
features include analog and digital record -level con- 
trols, a headphone jack, headphone -level control, 
and automatic and manual track marking. With its 24 -bit digital -to- analog converter and sampling rate converter, it 
can accommodate a variety of sampling rate standards. Recordings are finalized at 4X speed. 

Yamaha Electronics Corporation, USA, 6660 Orangethorpe Ave., Buena Park, CA 90620; www.yamaha.com. 

CIRCLE 52 ON FREE INFORMATION CARD 



- GIZMO® 
e -Mail Traveler 

Combining the convenience of a personal digital assistant (FDA) device and a 

portable e-mail appliance, the e-Mail Traveler ($149.99) from VTech is a stand- 
alone, pocket -sized device. It allows you to send and receive e-Mail without having 
to connect to a PC. With its built -in modem, the e-mail Traveler can be used any- 

where. Information is entered using the included stylus pen and the 
13 -line x 25- character LCD touch -screen display. For use back 

home, the unit comes with a docking station with a full -sized 
keyboard and a printer port. 

The e -Mail Traveler provides popular electronic -orga- 
nizer functions, including an address book, a to -do list, a 
calendar, a memo pad, and game, It measures 5.5 x 3.4 
x .86 inches, weighs about six ounces with batteries, and 

can store up to 400 e-mail messages. 
VTech Industries, LLC, 101 East Palatine Road, Wheeling, IL 

60090 -6500; 888 -GO- VTECH; www.vtechworld.com. 

CIRCLE 53 ON FREE INFORMATION CARD 

High -Tech Mobile Scanner 
The BC780XLT ($379.99) from Uniden America Corporation is 

a mountable radio scanner that is equipped with TrunkTracker III 

and Smart Scanner technologies. TrunkTracker III allows the radio to 
track Motorola, EDACS, and LTR (Johnson) trunked radio systems. 
The scanner can detect when a transmission on any of those radio 
systems changes frequency and then automatically follows the 
transmission, allowing you to listen to entire conversations on a 
trunked radio system. 

Smart Scanner technology downloads local and national frequencies into the channels available in your zip code, 
through the use of an external modem or a PC. Using software downloaded from Uniden's Web site, the scanner can 
dial into a pre - programmed 900 number that identifies and automatically downloads the closest frequencies into 
channels. The LC780XLT offers 500 channels and an alphanumeric display. 

Uniden America Corp., 4700 Anion Carter Blvd., Ft. Worth, TX 76155; 817 -858 -3300; www.uniden.com. 

Q,+R/RYiffd9t ® o !!óñee 03 

© !0 +® o 
e4:0á0 ® ®0 0 'r,l, NO. WA 
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In -Dash MiniDisc Receiver 
The Dallas ($569.95) car stereo receiver from Blaupunkt features 

a MiniDisc (MD) deck mechanism hidden behind a protective, flip - 
down faceplate. The MD drive system has 10- second anti-shock 
memory to avoid music skips when traveling on bumpy roads. The 
Dallas displays the disc name, allows tracks to be programmed for 

play sequence, and offers random and repeat functions. 
The Dallas includes a DigiCeiver AM /FM digital tuner with RDS, a 4 x 40 -watts power amplifier, high- voltage pre- 

amp and subwoofer outputs; and it also has controls for an outboard CD changer. It can be used with Blaupunkt's CDC 
A08 10 -disc changer or the IDC -A09 in -dash five -disc changer. 

The "true- digital" DigiCeiver is the only radio tuner that actually converts radio waves into digital data. That allows 
it to perform all radio and audio processing -such as Direct Software Control and digital signal processing (DSP) -in 
the digital domain and to provide exceptionally clear reception. DSP sound management features allow you to modify 
and fine -tune audio characteristics. The two -band digital parametric equalizer can be used to create a vehicle- equal- 
ization curve to correct for standing waves and cavity resonances. The Dallas also has preset curves for rock, jazz, 
disco, classical, and vocal genres. It offers bass and treble controls, along with a six-level loudness control and a three - 
level high -cut filter. 

Blaupunkt, Robert Bosch Corp., 2800 South 25th Ave., Broadview, IL 60153; 800 -950 -BLAU; www.blaupunkt.com. 

CIRCLE 55 ON FREE INFORMATION CARD 5 



GIZMO' 
Feature -Rich DVD Player 

The DVD -N2000 ($499) from Samsung incorporates VM 
Labs' NUON video- processing technology for enhanced pic- 
ture quality and increased functionality and interactivity. 
NUON technology is said to eliminate jitter and jumps during 
scan and slow modes. 

The technology also enables features such as "infinite 
zoom," which allows up to 20X zoom during playback with- 
out distorting the picture. One interactive feature displays around the edge of the screen thumbnail images of adjacent 
angles. Highlight a thumbnail and view the movie from a different angle (if the software includes such scenes). 

NUON adds a new dimension to CD playback with an on- screen spectrum -analyzer display that shows the chang- 
ing musical content on screen as a visual display of musical energy. The Virtual Light Machine feature lets you choose 
from several vibrant design themes that NUON paints across the screen in real -time response to the rhythm of the 
music. 

The DVD -N2000 can also play NUON educational and entertainment software that are currently being developed, 
including video games. Ports are available to accommodate planned NUON peripherals such as joysticks and driving 
wheels. 

Samsung Electronics America, 105 Challenger Road, Ridgefield Park, NJ 07550 -0511; 201- 229 -4000; www.sam 
sungdigital.com. 

CIRCLE 56 ON FREE INFORMATION CARD 

Human -/Solar - Powered Radio 
Freeplay Energy has added to its roster of human -powered devices 

the Model S360 ($69.95), a portable radio small enough to take any- 
where without having to worry about batteries or electricity. Measuring 
approximately 4 x 8 inches and weighing just over two pounds, the 
water -resistant S360 can be carried easily when hiking, boating, camp- 
ing, or just around town. Winding the unit's handle for about 30 seconds 
will provide up to 45 minutes of play time. The radio's internal power 
storage system automatically saves all available spring and solar energy, 

giving 15 hours of play time when fully charged. It also accepts a charge 
through an AC /DC adapter to provide hours of continuous music. 

Freeplay Energy USA Inc., One Ramland Road, Orangeburg, NY 10962; 914 - 680 -2233; www.freeplay.net. 

CIRCLE 57 ON FREE INFORMATION CARD 

New Desktop Computers 
NetVista is IBM's new line of desktop computers, specifically designed and built for 

fast, high -bandwidth Internet access, easy setup, and simplified use. They feature high - 
resolution flat -panel screens, include USB (Universal Serial Bus), and offer the choices 
of 256 -bit encryption and wireless LAN capability. The computers are 75% smaller 
than the typical home or office PC just 16 x 16 x 10 inches, in a space - saving 
design. The CD /DVD -ROM and floppy drive tuck neatly away and a unique neck 
design allows the rapid access keyboard to fit under the monitor to free up desk 
space. Several different models and a variety of features make it easy for 
users to select those that they need most. 

International Business Machines Corp., 1133 Westchester Ave., White 
Plains, NY 10604; www.pc. ibm.com /ww /netvista /index.html. 

CIRCLE 58 ON FREE INFORMATION CARD 

Gizmo is published by Gernsback Publications, Inc., 275 G Marcus Blvd., Hauppauge, NY 11788. Senior Writers: Christopher Scott 
6 and Teri Scaduto. Copyright 2000 by Gernsback Publications, Inc. Gizmo is a registered trademark. All rights reserved. 



E very so often, a product 
crosses the Hands -On Report 

desk that has the right combination 
of design, function, and usability, 
eliciting comments from other staff 
members like "Cool," "Neat," and, 
most importantly, "Oh, wow! Can I 

try it ?" Such a product is the subject 
of this month's report, the Explorer 
NOCX3 from Night Owl Optics. 

While night- vision devices have 
traditionally been in the realm of 
the military and law enforcement, 
older -generation technology has 
dropped in price enough to become 
affordable to the average consumer. 
The Explorer is based on what is 

called "Generation I" technology. 
Light (either visible or infrared) is 

gathered by an objective lens and 
focused on the front surface of an 
electronic intensifier tube, or EIT. The 
front surface is a photocathode 
screen, where the photons strike 
elements that release electrons. 
The electrons are accelerated to 
the rear of the tube, illuminating a 
phosphorescent screen much like 
a television picture tube. An eye- 
piece lens focuses on the phospho- 
rescent image for viewing. 

Generation II technology uses a 
micro -channel plate for lower 
image distortion and higher light 
amplification. Generation Ill increases 
tube life by adding a gallium-arse- 
nide layer as well as special protective 
coatings to the microchannel plate. 

That's the good news. The bad 
news is that Generation II and Ill 

units can cost from $1500 to a 
whopping $10,000 -not a price 
that the average consumer is will- 
ing to pay for a special -use toy. 

Although the Explorer's technol- 
ogy is interesting, the factory loca- 
tion is sure to raise a few eyebrows. 
All of Night Owl Optics' products 
are made in a Russian factory that 
used to supply night- vision equip- 

Night Owl Optics Explorer 
NOCX3 Starlight 

Amplification /Infrared 
Monocular 

Stay up at night and watch how the other half lives! 

ment to the Soviet Army. With the 
collapse of the Soviet Union, the 
Commonwealth of Independent 
States are taking their first steps in 

providing their manufacturing abili- 
ties to the world market-the Explorer 
is just one example. Indeed, the 
bottom of the Explorer's case sports 
a sticker that proudly proclaims 
"RUSSIA" in 1/8 -inch letters. 

Before we descend to the 
depths of a debate on world poli- 
tics, let's take a closer look at the 
unit itself. The Explorer feels like a 
slightly oversized tube that's supris- 
ingly comfortable in the hand, 
much like the current generation of 
hand -held video recorders. The 2.3 
x 3.3 x 7.2 -inch monocular weighs 
in at a paltry 16 oz. The $300 pack- 
age includes a nylon- cloth -cov- 
ered carrying case with reinforced 
sides, a lens cap with pinhole, an 
instruction manual in five lan- 
guages (English, French, German, 
Italian, and Spanish), and an instruc- 
tional video tape for those that 
believe that "manuals are for wimps." 

The manual and tape are well 
done and informative. Both warn 
you of the pitfalls of owning and 
operating a night- vision device. As 
much fun as they are to work with, 
these units are not toys. Handling 
them roughly or removing the lens 
cap in bright light can cause prob- 
lems. At best, the life of the EIT will 
be shortened; at worst, you'll break 
it. In either case, treating the unit 

badly will void the one -year war- 
ranty, so handle the Explorer like a 
high -end camcorder or photo- 
graphic camera. 

But How Well Does It Work? The 
day after the Explorer arrived at the 
office, I arrived before the rest of 
the staff. With the office dark and 
quiet, I could put the Explorer to the 
test without disturbing anyone else. 

The first step was to install the 
battery. You have to supply your 
own (the familiar "batteries not 
included" chant), but Night Owl 
Optics thoughtfully supplied one 
with the 'eview unit. A 3 -volt lithium 
battery powers the Explorer, although 
some other models use a pair of AA 
batteries. I confidently twisted open the 
battery door on the rear of the 
Explorer, grabbed the battery...and 
immediately noted that there were 
no indications as to the proper 
direction to insert the battery! 

A quick glance through the man- 
ual revealed that while it was clear 
and concise on operation, care, 
and troubleshooting of the Explorer, 
there was not one single picture 
that showed which end of the bat- 
tery to drop in first. Never in my 
career in high technology was I as 
embarrassed as I was at that 
moment. After all, how difficult 
could it be to stick in a battery? 

A closer examination of the bat- 
tery compartment revealed a 
spring at the bottom of the hole. 
The cover is a single metal casting 
with a rectangular protrusion that 
doubles as both cover latch and 
battery contact. That contact 
couldn't possibly touch the nega- 
tive terminal of the CR123A battery 
because of the battery's design. 

With a deep breath, I inserted 
the battery negative end first. 
Closing the cover and pressing one 
of the control switches lit up one of 7 



the LED indicators on the back of 
the unit. If the Night Owl Optics 
people are reading this, it would be 
a good idea to engrave a great, 
big " +" on the inside of the battery 
cover! Now that the Explorer was 
working, it was time for some fun - 
er, initial tests. 

Stepping into the office network 
room and closing the door left me 
in a place whose only illumination 
came from the plethora of LEDs on 
the computer equipment, power 
supplies, and network hubs. 
Pressing the "POWER" button and 
looking through the eyepiece was 
an experience that, to the first -time 
user, is nothing short of amazing. The 
view is like a black- and -white tele- 
vision with green phosphors. How- 
ever, you shouldn't expect the 
scene to look like the latest 
Hollywood special effect with crisp, 
sharp detail. Remember, this is a 
Generation I device; slight distor- 
tions and an overall "grainy" look 
are normal; distortions are mostly 
located in the periphery of the 
viewable area. 

The Explorer has a second switch 
marked "IR LED." As amazing as view- 
ing scenes in low -light conditions is, 

turning on the built -in infrared flash- 
light is breathtaking. Whereas 
before I could easily identify the 
network server's keyboard, I could 
now easily read every legend print- 
ed on the keys. Of course, the IR illu- 
minator is best used in a room or 
other enclosed area. With a range 
of about 75 yards, you won't light 
up distant objects in an open field 
as well as you might hope. 

Environmental Limits. On the sub- 
ject of open fields, another limita- 
tion of the Explorer is its ability to 
withstand weather exposure. Most 
of the Night Owl Optics line is 

"weatherproof," but that means 
that brief exposure to light rain or 
high humidity won't harm the unit. 
Indeed, the manual warns that if 
humidity condenses on the Explorer, 
don't use it for at least five hours. 

As I write this, it's still early spring, 
and I'm looking forward to my 
friend puffing his sailboat back in 
the water so we can try out the 
Explorer during some evening sail- 
ing. Rest assured that I will have a 

8 firm grip on the Explorer so that it 

doesn't end up at the bottom of 
the bay. If you want to use a night - 
vision system for activities like night 
fishing, Night Owl Optics has a 100% 
waterproof version that floats if you 
drop it overboard. 

Watch What You're Doing. After 
that first experience with the unit, I 

put it back in its carrying case and 
set it aside. The next day, I was 
showing it to one of the higher -ups 
and was again embarrassed when 
the Explorer wouldn't cooperate. 
Popping out the battery and 
checking it with a voltmeter showed 
that the fresh, new 3 -volt battery 
only measured 0.52 volts! 

Fortunately, CR123A batteries are 
no farther away than the closest 
RadioShack. In fact, they sell a pair 
of CR123As for about $13. With a 
new battery in place, the Explorer 
came back to life. 

When I put it away the second 
time, I carefully watched what I did 
to confirm my suspicions. Sure 
enough, it's easy to accidentally 
press one of the switches without 
realizing. No wonder I had a dead 
battery-the Explorer was dutifully 
flooding the inside of the carrying 
case with infrared light! The bottom 
line is to take a quick look at the 
LED indicators on the back of the 
Explorer before zipping up the bag, 
or you'll pay for your haste at $6.50 
per incident. 

Further Tests. The world of 
infrared light is an incredible place 
to explore; seemingly simple things 
take on a new look when exposed 
to "invisible" light. At home, I was 
surprised by the amount of infrared 
light put out by a red LED power 
indicator in a set of cheap multi- 
media speakers. Although a friend's 
pair of sneakers didn't reflect very 
much infrared light, the shoelaces 
shone like neon lights. Even more 
startling is the fact that the human 
eye reflects infrared light like a mir- 
ror. With the Explorer, everyone can 
look like they're wearing the spe- 
cial contact lenses worn by actor 
Gary Lockwood in "Where No Man 
Has Gone Before," the second Star 
Trek television pilot filmed back in 
the mid 1960s! 

When operating, the review unit 
makes a slight buzzing noise that 

comes from its high -voltage power - 
supply circuit. Night Owl Optics 
assures us that's perfectly normal, 
which is logical for a unit that uses 
a 3 -volt battery and needs thou- 
sands of volts to operate. 

One issue that might confuse 
and disappoint people has to do 
with the infrared aspect of the 
Explorer's capabilities. Infrared 
light is the portion of spectrum 
that we can't see. As you go fur- 
ther down the electromagnetic 
spectrum, you come to the ther- 
mal portion. The Explorer can't do 
thermal imaging. Don't confuse 
infrared with heat -the frequen- 
cies are too far apart. 

Extending the Play Value. The NOCX3 
supports two accessories from 
Night Owl Optics. You can add a 
Lens Doubler to the standard 3.1X 
lens, boosting the magnification 
level to 5X. Additionally, a camera 
adapter is also available. If you have 
a 35mm or other photographic 
camera with a removable lens, sim- 
ply replace the camera lens with a 
T -Mount adapter. Hook that adapter 
to the Explorer's camera adapter 
and you're ready to take pictures 
through the Explorer's "eye." 
Unfortunately, the camera adapter 
can't be used with camcorders. 
Both accessories retail for $50. 

The Explorer, incidentally, is just 
one in a series of night- vision sys- 
tems in various price ranges and 
capabilities. Several types of 
monoculars are available with dif- 
ferent levels of weight, magnifica- 
tion, and features. There are also 
two types of binoculars and even a 
full- featured hands -free head - 
mounted system -perfect for those 
that take their night- vision hobby 
seriously! 

The Explorer is one of those high - 
tech toys that, while you can't think 
of a reason to own one, you want it 
anyway. Once you start experi- 
menting with it, you'll find yourself 
exploring the world around you in 
ways you never imagined. You 
spend half your life in the dark - 
why do that at night as well? 

For more information, contact 
Night Owl Optics, 307 Seventh Ave., 
New York, NY 10001; 212 -229 -0297; 
www.nightowloptics.com; or circle 
80 on the Free Information Card. P 
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GRAphics ON ThE ChEAp 

Most of these columns have taken 
a similar approach. I like to talk 

about products you might find interest- 
ing, but in the context of solving a par- 
ticular problem or accomplishing a spe- 
cific project. For this column, I'm going 
to deviate a bit from that format and talk 
about several different products in a 

common context. Next time, its back to 
the project -oriented approach. 

If you've been reading this column 
for a while, you know that I'm pretty 
involved with graphics. In a sense, that's 
kind of ironic, as I have absolutely no 
artistic ability whatsoever. I tend to 
think visually, but in the process of 
putting what I see in my mind's eye 
down onto paper, something usually gets 
a bit jumbled. Back in the days when I 

was running a magazine, the Art Director 
and the rest of the staff used to look for- 
ward to our monthly art meetings, since 
I generally had an idea of what I wanted 
for each article's art. They would pass 
around my hand -drawn roughs as sort of 
an impromptu inkblot test. It's a good 
thing that I had a fairly thick skin, so 
comments on my hand -drawn sketches 
like "It looks like Samurai Butterflies 
with swords" and `No, it's a pair of pigs 
doing the Samba" didn't really bother 
me much. 

They did hasten, however, my adop- 
tion of graphics software, especially large 
collections of clip art. These made it 
easy for me to quickly put together roughs 
that didn't look like the Ninja Turtles at 
a car wash. Art meetings, however, were 
never quite as much fun after that. 

What I love about the technology that's 
evolved in the years since then is that it's 
become ever easier for me to get closer 
to what I can see in my mind's eye. I sup- 
pose that it's the difference between an 
artist and technician. A photographic artist, 
for example, composes in the camera. A 
technician, such as myself, shoots as many 
images as he can and composes in the 

The inexpensive IXLA camera and Pablo graphic tablet are plugged into a Xircom PortStation. 

darkroom or, more recently, on the com- 
puter using an image -editing application. 

Not only has the technology become 
more accessible and easier to use, it's also 

become a lot more affordable. For exam- 
ple, many of the projects we've covered in 
previous columns have used a scanner at 
some point. You don't, however, need to 
spend a fortune to buy a scanner. In fact, 
I routinely notice scanners on sale for 
less than $75 in the ads in the Sunday 
papers. Last week, while shopping at a 

nearby Costco/Priceco store, I walked 
past an Agfa SnapScan 1212U scanner 
that was selling for $68. 

WHAT YOU PAY FOR IS 
WHAT YOU GET 

Starting to play with graphics doesn't 
mean that you need a huge budget. It 
really depends on exactly what you want 
to accomplish. For example, most of the 
photos I take for this column are snapped 
using a megapixel digital camera that I 

may have in my office for review. If you 
are interested in digital photography, 

perhaps to enhance a Web site that 
you're building, you can get by with 
spending a lot less money on a digital 
camera. For this type of application, you 
don't need the 1600 X 1200 pixel reso- 
lution that a 2+ megapixel camera offers. 
A more modest 640 X 480 resolution 
will be fine in many cases. 

That's where the Photo Easy Deluxe, 

from IXLA comes in. IXLA is an 
Australian company that has a major 
presence here in the US, and it has built 
a great reputation for its digital photog- 
raphy software over the last several 
years. Photo Easy Deluxe is basically a col- 
lection of the vendor's best image -ori- 
ented software, with a moderately good 
digital camera included in the package. 
What I find amazing about the package 
is that it's priced at about $100. With a 

mail -in rebate offer, however, it was 
recently on special at CompUSA for 
$50. That price was for the software and 
the camera! 

The software in the package alone is 

easily worth the 50 bucks. It provides 9 
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IXLA's utility software makes it easy to fix up and crop the photos taken with the camera. 

good basic image editing and effects and 
includes a "fun" selection that lets you 
apply effects, like stretching someone's 
nose, to your photo. There's even a but- 
ton on the excellent IXLA interface that 
lets you e-mail a photo to a friend. 
Other programs included make it easy to 
add fancy frames to your photos and cre- 
ate projects such as cards and "maga- 
zine" covers. You can use the camera 
included in the package or any other 
source of images, such as stock or clip 
art or a scanner. 

The Digital SuperPro 640 camera 
that's included in the package is pretty 
basic; but while it doesn't allow you to 
use removable media memory cards, the 
2MB of RAM built into the camera lets 
it store up to 30 images. Unlike many of 
the other inexpensive cameras I've seen, 
the IXLA camera has a flash, so you can 
take photos indoors. It even includes a 

USB cable to make downloading a lot 
faster and easier than with those cameras 
that use a serial connection. 

To be honest, a camera such as 
IXLA's and other similar 640 X 480 
models is not going to let you make 5 x 
7 prints. There's just not enough data in 
the image to blow it up that much. A 
package such as the Photo Easy Deluxe, 
however, is a terrific and affordable way 
to get your feet wet. 

A LOT FOR THE MONEY 
Costing a little bit more, Pablo 

Internet Edition, from KB Gear Interactive, 
10 is another terrific graphic device. Its list 

price of $99 goes down to $79 with the 
$20 mail -in rebate coupon. 

Pablo is a large surface graphic draw- 
ing tablet. Unlike some of the tablets 
more oriented to the graphic artist or 
professional, Pabló s drawing pen is not 
wireless; it's attached by a small cable 
that plugs into a jack on the right side. 

In just about every other way, howev- 
er, Pablo holds its own very well against 
much more expensive tablets. It is pres- 
sure sensitive, providing up to 256 levels, 
with those drawing applications, including 
CoreIDRAW!, that support this feature. 
The drawing surface measures a large 8 

Here's a snap of Sparky, my trusty canine corn - 

panion, taken with the IXLA camera. 

x 6 inches. And there's a handy tracing 
flap for klutzes like me. Lift up the 
transparent plastic flap, slip in an image, 
and it's easy to trace an image. SmartTrace, 
which smoothes out the jerkiness that's 
natural when you're trying to follow a 

line, makes the traced images look a lot 
better. 

What really knocks me out about 
Pablo, however, is the software that comes 
bundled with it. For starters, there's a 
copy of Adobe Photoshop 5 LE, one of the 
most powerful (and widely used) image 
editing packages on the market. This 
edition has been whittled down a bit 
from the full package, but that only 
makes it easier for a novice to learn and 
use. The other packages, as you surmise 
from the "Internet Edition" tagline, are 
Web -oriented. Also from Adobe is a 
copy of PageMill 3.0, which makes it 
easy to create Web sites. A copy of 
Totally Hip's WebPainter 3, a utility for 
creating animations for a Web site, is the 
third package in the bundle. 

VENDOR INFORMATION 

IXLA USA Inc. 
17 Jansen St. 
Danbury, CT 06810 
203 -730 -8805 
www. ixla. corn 

CIRCLE 101 ON FREE 
INFORMATION CARD 

KB Gear Interactive 
1414 Washington Avenue S. 
Eden Praire, MN 55344 
612- 941 -1905 
www. kbgear. corn 

CIRCLE 102 ON FREE 
INFORMATION CARD 

Xircom, Inc. 
2300 Corporate Center Dr. 
Thousand Oaks, CA 91320 
805 -376 -9300 
http://portstation.Xircom.com 

CIRCLE 103 ON FREE 
INFORMATION CARD 

Unlike a digital camera, a graphics 
tablet like Pablo isn't universally inter- 
esting. And, of course, the better you are 
at drawing and illustrating, the more it 
will merit your interest and considera- 
tion. If you can use it, though, it certain- 
ly meets my standard for a budget graphics 
value. As with the IXLA camera, Pablo 
can be connected via a serial port or sim- 
ply be plugged into a USB port. 

By the way, if you look closely at one 
of the photos that accompany this 

(Continued on page 56) 
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NEW LITERATURE 

Nikola Tesla: Guided Weapons & 

Computer Technology 
edited by Leland L. Anderson 
Twenty -First Century Books 
P.O. Box 2001 
Breckenridge, CO 80424 
Tel: 970 -453 -9293 
Web: www.tfcbooks.com 
Nikola Tesla has often been called the 
greatest independent inventor. What set 
Tesla apart was the breadth and variety 
of his accomplishments. This work 
details the genesis of Tesla's AND logic - 
gate patents and describes the early 
efforts to design a practical remote -con- 
trol guided weapon -his "telautomaton." 

Gueueii 1Enr0+S & 

{OXPUfER ?ECHVi,i.CG.. 

E 

r _ 
. . .._ . __^.- '...._._:...._........ 

L__...._. 

. c/ \ \, 
;-: L.=.-............: :::. 

j.) 171131. 61teCNINIMIt 01.1. 

In the third book of the 'lèsla Presents 
Series, the author shows how the con- 
cept of the AND gate emerged form 
Tesla's work on remote -control devices. 
Reprinted are the two patents from 
1903, demonstrating the methods and 
means of the invention. 

Howard W. Sams Guide to Digital 

Cameras 
by Michael Murie 
Prompt Publications 
Howard W. Sams & Company 
2647 Waterfront Parkway, East Drive 
Indianapolis, IN 46214 -2041 
Tel: 800 -428 -7267 
Web: www.hwsams.com 
$39.95 
How cameras work, software applications, 

12 managing and editing images, printing 

and uploading to a Web page -this com- 
prehensive volume covers all aspects of 
the digital camera world. The author 
also discusses webcams and digital con - 
ferencing and how to make your images 
"move." 

Howard W. Sams 

Guide to 

DIGITAL 
CAMERAS 

.. AM19it{plrí, iSiiRìF 

The included CD -ROM contains 
sample images and software, as well as a 
comprehensive table of the latest digital 
cameras, comparing features and specifica- 
tions. Together, the book and CD -ROM 
answer readers' questions about digital 
cameras, enabling them to use the cam- 
eras to their fullest potential. 

The Book of IRC 
by Alex Charalabidis 
No Starch Press 
555 DeHaro St., Suite 250 
San Francisco, CA 94107 
Tel: 800 -420 -7240 or 415- 863 -9900 
Web: www.nostarch.com 
$24.95 
Informative and technical, this book 
includes detailed instruction on every- 
thing from the most basic Internet Relay 
Chat (IRC) issues to the most compli- 
cated IRC commands. IRC lets Internet 
users communicate directly, interactive- 
ly, and in real time; but it can be difficult 
to master. 

410131eArow To order books in 
this magazine or, 

any book in print. Please call anytime day or 
night: (800) BOOKS-NOW (266 -5766) or (801) 
261 -1187 ask for ext. 1454 or visit on the web 
at http://www.BooksNow.com/electronic- 
snow.htm. 

Free catalogs are not available. 

Readers learn how to choose an IRC 
client, follow IRC etiquette, and find 
people on IRC. They will also learn how 
to create and manage an IRC channel; 
install, run, and operate an IRC server; 
and use bots and scripts to customize 
clients like mIRC and irci. 

The Unofficial Guide to LEGO 

MINDSTORMS Robots 
by Jonathan B. Knudsen 
O'Reilly b Associates, Inc. 
101 Morris St. 
Sebastopol, CA 95472 
Tel: 800 -998 -9938 or 707 - 829 -0515 
Web: www.oreilly.com 
$24.95 
In 1998, The LEGO Group introduced 
the MINDSTORMS Robotic Invention 
System, which makes it possible to 
affordably build and program robots for 

LEGO 
1\. 1INI )STOtNIS 
Iz()b()CS 

fun. This hands -on guide shows you how 
to use alternative programming environ- 
ments like Not Quite C (NQC), pb- 
FORTH, and legOS to develop powerful 

(Continued on page 26) 



A LOOK AT TOMORROW'S TECHNOLOGY 

type 
Spinning Gold Into Electronics 

Two University of Texas at Austin 
chemical engineers have achieved a 

scientific breakthrough in the produc- 
tion of far smaller silicon wires. Dr. 
Brian Korgel, 31, and Dr. Keith 
Johnston, 44, professors in the chemical 
engineering department, have produced 
silicon "nanowires" using tiny particles 
of gold suspended under pressure in a 

compressed fluid at a high temperature. 
Silicon wires that are this extremely 
small will be needed in the construction 
of the computers of the future and for 
optoelectronic devices, such as lasers, 
computer screens, and other flat panel 
displays. 

Korgel and Johnston are members 
of the multi -disciplinary Texas Materials 
Institute that conducts research in met- 
als, semiconductors, ceramics, poly- 
mers, and composites. Their research 
in nanotechnology was recently pub- 
lished in the journal Science. Nano - 
technology refers to the manipulation 
of materials on an atomic or molecular 
scale to construct highly miniaturized 
mechanical devices. Nanoscience re- 
cently was declared a national research 
and budgetary priority by President 
Clinton. 

The Limits of Miniaturization 
There are one million nanometers in 

a millimeter. Current research is focus- 
ing on production of computer compo- 
nents that are 100 nanometers long. 
'We have made components that are 

four nanometers long, so we are 25 

times smaller," Korgel said. 
He explained that the electronics 

industry is reaching the limits of minia- 
turization and "five to 10 years from 
now, the way we make computer chips 
will not be able to be scaled down any- 
more." There has been a steady decrease 
in computer component size because, in 

Dr. Brian Korgel (left) and Dr. Keith Johnston (right) are seen in their laboratory where they 

have produced silicon "nanowires" using tiny particles of gold suspended under pressure 

in a compressed fluid at a high temperature. 

general, smaller means faster and more 
convenient. 

"They have no idea how they are 
going to be making the next generation 
of devices 10 years from now. That's 
what we're working on, " Korgel added. 

Gold Quantum Dots 
Korgel and Johnston are using meth- 

ods that could lead to development of 
other new materials with exciting new 
properties. They produce their nanowires 
by heating silicon atoms connected to 
organic molecules until the silicon 
atoms come loose and form free silicon 
atoms. This is done in the presence of 
small clusters of gold atoms referred to 
as nanocrystals or quantum dots. The 
quantum dots in this research consist of 
100 to 200 atoms of gold. 

"The gold quantum dots are the 
seeds that start the growth of silicon 
nanowires," Johnston explained. 

The silicon atoms don't remain free 
for long, either congregating together 
or dissolving within the gold quantum 
dots. "Fortunately for us, the silicon 
prefers to dissolve into the gold nanocrys- 
tals," said Korgel. 

'When the silicon dissolves inside the 
gold particles and the silicon concentra- 
tion inside the gold becomes great 
enough, the gold ejects the silicon in the 
form of a wire. Molecules called "cap- 
ping ligands" can be attached chemically 
to the gold quantum dots during their 
formation to keep them uniform in size. 

Being able to produce a uniform size is a 

crucial factor when the goal is the mass 
production of components. 

"Ligands extend like hairs on the 
outside of the particles to keep from 

sticking together," Johnston said. 'We're 
starting with uniform gold particles that 
produce silicon wires with basically the 
same size." 

13 
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Supercritical Fluids 
The researchers' new method of 

making nanowires is revolutionary in its 
use of supercritical fluids -fluids that 
are put under high pressure and high 
temperatures, in this case 5000 pounds 
per square inch and 500 degrees Celsius. 
'We have used supercritical fluids to 
control chemical reactions for the last 15 
years, but never for the nanoscale mate- 
rials," Johnston said. 

Korgel added: "At that temperature 
we would expect the molecules to form a 

gas, but the pressure squeezes the mole- 
cules back into a fluid. Although the 
fluid is not a liquid in the sense that we 
think of liquids, it is, in fact, a supercrit- 
ical fluid. These supercritical fluids have 
a variety of very interesting properties in 
their own right, and we are starting to 
exploit this unique medium to make new 
materials that cannot be made in any 
other way." 

The properties, or behavior, of the 
nanowires are affected by quantum rules 
that only apply in the nanoworld. 
Learning to manipulate materials in the 
microscopic world could open the door 
to discoveries of what are, in effect, 
entirely new materials. 

"When we make things as small as 
this, it affects the material properties so 
that silicon no longer really behaves like 
silicon," Korgel said. For example, sili- 
con normally does not emit light. But in 
the nanoworld, silicon can emit light. 
Thus, it can be used in the construction 
of extremely high resolution light -emit- 
ting devices, such as computer monitors 
and TV screens. 

"Instead of mining the Earth for a 
material with the appropriate material 
properties, we can just tune the size of 
the quantum dot to engineer materials 
with the desired properties," he added. 

Future Possibilities 
In the future, nanowires may be used 

as connectors for quantum dots accord- 
ing to Johnston. "As nanoparticles 
(quantum dots) are used as optoelec- 
tronic devices, nanowires will be a nat- 
ural way to connect them. As quantum 
dot technology advances, nanowires will 
be very useful." 

Changing the supercritical fluid's 
pressure affects how the layers of silicon 
in the nanowires are arranged, dramati- 
cally changing their optical properties 

and, the researchers hope, changing the 
way electrons move along the wires. The 
goal is to channel electrons in one direc- 
tion using nanowires. 

Researchers now are testing what 
happens when prototype devices are cre- 
ated out of such small materials, by 
putting electrodes at both ends of the 
nanowires to "plug" them in and make 
little circuits. 

'We are now trying to make a field - 
effect transistor, a type of electronic 
device, using these nanowires as a con- 
duit for electrons," Korgel said. "It has- 
n't been done before, so we want to see 
if it will work. We're trying to take these 
new materials and actually make proto- 
type devices." 

The research was funded by the 
National Science Foundation and the 
U.S. Department of Energy as well as a 

DuPont Young Professor Award of 
$75,000 to Korgel for a three -year peri- 
od. Recently Korgel received a National 
Science Foundation Early Career 
Development (CAREER) Award of 
$200,000 for four years. He was given 
these awards to study silicon nanostruc- 
tures and electronic devices constructed 
from these material, as well as to 
improve education in chemical engi- 
neering materials and materials sciences. 

Johnston and Korgel are also collabo- 
rating on nanoscale research in a new 
National Science Foundation Science and 
Technology Center in environmentally 
responsible solvents and engineering. m 

Holographic Optical 
Data Storage 

ideo cassettes have become a fix- 
ture in millions of American 

homes. In the not too distant future, 
video tapes will probably be replaced by 
Digital Video Discs (DVDs) -thin plas- 
tic platters the size of a CD -ROM. 
What will come next? Research current- 
ly being conducted at Southern Illinois 
University Carbondale may hold the key. 

"Our aim is to make smaller, higher 
capacity storage devices that are re- 
writable," stated Mohammed Sayed, 
electrical engineering associate profes- 
sor, who is researching holographic 
optical data storage. "Using a complex 
system of lasers and photosensitive 
materials, it is possible to store thousands 

The high -powered laser in Professor 
Sayeh's lab is a water -cooled device about 
four feet long. It projects images through a 
series of lenses and mirrors laid out in a 
maze -like pattern that allows the laser 
beam to be repositioned as it sends pages 
of information to the crystal. 

of pages on a small disk. The goal is to 
put the information contained on 20 
DVDs on one disk the size of a quarter." 

Sayeh uses high -powered lasers in an 
attempt to store up to 100 gigabytes of infor- 
mation on a substance known as lithium nio- 
bate, a crystal that possesses a combination of 
properties suitable for holographic memory 
storage. By contrast, a standard CD -ROM, 
which is an optical storage device, holds 
about 640 megabytes of data. 

The high- powered laser in Sayeh's lab 
is a water -cooled device about four feet 
long. It projects images through a series of 
lenses and mirrors laid out in a maze -like 
pattern that allows the laser beam to be 
repositioned as it sends pages of informa- 
tion to the crystal. The images are repro- 
duced in a similar manner by reversing 
the process. "Along with reducing the 
power needed to operate the laser, we also 
need to reduce its size," he explained. "If 
we can find better materials, it is possible 
that less power would be needed to record 
the data." 

So far, Sayeh has been able to fit 50 per- 
cent of a typical movie on one disk. "Our 
biggest obstacle right now is getting the 
information written to the disk to 'stick"' he 
said. Right now, reading the data after it is 
stored on the crystal partially erases the 
information, and writing new information to 
the crystal also may erase previously stored 
data. Sayeh believes it may take ten more 
years of research to overcome the problem. 

Researchers need to dear those hurdles 
before holographic storage of digital data 
could be marketed to consumers. But some 
day the technology may be used in home - 
entertainment systems or for writable stor- 
age units in personal computers. m 
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Clues to 
Astronomical 
Mysteries 

Iit an inconspicuous, flat -roofed build- 
mg, a machine that creates tempera- 

tures rivaling those of the sun is helping 
physicists examine up -close what hap- 
pens to iron in black holes and neutron 
stars. Tests are being conducted by 
researchers from the Department of 
Energy's Livermore and Sandia National 
Laboratories on Sandia's Z machine - 
the most powerful X -ray generator on 
Earth. These tests should help astronomers 
who are trying to interpret images from 
the billion -dollar Chandra X -ray obser- 
vatory now orbiting Earth. (Also bene- 
fiting will be the two billion -dollar X -ray 

orbiting observatories expected to be 

launched by Europe and Japan next year.) 

The results will further our under- 
standing of black holes and neutron 
stars, and of the evolution and eventual 
expiration of the universe, predicts 
Livermore physicist Mark Foord, one of 
the leaders of the joint Sandia -Livermore 
project. The methods developed here 
also can be used in weapons physics, says 

Sandia project collaborator and physicist 
Jim Bailey. 

Iron is of interest to astronomers 
because it is among the most complicat- 
ed of the elements that are widespread in 

the universe, and, therefore, among the 
hardest to understand. Several explana- 
tions are possible for the effects it creates 
on images taken by the Chandra -orbiting 
telescope. 

In front of a containment can at the center 
of Sandia's Z machine, a small window -like 
frame holds a shining foil containing a layer 
of mixed iron and sodium fluoride only 500 
angstroms thick, sandwiched between 
micron -thick plastic substrates. 

Like Bees to Honey 
Bees gathering nectar and pollen and 

taking it back to the hive may one day 
help protect the lives and limbs of people 
if a landmine- detection demonstration at 
Sandia National Laboratories is success- 
ful. Sandia chemists are working with 
entomologists at the University of 
Montana to see if foraging bees can reli- 
ably and inexpensively detect buried 
Iandmines, which could safely return hun- 
dreds of thousand of acres back to pro- 
ductive use. The work is funded by the 
Defense Advanced Research Project 
Agency's (DARPA) Controlled Biological 
Systems Program. 

The project builds on three decades of 
explosives- detection work at Sandia and 
25 years of biosystems research at the 
University of Montana, Missoula. Jerry 
Bromenshenk and his colleagues at the 
university have shown that as bees for- 
age for nectar and pollen, they attract particles of dust, soil, and pollen 
to their fuzzy, statically charged bodies and bring samples back to the 
hive. All landmines leak small amounts of explosives into nearby soil 
or water. 

Studies are being conducted to see if plants rooted in TNT -tainted 
soil will uptake the residues into their roots, stems, and flowers, and 
even incorporate them into their pollens. If plants that readily accu- 
mulated the TNT could be identified, a suspected minefield could be 

seeded with those plants (by air) to maximize the bees' chances of 
finding the mines. One goal of ongoing tests at Montana is to determine 
which explosives bees can smell and then train them to seek those 
chemicals. 

i 
Sandia National Laboratories and 

the University of Montana are try- 
ing to determine whether foraging 
bees can detect buried landmines. 
In the foreground are two unused 
antitank mines. 

The problem for astronomers, who 
can now watch titanic energies that are 
transforming elements on a scale never 
before seen, is that many fine points of 
the process can only be guessed at. 
Creating an actual neutron star or black 
hole on Earth so scientists could under- 
stand distant reactions is impossible 
since there would be no more Earth. 

Because "neutron stars and black 
holes emanate X -rays similar in effect to 
those emanated by Z, we realized we 
have a chance to test astrophysical theo- 
retical models that have never been test- 
ed experimentally," says Foord. 

According to Bailey, We're looking 
with spectroscopic eyes at the atomic 
physics of ionized iron so that these can 
be compared with theoretical calcula- 
tions. Astrophysicists will have to con- 
sider what implications our figures have 
for their models." The results will be 

compared with astrophysical calcula- 
tions embedded in computer codes of 
how neutron stars affect iron. 

The experiments proceed by placing 
square centimeters of iron, a few hundred 
angstroms thick, close to the Z -pinch at 
the heart of Z. (A Z -pinch achieves its 

output by generating a powerful magnet- 
ic field that collides ions at an appreciable 
fraction of the speed of light.) This expos- 
es the metal to temperatures of more than 
one million degrees for a few billionths of 
a second, ionizing it. 

A Sandia instrument that takes seven 
images temporally and a Livermore instru- 
ment that takes one image in time and two 
images spatially will help determine the 
effects of the intense X -ray pulse from Z on 
iron samples in terms of spectrum, temper- 
ature, density, and ionization. 

"It appears that we were successful at 
producing highly ionized iron and were 
able to obtain an accurate measurement 
of the radiation produced from the Z- 
pinch. We hope to do follow -up experi- 
ments and then return again in the 
summer to explore different regimes," 
Foord said. 
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Liquid- Crystal- 
Display Panels 

Philips Flat Display Systems (FDS), 
one of the world's largest suppliers 

of active -matrix liquid- crystal displays 
(AMLCDs), announced it has entered 
into a co- development agreement with 
Hana Microdisplay Technologies, Inc. 
(HMT1) to manufacture liquid- crystal- 
on- silicon (LCoS) panels. Under the 
agreement terms, Philips FDS and 
MITI will collaborate on the manufac- 
ture of LCoS panels at HMTI's 18,000 - 
square-foot advanced LCoS manufacturing 
facility in Ohio. 

LCoS is a breakthrough projection 
display technology targeted for use in 
large -scale consumer and business appli- 
cations, including desktop monitors, mul- 
timedia projectors, and large- screen TVs. 
Philips FDS and several other leading dis- 
play manufacturers are looking at ways to 
commercialize this technology as it 
potentially offers tremendous advantages 
in terms of picture quality, resolution, and 
cost. LCoS as a technology, however, is 
still facing several challenges, before it 
gains acceptance as a mainstream display 
technology 

Breaking the Bonds 
While attempting to "photograph" 
the chemical reactions of an 

important enzyme of the nervous sys- 
tem, an international team of scientists 
found that the "flash" they were using - 
a high- intensity X -ray beam -was sys- 
tematically destroying their target. The 
resulting "movie" of molecular images is 
the first -ever direct observation of how 
proteins break apart when exposed to 
high- energy X -rays. 

"The observation was stunning," said 
collaborator Joel Sussman, a visiting 
biologist at the U.S. Department of 
Energy's Brookhaven National Laboratory, 
where some of this research took place. 
Stunning, because scientists previously 
believed radiation damage was nonspe- 
cific or random. But the Brookhaven 
work and studies with other enzymes 
elsewhere confirm that the X -rays selec- 
tively break particular chemical bonds. 

"It looks like we are seeing 'weak 
points' in protein structures that are par- 
ticularly sensitive to ionizing radiation," 

Ï 
Radiation . . Radlatlon}- 

........._, 

This series of photos shows how proteins break apart when exposed to high- energy X -rays. 
It appears that there are 'weak points' in protein structures that are particularly sensitive to 
ionizing radiation. Certain disulfide bonds and carboxyl acids seem particularly vulnerable. 
Understanding these weak links may lead to improved methods of preventing high -dose 
radiation damage. 

says Sussman, now affiliated with the 
Weizmann Institute of Science in Israel. 
Certain disulfide bonds, which often 
bridge protein chains, and carboxyl 
acids, such as those found at an enzyme's 
"active site" -where reactions take 
place -seem particularly vulnerable. 
Understanding these weak links may 
lead to improved methods of preventing 
high -dose radiation damage. 

Organisms are constantly exposed to 
radiation, mainly from natural sources, 
such as sunlight and cosmic rays, as well 
as man -made sources such as diagnostic 
X -rays. Knowing the specific damage 
caused by radiation is an important diag- 
nostic tool for developing a method to 
protect against radiation damage. The 
Weizmann team and European collabo- 
rators, together with Brookhaven scien- 
tists, plan to examine the anti- radiation 
potential of various substances that 
might be used to offer general or emer- 
gency protection 

The findings of X- ray- induced dam- 
age will also have implications for the 
use of X -ray techniques to decipher 
molecular structures. In X -ray crystal- 
lography, scientists bombard crystalline 
samples of proteins with high- intensity 
X -rays and, by analyzing how the rays 
diffract or bend, they work backwards to 
decipher the protein's molecular struc- 
ture. This common technique is an 
important research topic at Brookhaveñ s 

National Synchrotron Light Source 
(NSLS), where some of the research was 
carried out. (See Proceedings of the National 
Academy of Science, January 18, 2000.) 

Scientists typically perform these 
experiments at very cold (cryogenic) 
temperatures to minimize the damage 
caused by X -rays. But the current 
research, conducted at cryogenic tem- 
peratures, shows that these techniques 
do not completely prevent the introduc- 

tion of inadvertent changes into experi- 
mental samples. It is well known in sci- 
ence that the mere act of observation 
may change what you are trying to do 
observe. The current findings may lead 
to changes in procedure to minimize this 
effect. 

The initial experiments were con- 
ducted at the European Synchrotron 
Radiation Facility (ESRF) in Grenoble, 
France, using acetylcholinesterase taken 
from the Torpedo fish. The work at 
Brookhaven used the same enzyme from 
humans and fruit flies. Additional exper- 
iments on a different enzyme, lysozyme, 
from hen egg white, were performed at 
the ESRF. 

MAY T % SOU RCE BE W T VX 
YOU. 

on't let the dark forces of 
ignorance defeat you. Right in 

this galaxy you can tap into the 
source -the free Consumer 
Information Catalog. It lists free and 
low -cost federal publications on a 
variety of 
important 
topics. 

So dispel the 
darkness and get the source. Call 
toll -free 1 -888 -8 PUEBLO for your 
free Catalog. 

Or set your coordinates for the 
Consumer Information Center Web 
site. www.pueblo.gsa.gov 
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Analog Filters 
by Steve Winder 

Electronic Projects 
by Max Horsey 

The internationally renowned series of CD ROMs from 

Matrix Multimedia has been designed to both improve airfl your circuit design skills and to also provide you with sets 

of tools to actually help you design the circuits 

themselves. 

Electronic Circuits and Components provides an 

introduction to the principles and application of the most matrix common types of electronic components and how they 

are used to form complete circuits. Sections on the disc multimedia 
include: fundamental electronic theory, active 
components, passive components, analogue circuits and digital circuits. 

The Parts Gallery has been designed to ove -come the problem of component and 

symbol recognition. The CD will help students to recognize common electronic 

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

Digital Electronics details the principles and practice of digital electronics. including 
logic gates. combinational and sequential logic circuits, clocks, counters, shift registers, 

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

systems. 

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

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 learning 

tool. The CD provides comprehensive coverage of analog fundamentals, transistor circuit 
design, op -amps, filters, oscillators, and other analog systems. 

Bectronic Projects is just that: a series of lei projects for students to build with all 

support information. The CD is designed to provide a set of projects which will 

complement students' work on the other 3 CDs in the Electronics Education Series. Each 
project on the CD is supplied with schematic diagrams, circuit and PCB layout files, 
component lists and comprehensive circuit explanations. 

PtCtutor and C for PIC micro microcontrollers both contain complete sets of tutorials 
for programming the PlCmicro series of microcontrollers in assembly language and C 

respectively. Both CD ROMs contain programs that allow you to convert your code into 
hex and then download it (via printer port) into a PIC16F84. The accompanying 
development board provides an unrivaled platform for learning about PIC 

microcontrollers and for further development work. 

Digital Works is a highly interactive scalable digital logic simulator designed to allow 
electronics and computer science students `o build complex digital logic circuits 
incorporating circuit macros, 4000 and 74 series logic. 

CADPACK includes software for schematic capture, circuit simulation, and PCB design 

and is capable of producing industrial quality schematics and circuit board layouts. 
CADPACK includes unique circuit design and animation /simulation that will help your 

students understand the basic operation of many circuits. 

Analog Filters is a complete course in filter design and synthesis and contains expert 
systems to assist in designing active and passive filters. 

Shareware /demo CD ROM with more than 20 
programs $4.99 refundable with any purchase. 

Order Form 
Please circle the products you would like to buy on 
the table below calculate the total cost, fill in the 
rest of the order form and send it to us. Please 
allow 6 weeks delivery 

Student Institution 

Electronic Ccts. & Comps. $50 $99 
Digital Electronics $50 $99 

Analog Electronics $50 599 
Electronic Projects $75 $159 

PICtutor $179 $350 
C for PlCmicros $179 $350 

Digital Works $50 $99 
CADPACK $75 $159 

Analog Fi Cers $75 $159 
Postage - USA $0 $0 

Postage - Canada $5 $5 

Name 

Address 

Zip: ____ _ Phone: 

Card Type 
MasterCard, visa. or Discover only 

Card number: r 

I have enclosed my check for $: 

Please charge my credit card for $: 

Phone your order to us on 

631 293 3000 

or send your order to 

CLAGGK Inc 
275 -G Marcus Blvd., 

Hauppauge, NY 11788 

Expire date: 

Signature: 

CLO2 

Order online NOW from: www.gernsback.com /poptronics 
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LETTERS 

Missing Figure 
There seems to be a problem with the 

"Comm Links" column in the November 
1999 issue of Popular Electronics. I fol- 
lowed the article down to the bottom of 
page 50 and then got lost. The article 
jumps to page 87, and something goes 
awry with the text. I've reread it several 
times and I think what happened is that 
the "L2" in the second paragraph on page 
87 should be ¶1" and "L1" in the next 
paragraph should be "L2." 

In the last paragraph, a capacitor is 

mentioned out of nowhere. In addition, 
there is no mention as to where it should 
be connected. 

I suspect that something got lost in 
the editing. 
VINCENT S. W. DYMEK 
Clifton, Nf 

[You're right, but for the wrong reason. 
The text is fine; it's the figure that's wrong. 
The correct Fig. 4 is published below. (See 

Fig. 1) What was published was a detail 
insert to illustrate the turns ratio for Ll. 
We're sorry for the confusion that this 
caused. - Editor] 

PORT -S 

PORT -A 

PORT -B 

Fig. 1. This schematic should replace the Fig. 4 
illustration that appeared on page 87 of the 
November 1999 issue of Popular Electronics. 

Personal Sighting 
While reading the article "Nikola 

Tesla: Scientific Savant" (Popular Elec- 
tronics, November 1999), I especially 
noticed the section entitled "The 
Gernsback Connection," which states 
that Hugo Gernsback is recognized by 
most people as the "Father of Modern 
Science Fiction." 

18 The article reminded me of a presen- 

tation I witnessed during my freshman 
year (1948 -49) at New York University, 
College of Engineering, which was then 
located in the Bronx. Since I was a com- 
muting student, I was looking for a place 
to eat my brown bag lunch. A classmate 
suggested that we go to "some kind of 
presentation that was scheduled in 
Philosophy Hall at noon." 

We entered the amphitheater late and 
found seats in the last row. The rows were 
arranged at a rather sharp angle, so that 
the elderly gentleman in the next row was 
just in front of my knees. I had no idea 
who he was until he was invited to the 
stage to receive an award for his contri- 
butions to the field of electronics. It was 
Hugo Gernsback. So the academic com- 
munity also recognized his contributions. 

To Mr. Gernsback's immediate right 
sat another elderly gentleman, who also 
received an award for his contributions 
to electronics. He was Lee DeForest, 
the father of the vacuum triode tube. 
PAUL C. KRUEGER 
Cape Coral, FL 

New Uses for CD Cases 
In regard to the article "Component 

Notebooks" by Peter Reintjes (Electronics 
Now, December 1999), I would like to 
add a comment. If you take out the 
insert of a CD case that holds the CD in 
place, there is a '/ -inch depth there that 
could be used to store items. Of course, 
there is an opening that will have to be 
filled or else the tab from the insert that 
goes there could be cut off and glued in. 
And if you have a notebook pocket for 
51/4-inch floppies, then that could hold 
the converted CD case. When I lived in 
Indiana, I made a few trips to the 
Dayton Computerfest, and I acquired 
some notebooks that came with slip -in 
covers that were for paper that is 5'A to 
61/4 inches wide by 81/4 inches high. Last 
summer when we moved here from 
Indiana I used the notebooks and cases 
to move some electronic parts that I put 
into ziplock baggies. 

However, the idea by Mr. Reinjtes is a 

valid one that I will use and improve on. 
DONALD S. LAMBERT 
Forsyth, IL 

Further Input on 

Balanced -Line Converters 
In the article 'Test Equipment for 

Audio Technicians: Balanced -Line Con- 
verter" (Electronics Now, December 
1999), the author mentioned that it is 

hard to find panel -mount versions of J3 
and J4 (Panel -mount male XLR jacks). I 
believe that both RadioShack and MCM 
Electronics, another excellent supplier 
of electronics parts who is one of your 
advertisers, carry the panel -mount XLR 
connectors. 

Thank you for publishing such a 

great magazine. 
TERRY HARRIS 
via e-mail 

(Thanks for the suggestion. Sometimes 
you ignore the most convenient source 
because it's right under your nose. Editor] 

Interested readers of Gary McClellan's 
article "Balanced -Line Converter" may 
wish to refer to the January 1991 issue of 
The AudioAmateur(nowAudio Electronics). 

Emo Barbely's article "Balanced Audio 
Amplifiers" is quite thorough. 

Also, Analog Devices makes a dedi- 
cated Balanced Line Driver chip SSM- 
2142 and a -6dB Differential Line 
receiver chip specifically for this applica- 
tion. By the way, coupling capacitors 
would be desirable to prevent DC volt- 
ages from getting to the input of an 
amplifier. 
CALVIN L. TAYLOR 
Chehalis, WA 

Illuminating Comments... 
I believe there are some mistakes and 

errors of facts in the article "Freeze Motion 
with the Laser Scope" (Electronics 
Now, December 1999). 

The statement 'The basic unit of 
light is the candela, which is equal to one 
lumen per steradian (a unit of solid 
angle)" is misleading because the can- 
dela is actually defined as "the luminous 
intensity, in a given direction, of a source 
that emits monochromatic radiation of 
frequency 540 x 1012 hertz and that has 



a radiant intensity in that direction of 
1/683 watt per steradian." The lumen is 

a derived unit and defined as the flux in 
a steradian from a source of which the 
intensity is one candela. 

Figure 1 is improperly drawn in some 
ways. The foot -candle is defined as the illu- 
mination produced when light from a 

point source of 1 candle falls normally on a 

surface at a distance of 1 foot. The flame 

from a candle is not just a point source. In 
addition, most of the light from the pic- 
tured light source does not fall normally on 
the flat surface. The diagram might better 
illustrate the concept by showing an area 
that is part of the surface of a sphere to 
overcome such difficulties. 

In the next to last paragraph of the 
"Light" Talk section, the output of the 
laser is calculated incorrectly. One 
lumen is equivalent to 1.46 mW at 
555nm. The photopic luminous effi- 
ciency at 670 nm is 0.032, so about 31.25 
times the power at 555 nm is needed to 
produce one lumen rather than the 0.3 

mW per lumen as stated. This suggests 
that a 5 mW laser would produce only 
about 0.11 lumens. However, there are a 

number of dubious assumptions being 
made when applying this calculation to a 

laser. These include the assumption that 
the laser and the LED have the same 
spectral spread function and that the 
human eye responds the same to coher- 
ent light as it does to incoherent light of 
approximately the same intensity. 

The last paragraph of the 'tight" Talk 
section contains the statement "Also, a wave- 

length of 620 nm appears to be about three 
times as bright to the eye as an equally 

intense 670 mn wavelength." The intensity 
ratio suggested cannot be computed using 
intensity measured in lumens because that is 

a photometric term that already accounts for 
the luminous efficiency of the human eye at 
different wavelengths. 

The output of lasers and LEDs are 
normally not uniform over the area their 
luminous flux falls upon. This was not 
considered when comparing the output 
from the two devices falling on equal areas. 

Intense light can cause a bleaching 
effect as the cones of the eye become satu- 
rated, and this affects the apparent 
brightness. 

In spite of the apparent errors, I 

enjoyed the article and look forward to 
more from the same author. I am a long- 
time subscriber and think that overall 
the magazine is excellent. 
PETER BAUM 
Onset, MA 

...and an Enlightened Reply 
Thank you for your "illuminating" 

comments regarding my article. I'm 
happy that you enjoyed it. 

As I stated in the article, my limited 
resources did not allow me to make an 
accurate mathematical comparison 
between the LED and laser diode. Your 
information appears to be accurate, but, 
of course, I have no way to verify it. 
However, you seem to be well- versed in 
the field, and I do appreciate your input. 

I totally agree with your comments con- 
cerning Fig. 1, which illustrates the deriva- 
tion of the foot -candle. Unfortunately, I 
didn't submit that drawing with the anide. 
Using a spherical section would be correct. 

However, the main purpose of my ill-con- 

ceived math was to show that the specified 

LED was indeed brighter to the human eye 

that a typical 5mW red (670 nm) laser diode. 

Once each beam was expanded (using nega- 

tive lenses) to a similar angle (20 °) of coverage, 

there was absolutely no doubt which was the 
brighter of the two devices. 

One point I failed to mention in my 
article was the main reason for choosing 
the LED over the laser: the LED runs 
without damage at forward currents of 
fifty -times normal, while producing an 
almost fifty -times normal light output, 
at duty cycles as high as 10 %. The laser 
spec -sheet I had on hand stated that the 
ABSOLUTE MAXIMUM POWER 
RATING of the 50 mW /670 nm laser 
diode is only 6 mW at a maximum duty 
cycle of 50 %, with a maximum pulse 
duration of one microsecond. 

Thus, I didn't even attempt to run the 
laser diode at a forward current of one 
ampere, at a 10% duty cycle, with a pulse 
duration of 500 microseconds. I couldn't 
see the point in risking an expensive 
device. However, the LED just coasted 
right along at these levels, far outshining 
the laser with its restrictions. 
SKIP CAMPISI 

Smartening the "Dummy Load" 
I found the article "Precision 

Dummy Load" by Gary McClellan 
(Electronics Now, November 1999) quite 
interesting. As I do some work with 
musical instrument equipment and 
semi -pro and pro sound equipment, I 
have also found it necessary to make the 
most of my test equipment. Many items 
are not available, hard to find, and are 
usually much more expensive than the 
cost of the their parts. 

The idea of using a fan to cool the 
dummy load is good. Since these fans 
are rather quiet, I think I'll add a pilot 
light to show when the fan is on. Also, if 
you don't already have a 12 -volt fan, it is 

simpler to buy a 115 -volt AC fan. They 
cost a little more, but that is offset by 
eliminating the power transformer and 
the bridge rectifier. 

The resistors specified by the author 
are readily available at RadioShack. 
However, most RadioShack stores will not 
have 16 of them in stock and will have to 
order them. Also, high -power non- induc- 
tive dummy load resistors are stocked by at 
least two of your regular advertisers (Parts 

ress and MCM Electronics) at prices 
much lower than those given for 
Vishay/Dale resistors. Both suppliers stock 
both 4 -ohm and 8 -ohm resistors at three 
power ratings: 50 -, 100- and 150- watts, 

and at 200 watts at Parts Express. The low- 

est cost per watt, at both suppliers, is for 
the 100 -watt resistors. 

Using four of the 100 -watt resistors 
in a series -parallel connection will give a 

400 -watt dummy load at a cost for the 
resistors of just under $50. This is twice 
the price of the 20 -watt resistors, but 
there is a saving in insulated posts or tie 
points, and a considerable saving in con- 
struction time. The series -parallel con- 
nection, as mentioned by Mr. McClellan, 
does not become an open circuit if one 
resistor fails. Most high -power solid - 
state amplifiers produce their highest 
power into a 4 -ohm load. Therefore, it 
might be desirable to build a dummy 
load using 4 -ohm resistors. 

The author did not mention that J3 and 

J4 should be mounted Y4-inches apart The 
easiest way to do this is to use dual 5 -way 
binding posts with integral banana jacks. 

These are available at most electronics parts 
suppliers ( RadioShack stock number is 274- 
718). This connector is used for the speaker 
cables on high power pro sound amplifiers 

and speakers, and some musical instrument 
equipment. The connectors used on the 
speaker cables are spade lugs (for permanent 
installations) or dual banana plugs (for equip- 
ment on the road). The dual banana plugs 
are also widely available ( RadioShack stock 
number is 274717). The connector used on 
most lower -power sound equipment, and 
most musical instrument amplifiers and 

speakers, is a mono 'A -inch phone jack. One 
of these on the dummy load would allow the 

amplifier to be tested with the output cable 

normally used with it. 
BILL STILES, CET 
Hillsboro, MO P 19 



AMAZING SCIENCE 

Rírlían Photography, Part Deux 

Last month ended with descrip- 
tions of the various sheet films 

available. We will continue in this col- 
umn by showing you, in detail, how to 
make exposures -in effect, how to take 
Kirlian photographs. 

Making Exposures Using Sheet 
Film 

What you are photographing deter- 
mines whether the object involved 
should be grounded. 

WARNING!: Whenever you pho- 
tograph a living subject (person, ani- 
mal or pet), under no circumstances 
should they be grounded or touch 
ground during exposure. Being in 
contact with a ground will lead to a 
nasty shock. Further, anyone with a 
heart condition or pacemaker should 
consult with their primary care 
physician before photographing or 
allowing them- selves to be pho- 
tographed using this Kirlian device. 

When photographing an inanimate 
object such as a coin, keys, leaf, etc., con- 
nect a ground to the object Grounding the 
object produces a stronger corona dis- 
charge. You can use a natural ground by 
connecting a wire to an earth ground, such 
as a cold -water pipe or you can use a circuit 
ground by connecting a wire from the pos- 
itive terminals of the discharge capacitor. 
That junction includes the opposite side of 
T1 's secondary winding (see Fig. 2 of the 
Amazing Science column in the May 2000 
issue of Poptronics). 

Figure 1 shows the arrangement for 
making an exposure. In some cases you 
might place a flat sheet of glass (or plastic) 
on top of the object to make the object lay 
flat on the film and discharge plate. 

Whether you're working with black 
and white or color film, place the film 
emulsion side up on the discharge plate. 
Place the object you are photographing 

20 on top of the film. If the object is inani- 
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Fig. 1. Everything is set up for taking a Kirlian photo. In some instances, you might want to place 
a sheet of clear glass over the object being photographed. 

mate, connect a ground wire to it. Flick 
switch S1 about 10-20 times. Each time 
the switch is flicked you should see a dis- 
charge between the object and the dis- 
charge plate. This is what is being 
recorded on the film. Proper exposure is 
determined by trial and error- making 
adjustments according to the previous 
result. More switch flicks for greater 
exposure, fewer to reduce the exposure. 

To reduce the expense and speed the 
process, try using black- and -white sheet 

OHMMETER 

TIN -OXIDE GLASS 

Fig. 2. When you fend the conductive side of the 
glass, the ohmmeter will read a low resistance. 

film to determine the proper exposure 
and then switch to a color sheet film for 
the final shoot. Black- and -white ortho 
film offers the advantages of being able 
to be used with a red safe light and is 
easily developed. 

If you would like to use a standard 
35mm camera or video camera to record 
Kirlian pictures, you will need to con- 
struct a transparent electrode. The 
35mm camera should be a single lens 
reflex (SLR) type with one or two close - 
up (macro) lenses. In addition, the cam- 
era must have a Bulb (B) setting among 
its shutter speed settings. The B setting 
keeps the shutter open for as long as the 
shutter release is held down. 

Photographers usually use a cable 
release connected to the shutter to make 
B exposures. Most cable releases can be 
set to keep the shutter open after being 
pressed. The cable has a release mecha- 
nism the photographer hits to release 
the cable and allow the shutter to close 
after the exposure is completed. 

Making a Transparent Electrode 
A transparent electrode is easily 

crafted from a piece of glass or plastic 
that has a transparent conductive coat- 
ing (typically tin oxide) on one side (see 



TRANSPARENT PLASTIC (.005 -INCH THICK) 

Fig. 3. The ring electrode is not hard to make. Just do it carefully. 

the sidebar for details). The transparen- 
cy of these electrodes needs to be 90- 
percent or better. The conductive tin - 
oxide coating is delicate. The high volt- 
ages involved in Kirlian photography 
can easily vaporize the coating. To keep 
this from happening you must be careful 
while making your electrode. First, if a 

good electrical connection is not made 
between the tin oxide coating and the 
HV conductor, the high voltage will 
spark between the high -voltage conduc- 
tor and tin oxide coating, vaporizing the 
coating in the process. This renders the 
electrode useless. Second, a single -point 
connection doesn't work because this 
also initiates vaporization of the tin 
oxide coating starting from the single 
point connection and continuing vapor- 
izing the tin oxide until the HV source 
can no longer spark (jump) across the 
distance. So soldering a wire directly to 
the tin oxide will not work. 

The solution is to make a ring elec- 
trode that contacts the tin oxide on all of its 

sides (large surface area electrode). I use a 

conductive silver epoxy to secure the ring 
electrode to the tin oxide glass electrode. 

To make a small 4- x 5 -inch trans- 
parent electrode, purchase 4 X 5 inch 
tin -oxide glass. When you receive the 
glass, it will be difficult to tell visually 
which side of the glass has the conduc- 
tive tin oxide coating. To determine the 
coating side you need an ohmmeter. Any 
inexpensive VOM (Volt- Ohmmeter) or 
DVM (Digital Voltmeter) will handle 

RING ELECTRODE 

TIN -OXIDE GLASS 

this task. Set the VOM or DVM to 
OHMS on maximum resistance. Bring 
both probes in contact with one side of 
the transparent electrode material. The 
side with the conductive coating will 
deflect the meter as shown in Fig. 2. 

Make the ring electrode from a thin 
conductive material. My ring electrode 
is made from single -sided copper clad 
board that is only .031 thick. You can 
easily cut this material with a scissors. 
You may substitute the ring electrode 
material I used with something compa- 
rable, like a thin copper (or steel, tin) 

sheet (or thick aluminum foil, etc). 
The outside dimension of the ring 

electrode is cut to the same size as the 
tin oxide glass, with a tab running off on 
one end as shown in Fig. 3. Next, cut 
away the inside of the ring electrode 
material, leaving a 1 -inch border. This 
makes a rectangular ring electrode. 

Before securing the ring electrode to 
the tin -oxide glass, clean the ring elec- 
trode thoroughly so you have a good 
surface for the silver epoxy. Mix the sil- 
ver epoxy according to directions and 
apply it completely around the copper 
side of the board. Next, place the tin - 
oxide glass, conductive side facing the 
copper -clad side of the ring electrode, 
on top of the ring electrode. Place a 

book or flat object onto the assembly to 
hold it tight and together while the 
epoxy cures. 

One peculiarity of the silver epoxy is 

that it needs a gentle heat treatment to 
become conductive and form a good 
bond. To do this, use an incandescent 
table lamp. Keep the lamp approximate- 
ly 6- to 9- inches away from the assembly 
for about an hour. Test the completed 
assembly with an ohmmeter before pro- 
ceeding. Touch the tab of the ring elec- 
trode with one probe and touch the tin 
oxide coating with the other. You should 
show good conductivity (low resistance). 

Since the conductive coating of the tin - 
oxide glass is delicate, we need to protect it. 
Purchase a sheet of transparent plastic 
approximately 0.005 thick. Cut the plastic 
sheet to the size of the transparent elec- 
trode. Lay the plastic on top of the con- 

SECURE EDGES WITH TAPE 

Fig. 4. Seal the transparent electrode in plastic to protect it. 21 
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Fig. 5. Ground the subject -in this case a leaf -using a wire and an alligator clip. Position the cam- 
era directly over the subject. 

ductive tin oxide coating. Place a book or 
flat object on the assembly to hold the plas- 
tic down flat, without any air bubbles. Run 
transparent tape along all of the edges of 
the transparent electrode to secure the 
plastic sheet, as in Fig. 4. The tape serves a 
dual purpose. First, it secures the plastic 
sheet to the transparent electrode. Second, 
it provides insulation along the edge of the 
electrode where it is needed. You may want 
to double tape the edges to provide an 
additional measure of insulation. 

Using the Transparent Electrode 
The transparent electrode may be 

used with a variety of Kirlian devices if it 
has an external high- voltage lead that 
you can use to connect the transparent 
electrode. We take the high voltage 
using an alligator clip wire connected to 
the wire or copper electrode of the 
Kirlian device at one end and connect- 
ing the other end to the tab of the trans- 
parent electrode. 

Typically, the camera is located on the 
opposite side of the working surface. Because 
the electrode is transparent, you can shoot 

22 through the electrode as if it were an ordi- 

nary pane of glass. As an example, here is the 
procedure to shoot a leaf. In this example, 
the leaf is at ground potential and the trans- 
parent electrode is at the high - voltage poten- 
tial. Make the set up in a room that can be 
made relatively light tight. The leaf is placed 
on a black non -reflecting, nonconductive 
surface. This improves background contrast 
The transparent electrode is placed over the 
leaf. The thin plastic sheet side on the elec- 
trode is placed on the leaf. The leaf is con- 
nected to ground by using an alligator dip 
wire as in Fig. 5. 

The camera is positioned over the 
assembly. The view through the camera 
should only show the object under the trans- 
parent electrode. This is done with a dose - 
up (macro) lens, with a 4+ adapter or a 
reversing ring. The camera must be manual- 
ly focused onto the object If an auto-focus 
camera is being used, set it to manual opera- 
tion. Open the aperture (f -stop) of the cam- 
era as wide as possible (2.0 or 2.4). Set the 
shutter to B (bulb) to make long timed expo- 
sures. When it's set to B, the shutter remains 
open as long as pressure is kept on the release 
button. Using a shutter -release cable 
attached to the camera will make taking pic- 

SOURCES OF SUPPLY 

4- x 5 -inch one -sided tin -oxide transparent 
glass, part number CGL4x5, is available for 
$25.00 plus shipping from: 

Images Company 
39 Seneca Loop 

Staten Island, NY 10314 

718 -698 -8305 

www. imagesco. corn 

Silver Epoxy Kit, catalog number 5168- 
2400, for $19.18 plus shipping, is available 
from: 

Mouser Electronics 
12 Emery Ave. 
Randolph, NJ 07869 -1362 
800 -346 -6873 -sl 

www. mouser. com 

tures much easier. You can use any type of 
color film in the camera. I strongly advise 
using the fastest film available, either ISO 
1000 or ISO 1600. 

Manually focus the camera on the 
object with the room lights on. After the 
camera is focused, turn off all the room 
lights. Use a flashlight with a deep red fil- 
ter to navigate around the room. When 
you are by the camera, turn off the flash- 
light and open the shutter of the camera 
using the cable release. Now pulse the 
switch on the manual Kirlian Device. Hit 
the switch 50 to 100 times to build up a 
strong image onto the film. Next, release 
the shutter using the cable release. Turn on 
the room lights and set up your next picture. 

One hint I'd like to pass along. Start 
each roll of film with a few conventional 
pictures. This allows the photo -lab to align 
the frames properly on the machine. Tell 
the photo-lab to print all frames; other- 
wise, they may interpret the glowing out- 
lines and corona discharges as picture 
errors and not print them. 

Making Kirlian Videos 
The technique just described for still 

photos may also be used to film real - 
time Kirlian video. However, the manu- 
al Kirlian device is too weak to shoot 
video. If there is genuine interest in pur- 
suing different aspects of Kirlian pho- 
tography, we can return to this topic 
with a more powerful automatic device 
that would be suitable for video. Let me 
know if you are interested. 

That wraps up this column. I look 
forward to bringing you more Amazing Science 

in the next issue of Poptronics. P 



SAM GOLDWASSER 

VCR Play and Record Mechanical 

Problems 

This month we take the next step into 
VCR repair. We are going to cover 

basic functional problems. We assume for 
this section that the VCR behaves normal- 
ly until you try to play a prerecorded tape 
or try to make a new recording. 

Here is a quick list of the most com- 
mon mechanical problems that you may 
run into. They aren't in any special 
order, but those toward the top of the 
list are the most likely to occur: 

Needs cleaning. 
Dirty or deteriorated rubber belts 
and/or idler tire. 
Idler clutch too weak or too strong 
because of wear. 
Selected parts need lubrication. 
Worn brake pad or engagement 
problems. 
Broken or misadjusted back -tension 
band. 
Dry or worn capstan motor bearing. 
Gear timing incorrect due to forcing 
of mechanism or gear damage. 
Other broken parts. 

Now that we know the basic problem 
areas to check first, let's look at some spe- 
cific complaints and their possible solutions. 

VCR Refuses to Record 
If efforts to record (directly or via the 

timer) are totally ignored or cause the 
cassette to be ejected, then the record 
protect tab on the cassette may be bro- 
ken off or the record protect sense 
switch in the VCR may be dirty or 
defective. This switch sits just under the 
cassette slot (on front loaders). Locate it 
by referencing the tab position on the 
loaded cassette. It can easily be tested 
with an ohmmeter -if you can get to it. 

To confirm, short out or disconnect 

Fig. I. As you can see from this inside view of a VHS cassette, there are very few parts that can 

break. When they do, however, you might lose the tape -as well as your machine. 

(which you will need to do depends on 
the design of your VCR) the appropriate 
wires (maybe there is a connector -this 
could have bad contacts as well) and see 
if the VCR is more cooperative. 

VCR Aborts Play or Record During 
Startup or Shortly Thereafter 

This is a problem with the process 
called tape loading - pulling the tape loop 
out of the cassette and wrapping it around 
the spinning video drum, engaging the 
capstan and pinch roller and reel rotation. 
Check all the belts, both above and below 

the deck. Belts can appear to be firm; but if 
they do not return immediately to their 
relaxed length when you stretch them 
25 %, they will need to be replaced. 

With the cover off, observe the 
behavior when you hit PLAY. (You may 
need to put a piece of cardboard over the 
cassette to block external light from 

interfering with the start/end tape sen- 
sors). Assuming this is a basic VCR (no 
instant start features), you should see the 
following series of events occur: 

The video head drum begins to spin. 
The roller guides move smoothly on 
the tracks, the tape winds around the 
drum, and stops snugly pressed 
against the `V- Stopper' at the end of 
the tracks. 
The pinch roller moves into position 
and presses the tape against the capstan. 
The tape begins to move and is 

wound up by the takeup reel. 
The picture and sound appear on the TV 

With a rapid or quick start (or it may 
be called something else) transport, the 
tape moves to a half -loaded position 
when the cassette is inserted. This is at 
an intermediate position partially pulled 
out of the cassette but not wrapped 23 



around the drum. On VCRs with a real - 
time counter and/or index search capa- 
bilities, the tape will be in contact with 
the control head. 

With an instant start transport, the tape 
will fully load around the spinning drum 
when the cassette is inserted, but the cap- 
stan will not engage and no tension will be 
applied to the tape until you press PLAY or 
REC. (After about 5 minutes, the drum will 
stop; and it may unload to the half loaded 
or unloaded position.) 

Note that for VCRs with a real -time 
counter and/or index search capabilities, the 
tape must be in contact with the control head 
(but not the video heads) for all relevant 
modes. These VCRs (which include many 
modern units) must therefore pull the tape at 
least partly out of the cassette. 

In all cases, the completion of the 
sequence results in approximately the same 
mechanical configuration during PLAY. 

See the sidebar on this page for possible 
causes of VCR shutdown. 

We will be discussing sensors in 
much more detail, including the mode 
switch, in an upcoming "Service Clinic ". 

VCR Aborts Play or Record at 
Random Times or Near End of Tape 

In this case, the VCR starts to play or 
record but, say, an hour later, it shuts 
down for no good reason -at least not as 
a result of a command you thought you 
issued. Make sure the tape is not the 
problem -try another one. There may 
be spots on the tape where the oxide has 
come off resulting in pinhole (or larger) 
areas which are activating the end -sen- 
sors. Confirm that you are using the 
proper play or record modes -not OTR 
(One Time Record) or other timed play 
or record modes that will likely operate 
in increments of 15 minutes depending 
on how many times you press the but- 
ton. In addition, on certain VCRs, if the 
program timer is enabled with a pro- 
gram setting that has its stop time occur 
while you are using the VCR -even if 
the record operation has been aborted 
by pressing the stop button -the VCR 
will shut down. 

If play or record aborts at the same 
location on only certain tapes, there 
could be pinholes in the tape oxide coat- 
ing allowing light to pass through and 
confuse the sensors. This happens most- 
ly with T160 or old well -worn tapes. If 
you can locate the problem area, you can 
try indelible ink on the NON -oxide side 
of the tape but DO NOT use adhesive 

24 tape or glue. Otherwise, discard the tape 

POSSIBLE CAUSES OF VCR SHUTDOWN 

Everything occurs normally, picture and sound appear for a few seconds, but 
then the VCR unloads the tape, ejects the cassette, goes into REW mode, stops, 
or shuts off. There are two common causes of this problem: 

The takeup reel does not turn and tape spills into the machine. This is sensed 
by the microcontroller, which aborts RECORD or PLAY and attempts to save your 
valuable cassette. The most likely cause is an old or dirty idler tire. As a test, 
turn the idler tire inside -out. The fresh surface will now work well enough to 
confirm this diagnosis and will continue working long enough for your replacement 
idler tire to arrive. 

The takeup reel is turning properly but one of the reel rotation sensors or its 
electronics is defective. As a test, check to see if the tape counter is changing at 
any time during the loading and abort process. Non -real -time tape counters 
usually get their pulses from this same sensor. (Real -time counters operate off 
of the A/C head control pulses and therefore would not be affected by a defec- 
tive reel sensor). Some older VCRs used a belt -driven counter -the belt may have 
broken or fallen off. Most newer VCRs use an optical sensor which may simply 
be dirty. 
The roller guides are getting bung up and not fully loading the tape -either as 
a result of an obstruction or dried -up grease or a slipping tape -loading belt 
(often accompanied by a spine -tingling squeal). Parts may have broken or fallen 
off of the roller -guide assemblies, preventing them from fully engaging the V 
Stoppers. A similar fault may prevent the capstan from fully engaging against the 
tape and pinch roller. A toy, candy, or a plastic bit of a cassette shell may be jamming 
something. 
The mode switch sensor is dirty or defective and confusing the poor microcomputer 
as to the position of the loading mechanism. In this case, the loading process may stop 
half way, pause, and then unload as in either of the preceding possibilities; or it may 
do almost anything. 
Some other condition, such as the end -of -tape sensor thinking that you are at 
the end of the tape, is aborting the tape -loading process. This might be indicat- 
ed by a sudden reversal and shutdown rather than a pause (usually accompanied 
by the sound of a motor whirring) at some point attempting to complete part of 
the cycle. For problems with RECORD in particular, the record protect tab switch 
may be dirty or worn resulting in random aborts. 
Electronic problems like bad grounds or other bad connections are also possible. 
Some models (a number of JVC manufactured VCRs, for example) provide 
ground integrity via screws through the main circuit board. Should these loosen, 
erratic behavior may result. Tighten the screws. 
A defective microcontroller or other logic could also be at fault, but this is less 
likely than any of the preceding. 

or live with its behavior. Finally, make 
sure you are not using any insert editing 
modes that require a previously laid 
down control track and would abort 
once blank tape was reached. Once all 
the obvious problems and cockpit errors 
have been eliminated, some mechanical 
problem may still be likely, even though 
the VCR does not abort immediately. A 
worn idler tire, worn or defective idler 
clutch, bad belt, or improperly adjusted 
back tension are all possibilities. 

If the operation starts properly (as indi- 
cated by a changing picture on the TV in 
play or from a visual inspection with the 
cover off) but the tape counter does not 
change value and then the unit shuts down, 
a reel -rotation sensor problem is likely. 

VCR Eats Tapes or Leaves Tape 
Loop Hanging Out After Eject 

The most common cause of both 
these problems is a dirty/worn idler tire 
preventing the takeup reel from turning. 

If dirty, worn, dried out, glazed, 
cracked, or otherwise deteriorated, it 
will slip and cause the takeup reel (in 
play mode) to stop turning at some 
point. Hopefully, the microcomputer 
senses this and tries to wind the tape 
back into the cassette. You guessed it; 
this requires the idler tire so you end up 
with a mess of tape inside the machine. 
When you go to eject, you may get the 
cassette with a tape loop hanging out. If 
you are careful, you may be able to 
extract the tape without crinkling it too 



badly but don't just pull -it will break or 
be hopeless damaged. You will need to 
remove the top cover and carefully lift 
the tape loop out of the machine and 
wind it back into the cassette. If there is 

any significant crinkling or a partial 
break in the tape, discard the cassette. If 
it is priceless and irreplaceable, see the 
section a bit further on about recovering 
damaged or broken tapes. DO NOT try 
to use it or just return it to the video 
store without informing them of what 
happened -it is unfair to the next renter. 
A badly crinkled or partially broken tape 
can destroy expensive video heads. 

Other causes include a stuck half 
loading arm (found in many Sony mod- 
els and caused by a gummed up mecha- 
nism or lack of lubrication) or other 
mechanical problems. 

Recovering Damaged or Broken 
Tapes 

So you just pulled your favorite tape 
from the VCR, and there are two tape 
ends dangling from it. Or, perhaps, your 
VCR has just munched on that tape and 
a section is now seriously crinkled. 
Maybe you haven't been following the 
recommendations on preventive mainte- 
nance; maybe your VCR was just hun- 
gry. In any case, what to do? The record- 
ing is, of course, irreplaceable. Despite 
this, I recommend that you discard it. 
An imperfect splice or seriously crinkled 
section of tape can shatter your video 
heads -probably the most expensive 
single part in a VCR. If it is something 
you really treasure, then what I would 
do is the following. Note: If you have 
never seen the inside of a video cassette, 
try the following procedure on a couple 
you really don't care about first so that if 
you mess it up, there is no great loss. 

CAUTION: The tape itself is really 
really thin and easily crinkled. Be very 
gentle when handling it and avoid 
touching the oxide (dull side) if at all 

possible. Now, here's what to do: 

Locate a garbage cassette and disassemble 

it.Throw away the tape but save 
everything else including the reels. 
See Disassembling a VHS Cassette, 
below. 
Construct two cassettes from the combined 
collection of parts you now have. Cut 
out any sections of tape that got man- 
gled. Cassette 1 has the first section 
of tape (before the break) and uses 
one empty reel from the garbage cas- 
sette for the supply reel. Rewind this 

to the beginning. Cassette 2 has the 
second section of tape (after the break) 
and uses the other empty reel from 
the garbage cassette for the takeup reel. 
Use the little plastic plugs that came 
from the garbage tape reels or some 
adhesive tape to connect the tape to 
the reels. 
If the break is at one end, you can just 
reconnect the bulk of the tape to the 
reell and dispose of the original 
leader. Just don't rewind or fast -for- 
ward all the way to the end as the 
automatic end sensor will not work 
(for the particular end that has been 
repaired). What will happen is that 
instead of the sensor stopping REW 
or FF (as appropriate), the tape will 

run to the end and the VCR will then 
shut down when it discovers that the 
tape isn't moving. This can put addi- 
tional stress on mechanical parts 
and/or rip the tape from the reel. 
Serious damage to the VCR isn't 
really that likely. 
Copy to a good cassette. 

Dispare of the origmal(s) or clearly mark 
"DO NOT USE" with a detailed 
explanation. 

The idea is to never have a splice in a 

VHS cassette. (Even a seriously crinkled 

tape such as might result from a tape - 
eating incident can damage the heads.) It 
is possible to splice safely, but, as noted, 
it can be quite costly if you don't get it 
quite right. 

Disassembling a VHS Cassette 
These instructions should show you 

how to get inside a cassette for the pur- 
pose of reattaching a leader that pulled 
off of one of the reels or to transfer its 

contents or a portion thereof to another 
shell or vice- versa. 

Peel off the label on the side or carefully 
slice down its centerline with a knife 
or razor blade. This is necessary to 
allow the cassette halves to be separated. 
Place the cassette upside -down and re- 
move the five (5) Phillips head screws 
and set aside. 
While holding the cassette together, 
place it label side up on a clean surface. 
Gently remove the top (along with the 
hinged door) to reveal the interior. At 
this point, you should see something 
that looks like Fig. 1. 

When you reassemble the cassette, be 

careful and do not crunch the tape under 
the hinged door -depress the unlock but- 
ton on the side and lift it clear if needed. 

TROUBLESHOOTING TESTS 

If the capstan or its circuits are at fault, the tape tension on the supply side of the 
capstan will be normal. This is relatively loose if gently pressed sideways or 
released by moving the back tension arm to the right. The picture will remain 
synced on the TV (though there may be noise bars that result from incorrect tracking). 

Where a dry or worn capstan bearing is to blame, there may be an associated 
mechanical groaning or grinding sound as well. Stop the VCR and immediately 
check to see if the capstan turns freely and smoothly. Cleaning and lubrication 
will help. Whether this is a permanent cure will depend on the severity of the damage. 

A magnetic sensor that is mounted too close to the perimeter of the capstan motor 
rotor can also rub as the rotor expands. As above, there will likely be noise - 
maybe a tick -tick sound with one tick per rotation of the capstan before it stops 
completely. Adjust the position of the sensor. It's hard to say from here how far 

away it can be; but, as a start, you should be able to slip a piece of letter paper 
between the sensor and the rotor without it rubb_ng at any position of the rotor. 

If :he capstan is belt driven (most nowadays are direct drive DC motors), a worn 
or flabby belt could be the cause. If there is a belt, check and see if it is suc- 

cessfully turning the capstan and check to see if the capstan itself is hard to 

turn-which would point to a bearing problem. Inspect the belts and replace 
if necessary. In the meantime, clean the belts and pulleys which should result 
in some improvement and confirmation of the cause of the problem. 
If, on the other hand, it is a supply reel brake that hasn't released, excessive back- 

tension, or something binding; the tension will be very high, causing the head 

drum to slow down and stop in extreme cases. Sync will be lost as this happens. 

Ycu will have to determine what is preventing the tape from being fed properly. 
There could be a broken part, a problem with the supply reel or some other 
bearing, or something else like a defective brake release solenoid or its driver. 
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Tape Slows or Stops (As Though in 
Pause or Slow Mode) While Playing 

What this means is that the tape 
continues to show a picture, but it 
appears as if it's struggling to pull the 
tape through the machine -which is 
basically what is happening. Once the 
picture freezes, it will probably abort 
because of the lack of reel motion. 
With some VCRs, this may also result 
in periodic slowing or pausing. Many 
Sony models are particularly prone to 
this failure. Service parts suppliers like 
MCM Electronics often have bearing 
kits, so you don't have to replace the 
entire expensive capstan motor. 

There can be a variety of causes for 
this behavior, but the most likely is relat- 
ed to a dry or worn capstan bearing or a 
defective capstan drive /servo circuit. 
The capstan rotation almost entirely 
determines tape movement during play 
and special effects modes. Only if for 
some reason the supply reel cannot 
rotate at all could the capstan attempt to 
pull the tape across the video head drum 
unsuccessfully. 

If you can catch the VCR in the act, 
then there are several tests that can be per- 
formed easily to localize the cause. See the 
sidebar on the previous page for these tests. 

Video Head Drum Stops or Slows 
During Play or Record 

Check whether the back tension on 
the tape is applying so much pressure to 
the drum that it is slowing it down. Back 
tension should be just enough to keep 
the tape in good contact with the drum. 
If it is too tight, then the back tension 
you feel may be worn or adjusted too 
high. There is a lever just as the tape 
exits the cassette -push it to the right to 
reduce tension. Someone may have 
attempted to repair a broken back -ten- 
sion band and reduced its length -I got 
a VCR for repair once where this was 
done. 

If it is not the back tension, check 
free rotation of the drum when it 
stops -I bet it turns as freely as always. 
Could be a part in the motor driver that 
is faulty and failing when hot. However, 
the bearing could be worn or dry which 
would require disassembly and lubrica- 
tion or replacement of the lower cylin- 
der (assuming that this is where the 
drum bearings are located). 

Wrapup 
That's it for now. Next time we will 

26 go onto general control system prob- 

lems like my VCR totally ignores me!. 
Until then, check out my Web site: 
www.repairfaq.org. I welcome comments 
(via e-mail only please) of all types and 
will reply promptly to requests for infor- 
mation. See you next time! p 

NEW LITERATURE 
(continued from page 12) 

software for your robots. (In the 
"Robotics Workshop" column in our 
April issue, Gordon McComb discussed 
this subject, specifically using NQC to 
program LEGO MINDSTORMS.) 

The book includes plans for five con- 
struction projects; and it gives mechani- 
cal tips, as well as strategies for making 
the robots move. Software tips are also 
provided, such as using subsumption 
architecture and ways to have one input 
read more than one sensor. 

Newnes Windows 98 Pocket Book 
by Ian Sinclair 
Newnes, Butterworth- Heinemann 
225 Wildwood Ave. 
Woburn, MA 01801 
Tel: 800 -366 -2665 or 781- 904 -2500 
Web: www.bh.com 
$29.95 
This handy guide offers an introduction 
to Windows 98, covering all aspects of 
the operating system, accessories, and 
utilities. The use of DOS from Windows is 
explained, along with the diagnostic and 
error -correcting tools of Windows 98 
and methods of using them. 

Ideal for a wide range of readers, the 
book provides simple how -to instruc- 
tions and hints for those who want to get 
more out of their computers. 

Electronic Troubleshooting, Second 

Edition 
by Dan Tomal and Neil Widmer 
McGraw -Hill 
1221 Avenue of the Americas 
New York, NY 10020 
Tel: 800- 2MCGRAW 
Web: www.books.mcgraw- hill.com 
$34.95 
A comprehensive introduction to elec- 
tronics and an indispensable hands -on 
repair guide, this book covers the practi- 
cal side of electronics from basic prob- 
lem solving through repair of sophisti- 

cated medical instruments. Thorough and 
grounded in fundamentals, it has been 
updated to cover the latest troubleshoot- 
ing methods, electrical and electronic 
devices, and the field of digital technology. 

The text provides explanations of all 
testing equipment, valuable tricks of the 
trade, and useful problem -solving tech- 
niques. Numerous illustrations, tables, 
charts, and graphs help readers under- 
stand the material. 

The Forrest Mims Circuit 

Scrapbook, Vol. I 

by Forrest M. Mims, III 
LLH Technology Publishing 
3578 Old Rail Road 
Eagle Rock, VA 24085 
Tel: 800 -247 -6553 or 540 -567 -2000 
Web: www.LLH- Publishing.com 
This collection of the author's classic cir- 
cuits from Popular Electronics is a book 
that readers will refer to often as they 
experiment with electronics. Using com- 
monly available components, Mims 
explains how to build and experiment 

THE FORREST MIMS 

CIRCUIT 
SCRAPBOOK 

with circuits, including analog comput- 
ers, color organs, and frequency /voltage 
and voltage /frequency converters. In 
addition, there are interval timers, LED 
oscilloscopes, and light wave communi- 
cators, among others. 

Each circuit is accompanied by a 
hand -drawn schematic, detailed theory 
of operation, and construction hints. p 

4/oars/Vow To order books in 
this magazine or, 

any book in print. Please call anytime day or 
night: (800) BOOKS -NOW (266 -5766) or (801) 
261 -1187 ask for ext. 1454 or visit on the web 
at http://www.BooksNow.com/electronic- 
snow.htm. 

Free catalogs are not available. 



NEW GEAR 
USE THE FREE INFORMATION CARD FOR FAST 

Speech Recognition Nit 

RESPONSE 

Stand -Alone Cable Tester 
LIGHTWEIGHT AND PORTABLE, 
the Model 204 PC Cable Tester is a bat - 
tery/AC- powered cable tester that can 

be used for testing just about any cable 
or harness in under a second. Its flexibil- 
ity makes it ideal for use by PC and cable 
manufacturers, system integrators, air- 
lines, and repair facilities. 

The Model 204 can be used for test- 
ing most popular PC data and network 
cables, such as printer; monitor; modem; 
mouse extension; game BNC coax; and 
RJ45, 1394, and USB cables. It displays 
opens, shorts, crosswires, miswire, con- 
tinuity of wires, and pin configuration. 
In seconds, the unit provides a bright 
LED display of a complete pin out of 
any cable attached to one of its cable 
hubs. 
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DESIGNED TO EASILY ENABLE 
hands -free speech -recognition, the Voice - 
Direct 364 Speech Recognition Kit voice 
activates all types of ordinary consumer 
electronics, like set -top boxes, micro- 
waves, cars, remote controls, garage - 
door openers, alarm clocks, telephones, 
lights, Internet appliances, and others. 

VoiceDirect 364 features continuous 
listening technology that allows a device 
to be switched on or off with just the 
sound of one key word or short phrase. 
It then employs speaker- dependent 
(user -trained) speech -recognition tech- 
nology to recognize up to 60 words or 
phrases (15 as a stand -alone module) 
lasting up to 2.5 seconds each. Prompts 
are available in English or German, 
although the technology works in any 
language. It can also be configured to 
use three continuous listening key words 
or phrases, each with up to five speaker - 
dependent sub- commands. 

It is designed for consumer telepho- 
ny products and cost -sensitive consumer 
electronic applications and is software 
compatible with the original Voice- 

Direct kit. The latest generation offers 
improved recognition accuracy and 
noise immunity and faster response 
times. The VoiceDirect 364 works in an 
easy -to -use standalone pin -configurable 
mode, but also supports slave mode 
operation for increased programmability 
and features. 

The VoiceDirect Kit comes complete 
with the assembled module, a microphone 
element, speaker, (4) micro- switches, pas- 

sive component selection to configure the 
module, and a quick setup guide. All that's 
needed for setup is a soldering iron, solder, 
a 4.5 to 5.2W/ 100mA power source, mul- 
timeter, hookup wire, 0.1 -inch headers, 
and a 3- by 3 -inch prototyping board. 

The VoiceDirect 364 Speech 
Recognition Kit retails for $49.95 and is 

available through several leading distrib- 
utors, such as Jameco Electronics and 
JDR Microdevices. 
SENSORY, INC. 
521 East Weddell Drive 
Sunnyvale, CA 94089 -2164 
Tel: 408- 774 -9000 
Web: www.SensoryInc.com 
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Weighing only 1.75 pounds and mea- 
suring 9fl by 1 fi by 6 inches, the Model 
204 PC Cable Tester Is priced at $169. 
B &K PRECISION CORP. 
1031 Segovia Circle 
Placentia, CA 92870 -7137 
Tel: 714- 237 -9220 
Web: www.bkprecision.com 

Test Accessory Kit 
IDEALLY SUITED FOR TEST ENVI- 
ronments in plant maintenance; and for 
electrical, HVAC, automobile, and field 
repair; the Test Companion Kit features 
different combinations of DMM test 
accessories for use with Keithley's most 
popular meters. The shoulder pack car- 
rying case that can be easily attached to 
a tool belt is designed so the test acces- 
sories can be stored with the meter in 
multiple zippered and Velcro- enclosed 
compartments. 

The carrying case contains a wide 
range of accessories, including two sets 27 
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of Kelvin Test Tweezers, the 
Minigrabber, Micrograbber, and SMD 
Grabber test clip leads, a modular elec- 
tronic probe set, medium alligator clip, 
flexible test lead set with straight banana 
plugs, spade lug adapter set, and slide -on 
extended and IC tip sets. 

The Test Companion Kit for 
Keithley Meters is priced at $134. 
POMONA ELECTRONICS 
1500 E., Ninth St. 
Pomona, CA 91766 
Tel: 909 -469 -2900 
Web: www.pomonaelectronics.com 

Portable Flat- Antenna System 
LOW -PROFILE AND LIGHTWEIGHT 
(5 lbs.), the SatCom PASSPort Mini Plus 
is a one -piece flat -panel satellite antenna 
system designed for portability. It fea- 
tures an integrated LNB (Low Noise 
Block) for Direct Broadcast Satellite (DBS)- 
TV viewing. The antenna requires no 
assembly, users plug, aim, play, and enjoy 
satellite TV programming anywhere. 

The portable SatCom PASSPort 
Mini Plus package includes 'the compact 
(12 by 16 inches) SatCom PASSPort 
Mini Plus antenna, the Digital Satellite 
Seeker, a carrying case, a compass, and 
all necessary components for connection 
and mounting. The Digital Satellite 
Seeker is a pocket -sized meter that 
assists with satellite antenna setup to 
ensure that proper aim is established 
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quickly. Users simply observe an LCD 
display that measures satellite signal 
strength. 

The portable SatCom PASSPort 
Mini Plus package (model MP -1001- 
PKG) has a suggested retail price of 
$349.99. 
SATCOM ELECTRONICS, INC. 
13400 -B Danielson St. 
Poway, CA 92064 
Tel: 858- 486 -6600 
Web; www.satcomweb.com 

Digital Tachometer Counter 
THE DIGITAL TACHOMETER CO UNI F. l 
Model 461501, provides RPM (rev /min) 
and RPS (rev /sec) photo tachometer 
measurements, plus a counter mode for 
counting units on a production line. An 
optional contact tachometer adapter 
allows for linear surface measurements 
in RPM, m/s, ft/min, and yard/min. the 
non -contact tachometer measurements 
range from 10 to 99,999 RPM, with 
0.1% basic accuracy; while contact mea- 
surements range from 10 to 29,999 

EX7go 
Tachometer `---- 

461501 
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RPM, with 0.04% basic accuracy. 
Measurements and counts are dis- 

played on a dual 5 -digit LCD. Other 
features include Max/Min/Average 
functions, Hold, and Auto Off. The 
built -in RS -232 interface, Windows 
95/98 compatible software, and the seri- 
al cable allow for data acquisition and 
display from a PC. 

The Model 461501, which measures 
6.5 by 2.5 by 1.5 inches, comes complete 
with four AA batteries, reflective tape, 
software, serial cable and case; and it has 
a suggested list price of $249. 
EXTECH INSTRUMENTS CORP. 
285 Bear Hill Road 
Waltham, MA 02451 
Tel: 781 -890 -7440 
Web: www.extech.com 

Current Level Indicator 
AN EASY AND LOW -COST WAY TO 
monitor electrical current flow, the 
CR2530 Current Level Indicator contains 
a toroidal -wound current transformer 
attached to a high efficiency LED. The 
custom -set indicator, capable of operat- 
ing in 50- or 60 -Hz systems, glows when 
the current flowing is above the set point 
and turns off when the current is below 
the set point. 
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The Current Level Indicator easily 
slips over current -carrying wires or 
cables and requires no splices or electri- 
cal connections. The indicator will 
accept up to one size #8 AWG wire 
through its center opening. 

The CR250 has a retail price of 
$20.90. 
CR MAGNETICS, INC. 
544 Axminster Drive 
Fenton, MO 63026 
Tel: 314- 343 -8518 
Web: www.crmagnetics.com 

(Continued on page PS -7) 
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LVLONT1Q11 -DO= 
Learn how you can take some `free" em Ware and Microchip software and integrate it with some 

inexpensive and tricky electronics to form the basis for your own personal Internet Appliance. 

FRED EADY 

Web browsers and the 
Internet are an everyday 

way of life for most of us. Have you 
ever thought about what kind of 
power lies within your seemingly 
simple Web browser? Visualize this: 
How would you like to turn off a 
light in your garage, or flip a switch 
to activate one of your homemade 
gadgets, directly from your favorite 
Web browser? Would being able to 
remotely monitor things like tem- 
perature, humidity or even the light 
level in an area of your home, using 
your Web browser interest you? 
Ever wonder if someone entered 
your room or a sensitive storage bin 
without your permission? Wouldn't 
it be nice to check for that illegal 
entry from your laptop in a hotel 
room or from the office? Well, how 
about an inexpensive and simple 
project that does all of the above 
and more? I see you nodding 
"YES!" but you're asking "How inex- 
pensive?" Is FREE close enough for 
you? The software for this Web 
browser remote control is free for 
the downloading. In the text that 
follows, I will show you how to take 
"free" emWare and Microchip soft- 
ware and integrate it with some 
inexpensive and tricky electronics 
to form the basis for a personal 
Internet appliance. 

The Internet Appliance Development 
Board. Thanks to the folks at 
em Ware, the technology to 
remotely monitor and control elec- 
tronic devices over the Internet is 

available without charge to the 
public. If you're thinking that you 
have to have direct access to the 
Internet to use emWare, that's not 

toh:ttivc STANIMIAOC 114 

'000000000 
ó ó 3 á ó óá 

»,-, ~ 

aá áó , 
O J O O O O fl fO 

744c, P074v?M41,44., 

x* 
_ `(î k r*«r:,.t27 

c tN<4,:r403 1"'4 ..... 

4.7". 016 
S_.12CR 

Ir:Rr)CHIF` 

r vCc', .. 
OO.^.3v J .: 
3 3.^. V V V V V J V 3 
300000.1,;.;,:;;; 
v^ 0 0 O 0 O.. O v J EDTP INTERNET APPLIANCE OE.VËLtTPs+rktaï 

000000.130J0000Jï7GC3J0 
.^.JOC?JtTvJJv':iJJJJJ3)u4.73JJ.70 ü 
O330OJ3000003L00ú0v04JOJ43 30000000JJG7OJiTJ3..3oOJÿaJOyO 
3030033C`'J0300GiiJJvvt7irvii3J30 00030ûF0300000v340t7ï}Jg4O0J00 003e33030cJt;O0000300J04OOO 
3 C300OC930úi#ï3Ciii:7.f3ï3+7Q.i.ïOO,0i704 
,O,7 ,7:OODJJ0.ïCJ300c`C3t7JìïtyJct?vOJï7:)0 33O30v`v:C :v"t3üJïDJ3Y;rilJ3:70tïtiOJJ3 s^ 
c. 00c3c:000OJJJ0JC700.1oJO,;o:r.sJ3s700JJ 
^- ^O:0OOú0t70J00Oaï00C33J3JJOOOOt7UOav ..., 

OßOí7Gu^tìOJ<72".Gït7t347ï70tiXÜr7Ci0t7r.iJ`OOC:`+3 
JJOCÙO:.003000000300J00c70Jìïcxo0t7ßúO 

J c QC0033JGOOGOOOt300sï03G000.Y0000303 
J J 3QOv 03J J030300i?t9tSt30GOCTO0iit700vJGk-w-Cik+ 
QOO^Oo1O.:0.:^vCvO 0i.:?OvCOG3003Q000 

necessarily true. While some are 
truly "on the Internet," most of us 

simply use the Internet. By "use the 
Internet," I mean that we can 
access various sites and resources 
on the Internet with Web browsers, 
mail clients, and other specialty 
software through an Internet Service 
Provider. If you are "on the Internet," 
you actually have an IP address 

that stands in conjunction with a 
server that supplies those down - 
loadable resources to users. The 
emWare software is designed for 
use by those that are on the 
Internet, but can be adapted to 
work for those that simply use the 
Internet. How is that done? Simple: 
In addition to being a very power- 
ful Web -based control and moni- 29 



em Ware EMITTM Architecture 
ernGateway and enrMlcr° ca' 
be embedded on the desune 
resources are adequate 

Web Browser 

FIX local oporew,n »+trout onina the InCSent. tentaene 
ca, reske on one row two aueay connected to aæ devito 

Fig. 1. How the emWare and EMIT technology 
your Web browser interfaces with the rest of the 

toring application, emWare can be 
accessed using a standard serial 
connection over a Windows 98 
dialup session or a simple Ethernet 
LAN. That means that we, the users, 
can effectively make our own little 
"Internet." 

All we need is Windows 95 or 

works. You can see how 
system. 

Windows 98, the 
emWcre soflware, 
Microchip's 
MPLAB package, 
an electronic de- 
vice to control 
or monitor, and 
a PC with a par- 
allel port and a 
couple of stan- 
dard serial ports. 
In this article, I'm 
going to show 
you how to build 
your own Internet 
Appliance De- 

velopment Board and take advan- 
tage of the remote control and 
monitoring capabilities of the 
em Ware package. 

What is emWare and EMIT Tech- 
nology? EMIT is short for Embedded 
Micro Internetworking Technology. 
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30 Fig. 3. The IAPDB uses a double -sided board; here's the foil pattern for the component side. 

While you are reading this text, I 

suggest you do the following: 

Download the FREE emWare, 
EMIT SDK, and Visual Café Trial 
packages from www. emWare.com 

Download the latest release of 
the MPLAB package from www. 
microchip.com 

Download the Internet Appliance 
Development Board software pack- 
age and examples from www. 
edtp.com or ftp.gernsback.com/ 
pub /pop /iapdb.zip 

Download the latest version of 
Netscape Navigator 

The code and documentation 
you get from emWare and Micro- 
chip will be very detailed. So, I 

won't get too deeply into that here 
for space considerations. The idea 
is to convey how to interface the 
emWare code and your user -writ- 
ten PIC code with the IAPDB 
(Internet Appliance Development 
Board) and thus make it possible for 
you to construct a working Internet 
Appliance. 

EMIT consists of a number of dif- 
ferent modules. For the IAPDB, we 
are only concerned with emMicro, 
emNet, emManager, emGateway 
and emPackage. Let's start by 
looking at the server, which in our 
case is based on the new 
PIC16F877. emNet, a component of 
emMicro, resides at the server level 
on the PIC16F877 and within 
emGateway. The purpose of 
emNet is to link the PIC -based serv- 
er and its resources to a larger net- 
worked host (your PC in our case) 
running emGateway. emNet enables 
a small network (PIC server to 
emGateway) to interface to a 
"large network" (emGateway to 
the world). Of course, the PIC appli- 
cation that toggles the PIC's I/O 
pins resides in the PIC16F877 server 
program flash along with emMicro. 
Once loaded and running on the 
PIC16F877, the device application 
can employ functions, events, and 
variables to perform various user - 
defined tasks. For instance, cou- 
pling the device application and 
the PIC's A/D converter allows 
monitoring of anything that outputs 
a variable voltage. By combining 
the emMicro -enhanced device 
application with the PIC's digital 



I/O resources, you can control and 
monitor any device that can be 
interfaced to the PIC. 

Although the emMicro applica- 
tion is very small, it can also serve 
standard HTML objects. Compressing 
some of the served HTML compo- 
nents into Microtags makes this 
possible. These Microtags are 
passed between emMicro and 
emGateway and are expanded by 
other EMIT processes to expose 
their content on the Web browser. 
In other words, Microtags are 
expandable abbreviations of the 
actual data. That lets servers with 
limited memory resources handle 
large amounts of data. Using 

Microtags also reduces the amount 
of traffic between client and server. 

Several emMicro -based servers 
can be connected to one gate- 
way machine. With the IAPDB, that 
connection is made serially; the 
gateway must have a unique serial 
port for each server device. It is also 
possible to use RS -485 "multidrop" 
technology to connect to em- 
Gateway. RS -485 uses an address- 
ing scheme to allow multiple server 
devices on a single RS- 485 -capa- 
ble port. On the hardware side, a 
MAX233 does the RS -232 duties 
while the MAX487 does the same 
for RS -485. 

A Data Link Module, or DLM, 

manages each physical connec- 
tion between the server and the 
gateway. The DLMs are initiated by 
the DAS (Device Access Service), 
which does most all of the heavy - 
duty communication chores. The 

emGateway also contains an HTTP 

server to transfer emObjects between 
the server and gateway to the HTTP 

Client. These emObjects are the 
custom controls that make em Ware 
GUIs unique. Examples of em- 
Objects are meters, switches, and 
7- segment displays that can be 
manipulated by the server applica- 
tion or JavaScript on the client. 

To sum up, emMicro and the 
user -written application reside on 
the server (PIC 16F877). The em- 
Gateway resides on a networked 
host PC running Windows 95 or 
Windows 98. It can also run on 
Windows NT, but the PIC16F877 
IAPDB host programmer code isn't 
designed to run on NT. 

Although the IAPDB host pro- 
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Fig. 4. Here's the foil pattern for the solder side. Note that large amount of space for prototyping 

additional circuitry. 

gram won't use NT, you can use NT 

in the development mix. Here's how 
I did it. I connected my IAPDB's ser- 
ial port to an NT machine running 
emGateway, Visual Café, and 
Netscape Navigator. The IAPDB's 
parallel interface connected to 
the parallel port of a Windows 98 

machine running the IAPDB host 
program and MPLAB. My machines 
are all connected to an Ethernet 
LAN, but that's not required. This 

arrangement lets me develop my 
PIC code on the Windows 98 

machine and download it to the 
IAPDB using the IAPDB host pro- 
gram. Since I didn't interfere with 
the Netscape browser on the NT 

machine, my code changes on the 
98 machine were reflected imme- 
diately on the NT Netscape brows- 
er. On the other hand, if I wanted to 
make a change in the GUI, I simply 
used Visual Café on the NT 

machine to do so without interrupt- 
ing the host IAPDB program or the 
IAPDB on the 98 machine. The 
Ethernet LAN setup allows me to 
transfer files between machines 
without the frustration of diskettes. 

Let's talk about emGateway. Its 

job is to pass information between 
the server and the client. If the PIC 

server does not contain the em- 
Objects it needs to serve, em- 
Gateway can be configured to 
"serve" them to the client instead. 
The emObjects are the variables 
and GUI objects that display the 
information at the Web- browser 
level. For a standard serial connec- 
tion between the server and a 
gateway, the gateway must have 
a serial port for every device con- 
nected to it. As you read on, it will 

become apparent as to how all of 
this fits together. If you feel that you 
need to get deeper right now, you 31 
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Fig. S. When building the IAPDB, use sockets for the ICs. Don't forget to make connections on both 
sides of the board. 

can read the details in the EMIT 
User's Manual. A logical view of 
what I have described so far can 
be seen in Fig. 1. 

IAPDB Theory of Operation. Now 
that you understand the concepts 
behind emWare and EMIT, you can 

J3 

VARIABLE 
VOLTAGE 
OUTPUT 1µF 

237e 
1% 

2K 

OPTIONAL VARIABLE VOLTAGE REGULATOR 

Fig. 6. If you want to use a variable- voltage 
power supply with the IAPDB, this circuit will 
do the trick. Having a variable voltage makes 
calibrating and using ICI 's A/D converter a 
snap. Note that there's additional breadboarding 
space on the PC board near the power sup 
ply components. 

see that the IAPDB is a very tiny 
Web server that doubles as a 
PIC 16F877 programmer. Look at the 
IAPDB schematic shown in Fig. 2 on 
page 38. Most of the EMIT server 
code resides in IC 1, the PIC 16F877. 
IC3 is a Microchip 12C serial EEP- 
ROM that lets you store HTML, plain 
text, or just about any other type of 
file. In essence, IC3 is a tiny file sys- 
tem. Think of it as a tiny disk drive 
with no motor. 

For instance, if you wanted to 
include a how-to- use -this -appli- 
ance README.TXT file with your 
design, you would simply create 
the file and copy it to the file area 
in IC3 using emGateway. The end 
user would then be able to click on 
the file in emGateway, and it would 
be displayed in a Web browser win- 
dow. The split file system can also 
be used to store variables and con- 
stants that can be retrieved with 
the user's PIC program. The beauty 
of this file system is that the 
24LCXXX series of EEPROMs are 
nonvolatile. When you put some- 
thing in the EEPROM, even if your 

appliance loses power, the data is 

there until you erase it or change it. 
If you think you have to write sup- 
porting code to make this happen, 
you are wrong. The emMicro mod- 
ule has built -in code to handle all 
of the 24LCXXX parts. You simply 
choose your part from the list in the 
emWare -supplied skeleton code. 

Although the PIC 16F877 will be 
acting as a server, most of the 
PIC16F877's I/O is available to you. 
On the IAPDB, three pins (RB7, RB6, 
and RB3) are reserved for program- 
ming IC 1. Once you've created 
your custom appliance, you can 
use these lines as standard I /O. Pin 
40 of IC1 (RB7) is the program data 
I/O line. It is accessed through pin 6 
of J1, which is connected to the PC 
parallel port. The PIC can send pro- 
gram data back to the host PC 
through pin 10 of J 1. To isolate those 
two functions, IC4 -a keeps data 
from pin 6 of J1 from interfering, as 
long as pin 7 of J1 is not grounded. 
To program the PIC, a clock signal is 

also needed; pin 5 of J1 supplies 
that signal to pin 39 (RB6) of ICI . 

One very important difference in 
programming the flash -based PIC- 
16F877 with respect to the EPROM - 
based PICs is that the 13 -volt DC 
programming voltage is optional. 
As you can see, high -voltage pro- 
gramming is not employed here. A 
logic level applied to pin 36 (RB3) 
of IC 1 from the PC's parallel port 
controls program mode. By using 
the 5 -volt programming mode, I 

was able to eliminate parts and 
software overhead needed for 
high -voltage programming. The 
PIC 16F877 on the IAPDB can be 
programmed without moving jumpers 
or removing it from its socket. 

Another advantage of low -volt- 
age programming is the simplified 
power -control circuitry, represented 
by transistors Q1 -Q3 and resistors 
R1-R7. Pin 2 of J 1 controls Q 1, which 
in turn activates or deactivates 
pass transistor Q2, applying regulat- 
ed VDD from IC6 to ICI. The signal 
on pin 3 of J1 controls the state of 
ICI's master reset line through Q3. 
The reset pin is used in program- 
ming and as an IAPDB host pro- 
gram RUN /STOP /RESET line after ICI 
is programmed. 

Regulator IC6, along with C6 and 
C7, provides a regulated 5 -volt 
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Fig. 7. Here, the IAPDB host program is ready 
software into ICI. 

source for the circuit. A 9 -volt power 
source is connected to J3; it can 
be a wall transformer or a standard 
9 -volt battery. Once IC 1 is pro- 
grammed, IC4 can be removed. A 
shorting block across JP1 allows 
Vcc voltage flow to IC 1, Another 
shorting block across JP2 grounds 
pin 36 of IC1, inhibiting program- 
ming. Normally, the host IAPDB pro- 
gram controls those jumper points. 
The IAPDB can operate for quite a 
while from a standard 9 -volt bat- 
tery when it is in this configuration. 

As you already know, the IAPDB 
interfaces to an emWare software 
module called emGateway. That 
module runs on the PC; the IAPDB 
accesses it through a serial con- 
nection provided by IC2, a 
MAX233. Using the MAX233 elimi- 
nates the need for a negative volt- 
age supply to meet the RS -232 
standard. Note also that the 

to download the PIC 
Fig. 9. Once connected, you can start accessing the IAPDB's functions. 

MAX233 needs no external compo- 
nents to generate the negative 
voltage. Connector J2 is wired like 
an external modem so you can 
connect the IAPDB to a PC serial 
port with a standard ribbon cable 
outfitted with the appropriate 9 -pin 
connectors. If we didn't do that, 
you'd need a "null- modem" cable 
that crosses the appropriate signals 
such as the transmit and receive 
lines. The PIC 16F877's internal serial 
interface connects to IC2 through 
pins 25 and 26. Just as it does for the 
serial EEPROM, IC3, the emMicro 
code provided by emWare auto- 
matically handles the operation of 
the IC1's USART. 

Parallel connector J1 connects 
the IAPDB to a Windows -based host 
program that reads, writes, erases, 
and controls the programming 
aspects of ICI Another way to look 
at it is that the IAPDB is a PIC 16F877 

91atti;wwv <s1 

programmer that doubles as an 
emWare development system. 
We'll look at that in greater detail 
when IC 1 is programmed. 

An array of eight LEDs is 

attached to ICI's port "D" through 
S1. Those LEDs are not committed 
to any particular function; their use 
is entirely up to you and the pro- 
gram that you write for your partic- 
ular application. In addition, LED9 
and LED 10 monitor both receive 
and transmit lines, giving a visual 
indication of emNet serial activity. 
Activity between IC3 and IC 1 is 

monitored by LED 1 1. Those LEDs are 
useful when troubleshooting your 
homegrown code as they indicate 
when the IAPDB is communicating 
with emGateway and when it is 

accessing IC3. 
The EMIT /emWare client /server 

theory that applies to IC 1 also 
applies to IC5. The IAPDB does not 

Fig. 8. To connect-to the LAPDB, you have to tell emManager whereto Fig. IO. When you're ready to work with the IAPDB, you need to give it a 
36 look. name. 
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Fig. 11. A fully expanded Running DLMs Window without the File or Fig. 13. Once a tile is successfully copied, it shows up immediately. 

Variable details. 

CORM DOS 

ilDiSNwa 

have PIC12CXXX programming 
capability. You can use any suit- 
able programmer, such as the PIC 
Replicator that was described in 

last month's issue of Poptronics. 

Assembling the IAPDB. The IAPDB 
can be assembled using point -to- 
point or wirewrap techniques on a 
piece of perfboard. As an alternative, 
you can etch and drill a PC board for 
a more professional appearance. Foil 

patterns have been included here for 
a double -sided board; see Figs. 3 and 
4. If you do not wish to etch a double - 
sided board-not an easy task -one 
is available as part of a complete kit 
from the source given in the Parts List. 

If you do use an etched board 
from the Parts List source or the foil 
patterns, use the parts -placement 
diagram in Fig. 5 as a guide to 
component location. Using sockets 
for the ICs is recommended; this is, 

after all, a development project. 

Since the "D" in IAPDB stands for 
development, the IAPDB includes a 
generous amount of breadboard- 
ing space. Another reason for using 
sockets is that the IAPDB is a dou- 
ble -sided board; solder connec- 
tions need to be made on both 
sides of the board. If you can't 
plate the holes on a self -made 
board, you can use one of the stan- 
dard alternatives such as eyelets, 
short lengths of 30 -gauge wire - 
wrap wire, or soldering the compo- 
nent leads on both sides of the 
board where necessary. 

Do not install any ICs at this time. 
Once all of the other components 
are installed, apply 9 volts to J3 and 
check the output voltage of I06. 
Make sure that 5 volts is present 
across C2, C3, C4 and C5. If there is 

a problem, recheck your work. 
When you're satisfied with the volt- 
age measurements, install the ICs. 

If you plan to use the analog/ 
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digital- conversion feature of IC 1, 

you may want to add a variable 
voltage source to the IAPDB. A sug- 
gested circuit that uses an LM317 is 

shown in Fig. 6. Note that there is a 
prototyping area next to I06 for this 

purpose. The advantage of an 
adjustable supply lets you set a pre- 
cise voltage (usually 5.12 volts) for 
101's A/D reference voltage. An 
example application that I'll touch 
on later involves connecting an 
LM34DZ Fahrenheit temperature 
sensor to IC1. With that hardware 
and appropriate software, you'll be 
able to read and display the mea- 
sured temperature with a Web 
browser. Consult the data sheets for 
the LM34DZ and IC 1 as well as Fig. 2 

for information on interfacing that 
(and other sensors) to 101's A/D 
inputs. 

Now that our hardware is built, 
it's time to start working with the 
software end of the IAPDB. 
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: testeMNeaape J. :Jl Radío J Peppa Pepe. Dovalpad .J 

rem 
[COMMON] 

LASTDRIVE =M 

DEVICE C:\ ITN\NTNCDAI.9Y9 /D:MTMIDE01 
rem ern 1T1PI CD -ROM 

MTM ATAPI CD-ROM 

Fig. 12. Copying any type of data to 1C3 is as simple as "drag `n' drop!" Fig. 14. Reading the copied file is a snap for any Web browser. 37 
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Fig. 2. The IAPDB (Internet Appliance Development Board) lets you control any electronic circuit 
from your Web browser. As with most microcontroller -based projects, the hardware is simple; the 

38 magic comes from the software. 
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Fig. 15. Variables used by the l'IC program can be examined and mod- 

ified "behind the PIC's back.- 

Loading and Testing the IAPDB 
Software. Microchip's MPLAB is a 
breeze to install; just click on "setup," 
choose a directory, and you're off. 
The IAP host program is just as easy as 

MPLAB to install; again, click on 
"setup" and off it goes. 

The files that you downloaded 
include some ready -to -run PIC and 
Visual Café code that you can use 
to test your new IAPDB. Prepare the 
Java code by placing the IAPL6.JAR, 

IAPL6.CLASS, and IAPL6.HTM files in the 
\emWare \ emGateway\ Html direc- 
tory. The Java code assumes that 
COM1 is used to connect to the 
IAPDB. You can change that to 
another COM port later; for now, 
use COM1 so that you do not have 
to change any code. The IAPDB 
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Fig. 17. When you point your browser at the IAPDB, you can read all sorts 

of status information from it. Imagine if you connected an IAPDB to a soft - 

drink dispensing machine; you could read status of how many bottles of 
which flavors are available without having to walk down to the machine. 

host program auto-finds the parallel 
port, so unless you have nonstan- 
dard hardware, you should be OK. 

Connect your host PC's parallel 
port to J1 and your PC's COM1 ser- 
ial port to J2. Make sure that JP1 

and JP2 are not installed. Apply 
power to the IAPDB and start the 
IAPDB PC host program. A window 
similar to the one shown in Fig. 7 

should appear. Click on "LOAD RLE" 

and choose EMIAP16.HEX. The IAPDB 
host application should open that 
file and show a hexadecimal 
"dump" of the program in the hex 
view window. Be sure to have 
EMIAP116.COD in the same directory 
as the EMIAP16,HEx file as the IAPDB 
host program uses the .cod file as 
well. 

Fig. 16. Ifa variable changes, you can examine and graph the results in 

real time. Here are the results of hitting a temperature sensor with a hot - 

air gun. 

Click on "PROGRAM;" you should 
see programming activity mes- 
sages in the program's status area. 
When programming is done, the 
"Program Verify Status" window will 
appear. If all entries in that window 
Indicate OK, click on "RUN." That will 
start Cl I running the program that 
you just downloaded into it. Note 
that the "RUN" button will change to 
a "STOP" button. 

Now let's start emManager; 
you'll find a red emWare logo in 

your Windows Start menu. From the 
emManager pulldown menu item, 
select "Open Connection." You 
should get a dialog box similar to 
Fig. 8. Set the "Connection Library," 
"Username," and "Password" entries 
to "Administrator." The "Address" is 
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Fig. 18. Accessing the embedded HT.ML code in the IAPDB demonstration 

software shows how you can read information (temperature) as well as 

issue commands. If you replace the LEDs on the IAPDB with transistors or 
solid -state relays, you could control the displayed devices by clicking on 

them. With the IAPDB connected to the Internet on a permanent basis, you 
could do that from anywhere in the world! 



PARTS LIST FOR THE 
INTERNET APPLIANCE 
DEVELOPMENT BOARD 

SEMICONDUCTORS 
IC 1 -PIC 16F877 microcontroller, inte- 

grated circuit 
IC2- MAX233CPP Dual RS -232 trans- 

mitter /receiver, integrated circuit 
IC3- 24LC256 Electrically- erasable 

read -only memory, 32k by 8 -bit, 
serial interface, integrated circuit 

IC4- 74LS125 Quad tri -state buffer, 
integrated circuit 

IC5- PIC12C67X microcontroller, inte- 
grated circuit 

IC6- LM7805ACZA 5 -volt fixed volt- 
age regulator, integrated circuit 

Q1, Q3- PN2222A silicon transistor, 
NPN 

Q2- 2N2907 silicon transistor, PNP 

RESISTORS 
(All resistors are I/s watt, 5% units 

unless otherwise noted.) 
R1 R7, R19- 10,000 -ohm 
R8R18-470-ohm 

CAPACITORS 
C105, C7- 0.1 -µF, ceramic -disc 
C6- 10 -µF, 25 -WVDC, tantalum 

electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 
J1 -DB -25 female connector, PC- mount 
J2 -DB -9 female connector, PC -mount 
J3-Co -axial power -supply connector 
JP1, JP2- Two -Pin jumper block 
LEDI LED11- Light- emitting diode, 

any color 
S1-8-position DIP switch 
RES1- Ceramic resonator, 10 -MHz 
0.1 -inch header pins, IC sockets, 9 -volt 

DC power source, wire, hardware, etc. 
Note: The following is available from 

EDTP, PO Box 541222, Merritt 
Island, FL 32954; 800 -499 -3387; 
www.edtp.com: Kit of all parts 
including 9 -volt power supply, $80 
US. Check, MasterCard, Visa, and 
AMEX are accepted via telephone or 
Web. Please add $7.50 for shipping 
and handling. FL residents must add 
appropriate sales tax. 

your PC's designated local host 
address. Most local host addresses 
are preset to 127.0.0.1. That address 
can be found in the HOSTS configu- 

40 ration file. If you're unfamiliar with 

the HOSTS file, use Windows' FIND util- 
ity to locate it and a text editor such 
as Notepad to examine it. The HOSTS 

file entries allow you to associate 
host names with IP addresses. On 
my PC, the name local host is 

assigned to 127.0.0.1. The Port entry 
should be set to 80. Once you have 
the proper entries for your system, 
click on "OK." 

You are now inside emManager 
at the "Running DLMs" window sim- 
ilar to the one shown in Fig. 9. If by 
chance a DLM is running, stop it. On 
the far left of the window, choose 
"DLMs." Look for the serial entry in 
the DLM window; it should have a 
connection string defined as 
EMNET.RS232 +COM 1. Double -click on 
the "Serial" entry. This will return you 
to the "Running DLMs" window. A 
Serial entry should now be present 
under the "Running DLMs" caption. 
On the IAPDB, LED9 and LED10 
should be flashing slowly, indicating 
that the IAPDB and emGateway 
are communicating. 

Now choose "Devices" from the 
far left menu of the window. Look 
for SDKBOARD in the Name column. 
Note that its Connection String is 

"Serial /O." Delete this entry using 
the context menu by right -clicking 
on it. Now move your cursor to a 
clear area in the window and right 
click again. Choose "Add" and 
then "Device." In the Add Device 
window, make the Name "iapló- 
board." Use the pulldown to select 
"Serial" for the DLM entry. Enter 0 
(zero) in the Device Address field. 
See Fig. 10. Click on OK and the 
device "iaplóboard" should appear 
under the Name column with a 
Connection String of Serial/O. The 
iaplóboard device is the IAPDB. 

Double click on the iaplóboard 
device that you just made. There 
should be a flurry of activity on 
LED9 and LED10, plus some activity 
on LED11 as well. The emManager 
software should return to the 
"Running DLMs" window and the 
Serial DLM should have a plus sign 
in a box to its left -much like a 
Windows -style file manager. Clicking 
on this box will display a subtree like 
a directory structure with a 
"Devices" entry. Open the Devices 
item in the same way and your 
iaplóboard should appear as a 
subitem. Figure 11 shows a fully 

expanded tree. 
Before we move on, let's format 

the split file system in IC3. With the 
iaplóboard entry highlighted, select 
"Tools" from the pulldown menus 
and then select "Format Device." 
Choose a cluster size of 2KB and 
click OK in the Format window. A 
"format complete" window will 
appear when the operation is 

complete. While formatting, there 
should be lots of activity on LED11. 

After formatting, expand the 
iaplóboard entry again until you 
see the "Files" and "Variables" 
subitems. Double click on "Files." 
Start Windows Explorer, select a 
small text file, right click on it, and 
drag it into the "Files and Flags" 
area of the iaplóboard window. The 
File Copy window shown in Fig. 12 
will appear with the "Compressed" 
option checked. Click OK, and you 
should see more activity on LED 11 

as the file is copied into the split file 
system in IC3. When the copy is fin- 
ished, the name of the file that you 
selected will appear in the Files col- 
umn and the Flags entry will read 
"Compressed." As you can see in 
Fig. 13, I copied CONFIG.DOS from my 
PC's root directory to IC3. If you 
double click on the just copied file 
in the Files window, your Web 
browser (Netscape in my case) will 
start and display the file's text con- 
tent within the browser window. You 
can see in Fig. 14 how the browser 
resolves the IP address of IC3 in 
order to read and display its con- 
tents. According to the HOSTS that I 

mentioned before, IP address 
127.0.0.1 points to the IAPDB rather 
than any server on the Internet. You 
could also view this file by entering 
http: / /localhost /iap 16board /CON 
FIG.DOS. The http server address is 

followed by the device, iaplóboard, 
and the file name. 

Close the browser and click on 
"Variables" in the iaplóboard sub - 
tree. The variables that you see list- 
ed in Fig. 15 are the actual names 
of the variables used in the PIC pro- 
gram. These variables are identified 
and classified using the emPackage 
utility. This window is very powerful in 
that you can actually monitor and 
change the variable values in real 
time. For example, highlight and 
right click on the BurroN variable. 

(Continued on page 44) 



Appliances Can The 
Information 

Superhigh ay 
Utilities can now "talk" to appli- 
ances through the information 

superhighway, allowing utilities 
to measure demand, determine 
rate structures, forecast load 

growth, and model future system 

requirements to better meet the 
needs of their customers. 

n employee at the local util- 
ity views a computer screen 

and finds a faulty sump pump. She 
notifies the customer and a flood- 
ed basement is averted. Another 
operator notices a furnace running 
in the middle of the summer -the 
problem is an air conditioner blow- 
ing cold air directly on the thermo- 
stat. Those actions are made possi- 
ble by the non -intrusive appliance 
load- monitoring system, or NIALMS. 

NIALMS allow utilities to learn 
where, when, and how much elec- 
trical power consumers use. It can 
be done without entering homes to 
install monitoring devices on indi- 
vidual appliances. The NIALMS Field 
Recorder, illustrated in Fig. 1, is placed 
between the meter box and meter. 
The recorder is plugged in without 
any wiring and with only a short 
power interruption. That feature 
makes the NIALMS ideal for tempo- 
rary troubleshooting. 

The recorder samples power -line 
data at 2 kHz with watt and VAR 
(volt- ampere- reactive) values com- 
puted at a rate of three -times -per- 
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METER BOX 

NIALMS FIELD RECORDER 

CONVENTIONAL 
METER 

Fig. 1. The NIALMS Field Recorder is 
installed on the home's utility meter in 
between the meter box and the meter, as 
shown here. 

second. Data is stored in memory 
for subsequent automatic retrieval 
by the utility's master -station com- 
puter, as shown in Fig. 2, via a built - 
in modem and telephone line. The 

NIALMS algorithm looks for edge 
transitions -that is, stepwise changes 
that are above a programmed 
threshold -to determine exactly 
when a particular appliance goes 
on and off. Then it records, calcu- 
lates, and stores the date and time 
of each on /off event along with 
the voltage, current, and real and 
reactive power (watt, VAR). The 
recorder also computes and stores 
the watt -hours and VAR -hours for 
each recording interval. 

Next, see Fig. 3, the edge transi- 
tions (i.e., the on /off events) are 
plotted on a watt- versus -VAR graph. 
Transitions from individual appli- 
ances tend to form clusters that 
can be compared against appli- 
ance signatures stored in a soft- 
ware library. A positive identification 
is made and the specific appliance 
is tagged when a cluster matches 
a stored signature. Results can be 

POWER LINE 

TELEPHONE LINE 

FOR MORE 
INFORMATION 

Telog Instruments, Inc. 
830 Canning Parkway 
Victor, NY 14564 
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Electric Power Research Institute 
3412 Hillview Ave. 
PO Box 10412 
Palo Alto, CA 94303 
Tel: 650 -855 -2000 
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displayed at several analysis sta- 
tions on a variety of whole -house 
and individual appliance graphics, 
including 2 -D load profiles, 3 -D 
time -of -use by appliance plots, and 
energy consumption by appliance 
pie charts, as shown in Fig. 4. Tabular 
formats are also available. 

NIALMS can identify faulty appli- 
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1. EDGE DETECTION 

2. CLUSTER ANALYSIS 
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Fig. 3. By analyzing the raw data captured by the recorder, NIALMS 

can recognize individual appliances by their usage pattern. 
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ances, abnormal energy usage, and, in the future, serve 
as an "early- warning system" for ap- pliances about to 
fail. Utilities can use NIALMS to measure demand, deter- 
mine rate structures, fore -cast load growth, and model 
future system needs. Cost- of- service and energy -con- 
sumption information can help customers make de- 
cisions on the use, maintenance, and replacement of 
ap- pliances. Time -of -use billing, timely resolution of billing 
disputes, and minimized power disruptions en -hance cus- 
tomer relations. In the future, NIALMS could be used, for 
example, to monitor elderly people who live alone or 
identify unauthorized tenants by monitoring changes in 

electricity usage patterns. 
NIALMS, commercially available from Telog 

Instruments, Inc., was developed under the sponsorship 
of the Electric Power Research Institute (EPRI). Over a 
decade ago, the EPRI picked up on the pattern recogni- 
tion techniques discovered by researchers at Massachusetts 
Institute of Technology (MIT) as a means to identify indi- 
vidual appliances. The Empire State Electric Energy 
Research Corp., New York State Energy and Development 
Authority, Consolidated Edison of New York City, and 
Rochester NY Gas & Electric contributed to the develop- 
ment. MIT is still working on improvements. 
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Fig. 4. Samples of graphics available from NIALMS: A Pie chart showing energy con- 

sumption by individual appliances in a home (A) and the graph in B shows usage by an 

individual appliance and when it was used. 

During testing, NIALMS recorders 
were installed by seven utilities in 

from five to eight different homes. 
At each site, four to eight appli- 
ances were monitored to give a 
total of about 140 individual appli- 
ances, including: 

Window, central, and evaporative 
air conditioners 
Heat pumps 
Resistance and thermal- storage 
heating systems 
Refrigerators and freezers 
Water heaters 
Clothes washers and dryers 
Well, pool, and sewage pumps 
Dishwashers 
Televisions and computers 
Waterbed heaters 
Central vacuums 
Ranges, ovens, microwaves, and 
mini -ovens 
Whirlpools 

The accuracy of NIALMS was 
determined by parallel, conven- 
tional metering of the appliances 
monitored. In six months of testing, 
NIALMS had an accuracy of 
90-95% for most appliances. Simple 
on /off appliances like water pumps 
and water heaters had the highest 
accuracy. Accuracy was lower for 
more complex appliances like heat 
pumps and dryers with multiple 
components like compressors, heater 43 



elements, and lights that go on and 
off at different times. Refrigerators, 
which are complex devices, are 
easily identified by the defrost 
cycle. The algorithms can be modi- 
fied and the accuracy improved as 
more real -world data is collected. 

One problem during testing was 
noise and the somewhat quirky 
behavior of telephone communica- 
tions. Hand -held data -transfer units, 
cellular communications, radio -fre- 
quency transmissions, hybrid coax/ 
fiber cable, or even a portable com- 
puter could be used in the future, 

The recorder modules located 
at each meter cost around $1200 - 
still too expensive to install at every 
residence, but ideal for sampling 
and troubleshooting. NIALMS requires 
a 486 or higher IBM -compatible PC 
with Windows NT (Version 3.5), 16MB 
of RAM, a 500MB hard drive, VGA or 
SVGA monitor, SCSI CD ROM, and a 
2400 -baud modem. A high -pow- 
ered PC and software that can 
accommodate about 300 recorders 
costs about $15,000. 

The next step is to extend the 
NIALMS technology to commercial 
and industrial customers. A com- 
mercial non -intrusive load and 
monitoring system (C- NILMS) will ini- 
tially handle more complex three - 
phase items under 100 kW with 
enhanced algorithms and more 
advanced software. P 

INTERNET APPLIANCE 
(continued from page 40) 

Choose "Modify" and enter 0x01. 
If the switch between pins 1 and 9 
of S1 is closed, LED1 should light. You 
can't turn the LED off because 
under normal conditions, the PIC 
program reads the button variable 
and acts accordingly. By modifying 
the value this way, we are using a 
"back door;" the PIC program 
doesn't know that we changed 
anything. 

If you've connected an LM34DZ 
to the IAPDB, you should also see a 
hexadecimal representation of the 
temperature in the TEMPE variable. 
Highlight the TEMPE variable and 
right click on it. Select Subscribe to 
Variable in the menu, and you will 
get a graph that tracks the value of 
TEMPE. Hold the LM34DZ between 

44 your fingers to increase its tempera- 

ture. Note that the graph follows 
the variable value. In Fig. 16, I first 
heated the LM34DZ with my fingers. 
The big spike is from hitting the sen- 
sor with a heat gun and allowing it 
to cool off and recover. Pretty slick, 
huh? Highlight and right click on TEMPE 

and choose "Unsubscribe to Variable" 
to remove the graphical display. 

Highlight and right click on the 
NVSVAR variable. That variable is a 
nonvolatile storage variable that I 

reserved in the serial EEPROM. You 
can reserve as many bytes as you 
want as long as there is room within 
IC3. Formatting IC3 will not remove 
the reserved variables. They can be 
accessed and modified by the PIC 
program. Just like the other vari- 
ables, we can set it from em- 
Manager. The difference is that 
once a value is entered, it is there 
until it is either erased or changed 
even following the absence of 
power to the IAPDB. Choose 
"Modify" and enter OxAA in the Set 
Variable window. Click OK and 
OxAA will appear under the Values 
column of the NVSVAR variable; Fig. 
16 shows that result. Remove power 
from the IAPDB and everything 
should go "blank" in the em- 
Gateway window. Apply power to 
the IAPDB. You should have LED9 
and LED10 activity on the IAPDB. 
Double click on the iaplbboard in 
the Devices subtree. Lots of LED 
activity should occur. Select Variables 
in the iaplbboard subtree. Notice 
that the NVSVAR variable has the 
same value it had before you 
removed power. The BUTTON variable 
that held 0x01 has been cleared 
and LED1 is off. That should demon- 
strate the function of volatile vs. 
non -volatile storage. 

If everything is working as it 
should, you're ready to bring up the 
browser and take the IAPDB out for 
a ride. Start your browser. My exam- 
ples use Netscape; you'll have to 
adjust the following instructions 
accordingly for the browser that 
you use. Click on "OK" if your brows- 
er complains that it "Can't find 
home." In the Netscape Location 
panel, enter http:/ /localhost /iap 16 

board. You should get an emWare 
Device Status screen similar to Fig. 
17-all of which should be familiar 
to you. The Device String is a line of 
text in the PIC code to identify this 

application. This string corresponds 
with the SEMDESC variable. Note that 
all of the program variables that 
we saw in emGateway are listed 
here. Under Documents, you should 
see the text file that you copied to 
IC3. If you click on it here, the text 
contents will be displayed just like it 
was in the emGateway window; is 

this cool or what! 
We're almost to the end of the 

rainbow. Enter this URL in the 
Location panel: http: / /localhost/ 
iapl6board/iap16.html. After lots of 
LED activity on the IAPDB, and - 
poof! -you should have Fig. 18 in 
your Web browser. Hold the LM34DZ 
to see the temperature readout 
change. Click on one button to 
see the associated IAPDB LED illumi- 
nate or extinguish. You have creat- 
ed your first Internet Appliance! 

This is the moment that it all 
comes together. Now that you 
know how to navigate in the EMIT 
world, dig a little deeper into the 
documentation and study the 
examples and tutorials. I will be 
posting code updates on my Web 
site (www.edtp.com). The emWare 
tutorial demos are the best that 
I've ever seen. They take you step 
by step through the PIC code 
development process. A working 
code skeleton is presented and the 
developer is walked through mak- 
ing additions and changes. 

Once you've mastered the 
Visual Café environment and 
understand the basics of EMIT, send 
a note to evalupgrade@emWare.com 
to get a proper EMIT license. 
Unfortunately, the Visual Café trial 
version expires after 30 days of use, 
and you must purchase a full copy 
from Symantec. if you have other 
ways to produce your Java code, 
go for it. The emWare documenta- 
tion explains how to use Microsoft 
tools to obtain the same results. 

As you can see, making a per- 
sonal Internet Appliance is within 
your reach. The things that you can 
create with these tools are only lim- 
ited by your imagination and 
desires. Let the editors at Poptronics 
know what you are doing with your 
Internet Appliance. They can pub- 
lish the information or post it on the 
Web site for others to use. It will be 
interesting to see where this project 
takes the readers. P 



NON-LINEAR 
CON FIGURATI 
FOR LINEAR 

Linear integrated circuits are not limited to linear 
applications -there are a variety of non -linear 

services that these useful devices perform. 

T he linear integrated circuit, 
the operational amplifier 

(better known as an op -amp) in 

particular, is an extremely flexible 
electronic device. Anyone with a 
passing interest in electronics is 

probably familiar with the varied 
linear applications for linear ICs, but 
there are numerous non -linear 
applications for which the op -amp 
and other such devices are very 
well suited. 

In this article, we'll explore vari- 
ous non -linear circuits. Of particular 
interest are circuits in which PN- 

junction diodes are used. But 
before we get into the "nuts -and- 
volts" of the subject, however, it 
might be prudent to do a quick 
review of the PN- junction diode. 

PN- Junction Diode Review. The PN 

diode is the oldest form of solid - 
state electronic component. Solid - 
state diodes are available in two 
configurations -PN junction and 
point contact -and although they're 
considerably different from one 
another, it has become common 
practice (even if erroneous) to con- 
sider them as one and the same. 
Figures 1 A and 1B show the differ- 
ences. Both forms feature P- and N- 
type semiconductor material locked 
in close contact with each other. 

In the point- contact PN diode 
(see Fig. 1A), the main body of the 
semiconductor material consists of 
one type of material (in this instance, 

JOSEPH J. CARR 

P- type), with the alternate type (N- 
type) diffused into the bulk materi- 
al. A large metallic electrode con- 
nects the P -type end to an external 
electrode. The N -type material is 

connected to its electrode through 
a cat's whisker -a contact that is 

reminiscent of the "ancient" crys- 
tals used in early radio receivers. 
The PN- junction diode (see Fig. 1B), 

on the other hand, consists of a 
bulk semiconductor that has N- 
type impurities at one end and P- 

type impurities at the other end. 
Metallic end electrodes connect 
the semiconductor material to the 
outside world. While the PN- junction 
diode is the most popular, point - 
contact types are still used in some 
applications. Germanium diodes 

tend to be point- contact units, as 
do the older microwave diodes, 
while modern silicon signal and 
switching diodes tend to be PN-junc- 
tion types. 

Bowing to modern usage -even 
if a little sloppy -when we refer to 
"PN- junction diodes," assume that 
both types are meant. 

Figure 10 illustrates the current ver- 
sus voltage (I- vs. -V) transfer character- 
istic of the "ideal" PN-junction diode. 
When the anode of a diode is made 
positive with respect to its cathode, the 
diode is forward biased, and as such 
conducts current in the forward direc- 
tion. Alternately, when the diode's 
anode is made negative with respect 
to its cathode, the diode is reverse 
biased; therefore, no current flows. 45 
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Fig. 1. Solid -state diodes are available in two different configurations; point- contact (A) and junc- 
tion (B) types. The current -vs.- voltage characteristic of the "ideal "PN junction diode is illustrated 
in C. Note that there is no reverse -current flow through an ideal diode when reverse biased. 

Practical diodes don't live up to 
the ideal in a couple of important 
respects. Figure 2 shows the transfer 
characteristics for a practical junc- 
tion diode. For the ideal diode, cur- 
rent flow in the reverse direction is 

always zero; while, in a real diode, a 
minute leakage current (IL) flows 
backward across the junction. A 
manifestation of that current can 
be seen by measuring the forward 
and reverse resistances of a PN- 

46 junction diode. The forward resis- 

tance is very low, while the reverse 
resistance is very high ... but not 
"infinite," as one might expect from 
an open circuit. 

Another departure from the 
ideal in the reverse -bias region is 

the avalanche point (VZ) -the 
point at which reverse bias is great 
enough to cause a sharp increase 
in current flow. That condition is 

called avalanche breakdown. When 
carefully regulated, the breakdown 
potential is both sharply defined 

and reasonably stable except for a 
slight temperature dependence. A 
device designed in that manner is 

called a Zenerdiode and is used as 
a voltage regulator. 

There is also an anomaly in the 
forward -bias region. In the ideal 
case, there is an ohmic relationship 
between current flow and the 
applied forward voltage. Similarly, 
there is a linear relationship between 
the applied forward voltage (VF) 
and the output voltage (Vo). In real 
diodes, however, there is a signifi- 
cant departure from the ideal 
transfer characteristic. Between 
zero and some critical junction volt- 
age (VG), the characteristic curves 
are non -linear. The actual voltage is 

a function of the type of semicon- 
ductor material used and the junc- 
tion temperature. In general, VG for 
germanium diodes is 0.2 to 0.3 volts 
and is 0.6 to 0.7 volts for silicon 
diodes. In the 0 -to -VG region, the 
diode's forward resistance is a vari- 
able function of VF and tempera- 
ture; the I- vs. -VF characteristic is 

logarithmic. Above VG, the I- vs. -VF 
characteristic curve becomes 
more nearly linear. 

Precise -Diode Circuits. A precise - 
diode, also called ideal- rectifier, cir- 
cuit combines an active device, 
such as an op -amp, with a pair of 
solid -state PN- junction diodes to 
"servo -out" (i.e., to compensate for 
or eliminate) the errors introduced 
to the circuit by a non -ideal diode 
using a feedback network. Such an 
arrangement provides a couple of 
advantages. The circuit can rectify 
very small AC signals between zero 
volts and VG, with rectification more 
nearly linear than with the diode 
alone, even in the diode's ohmic 
range. 

Figure 3 shows a schematic dia- 
gram of a basic inverting half -wave 
precise rectifier. A basic assumption 
about that circuit is that load 
impedance (RL) is purely resistive, 
and therefore contains no energy 
production or storage elements. 
The circuit is essentially an inverting, 
voltage -follower amplifier coupled 
with two PN- junction diodes (Dl 
and D2). Half -wave rectification 
occurs because the circuits offer 
two different gains, which depend 
on the polarity of the input signal. 
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Fig. 2. The transfer characteristic of a practical (non -ideal) solid -state diode is shown here. Unlike 

the ideal diode, there is a minute leakage current (IL) flowing backwards across the junction in a 

practical diode. 

When VIN is positive, the gain (Vo/ 
VIN) is zero, but when VIN is negative, 
the voltage gain is RF /RIN. 

Consider the operation of the 
circuit with a positive VIN. The non - 
inverting input ( +) is grounded, and 
so it is held at zero volts. In accor- 
dance with the properties of the 
ideal op -amp, the inverting input 
( ) is also assumed to be grounded 
(VA = 0). Because of that con- 
cept- called virtual ground the 
differential voltage, VD, is zero. 

When VIN > 0 (i.e., when it is pos- 
itive), Il = +VIN /RIN. In order to main- 
tain the equality, Il + 13 = O. Because 
of Kirchoff's Current Law (Il + 12 = 
0), the op -amp's output voltage 
(VB) swings negative, but is limited 
by the Dl junction voltage to VG 

(about 0.6 to 0.7 volts). With VB < 0, 

even by only 0.6 to 0.7 volts, diode 
D2 is reverse biased and therefore 
cannot conduct. Currents 12, 14, and 
15 are zero. Thus, for a positive VIN, 

the output voltage (V0) is zero. 
Now consider its operation when 

VIN < O. Under that input condition, 
the op -amp's output voltage (VB) 

swings positive, making Dl reverse 
biased and D2 forward biased. In 

order to preserve Kirchoff's Current 
Law (ll + 12 = 0), current 12 must be 
of equal magnitude but of oppo- 
site polarity relative to I,. Because 
VIN/RN = 2Vo /RF, the voltage gain 

VIN 

,o 

11 
RIN 

(Av = Vo /VIN) reduces to 2RF /RIN, as 
is appropriate for an inverting 
amplifier. Thus, the gain for negative 
input voltages (VIN < 0) is 2Rr /RIN, 

while for positive input voltages (VIN 

> 0), it is zero. From that difference 
comes half -wave rectification. 

The voltage drop across diode 
D2 is about 10.6 to 10.7 volts and is 

"servoed out" by the fact that D2 is 

in the negative feedback loop of 
Al. Voltage VB is correspondingly 
higher than Vo in order to null the 
effects of VGD2, 

The precise rectifier is capable 
of half -wave rectifying very low - 
level input signals. The minimum sig- 
nal allowed is given by: 

VIN > VG /AVOI (1) 

where VIN is the input signal volt- 
age, VG is the diode junction poten- 
tial (0.6 to 0.7 volts), and Avol is the 
open -loop gain of the amplifier. 

In Eq. 1, the term Avol refers to 
the open -loop gain, which for DC 
and low- frequency AC signals is 

extremely high. But at some of the 
frequencies at which precise 
diodes operate, the input frequen- 
cy is a substantial fraction of the 
gain- bandwidth product, so Avol is 

less than it might otherwise be. For 

example, if the gain- bandwidth 
product is 1.2 MHz, the gain at 100 
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Fig. 3. Shown here is a schematic diagram of a basic inverting half -wave precise rectifier, which is 

comprised of an inverting, voltage follower coupled with a pair of PN junction diodes (DI and D2). 47 
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Fig. 4. These waveforms help to illustrate the 
operation of the precise rectifier. The illustra- 
tion in A shows the input waveform, B shows the 
waveform at the output of the op -amp, C shows 
the circuit's output waveform, and D shows the 
same situation graphically. 

Hz is 12,000. But at 1000 Hz (a typical 
frequency for a precise rectifier), 
the gain is only 1200. 

The waveforms shown in Fig. 4 
help to illustrate the operation of 
the precise rectifier. If a sinewave 
(see Fig. 4A) is applied to a precise 
rectifier, from time t1 to t2 (during 
the positive excursion), Vo is zero, 

48 while VB rests at -VG (about -0.6 to 
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Fig. S. Shown here is the block diagram of a cir- 
cuit that's designed to create a DC level that is 
proportional to the average voltage (or rms 
value) of the output waveform by time- averaging 
the pulsating DC. 

-0.7 volts). Between t2 and t3, the 
input is negative, so Vo is a positive 
voltage with a half -wave sine 
shape (Fig. 4C). Note the behavior 
of VB, the op -amp output (Fig. 4B). 
From t1 to t2, the output rests at 
-VG, but at t2 it snaps positive. The 
half -wave sine shape rests on top 
of the +VG offset caused by VGD2. 

o 

VIN 

o 

IIN 411-0. RIN 

A 

RIN = RFi = RF2 = R 

12 

Figure 4D graphically illustrates the 
same situation. 

The circuit in Fig. 3 is designed to 
rectify and invert the negative 
peaks of the input signal. In order to 
accommodate the positive peaks, 
the polarity of the diodes (D1 and 
D2) need only be reversed. 

The output of a precise diode 
(ideal rectifier) is a pulsating DC 
waveform. If you need to create a 
DC level that is proportional to the 
average voltage (or rms value) of 
the output waveform, it is possible 
to time -average the pulsating DC. 
The block diagram of a circuit 
that's designed for that purpose is 

shown in Fig. 5. In that illustration, the 
precise diode is followed by either 
a low -pass filter (as shown) or an 
electronic integrator (basically the 
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Fig. 6. The polarity discriminator shown in A-a circuit built around the inverting voltage-follow- 
er-indicates whether the input voltage is zero, positive, or negative. The circuit's input and two out- 
put waveforms are shown in B, and the circuit's transfer characteristics are shown in C. 
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Fig. 7. The fullwave rectifier uses both halves of 
the input sinewave. Shown in A is the input 

sinewave and the pulsating DC output of a full- 
wave rectifier. The characteristic function for 
the fullwave rectifier is shown in B. 

same thing) that has a low enough 
time constant to produce a time - 
averaged output. The time con- 
stant should start at five times the 
period of the applied waveform. 

Polarity Discriminators. A polarity 
discriminator is a circuit that pro- 
duces outputs that indicate 
whether the input voltage is zero, 
positive, or negative. Applications 
for such circuits include alarms, 
controls, and instrumentation. Figure 
6A shows a typical polarity- discrim- 
inator circuit. Again the circuit is 

rooted in the inverting voltage fol- 
lower; but in this case, the op -amp 
is coupled with a pair of negative - 
feedback networks. Each feed- 
back network contains a diode, but 
because the diodes are connect- 
ed with opposing polarities, the 
polarity of the output voltage 
determines which diode conducts 
and which is reverse biased. 

Consider what happens when 

POLARITY 
DISCRIMINATOR 

FIG. 6A 
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Fig. 8. There are several methods for creating a precise fullwave rectifier. The circuit in A is based 

on the polarity discriminator circuit of Fig. 6. The approach illustrated in B uses a pair of oppo- 

sitely polarized diodes connected to the inputs of a DC differential amplifier. 

VIN is positive. (Refer to Fig. 6A.) With 
a positive VIN, current (11N)-with a 
magnitude of +VIN/RIN-flows away 
from the summing junction toward 
the source. That causes the output 
of the op -amp to swing negative, 
reverse biasing Dl and forward 
biasing D2. Current is zero and 12 

equals VO2 /RF. Output voltage VO2 is 

negative, with a value of V02 = VO 
- 0.6 volts; output voltage Vol is zero. 

Now consider the opposite case; 
i.e., where VIN is negative. The cur- 
rent flows away from the source 
toward the summing junction. The 
output of the op -amp swings posi- 
tive, causing diode Dl to become 
forward biased, while D2 is reverse 
biased. Current 12 is now zero, while 
11 is VOl /RF. In this case, Vol is posi- 
tive, while VO is zero. The waveforms 
shown in Fig. 6B and the transfer 
characteristics shown in Fig. 6C 
help to illustrate the operation of 
the circuit in Fig. 6A. 

Fuitwave Precise Rectifier. The full- 

wave rectifier uses both halves of the 
input sinewave. Recall that the half - 
wave rectifier removes half of the 
sinewave; the fullwave rectifier pre- 
serves it. Figure 7 shows the relation- 
ships between the various signals in a 
fullwave- rectifier circuit. Figure 7A 
shows the input sinewave (upper 
trace) and the resulting pulsating DC 
output (lower trace) of a fullwave 
rectifier. Note that the negative half of 
the input sinewave is flipped over so 

as to produce a positive -going out- 

put. The characteristic function for the 
fullwave rectifier is shown in Fig. 7B. 

Because the output voltage is always 
positive, regardless of the polarity of 
the input signal, the fullwave rectifier 
can be called an absolute -value cir- 

cuit. The output voltage will be either: 

Vo = K/VIN (2) 

or 

VO = -K/VIN (3) 

depending on the orientation of the 
diodes within the circuit. While the full- 

wave rectifier has major applications 
in DC power supplies, it is the 
absolute -value characteristic that 
makes it important for instrumenta- 
tion and related applications. 

Several methods can be used to 
create a precise fullwave rectifier, 
several of which are shown in Fig. 8. 

The circuit in Fig. 8A incorporates 
the polarity discriminator circuit 
outlined in Fig. 6. In the Fig. 8A cir- 
cuit, the two outputs of the polarity 
discriminator (V01 and VO2) are 
applied to the inputs of a DC differ- 
ential amplifier. 

Another approach is shown in Fig. 

8B, wherein a pair of oppositely con- 
nected diodes are applied to the 
inputs of a simple DC differential 
amplifier. That approach is not as well 
regarded because the diodes in the 
input stage are not connected in the 
feedback loop, so their voltage drops 
are not "servoed- out." 49 
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Fig. 9. The zero -bound circuir is one in which there are constraints on the allowable output voltages. 
The output of a zero -bound circuit indicates when the input signal exceeds a certain threshold and 
by how much. 

Another possibility is to connect 
two precise diode circuits, each 
with opposite polarity, in parallel. 

Zero -Bound and Dead -Band Circuits. 
Another non -linear application for 
the op -amp is the zero -bound cir- 
cuit. In a zero -bound circuit, the 
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-vo 

B 

Fig. 10. The transfer characteristics for the circuit 
in Fig. 9 are shown here. In A, VREF is negative, 

while VREF is positive in B. In both cases, the trans- 
fer curve is offset by the reference signal. 

output voltage is limited in such a 
way as to be more or less than zero 
for certain input -voltage levels and 
zero for all others. The term does not 
mean that VIN values are in any 
way constrained, but rather that 
there are constraints on the allow- 
able output voltages. The output of 
a zero -bound circuit can be used 
to determine when the input signal 
exceeds a certain threshold and 
by how much. 

Figure 9 shows a zero -bound 
amplifier circuit. That circuit is based 
on the half -wave precise rectifier 
outlined in Fig. 3. It functions in 
exactly the same way and includes 
an additional input (VREF), which 
generates TREE. The effect of IREF is to 
offset the trip point at which the 
input voltage takes effect. 

To understand the circuit, we 
can use an analysis based on the 
properties of the ideal op -amp. 
From Kirchoff's Current Law and the 
fact that op -amp inputs neither sink 
nor source current, we know that 
the following relationship is true: 

11 
+ 'REF = 0 

or 
11 

+ 'REF = 12 

We also know that: 

I1 = VREF/R 

REF = VREF/R 

12 =Vo /R 

Thus, 

(4) 

(5) 

(6) 

(7) 

(8) 

VIN /R + VREF /R = - (Vo /R) (9) 

and after multiplying both sides by R: 

VIN + VREF = VO (10) 

Thus, the output voltage is still 
proportional to the input voltage, 
but is offset by VREF. The transfer 
characteristics for the circuit are 
shown in Fig. 10. In Fig. 10A, the 
value of VREF is negative, while in Fig. 
l0B the value of VREF is positive. In 
both cases, the transfer curve is off- 
set by VREF. 

Consider the operation of the 
circuit in Fig. 9 under two condi- 
tions: VIN > 0 and VIN < 0. First 
assume that VREF = 0. For the posi- 
tive input (VIN > 0), the output of 
the op -amp (A 1 ) swings negative 
(the circuit is an inverter), causing 
diode D2 to be reverse biased and 
D1 to be forward biased. The out- 
put voltage, Vo, is zero in that case. 
The output voltage remains zero for 
all values of VIN > 0. 

Conclusion. Al hough we normally think 
of op -amp circuits in terms of linear 
electronics, we've shown that there are 
indeed many non -linear applications 
of the ubiquitous op -amp. P 
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HIGHNOLTAGE 
GENERATION 

A few readily available components and some technical know -how is all that's 

required to produce very high DC voltages from a relatively 

low AC voltage source. 

BILL CODY 

Although the trend in modern 
electronics is toward lower - 

power circuitry, there is simply no 
getting around the fact that many 
of the latest electronic gadgets still 

require a "spritz" or two of high volt- 
age to make them function proper- 
ly. Unfortunately, many high -voltage 
circuits depend on relatively expen- 
sive and bulky step -up transformers 
to generate the "juice" that they 
require. That's because those cir- 
cuits also have fairly hefty current 
requirements, as well as a "thirst" for 
good regulation. Other circuits, in 
which extensive regulation and 
"vast" amounts of current are not 

Warning!! This article deals with 
and involves subject matter and 
the use of materials and sub- 
stances that may be hazardous to 
health and life. Do not attempt to 
implement or use the information 
contained herein, unless you are 
experienced and skilled with 
respect to such subject matter, 
materials, and substances. Neither 
the publisher nor the author make 
any representation as for the com- 
pleteness or accuracy of the infor- 
mation contained herein, and dis- 
claim any liability for damages or 
injuries, whether caused by or aris- 
ing from the lack of completeness, 
inaccuracies of the information, 
misrepresentations of the direc- 
tions, misapplication of the infor- 
mation, or otherwise. 

required, rely heavily on high- voltage- 
generating configurations that can 
be built around relatively inexpensive 
and readily available components. 

In order to obtain the high volt- 
ages needed for the less demand- 
ing circuit configurations, a volt- 
age- doubler is often used. Voltage 
doublers, which are sometimes 

used in radio -frequency- actuated 
circuits to obtain the control volt- 
age, allow you to generate higher 
voltages than would otherwise be 
possible with conventional power 
supplies. Voltage doublers are not 
generally used when a high degree 
of regulation is required or when 
the current drain is high. 51 



117V AC 

117V AC 

T1 _ 

Y 

T1 

Cl 
.1 

D2 

1N4007 

I 

It PI 

+ 

D1 T C2 4 
1N4007 PC 

.1 ¡ 

+ 

A 

Cl 
.1 

D2 
1N4007 

+ 

D D1 C2 
1N4007 .1 ; 

1- 

B 

R 

R 

Fig. 1. Shown here is an example of a half -wave voltage doubler, which produces a DC output volt- 

age (VDcroar)) that's twice the peak of the AC input voltage. 

Voltage -Doubler Circuits. As in 
conventional power -supply circuits, 
there are two basic voltage -dou- 
bler configurations -half -wave and 
full -wave. Figure 1 is an example of 
the half -wave voltage doubler 
(also referred to as a cascade volt- 
age doubler), while Fig. 3 illustrates 
the full -wave version (also referred 
to as a conventional doubler). In 

both circuits, the direct -current 
(DC) output voltage (Vpc(ouT)) is 

twice the peak alternating- current 
(AC) input voltage; i.e., VDc(ouT) = 
2(1.41)VAC(RMS INPUT)' or 2.8 times the 
root -mean -square of the AC input 
voltage. That means if the circuit is 

fed from a 12.6 -volt AC transformer, 
the DC output voltage (VDc(o T)) 

would be: 

VDC(OUT) = 2(1.41 )VAC(RMS INPUT) 

VD,(o,T) = 2 x 1.41 x 12.6 

VDc(oDT) = 35.532 

The conventional doubler (Fig. 3) 
provides superior voltage regula- 
tion and less output ripple, but the 
cascade circuit (Fig. 1) can be 
used without a transformer. In addi- 
tion, two or more cascade circuits 
can be connected in series to form 
voltage multiplier circuits with vari- 
ous multiplication factors. 

Half -Wave Doubler. Refer to the 
half -wave voltage -doubler circuit 
shown in Fig. 1A, and assume that 

52 C 1 and C2 are both initially dis- 

charged. During the first half -cycle 
of the AC input, the upper input 
terminal of Ti 's primary winding is 

positive with respect to the lower 
terminal (as illustrated in Fig. 1A), 
causing an oppositely polarized 
voltage to be induced in Ti 's sec- 
ondary winding. Under that condi- 
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T1 

T1 

w 

T1 

w 

tion, Dl begins to conduct, caus- 
ing C 1 to charge. At the same 
time, diode D2 is reverse biased, 
preventing its conduction, so C2 
discharges through RL. The analysis 
is similar in the second half -cycle, 
except (as illustrated in Fig. 1B) 
that D2 conducts and C2 charges, 
while Dl is cut off and Cl dis- 
charges into RL. 

The circuit is really a transformer - 
less voltage amplifier. While Tl can 
provide isolation, as well as increase 
the AC voltage initially going into 
the doubler, the amplification due 
to the doubling action would occur 
without it. When the polarity revers- 
es, both the input voltage and the 
charge across Cl behave like two 
batteries connected in series, with 
their voltages combining to pro- 
duce a DC output of about 36 volts 
peak. One problem, though, is that 
a half -wave doubler cannot be 
used with a current -hungry load. 

One way of increasing the cir- 
cuit's current capacity is to use a 
full -wave voltage doubler. 

A 

B 

25V 

25V 

25V 

25V 

Fig. 2. The half -wave rectifier circuits shown in A and B can be combined, as shown in C, to form 
a full -wave voltage doubler. 
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Fig. 3. For the sake of greater clarity, the full -wave voltage doubler illustrated in Fig. 2C can be 

redrawn as shown here. The full -wave voltage- doubler circuit has better regulation, is easier to fil- 
ter, and produces nearly double the peak AC voltage of the half -wave version. 

Full -Wave Doubler: A full -wave volt- 
age doubler, unlike the half -wave 
version, is designed to take advan- 
tage of both positive and negative 
half -cycles of the input AC voltage. 
Figure 2A shows a half -wave rectifi- 
er with a positive output, Fig. 2B 

shows the same circuit redrawn 
with a negative output. Those half - 
wave rectifier circuits can be com- 
bined (as shown in Fig. 2C) to form 
a full -wave voltage doubler. 

117V AC 

HV OUT 

Fig. 4. Here is a voltage -multiplication configu- 
ration based on the circuit in Fig. 3 that can be 
used to generate a DC output voltage three 

times that of the AC input to the circuit. 

For the sake of greater clarity, 
the full -wave voltage doubler illus- 
trated in Fig. 2C is shown redrawn in 

Fig. 3. The full -wave voltage -doubler 
circuit has better regulation than 
the half -wave version, is easier to fil- 
ter, and produces nearly double 
the peak AC voltage (approxi- 
mately 36 volts for the previous 
example) across RL. During the first 
half -cycle (see Fig. 3A), D2 is reverse 
biased and therefore cut off, while 
D1 is forward biased into conduc- 
tion, so that the voltage across Cl 
(Vc1) is approximately 17.766 volts 
DC. On the next half -cycle (see Fig. 

3B), the polarization of the applied 
voltage is reversed, forward biasing 
D2 into conduction, while reverse 
biasing D1 into cutoff. The load resis- 

tor (RL) is wired in parallel with the 
C 1 /C2 series combination effec- 
tively creating a doubled level of 
about 36 volts DC. 

Unlike the half -wave voltage 
doubler, the full -wave version has 
two capacitors across RL rather 
than one. Whereas Cl shown in Fig. 

1 is cut off and unsupplied for half 
of every cycle, C 1 and C2 in Fig. 3 

are supplied on alternate half 

cycles. When the capacitor corre- 
sponding to the diode that's cut off 
discharges, it can only do so through 
the capacitor being supplied, 
slightly decreasing both its current 
and the maximum voltage it has 
reached. 

Voltage -Multiplication Circuits. 
There are many variations of the 
voltage -doubler scheme. Figure 4 
illustrates a voltage -multiplication 
configuration based on the circuit 
in Fig. 3 that can be used to gener- 
ate a DC output voltage three 
times that of the AC input to the cir- 
cuit. That circuit, a voltage tripler, 
operates in essentially the same 
manner as the doubler circuit of 
Fig. 3. Like the circuit's operation, 
the formula for calculating the out- 
put voltage of the tripler circuit is 

very similar to that for the doubler: 
VDC(OUT) = 3(1.41 )VAC(RMS INPUT)' 

Another circuit -a voltage 
quadrupler -based on the volt- 
age- doubler of Fig. 3 is shown in Fig. 

5. Like the tripler, the voltage 
quadrupler operates in much the 
same manner as the voltage dou- 
bler. By now a pattern should be 
beginning to emerge; i.e., Voc(OUT) = 
4(1.41)VAc(RMSINPUT)' Note the correla- 
tion between each circuit's volt- 
age- multiplication factor and the 
number of diodes and capacitors 
in each circuit. For example, the 
voltage doublers in Figs. 1 and 3 use 
two diodes and two capacitors to 
provide a x2 multiplication factor, 
while the voltage tripler (Fig. 4) and 
quadrupler (Fig. 5) use three and 
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([N000000000005 
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Fig. 5. Like the voltage tripler, this circuit (a 
voltage quadrupler) is based on the voltage - 

doubler of Fig. 3 and operates in much the 

same manner. 53 
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Fig. 6. Note that the circuit in A is electrically identical to the one in B. The usefulness of these cir- 
cuits can be enhanced by adding voltage taps at each of the diode junctions (DI/D2, D2/D3, D3/D4, 
D4/D5, and D5/D6) to provide for multiplication factors of XI, X2, X3, X4, and X5. 

four diode /capacitors pairs (respec- 
tively), to achieve multiplication fac- 
tors of x3 and x4. 

Figures 6-8 show a few addition- 
al voltage -multiplication circuits. 
The voltage multipliers shown in Fig. 
6 are the most straightforward. Note 
that the circuit in Fig. 6A is electri- 
cally identical to the one in Fig. 6B, 

T1 i=mimm 

ó 0 

117V AC 

6V, 

D1- D12- 1N4007 

C1- C9- .068 -1µF, 400WVDC 

Fig. 7. Based on the Fig. 6 configuration, this 
circuit -known as either a Cockcroft - Walton or 
Greinacher cascaded voltage doubler -offers 
better stabilization than previous circuits for 

54 moderate- current applications. 

so keep that in mind if you should 
come across either format. The use- 
fulness of the Fig. 6 circuits can be 
enhanced by adding voltage taps 
at each of the diode junctions. For 
example, referring to Fig. 6B, volt- 
age taps can be added at the 
D1 /D2, D2 /D3, D3 /D4, D4 /D5, and 
D5 /D6 junctions, for multiplication 
factors of x1, x2, x3, x4, and x5. 
Plus, another tap can be connect- 
ed to the anode of D6 for a multi- 
plication factor of x6, or VDC(OUD= 
6(1.41)VAC(R S INPUD Thus the circuit 
is able to provide six levels of DC 
voltage. Additional stages can be 
added to the circuit to generate 
multiplication factors of x10 or 
more. Note, however, that as the 
voltage multiplication factor increas- 
es, the available current that can 
be drawn from the circuit decreas- 
es by a similar factor. For example, 
feeding a 12.6 -volt, 1 -amp AC 
source through a voltage doubler 
yields a DC output of approximate- 
ly 36 volts at about 0.5 -amps. 

Figure 7 shows an enhanced ver- 
sion of the Fig. 6 circuit -known as 
either a Cockcroft-Walton or Grein- 
acher cascaded voltage doubler - 
that offers better stabilization for mod- 
erate- current applications. 

A sewing needle can be used as 
an emitter for the voltage doubler 
shown in Fig. 8 to generate "corona 
wind," which sounds like a hissing 
noise. The circuit is capable of 
delivering 3.75 kV (kilovolts) DC 
when powered from 117 -volt AC 

PARTS LIST FOR 
THE HIGH- VOLTAGE DC 

GENERATOR 

SEMICONDUCTORS 
IC1 -,4584 CMOS hex inverting 

Schmitt trigger, integrated circuit 
Q1- TIP31A NPN silicon power 

transistor 
BRI-6 -amp, 50 -PIV full -wave bridge 

rectifier 
DI- D21- 1N4007 1 -amp, 1000 -PIV, 

silicon rectifier diode 
LED 1-Jumbo green light- emitting 

diode 

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

unless otherwise noted.) 
RI -1500 -ohm 
R2 -300 -ohm 
R3 -220 -ohm 
R4- 1- megohm 
R5- 10,000 -ohm potentiometer 

CAPACITORS 
C1- 0.022 -1F, 50 -WVDC, metallized - 

film 
C2, C 13- 220 -µF, 16 -WVDC, 

electrolytic 
C3- C12- 0.001 -p,F, 2000 -WVDC, 

ceramic -disc 
Cl4 4700 -11F, 35 -WVDC, electrolytic 

ADDITIONAL PARTS 
AND MATERIALS 
NEI -NE -2 neon lamp 
TI- Ferrite core step -up transformer 

(see source below) 
T2 -12 -volt, 2 -amp step -down power 

transformer 
PL1 -117 -volt AC plug with line cord 
Perfboard materials, enclosure, heat sink, 

IC socket, banana jack, hook -up wire, 
solder, hardware, etc. 

Note: Transformer T I (part # HVM- 
COR-B2) is available from Allegro 
Electronic Systems, Dept. HVM, 
3 Mine Mountain Road, Cornwell 
Bridge, CT 06754 

source, or 7.5 kV DC when fed from 
240 volts AC. 

The output of a cascaded volt- 
age doubler should be terminated 
with no less than 200 megohms, 
and only then be allowed to 
extend beyond a protective plastic 
case, for safety. Voltages as high as 
5 megavolts DC have been gener- 
ated using cascaded voltage dou- 
blers, especially when operating in 
a pressurized atmosphere. The biggest 
advantage to using voltage dou- 
blers is that they use inexpensive 
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Fig. 8. This circuit, which is capable of delivering 3.75 kV (kilovolts) DC when powered from 117 - 

volt AC source or 7.5 kV DC when fed from 240 volts AC, can be used to generate "corona wind," 
which sounds like a hissing noise. 

low- voltage parts. Otherwise, if all the 
parts had to be of the high -voltage 
variety, you would have to use ex- 
pensive and rather large capacitors. 

High -Voltage DC Generator. A 
schematic diagram of a high -volt- 
age DC generator is shown in Fig. 9. 

The circuit is built around a single 
hex inverting Schmitt trigger (IC 1), a 
couple of transformers (T1 and T2), 
a transistor (Q1), 21 diodes, and sev- 
eral support components. 

At the heart of the circuit is the 
hex Schmitt trigger. One gate of the 
hex Schmitt trigger (IC 1 -a) is config- 
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ured as a square -wave pulse gen- 
erator. The output of ICl -a (a pul- 
sating DC voltage) at pin 2 is fed to 
the inputs of IC 1 -b to IC 1 -f, which 
are connected in parallel to 
increase the available drive cur- 
rent. The pulsating output of the 
paralleled gates is fed to the base 
of Ql through R2, causing Ql to 
toggle on and off in accordance 
with the oscillations of IC1 -a. The 
collector of Ql is connected in 

series with the primary winding of 
Tl . The other end of Tl is connected 
directly to the positive terminal of 
the power supply. That produces a 
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driving wave in the primary winding 
of Tl that is similar to a square 
wave. 

The on /off action of Ql, caused 
by the pulsating signal applied to it, 

creates a rising and collapsing field 
in the primary winding of Ti (a small 
ferrite -core, step -up transformer). 
That causes a pulsating signal, of 
opposite polarity, to be induced in 

Tl 's secondary winding. 
The pulsating DC output at the 

secondary winding of T1 (ranging 
from 800 to 1000 volts) is applied to 
a 10 -stage voltage -multiplier cir- 
cuit, consisting of D1 through D20, 
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and C3 through C12. The multiplier 
circuit increases the voltage 10 
times, producing an output of up to 
10,000 -volts DC-V( w) = 10(1.41)V 

AC(RMS INPUT)' The multiplier accomplish- 
es its task by charging the capaci- 
tors (C3 -C12) through the diodes 
(D1 -D20); the output is a series 
addition of all the capacitors in the 
multiplier. 

In order for the circuit to operate 
efficiently, the frequency of the 
squarewave, and therefore the sig- 
nal applied to the multiplier, must 
be considered. The output frequen- 
cy of the oscillator (ICI -a) is set via 
the combined values of R1, R5, and 
C1 (which with the values specified 
is approximately 15 kHz). Poten- 
tiometer R5 is used to fine tune the 
output frequency of the oscillator. 
The higher the frequency of the 
oscillator, the lower the capacitive 
reactance in the multiplier. 

Light -emitting diode LEDI serves 
as an input -power indicator, while 
NEI indicates an output at the sec- 
ondary of T1. A good way to get 
the maximum output of the multipli- 
er is to connect an oscilloscope to 
its high -voltage output via a high - 
voltage probe and adjust poten- 
tiometer R5 for the maximum out- 
put. If you don't have the appropri- 
ate test gear, you can place the 
output wire of the multiplier about 
a half -inch away from a ground 
wire and draw a spark, while adjust- 
ing R5 for a maximum spark output. 

Caution: The output of the multi- 
plier can cause a strong electric 
shock. In addition, be aware that 
even after the multiplier has been 
turned off, there is still a charge 
stored in the capacitors, which, 
depending on the state of dis- 
charge, can be dangerous if con- 
tacted. That charge can be bled 
off by shorting the output of the cir- 
cuit to ground. (In fact, it's a good 
idea to get in the habit of dis- 
charging all electronic circuits 
before handling or working on them.) 

Also, ICI is a CMOS device and, 
as such, is static sensitive. It can 
handle a maximum input of 15 volts 
DC. Do not go beyond the 15 -volt 
DC limit or the IC will "vaporize." 
Diode D21 is used to prevent 
reverse polarization of the input 
voltage source. 

56 As far as the voltage multiplier 

goes, the diodes and the capaci- 
tors must be rated for at least twice 
the anticipated input voltage, So, if 
we have a 1000 -volt input, all of the 
diodes and the capacitors must 
be, respectively, rated for at least 
2000 -Ply and 2000 -WVDC (working 
volts DC) each. Because diodes 
with that voltage rating can be 
hard to find and expensive (if you 
can find them), pairs of series -con- 
nected 1 -amp, 1000 -PIV diodes 
were used to form 2000 -Ply units. P 

Nevertheless, I've always had great luck 
with Xircom products, and I don't hesitate 
to recommend them. 

As always, feel free to e -mail me 
(tneedleman @aol.com) with your com- 
ments or questions. P 

COMPUTER BITS 
(continued from page 10) 

month's column, you'll notice that 
the camera and graphics tablet are 
plugged into a box, rather than the PC. 
With the proliferation of USB devices in 
my house, I quickly realized that I was 
continuously plugging and unplugging 
devices from the same PC. With the 
eMachines system pictured, that's actu- 
ally pretty easy, since it has a handy USB 
connector on the front panel. So does 
the Compaq Presario 5868 that's my 
other main test bed. Still, both of these 
systems only offer two USB ports. At 
any one time, I may have four or more 
USB devices that I'm switching 
between. 

A good investment, with so many 
USB peripherals available, is a USB hub. 
This provides four or more USB ports, 
and if it is a powered hub, with an AC 
supply, each port can provide the maxi- 
mum 500 mA that the USB standard 
provides. Unpowered hubs provide only 
500 mA in total, so if one or more of the 
USB devices connected to the hub draws 
its power from the USB port, you can 
quickly exhaust the hub's capacity. 

Rather than a hub, I use a device 
from Xircom called a PortStation. This 
modular device consists of a pair of end 
caps, one of which has an input for an 
AC power supply. In between the end 
caps, you can insert any combination of 
modules Xircom offers. 

The particular PortStation pictured is 
simply a 7 -port USB hub. It plugs into 
one of my PC's USB ports and offers 
connectors for up to seven USB devices, 
plenty for my needs. I also have another 
PortStation that serves as a universal port 
replicator when I'm using a laptop. That 
PortStation offers serial, parallel, and even 
10Base -T Ethernet connectors. 
PortStations aren't cheap; the 7 -port 
USB one, for instance, sells for about $130. 
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Q &A 
READERS' QUESTIONS, EDITORS' ANSWERS 
CONDUCTED BY MICHAEL A. COVINGTON, N4TMI 

Ersatz Fox And Hound 
QI would like to request that you publish a 
wire tracer circuit. I have a broken phone 

wire buried in a wall. I need to trace the 

length of the wire (50 feet) behind drywall 
with 2 X 4 studs, to find where it is bro- 

ken-D. S., Orlando, FL 

AThe "Fox" and "Hound," made by 
Triplett Corporation (www.triplettcom), 

are a transmitter and receiver for tracing 
telephone lines through walls. You con- 
nect the transmitter to the wire, and the 
receiver helps you trace the wire from 
several inches away. Triplett doesn't say 

much about how they work, but the Fox 
and Hound apparently use inductive 
coupling of a low- frequency signal, 
maybe around 50 to 100 kHz. 
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Connect the transmitter to the wire to 
be traced, tune the signal in, and set 
VR1 to give the weakest signal that does 
the job. At maximum intensity, you can 
probably pick it up several feet away; 

lower settings will enable you to locate 
wires to within an inch or two. Note that 
you are using the AM loop antenna 
inside the radio, not the FM whip, 
which should be fully retracted. 

As shown, the circuit transmits on 
1000 kHz and is controlled by a 1 -MHz 
microprocessor crystal. Figure 2 shows 
how to use an LC oscillator to get other 
frequencies or to save having to order a 

crystal. Although built with a CMOS 
gate, this is simply a Colpitts oscillator. 
Note that the two capacitors are effective- 
ly in series, so only half of their capaci- 
tance is present in the tuned circuit. 
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Fig. 1. A simple carrier-wave transmitter injects an RF signal into a wire; an AM radio can pick up 

the signal as a low-pitched `growl." 

Figure 1 shows a cheaper transmitter 
that uses an AM transistor radio as the 
detector. It uses a type 4001 (CD4001 B) 

integrated circuit to generate a pulsing 
signal at 1 MHz (1000 kHz), which is 

heard as a growling sound in the radio. 

Fig. 2. If you don't want to use a crystal for the 

frequency that you want, put an inductor in 

place of the crystal and shunt resistor. 

Now for the bad news. As you may have 

discovered, this type of device probably 
will not detect a small break in a phone 
line. Radio waves that can go several inch- 
es through wood and plaster can also jump 
across a tiny gap in the metal. Nonetheless, 
with care, you may be able to find the break 
by looking for a place where the signal 
strength drops dramatically. 

Another approach would be to use a 

much lower -frequency signal, such as 5 

kHz from an audio -signal generator, and 
pick it up inductively with a micro- 
phone -level audio amplifier. Try using a 

coil from a relay as the detector, in place 
of a microphone. Low -frequency signals 
are harder to pick up but also less able to 
jump across breaks in the wiring. 
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Line-In-Use Indicator 

Problems 
QYour "Telephone Hold and Line -In -Use Yo 

Project" on page 21 of the February 2000 
issue appears to violate federal regulations. 

Specifically, 47 CFR 68.312 specifies that 
the DC resistance of a telephone that is not 

in use shall be greater than 5 megohms, but 
the circuit shown will result in a resistance of 
about 75K (Rl in parallel with R3).- 
D. B., by e-mail 

AAlas, you're right. The circuit draws 
too much current from the telephone 

line when it's not in use ( "on the hook, ") 

and the telephone company's test equip- 
ment is likely to detect it as a defect in 
the line. An older standard allowed the 
resistance to be as low as 1 megohm, but 
the circuit that we published doesn't 
even meet that criterion. 

Although I haven't tried it, you could 
probably correct the problem by chang- 
ing Q1 and Q2 to type 2N7000 field - 
effect transistors, changing Rl and R3 to 
10 megohms each (try 2.2 megohms if 
behavior is finicky), and changing R2 to 
2.2 megohms. 

When working with such large resistors, 

the circuit board must be dean and dry; coat- 

ing it with an insulating material after assem- 

bly is desirable, because it is easy to get 50 or 
even 20 megohms of leakage through invisi- 

ble contaminants adhering to the parts. 

As others have pointed out, the article 

was also in error in saying that the red tele- 
phone wire is usually positive. On tele- 
phones, red is usually negative. A full- 

wave -bridge rectifier between the circuit 
and the phone line will guarantee correct 
polarity even if the line is miswired. 

Really Isolated? 
QFurther to the February 2000 Q&A, you 
can't test an isolation transformer with 

just a common ohmmeter. What you need is 

an insulation tester or a Sencore "Z-meter," 
which can be set to use a test voltage of 999.9 
volts. Using this instrument, I have tested a 

Sola 20 -13 -60 (small) and a 23 -22 -125, 
and both tested OK for isolation. -D. H., 
Buffalo, NY 57 



AYou're right, if the quality of the isola- 
tion is in question. All we were trying to 

do was distinguish an isolation transformer 
from an autotransformer. We're glad to 
know that those Sola transformers do pass 
the test at 999.9 volts. 

Troubleshooting Windows 

Failures 
QMy 300 -MHz Windows 98 computer 

has been giving me occasional page faults 
and general protection faults, about once per 
week. When the fault message comes up, I 
click on "details" and get locations that look 
like hexadecimal addresses. Is there a book 
that will tell me how to decipher these mes- 
sages?-L. R., Huntington Beach, CA 

AThe messages mean that a running 
program is trying to address memory 

locations that do not exist or are 
assigned to other programs. Many peo- 
ple blame Microsoft Windows for 
detecting these errors, but, actually, 
Windows is very often just notifying you 
of a bug in an application program or a 
device driver. Indeed, Microsoft has had 
to make numerous small changes in 
Windows to work around mistakes in 
popular application programs. 

Unless you have an inside track to the 
authors of Windows and all the other 
software on the machine, you'll proba- 
bly never be able to interpret the num- 
bers precisely. But that's not as bad as it 
sounds. There are plenty of things you 
can check. Here are a few of the most 
important. 

(1) Is the problem associated with a 
particular piece of software or hard- 
ware? If the error message contains a file 
name, look at the file (find it, right -click 
on it, and choose "Properties "). It may 
be a device driver for which a newer ver- 
sion is available. 

(2) Do a Disk Cleanup (under 
"Programs," "Accessories," "System Tools ") 
and discard any temporary Internet files 
that may be on your hard disk. Then run 
ScanDisk to make sure the disk drive is 
in good order. 

(3) Use Windows System File 
Checker to look for corrupted system 
files. Click "Start," "Run," and type sfc.exe. 

(4) Perform a Windows Update and 
make sure you are running the current 
version of the operating system. This is 
something you should do every month 

58 or two anyhow. 

HOW TO GET INFORMATION ABOUT ELECTRONICS 
On the Internet: See our Web site at 
www.gemsback.com/poptronics for information 
and files relating to Poptronics and our former 
magazines (Electronics 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, 
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 over 
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, Popular 

Electronics (post 1995 only) and Poptronics 
are available from our Claggk, Inc., Reprint 
Department, P.O Box 12162, Hauppauge, 
NY 11788; Tel: 631 -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; (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.arri.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. 

(5) Go to the Microsoft Knowledge 
Base (http: / /support.micr osoft.com) and 
search for the particular error mes- 
sage that you're getting. If it points 
to anything specific, you'll probably 
find it there. Also search for it on 
http: / /www.dejanews.com, but remem- 
ber that the discussions there are not 
authoritative. 

(6) Look for hardware problems. 
Unplug everything inside the com- 
puter and plug it back in to ensure a 

good connection. (Take anti -static 
precautions, of course.) Make sure 
your memory SIMMs or DIMMs are 

the right kind and are well matched. 
Test power supply voltages (5.0 and 
12.0 V, accessible at a disk -drive con- 
nector). Make sure a cooling fan has 
not failed and that external cables 
are not loose. 

(7) Look for DLL conflicts. Use 
"Find" to locate every file on the 
machine whose name ends in DLL. If 
you find two with the same name, 
rename the older one so that its name no 
longer ends in DLL, and copy the newer 
one into C: \WINDOWS \SYSTEM. 
That way, only the newest version of 
each DLL will be accessible. 



(8) Under "My Computer," "Properties," 
disable virtual memory, reboot, and re- 
enable it on a different disk drive. This 
will get rid of any corrupt data in your 
swap file. 

(9) If all else fails, re- install Windows 
(which you can do over an existing installa- 
tion without destroying your data). 

Testing Capacitors 

In- Circuit 
QI would like to know how to test small - 
value surface -mount capacitors in- circuit. 

Would a digital multimeter that has capaci- 

tance- measuring capability work by doing 

comparison measurements with a good 

board ? -J. R., Lemon Grove, CA 

AComparison measurements with a good 
board are always helpful, but measuring 

the actual value of a capacitor that is con- 
nected to other components is always diffi- 

cult and sometimes impossible. 
The normal way to measure capaci- 

tance is to apply an AC voltage and mea- 
sure the current that flows, thereby find- 
ing the capacitive reactance. Any other 
conductive path across the capacitor will 

throw this measurement off. 
A couple of tricks are possible. If the 

test voltage is less than about 0.1 volt, 
transistors and diodes will act like open 
circuits, keeping some of the unwanted 
paths out of the picture. By applying AC 
at more than one frequency, you could 
distinguish captacitive reactance from 
other effects. Even then, though, perfect 
in- circuit measurements are not always 
feasible; for example, if you have two 
capacitors connected in parallel, all you 
can measure is the total capacitance of 
the two. 

Howard Electronic Instruments 
(www.heinc.com) markets a "Capacitor 
Wizard" for in- circuit testing of the 
effective series resistance (ESR) of 
capacitors, not the capacitance. (Bad 
capacitors generally short out or develop 
high ESR rather than just changing 
capacitance.) The instrument is 

designed for capacitors of 1 microfarad 
and larger, the ones that are the most 
failure -prone, and uses an 0.005 -volt, 
100 -kHz test signal. 

Hungry For Hungary 
Q1 got a shortwave radio for Christmas 
and would like to know the frequencies 

and broadcasting times of international 
shortwave broadcasts, especially those from 
Hungary. -R. A. S., El Cajon, CA 

AFor a complete guide to international 
shortwave broadcasts, consult the 

World Radio -TV Handbook or Passport to 

World -Band Radio. These are annual 
handbooks that can be special- ordered 
through almost any bookstore. If you 
have trouble finding them, write to 
Radio Bookstore, PO Box 209, Rindge, 
NH 03461 -0209; Tel: 800 -457 -7373; 
Web: www.radio -ware.com. 

Or look on the Web at http: / /www. 

angelfrre .com /wi /worldbandradio/ for a 

guide to English -language broadcasts 
beamed at North America. 

According to their listings, you can 
find Radio Budapest on 9835 kHz 
between 0200 and 0230 UTC, and again 
between 0330 and 0400 UTC, daily. 

(That's 6:00 -6:30 p.m. and 7:30 -8:00 
p.m. Pacific Standard Time.) This may 
change in the summer. 

Bear in mind that Hungary is not a 

shortwave radio powerhouse; the sig- 
nal will probably not be very strong 
and will vary from day to day. It's much 
easier to hear England, France, Russia, 
and the Voice of America. Also, for 
several reasons California does not 
receive as many signals from Europe as 

the East Coast. Nonetheless, short- 
wave listening can be a fascinating 
hobby as long as you recognize that its 
unreliability is part of the fun. 
Sometimes even the most reliable sig- 
nals won't come in; at other times, 
you'll hear small local or regional sta- 
tions in far -off parts of the world. 

Dim Paper? 
QIs my eyesight dimming or is Poptronics 
using paper that is less white, thereby 

making it harder for old eyes to read? 
If I recall, the old pulp magazines of the 

1930s, where you could actually see slivers of 
wood in the paper, were easier to read. But 
then, to be fair, my eyes were a lot younger 
then -H. S., Longmont, CO 

AIt must be your eyes, because 
although our paper is not as glossy as 

it used to be, it's still lighter than the 
pulp paper of the 1930s (at least as far as 

I know; I wasn't actually reading maga- 
zines then!). 

The new paper is not perfectly white, 
but it also isn't shiny, so you're not like- 
ly to be bothered by glare. Many people 

find it easier to read the print on this 
paper than on glossy magazine paper, 
which, after all, is designed primarily for 
printing pictures. 

(To get real technical, we used to use a 

coated glossy paper. Then we went to a glossy 

uncoated paper, known in the trade as SCA. 

Now we use SCB, another uncoated paper. 

We used to use pulp paper in our Shopper 

section, but have abandoned that and now 

publish on all SCB, except for the cover, of 
course.- Editor) 

Need Philips Scope 

Manual 
QI am looking for a service manual and an 
operator's manual for a Philips model 

PM3305 oscilloscope. Can someone help? - 
Aldo Martinez, 21420 SW 102 Avenue, 

Miami, FL 33189 

ADid you perhaps mean PM3350, a 

100 -MHz oscilloscope that was fairly 
popular in Europe? In any case, we 

assume you've tried Philips (www. 

philips.com, a set of Web pages I found 
almost unusable; all of them were very 
slow, and some came up blank). Since 
Philips operates worldwide and has 
changed its structure several times, the 
right division may be hard to find. We're 
publishing your name and address in the 
hope that a reader can help. 

Writing To Q&A 
As always, we welcome your ques- 

tions. 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, 275 G Marcus 
Blvd., Hauppauge, NY 11788, or e- 
mailed to gdo'a@gernsback.com, but please 
do not expect an immediate reply in 
these pages (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. P 59 
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ROBOTICS WORKSHOP______ 
GORDON McCOMB 

More on the BasicX -24 Mìcrocontroller 

Last month, we began our look at the 
BasicX -24 microcontroller from 

NetMedia (http: / /trarw.basicx.com/). This 
month, we'll continue our discussion of 
this new chip and look at how we can put it 
to use in various robotic applications, 
including controlling servomotors and 
building a joystick teaching pendant. 

Controlling RC Servos 
Radio -control servos can be readily 

controlled with the BasicX -24 (BX -24) 
using a few simple statements. While 
there is no built -in "servo command" as 

there is with the OOPic microcontroller 
(see Poptronics February and March, 
2000), the procedure is nevertheless very 
easy to do in the BX -24. Here's a basic 
program that places a servo connected to 
pin 20 of the BX -24 to its approximate 
mid -point position (I say "approximate" 
because the mechanics of RC servos can 
be different between makes, models, and 
even individual units): 

Sub Main 
Do 
Call PulseOut(20, 1.5E -3, 1) 

Call Delay(0.02) 
Loop 
End Sub 

The program runs continuously 
because it is within a "Do" loop. The 
Pur.sEOuT statement sends a short 1.5- 
millisecond (ms) HIGH pulse to pin 20. 

The Delay statement causes the BX -24 
to wait 20 milliseconds, before the loop 
is repeated all over again. With a delay 
of 20 milliseconds, the loop will repeat 
50 times a second (50 x 20 milliseconds 
= 1000 milliseconds, or one second). 

Note the optional use of scientific 
notation for the second parameter of 
PULSEOUT. Using the value 0.0015 
would yield the same result. You should 
be aware that the BX -24 supports two 
versions of the PuLsEOuT statement: a 

float version and an integer version. The 
float version is used with floating -point 

+5VOLTS DC 
FROM BX -24 CARRIER BOARD 

OK 

TO BX -24 I/O PIN 20 

GROUND FROM BX -24 
CARRIER BOARD 

Fig. 1. Wire the switch so that it connects to the 

V+ (pin 21, not pin 24) of the BX -24. 

numbers; that is, numbers that have a 

decimal point. The integer version is 

used with integers; that is, whole num- 
bers only. 

The BX -24 compiler automatically 
determines which version to use based on 
the data format of the second parameter of 
the PULSEOUT statement. If you use: 

Call PulseOut(20, 20, 1) 

it tells the BX -24 that you want to send 
a pulse of 20 "units." Since each unit is 

1.085 microseconds long; 20 units 
would produce a very short pulse of only 
21.7 microseconds. To continue working 
in more convenient milliseconds, be 
sure to use the decimal point: 

Call PulseOut(20, 0.020, 1) 

This creates a pulse of 20 milliseconds in 

length. 
Listing 1 shows a more elaborate 

servo -control program and is based on 
an application note provided on the 
BasicX Web site. This program allows 

you to specify the position of the servo 
shaft as a value from 0 to 100, making it 
easier for you to use. 

The five lines at the beginning of the 
program set up all the variables that are 
used. The line: 

Const ServoPin As Byte = 20 

Listing 1 

Const ServoPin As Byte = 20 

Const RefreshPeriod As Single = 0.02 

Const NSteps As Integer = 100 

Dim SetPositíon As Byte 

Dim Position As Single, PulseWidth As Single 

Sub Main () 

' Moves a servo by sending a single pulse. 

Insert position as a value from 0 to 100 

SetPosition = 50 ' move to mid -point 

Position = CSng(SetPosition) / CSng(NSteps) 

Co 

Translate position to pulse width, from 1.0 to 2.0 ms 

FulseWidth = 0.001 + (0.001 ' Position) 

Generate a high -going pulse on the servo pin 

Call PulseOut(ServoPin, PulseWidth, 1) 

Call Delay(RefreshPeriod) 

Loop 
End Sub 61 
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+5VOLTS 
DC PIN 20 PIN 15 

100K 

PINS 17, 18 a 
Fig. 2. Connecting an IBM PC -style joystick to 
the BasicX -24 microcontroller 

creates a byte -sized constant, and also 
defines the value of the constant as pin 
20. Because it is a constant, the value 
assigned to SERVOPIN cannot be changed 
elsewhere in the program. Similarly, the 
lines: 

Const RefreshPeriod As Single = 0.02 
Const NSteps As Integer = 100 

create the constants REFRESHPERIOD 

and NSTEPS. REFRESHPERIOD is a sin- 
gle- precision floating point number, 
meaning it can accept numbers to the 
right of the decimal point. NSTEPS is an 
integer and can accept values from 
-32768 to +32767. 

The main body of the program 
begins with Sub Main. The statement: 

SetPosition = 50 

sets the desired position of the servo rel- 
ative to the total number of steps 
defined in NSTEPS (in the case of our 

Listing 2 

Sub Main() 

Const InputPin As Byte = 20 
Const LED As Byte = 26 

Dim State as Byte 

Sub Main() 

Do 

' Read I/O pin 20 

State = GetPin(InputPin) 
' Copy it to the LED 

Call PutPin(LED, State) 
Loop 

End Sub 

Listing 3 

Private Si As Byte 

Private S2 As Byte 

Private JoystickX As Integer 

Private JoystickY As Integer 

Private Steps As Integer 

Private TempByte As Byte 

Private Motors As Byte 

Private MotorsStr As String * 10 

Private TempStr As String * 20 

Private RecordFlag As Boolean 

Private PlayFiag As Boolean 

Private Const GreenLED As Byte = 26 

Private Const RedLED As Byte = 25 

Private Const LEDon As Byte = 0 

Private Const LEDoff As Byte = 1 

Private Const MotLD As Byte = 9 

Private Const MotLC As Byte = 10 

Private Const MotRD As Byte = 11 

Private Const MotRC As Byte = 12 

Private Const Min As Integer = 450 

Private Const Mid As Integer = 850 

Private Const Max As Integer = 1200 

Private Const CmdDelay As Integer = 256 

Private Const MaxSteps As Integer = 60 

Dim RecordArray (1 to MaxSteps) As Integer 

'DLDR 

'D =0, forward 

'0=1, reverse 

'L =0, left motor off 

'L =1, left motor on 

`R =0, right motor off 

'R =1, Right motor on 

Sub Main() 

Dim Count As Integer 

Call PutPin (17, BxOutputLow) 

Call PutPin (18, BxOutputLow) 

Call OpenSerialPort(1, 19200) 

RecordFlag = False 

PlayFlag = False 

Call PutPin (GreenLED, LedOff) 

Call Sleep (1.5) 

Do 

' take low 

' take low 

JoystickX = GetPotValue (19) ' X stick 

JoystickY = GetPotValue (16) ' Y stick 
Select Case JoyStickY 

Case Min to (Mid -51) 'Forward 

Select Case JoystickX 

Case Min to (Mid -51) 

MotorsStr = "bx00000100" 

Motors = bx00000100 

Case (Mid -50) to (Mid +50) 

(Listing 3 continued on page 63) 



' button 2, red led, pin 20 

' button 1, green led, pin 15 

(Listing 3 continued on page 64), 

(Listing 3 continued from page 62) 
MotorsStr = "bx00000101" 

Motors = bx00000101 

Case Mid +51 to Max 

MotorsStr = "bx00000001" 

Motors = bx00000001 

End Select 

Case (Mid -50) to (Mid +50) 

Select Case JoystickX 

Case Min to (Mid -51) 

MotorsStr = "bx00001101" 

Motors = bx00001101 

Case (Mid -50) to (Mid +50) 

MotorsStr = "bx00000000" 

Motors = bx00000000 

Case Mid +51 ?o Max 

MotorsStr = "bx00000111" 

Motors = bx00000111 

Center 

End Select 

Case Mid +51 to Max 

Select Case JoystickX 

Case Min to (Mid -51) 

MotorsStr = "bx00001100" 

Motors = bx00001100 

Case (Mid -50) to (Mid +50) 

MctorsStr = "bx00001111" 

Motors = bx00001111 

Case Mid +51 to Max 

MotorsStr = "bx00000011" 

Motors = bx00000011 

End Select 

' Reverse 

End Select 

Call SetMotors (Motors) 

Call PutStr ( MotorsStr) 

Call Newline 

S1 = GetPin (20) 

S2 = GetPin (15) 

If S1 = 0 Then 

RecordFlag = Not RecordFlag 

Call SetRedLed (RecordFlag) 

If RecordFlag = True Then 

Steps = 1 

TempStr = """Recording On "'" 
Call PutStr (TempStr) 

Call Newline 

End If 

If RecordFlag = False Then 

TempStr = ""'Recording Off- - 
Call PutStr (TempStr) 

Call Newline 

End If 

End If 

If S2 = 0 Then 

PlayFlag = Not PlayFlag 

Call SetGreenLed (PlayFlag) 

If PlayFlag = True Then 

TempStr = ""'Playback On * ** 
Call PutStr (TempStr) 

Call Newline 

End If 

End If 

example, 100). Therefore, a SETPOSmON 

value of 50 will move the servo to its 

approximate midpoint. 
The line: 

Position = CSng(SetPosition) / 
CSng(NSteps) 

produces a value from 0.0 to 1.0, 

depending on the number you used for 
SETPOSITION. With a value of 50, the 
POSITION variable will contain 0.5. The 
POSITION variable is then used within 
the Do loop that follows. Within this 
loop are the statements: 

PulseWidth = 0.001 + (0.001 * Position) 
Call PulseOut(ServoPin, PulseWidth, 1) 

Call Delay(RefreshPeriod) 

The first statement sets the pulse 
width, which is between 1.0 and 2.0 mil- 
liseconds. The PULSEOUT statement 
sends the pulse through the indicated 
servo pin (the third parameter, 1, speci- 
fies that the pulse is positive- going, or 
HIGH). Finally, the DELAY statement 
delays the BX -24 for the REFRESH - 

PERIOD, in this case 20 milliseconds 
(0.02 seconds). 

Reading Button Inputs and 
Controlling Outputs 

A common robotics application is 

reading an input, such as a button, and 
controlling an output, such as an LED, 
motor, or other real -world device. The 
program in Listing 2 demonstrates some 
simple code that reads the value of a 

momentary pushbutton switch connect- 
ed to 1/0 pin 20. The switch is connect- 
ed in the circuit shown in Fig. 1, so that 
when the switch is open, the BX -24 will 

register a 0 (LOW), and when it's closed, 
the BX -24 will register a 1 (HIGH). 

The instantaneous value of the 
switch is indicated in the LED. The 
LED will be off when the switch is open, 
and on when it is closed. 

Now let's see how the program 
works. The lines: 

Const InputPin As Byte = 20 

Const LED As Byte = 26 
Dim State as Byte 

set the constant INPUTPIN as 1/0 pin 20, 

and the constant LED as I/O pin 26 

(recall from last month that one of the 
BX -24's on -board LEDs -the green 
one, by the way -is connected to I/O 
pin 26). Finally, the variable STATE is 63 



defined, as type Byte: 

Do 
' Read I/O pin 20 
State = GetPin(InputPin) 
' Copy it to the LED 

Call PutPin(LED, State) 
Loop 

The Do loop repeats the program 
repeatedly. The GETPIN statement gets 
the current value of pin 20, which will be 
either LOW (0) or HIGH (1). The 
companion PUTPnv statement merely 
copies the state of the input pin to the 
LED. If the switch is open, the LED is 
off; if it's closed, the LED is on. 

Build a Joystick "Teaching 
Pendant" 

No doubt you've been to 
Disneyland or other theme parks that 
uses robotic or Animatronic perform- 
ers. These on -stage automatons are 
operated via a sophisticated computer 
system that plays back the audio por- 
tion of the program and controls every 
movement or every robot on the stage. 
Walt Disney was one of the early pio- 
neers of this art and science, calling it 
audio -animatronics; a system his Walt 
Disney Enterprises group developed 
that used audio tones on recorded tape 
as the control medium. 

Animatronic shows are most com- 
monly acted out by a human director 
who operates a joystick or other control 
in real time. As the sound portion of the 
program is played, the director moves 
the joystick to operate the various ani- 
matronic devices on stage. The move- 
ments of the joystick are recorded for 
later playback. This same concept is 
used in many kinds of manufacturing 
robots, whose actions are programmed 
not from a keyboard, but from a "teach- 
ing pendant," a controller that records 
the actions of a human operator. 

Using an ordinary joystick, you can 
create your own teaching pendant for 
your robot (or animatron, if that's to 
your liking). For this next project, I'll 
use a common garden variety IBM PC- 
style analog joystick, though you can 
apply the same techniques to any kind of 
joystick, analog or digital. IBM PC -style 
joysticks are inexpensive (mine cost $5) 
and available everywhere. The joystick 
teaching pendant controls the motors of 
a two -wheel robot. Up to 30 seconds of 
commands can be recorded and played 

64 back. You can also use the joystick teach- 

(Listing 3 continued from page 63) 
If Record Flag = True Then 

If Steps <= MaxSteps Then 

RecordArray(Steps) = CInt(Motors) 

Call Putl (RecordArray(Steps)) 

Call Newline 

Steps = Steps + 1 

End If 

End If 

If PlayFlag = True Then 

RecordFlag = False 

Call SetRedLed (RecordFlag) 

For Count = 1 to (Steps - 1) 

Call Putl (RecordArray(Count)) 

TempByte = CByte(RecordArray (Count)) 

Call SetMotors (TempByte) 

Call Newline 

Call Sleep (CmdDelay) 

If GetPin (15) = 0 Then 

PlayFlag = False 

Call PutPin (GreenLED, LedOff) 

Exit For 

End If 

Next 

PlayFlag = False 

Call PutPin (GreenLED, LedOff) 

End If 

Call Sleep (CmdDelay) 

Loop 

End Sub 

Private Sub SetMotors (Motors As Byte) 

Select Case Motors 

Case 0 

Call PutPin (MotLD, 0) 

Call PutPin (MotLC, 0) 

Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 0) 

Case 5 

Call PutPin (MotLD, 0) 

Call PutPin (MotLC, 1) 

Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 1) 

Case 15 

Call PutPin (MotLD, 1) 

Call PutPin (MotLC, 1) 

Call PutPin (MotRD, 1) 

Call PutPìn (MotRC, 1) 

Case 1 

Call PutPin (MotLD, 0) 

Call PutPin (MotLC, O) 

Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 1) 

Case 7 

Call PutPin (MotLD, 0) 

Call PutPin (MotLC, 1) 

Call PutPin (MotRD, 1) 

Call PutPin (MotRC, 1) 

Case 4 

Call PutPin (MotLD, O) 

Call PutPin (MotLC, 1) 

' all stop 

' forward 

' reverse 

' right 

hard right 

'left 

(Listing 3 continued on page 65) 



(Listing 3 continued from page 64) 
Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 0) 

Case 13 ' hard left 

Call PutPin (MotLD, 1) 

Call PutPin (MotLC, 1) 

Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 1) 

Case 12 ' left reverse 

Call PutPin (MotLD, 1) 

Call PutPin (MotLC, 1) 

Call PutPin (MotRD, 0) 

Call PutPin (MotRC, 0) 

Case 3 ' right reverse 

Call PutPin (MotLD, 0) 

Call PutPin (MotLC, 0) 

Call PutPin (MotRD, 1) 

Call PutPin (MotRC, 1) 

End Select 

End Sub 

Private Sub SetRedled (Flag As Boolean) 

If Flag = True Then 

Call PutPin (RedLED, LedOn) 

Else 

Call PutPin (RedLED, LedOff) 

RecordFlag = False 

End If 

End Sub 

Private Sub SetGreenLed (Flag As Boolean) 

If Flag = True Then 

Call PutPin (GreenLED, LedOn) 

Else 

Call PutPin (GreenLED, LedOff) 

PlayFlag = False 

End If 

End Sub 

Private Function GetPotValue(ByVal PinNumber As Byte) As Integer 

Const CapacitorDischargeTime As Integer = 4 

Call PutPin(PinNumber, bxOutputLow) 

Call Sleep(CapacitorDischargeTime) 

GetPotValue = RCtime(PinNumber, 0) 

End Function 

' Tiimeout returns O. 

ing pendant in "free" (no record or play- 
back) mode, controlling the robot by 
manually pushing the stick. 

For the control electronics, we'll 
connect the joystick to a BasicX -24, by 
way of a simple interface. The joystick 
interface is shown in Fig. 2. The output 
of the BasicX -24 can drive the motors of 
your robot, when connected through an 

H- bridge motor driver or other suitable 
circuit, such as relays, transistors, or 
power MOSFETs. The program assumes 
that pins 9 through 12 are used to con- 
trol the two motors of a typical robot as 

shown in Table 1. 

IBM PC -style joysticks contain ana- 

log potentiometers. The resistive value 
of these pots changes as you move the 
joystick around. We actually won't be 
using the analog nature of the joystick 
for this project, but you can add this fea- 
ture in your own if you wish. For exam- 
ple, instead of controlling the power and 
direction of the motors, you could rig 
the joystick so that the more you push 
on the stick, the faster the motor goes. 

Listing 3 provides the BX -24 code 
for the joystick teaching pendant. Note: 
This program requires the use of the 
SERIALPORT.BAS file, which is included 
with the BX -24 developer's kit (and is 

available for download at the BasicX 

TABLE 1 

Function 
Left moto- direction 
Left moto on /off control 

Right motor directon 

Right motor on /off control 

BX -24 Pin 

9 

10 

11 

12 

site). When creating the project file for 
the joystick teaching pendant, be sure to 
include SERIALPORT.BAS as well. 

Using the Joystick Teaching 
Pendant 

Test the program by pushing the joy- 

stick. For purposes of verification and 
testing, the Joystick2.Bas program uses 

the BasicX debug window to display the 
binary value of the four motor control 
bits (only the last four bits are used). For 
example, when you push the joystick 
forward, the text bx00000101 is shown 
in the debug window. The last four bits 
are 0101: 

0-LeftMotDir 
1-LeftMotCtrl 
0-RightMotDir 
1-RightMotCtrl 

A value of 0 for LEF'FMOTDIR/ 
RIGHTMOTDIR means the motor is 

going forward (conversely, a value of 1 

means the motor is going in reverse). A 
value of LEFTMOTCTRL/RIGHTMOT- 
CTRL means that the motor is activated. 
Reading the 0101 bits, both motors are 

operating and are going forward. Note 
that the program samples the position of 
the joystick once every half second. 

Recording and Playing Back 
Steps 

Briefly depress button 1 (usually the 
"fire" button). The Red LED on the 
BX -24 chip will light up as a visual indi- 
cator that recording is on. In addition, a 

"Recording On" message is displayed in 
the debug window. The joystick is now 
in record mode, and the joystick posi- 
tions are being stored in memory. 
Recording is simple in the Joystick2.Bas 
program: each half second the joystick 
position is stored in an element of a 60- 
element array. Since there are 60 ele- 

ments, and a new "snapshot" of the joy- 
stick controls is made every half second, 
this means there is a maximum of 30 sec- 

onds of recording. 
You can revise the program to add 

(Continued on page 76) 65 
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TECH MUSINGS 
DON LANCASTER 

Algae Hydrogen Source, Applying Taylor 

Series, Surplus & Auction Update, 

lithium Polymer Batteries, and 

Understanding Nonlinearity 

Many of the formulas that you'll 
find in electronics books are 

oversimplifications of the vastly fancier 
math behind what is really coming 
down. These simple formulas can get 
you in trouble should you try to use 
them without understanding their lim- 
its. We have already seen in previous 
columns how power measurement is 
never the average volts times average 
amps and how voltmeter- ammeter 
methods often lie like a rug. They either 
severely underreport when low duty 
cycles or strange waveforms are involved 
or misleadingly overreport when AC 
reactance lead or lag phase angles are 
present. Check out MUSE112.PDF and 
MUSE113.PDF in particular for more 
power measurement secrets. Another 
advanced concept that can cause you 
considerable grief is... 

Understanding Nonlinearity 
A linear system is one where if you 

double your input, you'll double your 
output. In addition, separate inputs will 
give separate superpositioned outputs, 
which do not interact with each other in 
any way. Linear systems are often 
assumed in most electronics math. 

Sadly, real -world linear systems do not 
exist. Instead, there are always behavior 
deviations of one type or another, intro- 
ducing mild to severe nonlinearity. 
Often, the inevitable nonlinearities are 
small enough that you can ignore them. 

Other times they may not be. 
Electronic rules all change in the 

presence of strong nonlinearity. For 
instance, if you take a resistor and apply 
a sane voltage, you should measure some 
current by Ohm's law. Double the volt- 
age and your current also should double. 

Now, select any silicon diode and 
briefly apply 0.4 volts in its forward 
direction. Measure the current. When 
you double this voltage, you will get a 
current that is thousands of times higher 
than before. Why? Because a diode is a 
classic nonlinear device. Similarly, if you 
apply one volt DC to a water electroly- 
sis cell, you will measure a relatively 
weak current. Double it and the current 
increases by hundreds or thousands of 
times -just like a diode. 

Yes, Ohm's Law is still valid. 
However, the resistance now depends 
upon the voltage or current you apply, 
rather than being some constant, which 
is a basic definition of nonlinearity. Let 
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Don Lancaster 
Synergetics 
Box 809 -EN 
Thatcher AZ, 85552 
Tel: 520 -428 -4073 

US email: don@tinaja.com 
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us look at two useful tools for dealing 
with nonlinearities. The first of these 
involves... 

Using Transfer Functions 
A transfer function or a response curve 

can show the output to input ratio of 
nearly any "history free" physical sys- 
tem, linear or not. In electronics, trans- 
fer functions can relate the voltage in to 
voltage out, current in to voltage out, 
voltage in to current out, or current in to 
current out, depending on the device. 
Transfer functions can often be calculat- 
ed or measured. They can be based upon 
observed numbers, upon theoretical 
math functions, on plotted graphs, or be 
any combination of the three. The auto- 
matic generation of suitable graphs is 
sometimes called curve tracing. 

Let's look at a subtle example that 
seems to be causing untold grief both on 
the Web and in the patent office. Figure 
1 shows us the very low frequency trans- 
fer function of a cell used for hydrogen 
electrolysis. If you remain under the 
threshold of 1.28 volts, only the solution 
conductivity will contribute to the cur- 
rent drawn. Above that threshold, more 
and more current is drawn by the elec- 
trolysis gas production itself. 

Curiously, the electrons you'll get 
back are not the ones that you sent out. 
The outgoing electrons convert hydro- 
gen ions into hydrogen atoms, while the 
incoming electrons convert oxygen ions 
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Fig. 1. A transfer function can relate the output to the input of any history-free physical system. In 

this low frequency hydrogen cell, extreme nonlinearity redistributes the spectral energy. 

to oxygen atoms. At the terminals, any 
electron looks like any other electron. 
Since any overvoltage above the thresh- 
old sharply increases both the current 
and the gases liberated, the transfer 
function is somewhat similar to a diode 
or Zener and thus ends up remarkably 
nonlinear. 

Suppose you apply a DC- biased, low - 
frequency AC to this cell. What will the 
current look like? Mathematically, you 
can multiply the instantaneous voltage 
times the transfer function to get the 
output current. Graphically, you can 
simply "bounce off" the curve, sending 
the voltage in on the x axis and reading 
the current you get out the y axis. 

We see that we input a nice, clean volt- 
age- offset sinewave, but we get a very non- 
linear series of quite narrow current pulses 
out. When you analyze these pulses by 
using Fourier Series (details in 
MUSE90.PDF), you'll see a strong DC 
term, lots of useless high harmonics, and 
very little remaining fundamental sinewave 

energy! Note that the narrow current puls- 
es have rms values that are very much high- 
er than their average value. Note also that 
the useful portions of your power pulses 
will be even narrower. 

This is the usual source of wildly 
understated power measurements. There 
is at least one patent that claims that 
some audio or ultrasonic sinewaves 
might "resonate" a water molecule. For 
a dozen solid technical reasons, I per- 
sonally feel that this is totally bogus. For 
starters, the nonlinear cell immediately 
changes most any sinewave voltage input 
to a strong DC term, which does a nor- 
mal electrolysis, plus a bunch of useless 
harmonics that most likely contribute 
only to cell heating. The cell capacitance 
effects should even further significantly 
reduce both the fundamental and har- 
monics. 

Now yes, a mechanical sonic wave 
might be able to shake some bubbles 
loose or maybe sonoluminesce, or do 
something similar, possibly for some 
modest efficiency gain, but these are 
completely different and acceptable 
"real- science" effects. 

If you really wanted to prove there 
was a highly unlikely process such as 

electrically -driven audio -frequency water 
resonance, you would have to use input 
current waveforms instead. Why? Because 

the cell's nonlinearity trashes input voltage 

waveforms! 

% POSTSCRIPT MATH FUNCTION 
UTILITIES 

Copyright c 2000 by Don Lancaster 
and Synergetics, Box 809, Thatcher, 
AZ 85552 

% (520) 428 -4073 don@tinaja.com 
http: / /www.tinaja.com 

% Consult ng services available per 
http://www.tinaja.com/info01.html 

% All commercial rights and all electronic 
media -ights fully reserved. 

% Personal use permitted provided head- 
er and entire file remains intact. 
Linking welcome. Reposting expressly 
forbidden. 

% These PostScript -as- language routines 
show you how to generate two useful 

% math functions, namely a swept 
sinewave and a classic narrow pulse. 

To use this program, move the modules 
into yoir code, reposition as needed 

% and then distill the file. Or send the file 
to GhostScript. 

/sinxx {gsave translate -1000 240 div - 

1000 sin -1000 div 300 mul -1000 10 

div cos mul 
moveto -1300 3 1000 { dup 0 eq {pop 

0.0001} if /val exch def val 240 div val 
sin val div 

300 mul val 10 div cos mul Iineto} for 
linel stroke grestore} def 

/chirphscale 1 8 div def / chirpvscale 2 def 
/sweeprate 0.3 def 

/chirp {gsave translate newpath 1 setline 
join -7C chirphscale mul -70 dup mul cos 

chirpvscale mul moveto -70.4 .1 70.4 { 

/val ex:Th def val chirphscale mul val 
dup mul cos 

chirpvscale mul Iineto} for linel stroke 
grestore} def 
%% demos - remove before use 
%%%%% 

100 100 translate % position on page 
0.1 dup scale % select size 
16 21.2 chirp % create swept waveform 
16 7.2 sinxx % create sinx/x pulse 
showpage % and show the page 
%% EOF 

Taylor Series 
There is a useful math tool known as 

the Taylor Series that can be handy in deal- 
ing with major or minor nonlinearities. 

Suppose, as in Fig. 2, you have a 

"bent" waveshape. Near a value of inter- 
est, you could use that value as a zero - 

order approximation. Mathematically, we 
can say: 

f(x)=ao 

or that it is the same everywhere, which 
is about as useful as a stopped clock that 
is right twice a day. But, hey, it's a start. 67 
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Fig. 2. Taylor Series deals with nonlinearity by breaking a curve down into separate terms. 

Chances are your waveshape will have 
some non -horizontal slope at a point of 
interest. Thus, for our first order approx- 
imation, we'll draw a straight line 
through that slope at our ao point: 

f(x)=ao+alx 

This is a classic linear system with 
offset. You can think of a0 as the DC off- 
set, and al as the gain. Negative gain val- 
ues mean that there is a polarity or phase 
inversion. Gain values that range 
between +1 and -1 might be interpreted 
as loss or attenuation. This linear approx- 
imation will end up exact at one point 
and pretty good nearby. To try and cor- 
rect the errors that are further out, we 
add a second order term to our series: 

f(x) = ao + al x +a2 x2 

In other words, we try to add in a lit- 
de piece of a parabola to our fitting 
process. This square term is the first 
nonlinear one. And it often will do nasty 
or ugly things. Ferinstance, a square 
term will multiply an input by itself. 
Worse yet, it might multiply all of the 
inputs together. Either of these leads to 
harmonics, distortion, spurs, and other 

68 new frequencies that were not present in 

the input. Proof of this can be found on 
the trigonometric identities page of any 
trig book. Add two sinewaves and they'll 
remain the same. But if you multiply any 
two sinewaves together, you'll get lots of 
sum and difference frequencies. Square a 
sinewave and you get double frequency 
and other more exotic terms. 

The second order Taylor term may 
end up "good enough" for analyzing 
amplifier distortion or correcting the 
response of a thermocouple or other real 
world sensor. If a second order approxi- 
mation is not good enough, you can add 
a new cubic term, a quartic, and so on. 
In general, even terms will do the same 
thing on either side of the zero point, 
while odd terms will do the opposite. Odd 
terms thus add asymmetry. It turns out 
that higher order terms should be more 
effective away from your zero reference, 
while the lower order terms can have 
more results near your zero reference. 
Normally, the higher order Taylor terms 
will be quite small and may not be need- 
ed at all. 

At any rate, you use as much of a 
"full" Taylor Series as you need: 

f(x)=ao+alxta2x2+ 
a3x3+...+axn 

Taylor Series let you approximate 
many real -world responses. You can find 
your first n Taylor series terms from 
your data plot. Evaluate the plot at n +1 

points. Then you solve n +1 equations in 
n +1 unknowns. This gives you ac, through 
an We saw an example in MUSE142.PDF 

Note that the Taylor terms form a lin- 
ear system. Thus, you can largely deal with 
each individual Taylor term on it own. 
Note also that the Taylor Series and the 
transfer functions can be combined. 

Lithium Polymer Batteries 
The "next big thing" in rechargeable 

batteries may use lithium polymer tech- 
nology. Figure 3 shows us a new example 
from UltraLife. These can offer energy 
densities of 125 watt-hours per kilogram 
and 250 watt-hours per liter. A typical 
three -volt and one -ampere -hour cell 
might measure two inches by three inch- 
es by a tenth of an inch thick. 

Their cycle life now exceeds 300 
charge /discharge cycles. There is no 
"memory effect" common to heavier 
NiCD batteries. Prices do remain a tad 
high, but are certain to drop as the 
learning curve falls and volume produc- 
tion continues to ramp up. Because 
most batteries involve the movement of 
only one electron per atom, the lightest 
elements (such as lithium) would seem 
to be the best choice to maximize the 
watt- hours -per -kilogram density. An 
important problem has been getting 
violently reactive lithium to behave 
well enough to be safe for consumer 
products. 

Extreme caution is needed when you 
charge a lithium battery. Special chips 
that monitor voltage, current, and tem- 
perature are a must. Initial charging of a 
nearly empty cell must be very gentle. 
One good choice for single cell charging 

Fig. 3. New lithium polymer rechargeable bat- 
teries can give you one ampere -hour of storage 
in a credit -card sized package. 
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Fig. 4. Special charging circuits are needed to 

safely charge lithium cells. This example uses a 

new Maxim chip. 

is the Maxim MAX1679 of Fig. 4. 

Be certain to read the Maxim data 
sheet very carefully, for there are a few 

subtle "gotchas," not the least of which 
is that the input DC current must be 
current limited externally to the maxi- 
mum fast -charging rate! Typically, you'll 
handle this with a 6 -volt, 600 -mil- 
liampere wall transformer. The optional 
LED has four modes: On for fast 
charge, weak blinking for full- charge 
maintenance, strong blinking for a fault, 
or off for no battery present or lack of 
input power. Evaluation kits are obtain- 
able by way of www.maxim- ic.com. 

There's also some fancier versions, such 
as the multi-cell MAX1645. 

Some Battery Books 
One free resource is the Battery 

Power Products 6' Technology trade jour- 
nal; you can locate it online at www. 
infowebcom.com. Useful alternate energy 
battery info appears in Home Power 
Magazine and their recently released 
Solar CD IV. Some more scholarly pub- 
lications include Advanced Battery Technology, 

Battery and EV Technology, and CA Selects: 

Batteries & Fuel Cells. Many other relat- 
ed links are found at www.tinaja.com/ 
h2gas01.html. 

I've gathered some of the better and 
newer battery books together for you as 

this month's resource sidebar. 

Plotting Real Functions 
As much as possible, I try to use the 

"real" math in most of my figures and 
illustrations. Ferinstance, the bat com- 
munications plot in last month's Fig. 4 

NAMES AND NUMBERS 

Adobe Systems 
PO Box 7900 
Mounta n View, CA 94039 
800- 833 -6687 
www.ac'obe.com 

Advanced Battery Technology 
913 Tressler Street 
Boalsburg, PA 16827 
814 -466 -6559 
www.sevmtnsci.corn 

Auctioi Advisory 
Box 61104 
Phoenix, AZ 85082 
602 -994 -4512 
www. a ictionadvisory. corn 

Battery, & EV Technology 
25 Van Zant Street #13 
Norwalk, CT 06855 
203 -853 -4266 
buscom2 @aol. corn 

Battery Power Online 
7355 E. Orchard Road, Ste. 100 
Englewood, CO 80111 
800 -803 -9488 
www.infowebcom.com/battery 

CA Selects: Batteries 
PO Bcx 3012 
Columbus, OH 43210 
800 -848 -6538 
www.cas.org 

e.bill 
2424 American Lane 
Madison, WI 53704 
608 -241 -8777 
www. ebillmag. corn 

Home Power 
PO Box 520 
Ashlaid, OR 97520 
916 -475 -3179 
www. 5omepowercom 

Industrial Laser Solutions 
PO Box 21288 
Tulsa, OK 74121 
800 -7 52 -9764 
www.industrial- lasers. corn 

LBS 
PO Box 1413 
Des Moines, IA 50305 
800 -247 -5323 
www.Ibsbind. corn 

Levy Latham 
6263 N. Scottsdale Rd., Ste. 371 

Scottsdale, AZ 85250 
480 -367 -1100 
www.levylatham.corn 

Lindsay Publications 
PO Box 538 
Bradley, IL 60915 
815- 935 -5353 
www.lindsaybks.com 

Maxim 
120 San Gabriel Dr 
Sunnyvale, CA 94086 
800 -998 -8800 
www. maxim -ic. corn 

Science /AAAS 
1333 H St. N.W. 
Washington, DC 20005 
202 -326 -6400 
www.sciencemag.org 

Spread Spectrum Scene 
PO Box 2199 
EI Granada, CA 94018 
800 -524 -9285 
www. sss -rnag. corn 

Synergetics 
Box 809 
Thatcher, AZ 85552 
520 -428 -4073 
www.tinaja.com 

Test Equipment Connection 
525 Technology Park 
Lake Mary, FL 32746 
800 -615 -8378 
www 4testequipment. corn 

Ultralife Batteries, Inc. 
2000 Technology Parkway 
Newark, NY 14513 
315- 332 -7100 
www. ulbi. corn 

was generated from a swept sinewave 
and a sin xix pulse. PostScript-as-a -lan- 
guage, of course, makes this trivial. As 

our PostScript utility example for this 
month, I've excerpted and modified 
slightly the Fig. 4 code needed to gener- 
ate these two useful math functions. As 

usual, you first enter your PostScript 
code into a word processor or editor, 
modifying it to suit your needs. Then, 
be certain to save your file as an ordinary 
ASCII text file; do not use your word 

processor's custom format. You then 
send this file to a Postscript interpreter 
such as Acrobat Distiller, GhostScript, or 
a PostScript -speaking laser printer. 
More PostScript -as -a- language is in 
www.tinaja.com/post0l.html and in www. 

tinaja.com /acrob0l.html. Ready to run 
code for this month's example can be 
found in the file MUSE147.PSL. 

By the way, the nonlinear function 
that I happened to actually use in Fig. 1 

is the partial Taylor Series: 69 
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service. Ask any reasonable technical question 
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columns. Includes a broad range of real world, 
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y = 0.15x + 2.00x 6 SOME BATTERY 
TECHNOLOGY BOOKS 

over an x range of 0 to 1. This seems to 
give a good low -frequency approxima- 
tion to the real world response of a typ- 
ical cell. However, it almost certainly 
does not reflect the true underlying 
physics, which should consist of an IR 
ion conduction term and a nonlinear 
1.28- volt -thresholded gas -generation 
term. As I mentioned a time or two 
before, the definitive SPICE model for a 

H2 electrolysis cell still seems to remain 
conspicuously absent, and it is sorely 
needed. 

Surplus Auction Update 
The feds are now in the process of 

privatizing many of their military sur- 
plus sales. That change seems to be dri- 
ven by administrative costs that are 
much higher than their typical sale 
income of 0.7 cents on the dollar. The 
fed -run sales that remain can still be 
reached by clicking on the DRMS buttons 
on my home page. 

A commercial outfit by the name of 
Levy- Latham has now taken over many of 
these military surplus sales. Reach them at 
www.levylatham.com or by clicking the 
LEVYLAT button on my home page. They 
currently offer sealed -bid plus live auc- 
tions, private treaty sales, pack -ship info, 
eBay auctions, and online sales. Your best 
source for live auction info remains 
Auction Advisory found at www.auctionad 
visory.com. You can also click on the AUC- 

TADV button on my home page. These 
people are now nationwide, having some 
75,000 live auctions published to date. I've 
found that I get the best results in obscure, 
remote, and lousy weather auctions, espe- 
cially when I'm the only bidder at a site 
where the tech goodies are only a non- 
obvious and very minor part of what is 

being sold. Community college auctions 
seem particularly productive for me. 

Because auctions are typically an 
extremely inefficient market, lowball 
bidding on twenty times what I could 
possibly use and taking a five percent 
success rate makes a lot of sense tome, as 

does heavy dumpster triage. (AC 
linecords with a 386 computer attached 
are much cheaper than the linecords by 
themselves!) One little known insider - 
bidding secret: You can often cut your 
next bid increment in half simply by 
waving your hand horizontally across 
your chest palm down. The closest 
approach to a used test equipment "blue 
book" seems to be the free catalog from 

Battery Reference Book (Thomas 
Crompton) 

Battery Technology Handbook 
(H.A. Kiehne) 

Electric Hybrid Vehicles ... 
BatteryTechnology (SAE) 

Electric Vehicle Battery Systems 
(Sandeep Dhameja) 

Electrochemical Cell Design 
(Ralph White) 

Electrochemical Power Sources 
(M. Barak) 

Electrochemical Supercapacitors 
(B. E. Conway) 

Electrochemistry of Novel Materials 
(Jacek Lipkowski) 

Fuel Cell Systems (Leo Blomen) 
Handbook of Batteries (David Linden) 
Handbook of Battery Materials (Jurgen 

Besenhard) 
Hydrogen & Metal Hydride Batteries 

(P. D. Bennett) 
Lithium -Ion Batteries (Masataka 

Wakihara) 
Lithium Polymer Batteries (J. Broadhead) 
Modem Batteries: Intro to 

Electrochemical... (C. Vincent) 
New Materials for Batteries and Fuel 

Cells (D. Doughty) 
Practical Photovoltaics (Richard J. Komp) 
RVer's Guide to Solar Battery Charging 

(Noel Kirkby) 
For more book details, see 

www.tinaja.com/amlink01.html 

Test Equipment Connection that you 
should pick up at www.4testequipment.com. 
Divide their list prices by five to get a 

typical eBay price, by eight to get a fair 
hamfest price, and by thirty to get a sane 
bid on a military surplus skidded lot. 
Note that Hewlett Packard and Tektronix 
overwhelmingly dominate the used test 
equipment market. With a very few 
Wavetek, Fluke, or ancient GR excep- 
tions, anything else is likely to end up 
high risk. See www.tinaja.com/resbnOl.html 
I have test equipment bargains up at 
www.tinaja.com/bargOl.html or by click- 
ing on the AUCTION button on my Web 
site at www.tinaja.com. 

New Tech Lit 
The first really new thermoelectric 

material in three decades is described in 
Science for February 11, 2000 on pages 
945+ and 924 +. Although still incom- 
plete and not more efficient than previ- 
ous abysmal TE offerings, this just may 
be able to significantly extend thermo- 
electrics to amazingly low cryogenic 
temperatures, as well as reawakening a 

stagnant field of research. 



A sneaky ploy to trick algae into gen- 
erating hydrogen appeared in the 
January 2000 issue of Plant Physiology, 

authored by Melis, Zhang, and a few 
others on pages 127 -136. The free 
abstract is at www.plantphysiol.org. Be 
sure to try and obtain one of the free 
Microchip Technology "over one billion 
sold" PR promo kits. Without my giving 
away the punch line, let's just say that 
their mailing tube uses an amazingly 
advanced technology. [In our recent office 

move, we used that technology to good effect 

when rehanging Hugo Gernsback's portrait 
in the front lobby!- Editor.] Our featured 
trade journals for this month are Randy 
Roberts' Spread Spectrum Scene, Industrial 
Laser Solutions, and the new e.bill cover- 
ing Internet online payments. The latest 
in "old -new" books from Lindsay Publications 

are a 1944 publication titled High 
Frequency Induction Heating and their 
Lead Acid Batteries text. Reach them 
from their banner on my Web site. For 
your own banner, see www.tinaja.com/ 
advt0l.html or my BANNYEAR.PDF 
tutorial. Freebie samples of laser- print- 
able hardback book -cover materials are 
offered by LBS. They also publish a 

Cover to Cover newsletter. More on 

Book -on- demand publishing help is in 
www.tinaja.com/bodOl.html. Several use- 
ful consulting Web sites are at 
www.freeagent.com, guru.com, www.expert 
central.com and my own www.tinaja.com/ 
con zd0l.htnd and wrvw.tinaja.com/mfoül.html. 

Contacts and publications on under- 
ground cave radio communication can 
be gotten at www.sat.dundee.ac.uk/-arb/creg. 
For all the fundamentals of digital inte- 
grated circuits, check into my CMOS 
Cookbook and 7TL Cookbook, either by 
themselves or as part of the bargain - 
priced Lancaster Classics Library as you'll 
find in my nearby Synergetics ad. Be sure 
to look into my low -cost consulting ser- 
vices that you'll find at www.tinaja. 
com /infool.html, surplus bargains at 
www.tinaja.com/barg 01.html, and banner 
advertising opportunities at www. tina- 
ja.com/advt0l.html. As usual, most of the 
mentioned references appear in our 
Names & Numbers or Battery Books side- 
bars. These are available hotlinked in 
the on -line version of this column, 
MUSE148.PDF. Be sure to check here 
first before you e-mail me at don @tina 
ja.com or calling the US tech helpline 
shown in the box. 

Let's hear from you. jp 

ELECTRONIC GAMES 
BP69 -A number of interest- 
ing electronic game projects 
using IC's are presented.In- 
cludes 19 different projects 
ranging from a simple coin flip- 
per, to a competitive reaction 
game, to electronic roulette, a 

combination lock game, a 
game timer and more. To 
order BP69 send $4.99 clear- 
ance (Includes s &h) in the 
US and Canada to Electronic 
Technology Today Inc., P.O. Box 240, Mass- 
apequa Park, NY 11762 -0240. US funds only. 

Use US bank check or International Money 
Order. Allow 6 -8 weeks for delivery. MAO7 

Wireless & Electrical 
Cyclopedia 
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BASIC CIRCUITRY 
CHARLES D. RAKES 

Experiments With Infrared LEDs, 

Transistors, and Phototransistors 

Welcome back. This time we are 
going to toss a few infrared (IR) 

LEDs, transistors, phototransistors, and 
CMOS ICs into the old circuit pot, stir 
it up, and see what fun and useful items 
turn up. Infrared LEDs and infrared - 
sensitive phototransistors are not only 
fun to experiment with but are inexpen- 
sive as well. To locate the best variety 
and prices try searching the ads in the 
Poptronics Shopper section of this maga- 
zine and your local parts stores. 
Excellent IR devices can be found for 
about a buck each from many suppliers 
and for even less on the surplus market. 
When it comes to purchasing the 
CMOS 4000- series of ICs, it's really a 
buyer's market. The going price, at most 
mail -order houses, is usually much less 
than a buck each in single quantities and 
still less on the surplus market. 

Simple Electronic Switch 
In our first circuit (see Fig. 1), we 

have an electronic switch that uses two 
pairs of infrared LEDs and phototran- 
sistors and a single CMOS IC. The IR 
devices are used in our switching circuit 
to eliminate the troublesome metal con- 
tacts found in all mechanically- operated 
contact switches. In almost every case, 
the first failure in an electronic piece of 
equipment is a mechanical component; a 

properly designed solid -state circuit sel- 
dom if ever fails. The only mechanical 
device in this circuit is the opaque switch 
handle that is used to block the IR light 
source. 

The 4066 CMOS quad bilateral 
switch doubles the switch outputs of 
each IR emitter /detector pair. But 
before going any further, here's a brief 
look at the characteristics of the versatile 
4066 IC. The IC contains four separate 

72 single -pole electronic switches. Each 

LED1 -LED2 = RADIOSNACK 276 -143 

Q1, Q2 = RADIOSHACK 276 -145 

9 12V 

Fig, 1. This simple electronic switch is built around two pairs of infrared LEDs and phototransis- 
tors. The CMOS analog switches isolate the phototransistors from whatever load you want to drive. 

one may be used separately, or all four 
can be combined into various switch 
combinations. Each switch has its own 

PARTS LIST FOR THE 
SIMPLE ELECTRONIC 

SWITCH 
(FIG. 1) 

SEMICONDUCTORS 
IC1 -4066B CMOS quad analog switch, 

integrated circuit 
Q1, Q2 -IR phototransistor 
LED1, LED2- Light- emitting diode, 

infrared 

RESISTORS 
(All resistors are 1/4 -watt, 5% units.) 
R1-1000-ohm 
1,12, R3- 10,000 -ohm 

input control pin. Connect the control 
pin to ground, and the switch is an open 
circuit. Connect the same pin to the cir- 
cuit's positive supply, and the switch 
closes. The switch in the off position is 
like a very-high- impedance circuit and 
in the on position offers a closed resis- 
tance of slightly less than 100 ohms. 
There is no difference between the two 
switch contact terminals. The 4066 will 
operate at a maximum speed of 10 -MHz 
with a 12 -volt power source. And just 
about any number of 4066 ICs can be 
driven by the same input to multiply the 
number of output switches. 

Now back to our circuit in Fig. 1. 

When neither IR light source is blocked, 
transistors Q1 and Q2 are biased on 
with a collector voltage near zero. All of 
the 4066's control inputs are at ground 
potential and the four switches are open. 



 

A 

1 -1/2 -2 

TOP VIEW 

3/4 -1 
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6 -32 SCREW 
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END VIEW 
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(PHOTOTRANSISTORS 

ON OTHER SIDE) 

Fig. 2. You can use infrared LED /phototransistor pairs in an optical switch. Throwing the handle to 

either extreme blocks one of the pairs. An advantage of this arrangement is that you can sense if the 

handle is only thrown half way. 

Placing an opaque object between any of 
the IR emitter /detector pairs will cause 
that transistor's collector voltage to rise 
to the positive supply, turning on the 
two switches it controls. 

Mechanical Details 
A 3/4- to 1- inch -square block of wood, 

opaque plastic, or any similar material 
that is 1 I/2- to 2- inches long may be used 

KEY 

to build a two -pole IR electronic switch. 
The actual dimensions are not critical, 
so we can be inventive. The drawing in 

Fig. 2 is a guide to making your own 
mechanical version of an electronic 
knife switch. You can use any scheme 
that allows an opaque object to block 
and unblock the IR light source. The 
basic idea is to have the phototransistor 
and LED face each other with a separa- 

PARTS LIST FOR THE 
MECHANICAL INFRARED 

SWITCH (FIG. 2) 

Block of wood, plastic or similar material 
to construct switch block, circuit -board 
material or similar opaque material for 
the switch handle (see text) 

tion of no more than about 1/2 -inch. The 
actual range of separation can be several 
inches if the application dictates, but you 
have to make sure that no ambient light 
reaches the phototransistor when it is 

blocked from receiving the LED's IR 
light source. Even though the photo - 
transistors are designed to be IR sensi- 
tive, most will respond to other light 
sources. One way to overcome the ambi- 
ent light problem is to have the blocking 
device located as close to the phototran- 
sistor as possible, thereby blocking all 

light sources that are exposed to the 
detector. 

Simple Optical Electronic Lock 
Our next IR light circuit is in Fig. 3. It 

is an electronic lock that requires a simple 
programmed key to open and close the 
lock. Three pairs of IR LEDs and photo - 
transistors are arranged very much like 

what was done in the previous circuit. The 
key can be made out of circuit board mate- 
rial, cardboard, or some other opaque 
material with a single 1/4 -inch hole (see 
drawing of key in Fig. 3). It is used to 
unlock the electronic locking circuitry. 
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Fig. 3. A simple programmed key operates this basic electronic lock. 
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PARTS LIST FOR THE 
SIMPLE ELECTRONIC LOCK 

(FIG. 3) 

SEMICONDUCTORS 
IC1 -4012B CMOS dual four -input 

NAND gate, integrated circuit 
IC2 -4049B CMOS hex inverter, 

integrated circuit 
Ql Q3 -IR phototransistor 
Q4- 2N2222 NPN transistor 
LED1 LED3- Light -emitting diode, 

infrared 

RESISTORS 
(All resistors are 1 /4watt, 5% units.) 
R1 R3- 10,000 -ohm 
R4 -1000 -ohm 
R5- 2200 -ohm 

ADDITIONAL PARTS AND 
MATERIALS 
Relay or solenoid, material for key, 

mounting block for IR devices, etc. 
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Fig. 4. For heavy -duty requirements over 100 
mA, a hexFET driver is needed to handle the 
higher current load. 

Two CMOS ICs are used to handle 
the lock's simple logic circuitry. IC1 is a 

4012 dual 4 -input NAND gate. All four 
inputs of the NAND gate must be high 
to produce a low output. If one or more 
of the inputs are low, the output will be 
high. Our circuit only uses one of the 
four input NAND gates. The unused 
NAND gates must have all inputs tied to 
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PARTS LIST FOR THE 
ELECTRONIC LOCK DRIVER 

(FIG. 4) 

Q4- IRF510 hexFET field -effect 
transistor 

D1- 1N4002 silicon diode 
Relay or solenoid 

circuit ground. This is necessary to keep 
the unused gates from interaction with 
the operating gate. When using CMOS 
logic ICs, all unused inputs should be 
tied to either battery positive or battery 
negative. IC2 is a 4049 hex -inverting 
buffer that simply inverts the input signal. 

When the key is not in place, all pho- 
totransistors are flooded with an IR 
source and are turned on producing a 
near zero voltage at their collectors. The 
inputs at pins 2 and 5 of IC 1 are low and 
if any input of a NAND gate is low, the 
output will always be high. The low out- 
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74 Fig. 5. The complexity of the electronic lock is increased when you use six IR pairs. 
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